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As a traditional Chinese medicine with the dual use of medicine and food, vine tea has been utilized for centuries as a daily health
beverage due to its various health benefits. The primary component responsible for its biological activity is its total flavonoid
content. While numerous studies have been conducted on the extracts of vine tea, research has primarily centered on its in-
gredients and effects, with limited focus on its sensory characteristics. As it has the problems of the undesirable flavor of bitterness
and astringency, the development of the vine tea industry is limited. Furthermore, there is currently no standardized brewing
process for vine tea. Therefore, it is essential to find a brewing method that is universally applicable and balances a high level of
active ingredients with a rich sensory experience. In this study, we conducted a comprehensive investigation into the impact of
various water qualities, tea-water ratios, brewing temperatures, steeping times, and frequencies on the total flavonoid content. To
investigate the differences between samples from different brewing methods, one-factor experiments (n=20) and orthogonal
experiments were conducted. The total flavonoid content was measured using UV spectrophotometry. To thoroughly examine the
flavor compounds, we employed mathematical relationship analysis, radar-gram analysis, principal component analysis (PCA),
and odor fingerprinting. By integrating these methods with the electronic tongue and electronic nose, we were able to compare the
flavor variances between samples and offer a concise analysis of the flavor compounds. The brewing process is influenced by
several factors, with the tea-to-water ratio having the most significant impact, followed by brewing temperature and then brewing
time. Electronic tongues and electronic noses can distinguish vine tea samples with different brewing processes to a certain extent.
The optimal brewing conditions determined in this study were pure water, a 1:50 tea-to-water ratio, an 85°C brewing tem-
perature, an 8-minute brewing time, and a single brew cycle. These conditions produced the highest total flavonoid content in the
vine tea, at 326.8 mg/g, and the best flavor quality. This study offers novel approaches to standardize the brewing process of vine
tea, along with valuable perspectives for enhancing the sensory attributes of the tea. It can serve as a benchmark for the industry’s
future growth in the canning of vine tea, facilitating the creation of diverse vine tea drinks.

1. Introduction

Vine tea (Ampelopsis Grossedentata), also known as Meicha
in Chinese, is a wild vine plant of the Ampelopsis genus in
the Vitis vinifera family. It is commonly referred to as Tujia
Shencha, Shenxiancao, and other names. This wild vine
plants are primarily found in areas south of the Yangtze
River, such as Guangxi, Hunan, and Guizhou. They are often
used as a health drink by the Tujia ethnic group [1]. Vine tea
is primarily recommended for treating jaundice, wind-heat

colds, sore throats, and other conditions [2]. Many people
believe that the longer a product is made and stored, the
better its effect [3].

The economic value of tea lies primarily in its flavor
compounds, which are combined in specific forms and
proportions to create various styles and grades. Vine tea,
however, has a distinctive flavor profile. It begins with
a bitter and astringent taste, but after a brief period, the
bitterness quickly gives way to sweetness, leaving a re-
freshing sensation in the mouth. This distinctive taste profile
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is the reason why most people cannot tolerate it, limiting its
widespread acceptance [4]. Therefore, vine tea has only
achieved a certain level of recognition in its growing regions.
Furthermore, the current beverage industry is closely linked
to economic development trends, and vine tea as a stand-
alone beverage falls short of meeting market demands for
product diversity.

As a natural health tea, the traditional manufacturing
process of vine tea closely resembles that of green tea [5],
with people typically preparing it by steeping the leaves in
boiling water as a health beverage in China. The taste of tea is
a comprehensive sensory experience derived from water-
soluble substances present in the tea infusion [6]. The pri-
mary flavor components include polyphenols, alkaloids,
amino acids, carbohydrates, and others [6]. The taste of tea,
which is primarily determined by its chemical composition
and content, is a crucial aspect in assessing tea quality. It also
significantly impacts consumer acceptance. The fragrance of
tea is also a significant factor that influences the quality of tea
[7]. The Chinese Standardization Administration has pub-
lished the “GB/T 23776-2018 Methodology for Sensory
Evaluation of Tea,” which has become the most widely
utilized and fundamental evaluation approach for green tea,
which is associated with limitations including time con-
sumption, labor intensiveness, and subjectivity [8-10]. To
address these issues, it is essential to develop a sensory
evaluation system that combines traditional sensory as-
sessment with the analysis of physical and chemical sensory
indicators using advanced intelligent sensory technologies.
By leveraging the benefits of modern instrumentation, such
as increased sensitivity, accuracy, and speed, this system can
provide more consistent and reliable assessments while
reducing the influence of personal subjective factors. The
integration of an electronic nose and an electronic tongue
has been shown to enhance the accuracy of results [11],
enabling a more precise assessment of the odor and taste
information of the sample under investigation.

Modern research has shown that vine tea mainly con-
tains compounds such as flavonoids, phenols, steroids,
terpenoids, volatile components, and various nutritional
components such as amino acids, mineral elements, and
vitamins [1]. It exhibits biological activities such as anti-
inflammatory and analgesic, antibacterial, antioxidant, an-
titumor, liver protection, blood lipid-lowering, blood sugar-
lowering, and immune enhancement [5, 7, 12-27]. In ad-
dition, it is safe and nontoxic. Flavonoids, an essential
component in a variety of nutraceutical, pharmaceutical,
and cosmetic applications, are identified as the major me-
tabolites and bioactive ingredients in vine tea. Flavonoids
make up the most significant portion of vine tea, comprising
up to 45% of its composition, and are also the primary
contributors to its health benefits [28-30]. As a result, vine
tea is also often referred to as the “king of flavonoids” [31].

There is a wealth of scientific evidence demonstrating the
numerous health benefits of tea associated with the quality
and quantity of its phytochemicals [5]. In terms of Ampe-
lopsis grossedentata leaves, they are notable for their ex-
ceptionally high total flavonoid content. This exceptional
property renders this plant an optimal choice for large-scale
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production/extraction of total flavonoids [32, 33]. While
there have been some preliminary studies exploring the
extraction of total flavonoids from plants, most of these
studies require complex or highly specialized protocols/
equipment [34, 35]. This contradicts the use of vine tea as
a daily health beverage. In general, the mass of the raw
material remains constant, while composition and overall
volume of the prepared sample are influenced by numerous
parameters. For example, higher concentrations can be
obtained by increasing the extraction temperature or time.
Nevertheless, once the extraction temperature or duration
stabilizes, there may be a decrease in the content. Moreover,
with an increase in the number of extractions and the liquid-
to-feedstock ratio, there is a decrease in the sample content
and an increase in the total volume of the prepared sample.
Various solvents also differ in terms of their yield. As such,
these five factors exert a notable influence on extraction
[23, 36].

This study employs ultraviolet spectrophotometry to
measure the flavonoid content and utilizes a single-factor
control method to examine various factors including water
quality, tea-water ratio, brewing temperature, brewing time,
and number of tea brewing. In addition, orthogonal tests are
conducted to identify the brewing process that yields the
highest total flavonoid content. The combination of tradi-
tional sensory assessment with advanced intelligent sensory
technologies to analyze the variations in flavor of vine tea
samples resulting from different brewing processes. This
approach aims to provide a more intuitive analysis of the
influence of various factors on the flavor of vine tea. The aim
of this study was to determine the most effective experi-
mental conditions for extracting total flavonoids from
Chinese vine tea leaves without requiring extensive or highly
specialized procedures or equipment. Furthermore, we
sought to address the main limitation impeding widespread
use and application: a poor sensory experience. Therefore,
research aimed at preserving the nutrients of vine tea while
balancing its bitter and sweet flavors holds significant po-
tential for application. Notably, the exceptional health
benefits of vine tea render it highly valuable for both food
and medical research. The standardized brewing process for
vine tea can serve as a benchmark for the future development
of canned vine tea beverages. The growing market demand
for vine tea will spur efforts to protect and develop wild
Garcinia cambogia germplasm resources, which is beneficial
for promoting economic development in mountainous
regions.

2. Materials and Methods

2.1. Materials and Instruments. Vine tea for brewing comes
from Jiangxi (Pingxiang), China. Boiling water for brewing
vine tea was boiled from the tap in the laboratory; the
mineral water used is the Wahaha brand sourced from China
(Zheijiang); pure water is produced by a laboratory water
purification system from China (Shanghai). The rutin
standard in the experiment was produced in China (Beijing,
Solabao). The electronic tongue is made of INSENT from
Japan. The reason for this choice is that the company’s most
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important technical feature in the design and production of
the sensors is that the taste indicators detected should match
the human sensory indicators and have a better correlation.
Ultra-fast gas phase electronic nose (French): sensory at-
tributes can be described and compounds can be identified
based on the sensory data collected. It helps to more in-
tuitively understand the odor characteristics of different
samples of vine tea.

2.2. Experimental Methods

2.2.1. Single-Factor Experiments. Tea ranks among the most
widely consumed beverages [37]. Beverages are regularly
consumed on a daily basis to derive health benefits. Poly-
phenols play a significant role in determining the flavor,
aroma characteristics, and color of tea [38]. They exhibit
pH sensitivity, and their properties remain stable under low
pH conditions [39]. Various water qualities encountered in
everyday life can lead to variations in pH levels.

Numerous studies have demonstrated the significant
impact of brewing time and temperature on the extrac-
tion of bioactive compounds in tea [40-42]. The prepa-
ration of green tea typically involves steeping dry green
tea leaves in hot water at temperatures ranging from 80 to
90°C for a duration of 3-4 minutes. In contrast, white tea
is advised to be steeped at a lower temperature of 60°C for
5minutes. Consequently, the brewing time and tem-
perature differ for various types of tea. Shannon and
colleagues [43] determined that the extraction efficiency
of compounds is significantly influenced by water tem-
perature and tea steeping time. At home, the brewing
temperatures generally ranged from 65 to 95°C. It was
also  discovered that prolonged brewing times
(>10minutes) led to an increase in astringency and
bitterness, which had an impact on the sensory charac-
teristics of the beverage. Furthermore, Zhang et al. [44]
examined the impact of various brewing parameters on
the flavor of white tea. Their findings indicated that a tea-
water ratio of 1:50 and an initial brewing step produced
the most favorable sensory score in terms of color, aroma,
and taste.

Based on the aforementioned preliminary investigation,
the study examined various factors including the tea-water
ratio (1:20, 1:30, 1:40, 1:50, 1:60, g:ml), brewing tem-
perature (70, 75, 80, 85, 90, °C), brewing time (2, 3, 4, 5, 6, 7,
8, 9, minutes), water quality (pure water, boiled water, and
mineral water), brewing frequency (1, 2, 3, brewing), etc.,
and their impact on the extraction rate of total flavonoids.
The study also analyzed the observed trends.

Take 20.0 mg of rutin standard and accurately weigh it.
Place the standard in a 10 mL volumetric flask, add the
appropriate amount of pure water, and dissolve it using
ultrasonic treatment at 60°C. Adjust the volume with pure
water, shake it thoroughly, and obtain a 2 mg/mL standard
solution sample.

To prepare a series of standard solution samples of rutin,
precise measurements of 0.00 ml, 0.10 ml, 0.20 ml, 0.30 ml,
0.40ml, 0.50ml, 0.60ml, 0.70ml, 0.80ml, 0.90ml, and

1.00 ml are required. These measurements will result in
a standard solution of rutin to prepare standard solution
series samples of 0.00mg/ml, 0.02mg/ml, 0.04 mg/ml,
0.06 mg/ml, 0.08 mg/ml, 0.10 mg/ml, 0.12mg/ml, 0.14 mg/
ml, 0.l6émg/ml, 0.18mg/ml, and 020mg/l for
experimental use.

The total flavonoid content was quantified following
the method outlined in reference [45]. A volume of 25 uL
of the reference solution and 25uL of the test sample
solution are to be precisely pipetted into a 96-well plate.
Subsequently, 110 uL of a 5% sodium nitrite test solution
is added, and the mixture is shaken well and left to stand
for 5minutes. Following this, 15u4L of 10% aluminum
chloride solution is added, and the solution is shaken well
and allowed to react for 6 minutes. Next, 100 uL of a 1%
sodium hydroxide test solution is added. The solution is
then shaken and left to stand for 10minutes. Sub-
sequently, the solution is scanned at full wavelength in the
range of 200-700nm, and the maximum absorption
wavelength is determined to be 510 nm, which is deemed
the most suitable wavelength for the determination. 25 yL
of the standard was dispensed into a 96-well plate, fol-
lowed by the addition of 110 4L of a 5% sodium nitrite
solution. After a 5-minute incubation period, 15uL of
a 10% aluminum chloride solution was added and
thoroughly mixed. The reaction was allowed to proceed
for 6 minutes before the addition of 100 4L of a 1% so-
dium hydroxide solution. Following a 10-minute in-
cubation, a blank control was prepared using pure water.
The absorbance at a wavelength of 510 nm was measured.
The absorbance data obtained from the series of standard
solution samples was used to derive the univariate linear
regression equation describing the relationship between
absorbance and concentration.

Determine the absorbance using the aforementioned
method, compute the total flavonoid concentration of
vine tea based on the regression equation, and calculate
the total flavonoid extract using the formula provided
[46]:

The vyield of the total flavonoid extract (mg/g) can be
calculated using the following formula:

_anxV
B m

Y (1)

In the formula, Y stands for total flavonoid content (mg/
g); C represents the solution concentration in milligrams per
milliliter (mg/ml); n denotes the number of dilution cycles;
V stands for the volume of the extract in milliliters (ml); and
m represents the mass of vine tea in grams (g).

2.2.2. Orthogonal Experiments. According to the findings of
the single-factor experiments, the three variables of tea-
water ratio, brewing temperature, and brewing time were
each set at three levels. An L, (3°) orthogonal table was
utilized to design the experiment in order to optimize the
various brewing processes of vine tea. The total flavonoid
extraction rate served as the criterion for identifying the
optimal brewing process.



2.2.3. Sensory Evaluation

(1) Traditional Sensory Evaluation. A group of ten tea
drinkers, evenly divided between the sexes and ranging in
age from 20 to 30 years, were recruited for a sensory eval-
uation study. The samples were prepared under the specified
conditions as outlined in Table 1. The tea samples were
evaluated according to the Chinese National Tea Evaluation
Standards (GB/T23776-2018). Each tea sample was assessed
for appearance (25%), color (10%), aroma (25%), flavor
(30%), and infused leaves (10%). In this experiment, our goal
was to detect the flavor of vine tea; therefore, we did not
analyze its appearance or leaves. After assigning percentages
to the other three criteria, the breakdown was as follows:
color (15.5%), aroma (38.5%), and flavor (46%). The specific
sensory evaluation criteria are detailed in Table 2. Addi-
tionally, they provided comments and assigned scores to
each sample. Finally, the total sensory quality score for each
tea sample was determined based on its specific
gravity value.

(2) Modern Sensory Evaluation Techniques. The electronic
tongue is used to simulate a mammalian gustatory system for
the purpose of assessing the taste substances in liquid
samples, facilitating the identification of sample “taste” [47].
The technology of the electronic tongue can be employed for
the qualitative and quantitative analysis of the taste quality of
tea. The electronic tongue plays a significant role in quali-
tative analysis by identifying the grade, variety, and origin of
tea [48, 49]. Electronic tongues are predominantly utilized in
quantitative analysis for the detection of substances in tea.
The electronic tongue is distinguished by its rapid and
straightforward operation, its capacity to detect multiple
samples, and its high reliability and repeatability [7].

To prepare and filter the tea solution according to the
specified numbers and brewing conditions outlined in
Table 1, the solution was subjected to centrifugation at
a speed of 8000 rpm for 10 minutes to obtain the super-
natant. The electronic tongue system is equipped with
sensitive sensors that can detect and differentiate between
various tastes. The six chemical sensors include sourness
(CAO0), bitterness and aftertaste bitterness (C00), astrin-
gency and aftertaste astringency (AEl), saltiness (CTO),
sweetness (GL1), and freshness and richness (AAE). Prior to
the analyses, the sensors were immersed in a reference
solution consisting of a 30 mmol/L KCl solution with
0.3 mmol/L tartaric acid, and pretreatment was conducted.
The various tea samples should be placed in a specialized
electronic tongue detection cup for analysis using electronic
tongue detection. The perception of sweetness was observed
as distinct from other taste sensations. The potential of the
flavor sensor membrane is determined by the phase tran-
sition of the reference electrode. Before conducting mea-
surements, the electronic tongue goes through self-testing,
activation, calibration, and diagnostic procedures to
guarantee the reliability and stability of the gathered data
[50]. Conditions for electronic tongue detection require that
the temperature of each sample solution and reagent so-
lution be maintained at room temperature. The taste sensor
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and ceramic reference electrode underwent a combined
cleaning process lasting 330 seconds, followed by a 30-
second equilibration period, and then the sample was
tested for 30seconds before undergoing an additional 6-
second cleaning process. Each tea sample was replicated
four times in parallel, and the initial tea sample was dis-
carded to ensure precision. The performance of the elec-
tronic tongue sensor is presented in Table 3.

An electronic nose system is designed to replicate the
human olfactory system for odor recognition [11]. The
electronic nose detection method is distinguished by its
simple sample preprocessing, rapid detection, high sensi-
tivity, and nondestructive sampling [51]. Moreover, it
provides the benefits of objectivity and stability, in contrast
to artificial sensory assessment. It is also capable of detecting
toxic and harmful gases [44], thereby aiding in the pre-
vention of direct exposure to testing personnel. Hence,
electronic olfaction devices are extensively utilized in the
realms of food, environmental surveillance, and
healthcare [52].

The tea brewing process can be accurately described as
a complex interaction of dissolution and flavor formation,
aligning with the principles of a ternary phase diagram.
Within the tea-water system, there exists a phase equilibrium
among three primary components: water, tea leaves (both
soluble and insoluble tea solids), and the headspace above
the liquid. This equilibrium is dynamically maintained
during the infusion process, as volatile organic compounds
(VOCs) are released from the tea leaves into the tea infusion
and VOCs are emitted into the headspace through ther-
mophysical and chemical reactions. It is important to note
that the nature and percentage of compounds in the tea
leaves, particularly soluble substances, as well as the brewing
conditions, play a significant role in determining the out-
come of this phase equilibrium [53].

According to the quantities and brewing parameters
outlined in Table 1, the procedure involves brewing, filtering,
centrifuging at 8000 revolutions per minute for 10 minutes,
and subsequently collecting the supernatant. The electronic
nose is comprised of various metal oxide sensors, a gas flow
control system, and analysis and control software. Metal
oxide semiconductors exhibit sensitivity to specific odors.
Transfer 2ml of each sample into a headspace bottle.
Electronic nose detection conditions: The electronic nose
utilizes a headspace automatic sampling program, operating
at an incubation temperature of 70°C and a retention time of
110s. Each sample is replicated three times.

2.3. Data Processing. All experiments were performed three
times to ensure the reliability of the results. Statistical
analysis of orthogonal experimental data was performed
using IBM SPSS 21.0 (SPSS Inc., Chicago, IL, USA). The
analysis software is utilized to evaluate the statistical sig-
nificance of the data. To explore the correlation between
sensory characteristics and brewing methods, the study
employed Origin 2021 (Origin Lab, Northampton, MA,
USA) and SIMCA 14.1 (Sartorius AG, G6ttingen, Germany)
software for data visualization and graph generation,
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TaBLE 1: Design of brewing conditions.
Constituencies Tea_ to water Brewing Eemperature Brewing time Water quality Numbgr of
ratio (g:ml) (°C) (minutes) brewing
1 1:20 85 8 Pure water 1
2 1:30 85 8 Pure water 1
3 1:40 85 8 Pure water 1
4 1:50 85 8 Pure water 1
5 1:50 85 8 Pure water 2
6 1:50 85 8 Pure water 3
7 1:60 85 8 Pure water 1
8 1:50 70 8 Pure water 1
9 1:50 75 8 Pure water 1
10 1:50 80 8 Pure water 1
11 1:50 90 8 Pure water 1
12 1:50 85 2 Pure water 1
13 1:50 85 3 Pure water 1
14 1:50 85 4 Pure water 1
15 1:50 85 5 Pure water 1
16 1:50 85 6 Pure water 1
17 1:50 85 7 Pure water 1
18 1:50 85 9 Pure water 1
19 1:50 85 8 Boiled water 1
20 1:50 85 8 Mineral water 1
TaBLE 2: Sensory evaluation criteria.
Quality Characteristics Grade

Bright young green or bright green
Fairly bright green or bright yellow-green
Dark yellow or yellowish green, not bright
Dark yellow or yellow-green, not bright or cloudy

Color (15.5%)

Excellent (>85)
Good (80-85)
Medium (75-80)
Poor (<75)

Pure aroma, high freshness, unadulterated odor
Aroma is still pure, no impurity odor
Fairly pure aroma, with smoke, slightly coarse, etc
Fairly pure aroma, heavy smoke, coarse, etc

Aroma (38.5%)

Excellent (>85)
Good (80-85)
Medium (75-80)
Poor (<75)

Fresh and sweet and mellow
Fresh and mellow
Approach fresh and mellow
Less fresh and brisk

Taste (46%)

Excellent (>85)
Good (80-85)
Medium (75-80)
Poor (<75)

TaBLE 3: Electronic tongue sensor performance description.

Serial number Sensor name

Performance description

CA0

Sensitive to sourness, can measure sourness

C00
AE1
AAE

Sensitive to bitterness, can measure bitterness and aftertaste of bitterness
Sensitive to astringency, can measure astringency and aftertaste of astringency
Sensitive to umami, can measure umami and the degree of taste caused by umami

CTo
GL1

AN U W N~

Sensitive to saltiness, can measure saltiness
Sensitive to sweetness, can measure sweetness

including odor fingerprint, thermal map, radar chromato-
gram, and principal component analysis (PCA). To in-
vestigate the correlation between sensory characteristics and
chemical compounds in vine tea, the gas phase electronic
nose was employed to identify compounds based on sensory
descriptions. Excel was utilized to filter the identification of
potential compounds with a retention index (RI) greater
than 90.

3. Result

3.1. Single-Factor Experiment. The regression equation was
fitted using the mass concentration C (mg/ml) as the in-
dependent variable and absorbance as the dependent vari-
able. The regression equation for pure water is represented as
y=0.4045x + 0.0013, R*=0.9979, F=4372.602, p<0.001,
indicating a significant fit of the equation.



The standard curve for boiled water and mineral water
was prepared using the aforementioned method. The
standard curve for boiled water is represented by the
equation y=0.3658x—0.0029, R?>=0.996, F=2261.042,
p<0.001. The standard curve for mineral water is repre-
sented by the equation y=0.4301x-0.0041, R*=0.9955,
F=1973.386, p<0.001. These results indicate the signifi-
cance of the standard curve.

3.1.1. The Impact of the Tea-to-Water Ratio on the Total
Flavonoid Content of Vine Tea Samples. To investigate the
impact of varying tea-water ratios on the total flavonoid
content, 1 g of rattan tea was precisely weighed and brewed
under specific conditions, including the use of pure water,
a single brewing cycle at 85°C, and a brewing duration of
5 minutes. The findings are presented in Figure 1. The figure
illustrates that as the ratio of tea to water decreases (in-
dicating an increase in the amount of extraction solvent),
there is a gradual increase in the total flavonoid content.
When the ratio of tea to water is 1 : 40, the concentration is at
its peak. If the ratio of tea to water continues to diminish, the
overall content will also decrease. As the quantity of ex-
traction solvent is augmented, the solubility of total flavo-
noids in the solvent also rises, leading to an increase in the
overall flavonoid content. Excessive extraction solvent vol-
ume can result in dilution of the water sample’s concen-
tration and potential dissolution of other substances, such as
polysaccharides, which may lead to a reduction in the overall
flavonoid content [54]. Consequently, orthogonal experi-
ments were carried out using tea-to-water ratios of 1:30, 1:
40, and 1:50.

3.1.2. The Impact of Brewing Temperature on the Flavonoid
Content of Vine Tea-Water Samples. To accurately measure
1g of vine tea and brew it in pure water under specific
conditions (brewing once, 1:50 ratio, 5 minutes) to study
the impact of various brewing temperatures on total fla-
vonoid content. The results are depicted in Figure 2. When
the brewing temperature rises, the total flavonoid content
also increases. Under elevated temperature conditions, it is
likely that tea leaves become more easily accessible, leading
to an increased surface area for interaction with water,
thereby facilitating greater overall flavonoid extraction [55].
The highest content is achieved when the brewing tem-
perature reaches 80°C. As the temperature of the brewing
process rises, there is a corresponding decrease in the overall
flavonoid content. This phenomenon may be attributed to
the potential degradation of specific flavonoid compounds at
high temperatures. Consequently, orthogonal experiments
were carried out at temperatures of 75°C, 80°C, and 85°C.

3.1.3. The Impact of Brewing Time on the Flavonoid Content
of Vine Tea Samples. To accurately measure 1g of vine tea
and brew it under specific conditions (i.e., pure water, single
brewing, 1:50 ratio, 85°C), an investigation was conducted
to examine the impact of varying brewing durations on the
overall flavonoid content. The findings are depicted in
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FIGURE 2: The impact of brewing temperature on the total flavonoid
content of vine tea.

Figure 3. It is evident that an increase in brewing time leads
to a corresponding increase in the total flavonoid content,
with the highest content observed at 8 minutes. This phe-
nomenon occurs because an extended duration facilitates
the dissolution of a greater quantity of total flavonoids.
Nevertheless, prolonged brewing time results in a reduction
in the overall flavonoid content. This phenomenon may be
attributed to the complete dissolution of total flavonoids and
prolonged exposure to high temperatures, leading to the
oxidation and destruction of some total flavonoids at a rate
that exceeds their slow dissolution rate. Consequently, or-
thogonal experiments were carried out at time intervals of 7,
8, and 9 minutes.

3.1.4. The Impact of the Number of Brews on the Overall
Flavonoid Content of Vine Tea Samples. To accurately
measure 1g of vine tea and prepare it under specific con-
ditions (pure water, 1:50 ratio, 85°C, 5 minutes) in order to
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examine the impact of varying brewing frequencies on the
total flavonoid content. The findings are depicted in Figure 4.
As the brewing frequency increased, there was a significant
decrease in the total flavonoid content. Upon the second
brewing, the content is reduced to less than half of the
original amount, and the overall flavonoid content in the tea
decreased to a lower level as a result of the high tenderness of
the Ampelopsis Grossedentata leaves, leading to a faster
leaching rate of chemical components. Consequently, fol-
lowing two brewing cycles, the chemical constituents in the
tea infusion were effectively extracted, resulting in the
maximum dissolution of total flavonoids. However, taking
all factors into consideration, the initial brewing is the most
favored.

3.1.5. The Effect of Water Quality on the Total Flavonoid
Content of Vine Tea-Water Samples. To accurately measure
1 g of vine tea and steep it under the specified conditions (1 :
40 ratio, 80°C, 8 minutes, single brewing) in order to ex-
amine the impact of varying water quality on the overall
flavonoid content. The findings are depicted in Figure 5. The
variation in total flavonoid content is evident when the
brewing water quality differs. The highest content is achieved
when the beverage is brewed with pure water, and the total
flavonoid content in plain water is equivalent to that in
mineral water. The leaching of active material may be
influenced by factors such as water pH and the presence of
minerals such as calcium and magnesium. Minerals have the
potential to engage in complexation reactions with active
compounds, leading to a reduction in the concentration of
these compounds in the tea sample, specifically a decrease in
the total flavonoid content. The superiority of brewing
Ampelopsis Grossedentata with pure water is evident.

3.2. Orthogonal Experiments. Based on the outcomes of the
individual factor experiments, the brewing technique of
Ampelopsis Grossedentata was meticulously optimized using
orthogonal experiments. The levels of each factor are
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summarized in Table 4. The L, (3%) three-factor, three-level
orthogonal experiment was conducted, incorporating the
aforementioned factors. The results and corresponding
analysis are presented in Table 5. Excluding the interaction
effects, the order of factors influencing the brewing tech-
nique stands as follows: tea-water ratio, brewing tempera-
ture, and finally brewing time. Table 6 clearly demonstrates
that the tea-water ratio holds the most significant impact on
total flavonoid yield. While the brewing temperature ex-
hibits a slightly less significant effect than the tea-water ratio,
the brewing time exerts the least influence and is considered
insignificant. Therefore, the optimal process conditions for
extracting total flavonoids from Ampelopsis Grossedentata
are as follows: a tea-to-water ratio of 1:50, brewing tem-
perature of 85°C, and a brewing time of 8 minutes. Boiling
water should be used for a single brewing cycle, which is
expected to yield 32.68% of total flavonoids.
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TaBLE 4: Electronic tongue sensor performance description.
Factor
Level
A: Tea to water ratio (g: ml) B: Brewing temperature ("C) C: Brewing time (minutes)
1 1:30 75 7
1:40 80 8
3 1:50 85 9
TaBLE 5: Orthogonal experimental results.
Serial number A: Tea to B: . C: Total
water ratio (g:ml) Brewing temperature (°C) Brewing time (minutes) flavonoid yield (%)
1 1 1 1 26.28
2 1 2 2 28.68
3 1 3 3 28.10
4 2 1 2 28.32
5 2 2 3 29.46
6 2 3 1 30.94
7 3 1 3 28.78
8 3 2 1 30.28
9 3 3 2 31.45
k1 83.06 83.38 87.50
k2 88.72 88.42 88.45
k3 90.51 90.49 86.34
R 2.48 2.37 0.70
Optimal level A;B;C,
Order of priority A>B>C

Annotated drawing: “1.2.3 for categories A, B and C correspond to those in Table 4, respectively.

TABLE 6: Analysis of variance for orthogonal experiments.

Sot}rc_e of ss degree of MS F p
variation freedom

A: Tea to water ratio 10.08 2 5.04 19.75 <0.05 (0.048)
B: Brewing temperature 8.92 2 4.46 17.47 >0.05 (0.054)
C: Brewing time 0.74 2 0.37 1.46 >0.05 (0.407)

*SS stands for sum of squares of deviation from mean; MS stands for mean square; F is the ratio of the sum of squared deviations between and within groups to

the degrees of freedom.

3.3. Sensory Evaluation

3.3.1. Traditional Sensory Evaluation. The sensory qualities
of the vine teas were investigated. The sensory evaluation
findings (Supplementary Table S1) showed that all tea
samples displayed a yellow-green color, except for sam-
ples No. 5 (1:50-2) and No. 6 (1:50-3). When the tea-
water ratio was 1:20 or 1:30 and the brewing time was
less than or equal to 4 minutes, the aroma and taste were
found to be unpleasant and rough. This finding suggests
that a brief brewing time and low tea-water ratios have
a negative impact on the sensory quality of the tea
samples. In terms of the total score, the optimal brewing
process for achieving an overall sensory score above 80 is
achieved when the tea-water ratio is >1:50, the tem-
perature is >80°C, and the time is >7 minutes. These
parameters should serve as the foundation for the optimal
brewing process.

3.3.2. Modern Sensory Evaluation Techniques. The taste
analysis of vine tea-water samples from different brewing
processes was conducted using an electronic tongue. Fig-
ure 6 presents the clustering thermal map analysis of the
electronic tongue’s taste analysis of 20 vine tea samples from
different brewing processes. According to the figure, the 20
samples can be categorized into 5 groups, with samples 1:
50-2 and 1:50-3 grouped into one category. These two tea
samples exhibit strong acidity, bitterness, and sweetness, but
have low levels of aftertaste-A, freshness, saltiness, and
richness. The six tea samples of 5 minutes, 6 minutes, T70,
T75, T80, and 1 :40 can be grouped into one group, and their
expression of sour taste is similar. Overall, the expression of
various flavors was relatively flat. Sample 4 minutes,
3 minutes, and 2 minutes can be clustered into one group,
and the expression of aftertaste-B in these three tea samples
was relatively low, with similar acidity, bitterness, and as-
tringency. Samples 1:60, 1:50-1 can be clustered into one
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FIGURE 6: Thermal map of electronic tongue taste clustering of vine tea with different brewing processes.

category, and these two tea samples had a higher freshness
and richness, while the astringency was lower. Samples
9 minutes, KQS, BKS, 7 minutes, T90, 1:20, 1:30 can be
grouped into one category, and these seven samples have
a stronger expression of aftertaste-B and less sweetness. The
same results as the clustering thermal map can also be seen
in the radar map in Figure 7. These clustering results are
consistent with the findings in Figure 7’s radar map.

(1) Vine Tea Samples with Different Tea-Water Ratios. It is
evident from Figure 8 that each dot on the PCA plot rep-
resents a sample, and the distance between the dots signifies
the magnitude of the disparities among the samples. The 1:
50 to 1 and 1:60 vine tea samples are situated in the fourth
quadrant, with overlapping regions of similarity and min-
imal differences. Conversely, the 1:20, 1:30, and 1:40 teas
are clearly distinguished in the first, second, and third
quadrants, exhibiting substantial differences in distance,
thus indicating notable disparities in taste.

According to numerous studies, the flavor of green tea is
intricately linked to the concentration of water extract,
amino acids, and tea polyphenols within the tea leaves. As
the concentration of water extract increases, so does the taste
threshold of the tea. The tea polyphenols, primarily re-
sponsible for the astringency of tea, and the rise in amino
acid content enhances the freshness of the tea. It has been
established that the more amino acids that are dissolved in

the tea samples, the better the taste, and vice versa. Notably,
the tea-to-water ratio significantly impacts the flavor profile
of vine tea. As seen in Figure 9, the sweetness, bitterness,
astringency, and richness of vine tea vary significantly across
different tea-water ratios. In contrast, the sourness and af-
tertaste remain relatively consistent, indicating that the tea-
water ratio has a greater impact on these attributes rather
than sourness or aftertaste. For vine tea, umami and
sweetness are considered the primary tastes [56], and flavors
such as sourness, astringency, and bitterness are undesirable
in tea. From the radar chart, as the ratio of tea to water
decreases, the expression of sweetness, richness, and
freshness increase, while intensity of bitterness and astrin-
gency diminishes. At a ratio of 1:50-1, the tea exhibits the
most prominent sweetness, richness, and freshness, with the
least amount of bitterness and astringency. Therefore, a tea-
to-water ratio of 1: 50 is optimal for achieving the best flavor
profile in vine tea.

Using the ultra-fast gas chromatography electronic nose,
six samples of vine tea with different tea-to-water ratios were
analyzed. After subtracting the blank, the signals collected by
the MXT-5 column were imported into the Origin 2021
software. This process enabled us to generate the odor
fingerprint of vine tea, as presented in Figure 10. It is evident
that vine tea has two main aroma peaks at different brewing
temperatures, and the peak time at which these peaks occur
remains consistent. However, the magnitude of these peaks
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FiGgure 7: Electronic tongue taste radar of vine tea with different brewing processes.

varies, indicating that the tea-water ratios have a significant
impact on the aroma of vine tea. Specifically, when the tea-
water ratios are 1:40, 1:50, and 1: 60, the difference in peak
odor intensity is minimal, indicating that the volatile
compounds present in the tea are similar across these ratios.
The common tea flavor substances are mainly acetoin,
cyclopentane, 1-ethyl-3-methyl-, and 1-chloropentane.
Characteristic odors expressed are: aromatic, sweet, her-
baceous, fruity, etc. In the tea-to-water ratio of 1:30, the
maximum intensity of aroma is achieved, while it is the
lowest at the ratio of 1:50-1, indicating that the concen-
tration of volatile substances is highest when the tea ratio is
1:30. As the tea-water ratio decreases, the intensity of the
aroma decreases. In addition, the peak intensity of the aroma
at the 10th percentile is significantly higher than at the 60th
percentile. Figure 11 shows that the PCA analysis of vine tea
samples with various tea-water ratios indicates a cumulative
contribution rate of 87.70% for the two components. The
vine tea samples with a tea-water ratio of 1: 20 (located in the
fourth quadrant of PCA) and 1:30 (located in the third
quadrant of PCA) are significantly distant from each other
and can be clearly distinguished. In addition, the samples
with tea-water ratios of 1:40, 1:50-1, and 1: 60 are situated

in the third quadrant of the PCA chart, indicating that the
flavor substances share certain commonalities. Even though
the distance is shorter, they are still distinguishable. The
analysis of the odor fingerprint in Figure 10 is consistent.

(2) Vine Tea Samples at Different Brewing Temperatures. The
distance between the points in the PCA diagram represents
the magnitude of the feature difference between the samples.
As can be observed in Figure 12, the tea samples of T70 and
T75 are situated in the fourth quadrant of the PCA diagram.
The distance between these two samples is relatively similar,
indicating that their flavors profiles are closely aligned.
However, when compared to the tea soups T85 (located in
the first quadrant), T90 (located in the second quadrant),
and T80 (located in the third quadrant), the distance is
greater, indicating significant differences that can be easily
distinguished.

As Figure 13 clearly demonstrates, there is a notable
divergence in the levels of saltiness, richness, and freshness
when various brewing temperatures are applied. Conversely,
the acidity and aftertaste-B remain relatively consistent
across different brewing temperatures, signifying that
temperature variations have a more significant impact on
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FIGURE 8: PCA graph of electronic tongue with different tea-water ratios of vine tea.
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FiGure 9: Radar chart of different tea-to-water ratios of vine tea.

saltiness, richness, and freshness, while exerting minimal
influence on acidity and aftertaste-B. Notably, as brewing
temperature rises, the perception of bitterness and

astringency intensifies. This was caused by the high tem-
peratures at which tea leaves breakdown, releasing a sig-
nificant amount of tannic acid and aromatic compounds
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FIGURE 11: PCA graph of electronic nose with different tea-to-water ratios of vine tea.

that combine with caffeine, tea polyphenols, and other in-
gredients to make the tea bitterer overall and significantly
lower its nutritional value. The strongest flavors are
sweetness, richness, freshness, and aftertaste-A at brewing
temperature of 85°C (1:50-1), while the weakest flavors are
bitterness and astringency. As a result, the optimal flavor of
vine tea is achieved at a brewing temperature of 85°C,
making this the most ideal temperature.

As Figure 14 illustrates, the odor fingerprint of vine tea
exhibits distinct patterns when brewed at various temper-
atures. Notably, as the temperature increases from T70 to
T75, the intensity of the odor peak response becomes more
prominent. This suggests that elevating the temperature aids

in the temperature increases; it is conducive to the disso-
lution of volatile compounds within vine tea. However, upon
further temperature increments, the intensity of the odor
peak response diminishes, reaching its lowest point at T90.
This decline may be attributed to the thermal degradation of
volatile substances contained in the tea, leading to a re-
duction in their concentration and a correspondingly weaker
odor peak response. For example, the volatile components
with an orange flavor, namely, L-Limonene, gamma-
Terpinene, and Limonene, disappear at temperatures ex-
ceeding 85°C. Interestingly, while the position and number
of odor peaks remain consistent across different brewing
temperatures, their response intensity varies, leading to
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distinct peak areas. This is evident in the PCA diagram
presented in Figure 15, which compares vine tea samples
brewed at various temperatures. Notably, 75°C (T75), 85°C
(1:50-1) and 90°C (T90) are situated in distinct quadrants of
the PCA graph, indicating that the flavor profiles are well-
separated. However, T70 and T80 were close together, in-
dicating that the odor substances contained are similar and
cannot be well distinguished.

(3) Vine Tea Samples at Different Brewing Times. As Fig-
ure 16 reveals, it is evident that at various brewing durations,
the flavor profile varies significantly. Notably, the 2-minute
and 8-minute (1:50-1) intervals—found in the first and
second quadrants, respectively—exhibit a noticeable di-
vergence in flavor that can be distinguished well. However,
the remaining brewing durations, particularly those in the
third and fourth quadrants, display a high degree of simi-
larity and are challenging to differentiate. For instance, the 5-
minute and 6-minute intervals occupy the third quadrant,
while the 7-minute and 9-minute intervals occupy the fourth
quadrant. Although these pairs have distinguishable flavors,
their closeness on the PCA plot undermines their
distinguishability.

From the radar plot in Figure 17, it becomes evident that
the flavor variations across different brewing durations are
minimal. Notably, the radar plot’s response shape remains
consistent from 3 minutes to 6 minutes, indicating a similar
flavor profile within this duration range. This observation
aligns with the PCA plot’s analysis, highlighting the simi-
larity in flavor among these brewing durations.

On the other hand, significant differences in radar plot
response shape emerge after 2 minutes, 7 minutes, 8 minutes
(1:50-1), and 9 minutes of brewing. In particular, the 2-
minute brew exhibits the most prominent astringency and
the feeblest aftertaste and richness, signifying that in-
sufficient brewing time can lead to incomplete tea leaf
saturation and restricted release of tea’s constituent flavors.

When the brewing period reaches 7 minutes, the bit-
terness of the tea attains maximum expression, while the
sweetness, richness, and freshness are at their lowest. When
brewed for 9 minutes, the umami and richness of the tea are
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at their minimum, with the acidity and bitterness being at
their peak. This suggests that beyond a brewing time of
9 minutes, the original flavor of the tea begins to diminish,
leading to the emergence of adverse flavors. At an in-
termediate brewing time of 8 minutes, the expression of
sweetness, richness, umami and aftertaste-A is at its max-
imum, with sourness, bitterness, and astringency being at
their lowest. This indicates that when brewed for 8 minutes,
the tea attains the most optimal flavor profile. Therefore,
8 minutes is the optimal brewing time for obtaining the best
flavor from vine tea.

In the study by Long [57], tea soluble is divided into
three classes: effectively instantaneous soluble, rapid soluble,
and slower soluble. As depicted in Figure 18, the aroma
profile of vine tea alters with varying brewing times,

suggesting that the taste of vine tea also changes accordingly.
The rate-limiting step of diffusion is primarily determined by
the solubility of compounds. As the brewing time increases,
the peak odor response initially weakens and subsequently
strengthens. The volatile organic compounds (VOCs) ini-
tially rise and then decrease [58]. The odor profile of the
volatile components starts out as predominantly grassy,
fruity, and sweet notes, which gradually transition to al-
coholic, pungent, and fermented. Notably, when the brewing
time is 8 minutes (1:50-1), the flavor peak response is the
most intense, while at 7 minutes, it is the weakest. Therefore,
it can be inferred that when the brewing time is 8 minutes,
the flavor of vine tea is optimal. The PCA diagram for vine
tea samples with various brewing times (Figure 19) supports
these findings. As evident in the figure, brewing times of
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2 minutes (located in the first quadrant of the PCA diagram),  separate from each other, indicating that their flavor sub-
8 minutes (1:50-1) (located in the fourth quadrant), and stances have quite significant differences in their flavor
7 minutes (located in the third quadrant) are distinctly  profiles and can be easily distinguished. Conversely, the
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FIGURE 19: PCA graph of electronic nose with different brewing times of vine tea.

remaining brewing times are clustered together in the
second quadrant of the PCA diagram and are relatively
indistinguishable from each other.

(4) Vine Tea Samples at Different Number of Brewing Times.
It is evident from Figure 20 that the taste of vine tea is
significantly influenced by the duration of brewing. The tea
samples occupy distinct quadrants on the PCA plot, distinct
flavor profiles. The first brewing (1:50-1) falls in the third
quadrant, the second brewing (1:50-2) occupies the first
quadrant, and the third brewing (1:50-3) lies in the fourth
quadrant. The considerable difference between the groups
highlights a significant in taste. As inferred from the radar

chart in Figure 21, the taste response varies with the fre-
quency of brewing. The first brewing (1 : 50-1), exhibits the
most prominent sourness, aftertaste, umami, richness, and
umami expression, while exhibiting the least bitterness. The
second brewing (1:50-2) enhances astringency and bitter-
ness, with the strongest astringency and the weakest
aftertaste-B. Other flavor expressions are also relatively
weaker. In the third brewing (1:50-3), bitterness and
sweetness are most prominent, while other flavors are rel-
atively subdued. This suggests that as the number of brews
increases, the dissolved substances in the tea decrease,
leading to a blander flavor profile. Although sourness is
strong in the first brewing (1:50-1), bitterness and
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astringency are undesirable flavors. Considering all factors, As Figure 22 demonstrates, the odor fingerprint of vine
the flavor of vine tea is optimal when brewed once.  tea brewed for varying lengths of time is presented. The

Therefore, it is advisable to brew vine tea once. figure clearly illustrates that the flavor of vine tea is
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influenced by the duration of brewing. As the brewing time
increases, the intensity of the odor peak response weakens. It
is noteworthy that the first brewing (1:50-1) exhibits the
most intense odor peak response, while the third brewing (1 :
50-3) demonstrates the weakest, indicating a decrease in
newly generated volatile components as the number of
brewing sessions increases. This trend can be attributed to
a gradual reduction in flavor precursor substances with each
subsequent brewing. Therefore, it is advisable to brew vine
tea only once to achieve optimal flavor. Figure 23 presents
the principal component analysis (PCA) plot for vine tea
brewed at different times. The figure reveals that the two
components together account for a total contribution rate of
90.70%, which effectively captures the essence of the original
data. Notably, the first brewing (1:50-1) is located in the
fourth quadrant of the PCA plot, the second brewing (1 : 50-
2) is situated in the second quadrant, and the third brewing
(1:50-3) is found in the third quadrant. The significant
distance between these points indicates significant flavor
variations across different brewing sessions of the tea
sample, making them easily distinguished.

(5) Vine Tea-Water Samples at Different Water Quality. As
Figure 24 demonstrates, the flavors of vine tea brewed with
various water qualities vary. Notably, mineral water (KQS) is
situated in the first quadrant of the PCA figure, while boiled
water (BKS) is located in the fourth quadrant. However, the
distance between these two is relatively close, indicating that
the flavor substances of BKS and KQS are similar and
challenging to distinguish. In contrast, it is easily distin-
guished from pure water (1:50-1). The radar chart in Fig-
ure 25 further highlights the distinct responses of vine tea
flavor substances brewed with different water qualities due
to the varying levels of active substance leaching. The impact
of water quality on tea quality is primarily associated with
the physicochemical properties of the water, including
acidity, hardness, ion content, electrical conductivity,
and more.

According to research, when the plasma in water con-
tains high levels of Ca** and Mg**, it can easily react with tea
polyphenols, carbon dioxide, and other substances. This

leads to the formation of complexes and organic acid salt
precipitates, such as calcium carbonate. These reactions can
reduce the solubility of the active ingredients in tea, which
can impact the taste and clarity of tea beverages. When
brewed with pure water (1:50-1), the expression of sweet-
ness, saltiness, umami, richness, and aftertaste-A is the
strongest, and the expression of undesirable flavors such as
sourness, astringency, and bitterness is the weakest [59].
When brewing vine tea with boiled water (BKS), the bit-
terness and astringency are particularly prominent, while the
richness and umami are relatively weak. This is due to the
high chloride ion content in tap water, which interacts with
tea polyphenols to produce a “rusty oil” on the surface of the
tea, leading to a bitter and astringent tea broth. When
making tea with mineral water (KQS), the resulting brew
exhibits strong bitterness and astringency. It also has
a pronounced sour taste, and the umami and richness are
notably subdued. These characteristics suggest that when
brewed with KQS and BKS, it may lead to unfavorable flavor
profiles. The ion content of water can significantly impact tea
flavor, as ions such as Ca®*, Mg®", and Cl can interact with
tea’s polyphenols, amino acids, organic acids, caffeine, and
other taste-producing compounds [10]. These interactions
can influence the amount of volatile aroma components
released during brewing, leading to variations in taste at-
tributes like umami, astringency, bitterness, and the type,
purity, and intensity of tea’s aroma [29].

As we can see in Figure 26, the quality of water used for
brewing vine tea significantly impacts its flavor. It is evident
that when brewed with pure water (1:50-1), the odor peak
response is the strongest, indicating a higher concentration
of flavor substances. Boiled water (BKS) and mineral water
(KQS) produce a similar response intensity, but both exhibit
greasy odors caused by components such as 2-hexanol, (Z)-
3-hexenal, hexanal, and others. Therefore, to achieve the best
flavor in vine tea, pure water should be used during brewing.

Figure 27 presents the PCA diagram for vine tea brewed
with different water qualities. The analysis reveals that the
two main components contribute to an 85.30% cumulative
contribution rate. Vine tea brewed with different water
qualities occupies distinct quadrants in the PCA diagram,
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indicating variations in flavor substances. Notably, boiled
water (BKS) falls within the second quadrant, while mineral
water (KQS) is situated in the third quadrant. Despite having
somewhat comparable placements, which suggests that their
flavor components are similar, they can be distinguished
from pure water (1:50-1), which is in the first quadrant in
line with an electronic tongue examination.

3.4. Qualitative Analysis of Vine Tea Odor. To identify the key
odor components of vine tea, the retention time of its odor
fingerprint was converted into a retention index. All po-
tential compounds under various brewing conditions were
then listed and those with a retention index greater than 90
were selected, as detailed in Table 7. It has been observed that
vine tea may contains 45 different odorants, with 7 main
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compounds including terpenes, olefins, alkanes, alcohols,
aldehydes, esters, ethers, and ketones [60, 61]. From the
organoleptic description, 23 compounds were identified as
“sweet,” indicating that the primary flavor of vine tea is
sweet. There are 4 compounds with a “fermented” aroma, 20
compounds with a “grassy” aroma, and 3 compounds with
a “woody” aroma. This is consistent with the production
process of vine tea, which is made through the fermentation
of herbs. In addition, the alcohol content contributes to the

tea’s floral and fruit flavor, including pentanol, 3-methylbut-
2-1-ol, linalool, 2-nonanol, 2-phenylethanol, and 2-
undecanol. Most of the aldehydes in tea have been re-
ported to contribute to the infusion of citrus and green
flavors, for instance, valeraldehyde, phenylacetaldehyde, 2-
octenal, (E)-2-nonenal, (E, E)-2,4-nonadienal, n-nonal,
Neral, and (Z)-citral. In addition, some of these substances
are similar to bitter almonds, such as glutaraldehyde, ace-
tophenone, and 2-formyl-5-methylthiophene. There are also
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volatile compounds that contribute to a honey flavor, such as
phenylacetaldehyde and 2-phenylethanol and even fatty
odor notes. Ketones constitute the second largest group of
odorants that have been reported in tea to date, contributing
to flowery, fruity, and woody aroma notes [3, 62], for ex-
ample,  3-hexanone, acetophenone, and  methyl
nonane dione.

According to the sensory description results, the largest
number of compounds are considered to be “sweet.” This
indicates that the taste of vine tea is “sweet.” When the
brewing conditions were pure water, 1: 50, 85°C, 8 min, and
1 brewing cycle, 16 compounds were detected using an ultra-
fast vapor phase electronic nose with a correlation index
higher than 90. Among these compounds, 9 were identified
as “sweet,” representing the highest proportion of “sweet”
compounds in all brewing conditions. This suggests that vine
tea has the most favorable flavor, as indicated by electronic
tongue radar analysis.

4. Discussion

According to literature, the main factors contributing to tea
flavor are enzymatic reactions, which occur during the
growth of the tea plant before harvesting and postharvest
processing, as well as thermophysical and chemical reactions
that occur during partial postharvest processing, storage,
and consumption [63]. Tea brewing can be viewed as
a process encompassing substance dissolution and the de-
velopment of flavor within tea infusions, aligning with the
tenets of ternary phase diagram theory. The phase equi-
librium of the tea-water system consists of three primary
components: water, tea leaves (including soluble and in-
soluble tea solids), and headspace. In essence, the system

tends to achieve equilibrium during the brewing process,
involving the release of volatile organic compounds (VOCs)
from tea leaves into the tea infusion, as well as the sub-
sequent diffusion of these VOCs from the tea infusion into
the headspace through a series of thermophysical and
chemical reactions [61]. Furthermore, the properties and the
percentage of the compounds in tea leaves, especially soluble
substances, as well as the brewing conditions, played crucial
roles in this step. This phenomenon also explains why the
volatile matter content is highest when the tea-water ratio is
1:30. When the tea-water ratio is too large, the water system
becomes smaller, limiting the solubility of soluble compo-
nents. In order to maintain equilibrium in the tea-water
system, the content of volatile organic compounds in the
headspace portion increases accordingly.

To date, it has been established that polyphenols, amino
acids, and caffeine are the main factors contributing to the
taste. The bitterness and astringency of tea infusions are
primarily caused by the presence of tea polyphenols and
caffeine. Catechins, which account for 70-80% of total tea
polyphenols, are typically responsible for these flavors [64].
Amino acids are a significant factor in determining the
umami of green tea and may help reduce the astringency and
bitterness caused by polyphenols and caffeine [65, 66]. It is
commonly believed that the stronger the bitter and as-
tringent flavor, the higher the total flavonoid content.
However, the vine tea discussed in this paper demonstrates
a combination of high flavonoid content and robust sensory
qualities. Why is this the case? The key lies in the distinctive
flavor of vine tea, which delivers a sequence of flavor var-
iations in the mouth. It begins with a primarily bitter taste,
which gradually transitions to the sweetness that overpowers
the bitterness, and finishes with a lingering sweet aftertaste.
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Nevertheless, the mechanism behind the sweetness of vine
tea has not been elucidated, and it remains to be explored
where the sweetness originates after the bitterness.

Flavonoids, a type of polyphenols, can be categorized into
flavones, flavonols, flavanols, isoflavones, flavanones, and
anthocyanins. Up to now, 28 flavonoid compounds have been
isolated and identified in vine tea, including flavonols,
dihydroflavonols, isoflavones, dihydroflavonoids, isoflavanes,
flavonoids, and other types [21]. The flavonol glycosides are
prone to glycosidized at the C-3 position and therefore often
exist in the plant in the form of glycosides. The presence of
both flavonoid glycosides and flavonol glycosides may be the
main cause of astringency in vine tea. Moreover, the
superimposed stimulation of flavonol glycosides in a short
period of time further intensifies the perception of astringency
in the oral cavity. In red wine and tea, flavonol glycosides are
the main source of bitterness and astringency, and it was
found that the astringency intensity markedly escalates with
each consumption of red wine, reaching its zenith within 6 to
8 seconds postswallowing. Thereafter, it progressively wanes
until the next sip, at which point it ascends rapidly once more.
This identical pattern is exhibited by both tea and red wine,
with the peak intensity for each sip and the nadir of as-
tringency value between sips incrementing alongside the
number of sips [67]. Consequently, it may be postulated that
consuming vine tea follows a similar trajectory, wherein the
astringency values also increase progressively.

Natural flavonoids, which can undergo deglycosylation
through the natural hydrolytic activity of glycosidases,
generate corresponding glycosidic ligands or partially
deglycosylated flavonoids [68]. For instance, -glucosidase
has the ability to cleave nonreducing f3-glucosidic bonds
while liberating p-glucose and the associated ligands.
Nonsweet glycosides hydrolyze to produce the sweet-tasting
glucose, but since the hydrolysis reaction takes some time,
the sweetness effect is delayed. From this perspective, it is
highly likely that flavonoid glycosides and flavonol glyco-
sides present in vine tea may bring a sweet taste to the oral
cavity through a similar mechanism.

In addition, terpenes in grapes exist in both free and
bound glycoside forms. The free terpenes are volatile
compounds that directly contribute to the aroma and flavor
of grapes. Nonetheless, glycosides can be hydrolyzed to
generate volatile compounds, thereby enhancing the aro-
matic properties of grapes [69]. Consequently, a similar
phenomenon might occur in vine tea terpenes. In addition to
the bitter and sweet taste shock, glycosides primarily
composed of monoterpene enol and aromatic alcohol li-
gands are enzymatically cleaved or hydrolyzed under
physically stressful conditions, releasing glycosides with
floral and fruity fresh aromas. Consequently, flavonols and
their glycosides, such as rutin, quercetin, kaempferol, and
kaempferol-3-O-glucoside in vine tea, might not directly
enhance taste stimulation but rather contribute to a fruity
flavor in the tea liquid. Floral, fruity, and green flavors are
considered excellent aroma characteristics of tea.

This inference has not been experimentally validated and
awaits future confirmation through the design of aroma
reconstitution and deletion experiments for vine tea.

Journal of Food Biochemistry

5. Conclusion

In this study, we conducted a thorough examination of
different brewing methods for vine tea. We conducted an
analysis of the total flavonoid content and sensory evaluation
at two distinct levels. To assess the impact of brewing
conditions on the overall flavonoid yield in tea, we utilized
one-factor experiments and orthogonal tests. The experi-
mental results revealed that the optimal brewing conditions
for vine tea were achieved when the tea-water ratio was 1:
50, using pure water at 85°C for 8 minutes. This resulted in
a peak total flavonoid content of 32.68%. Among the various
factors that influenced the brewing process, the tea-water
ratio had the greatest impact, followed by brewing tem-
perature and time.

In our sensory analysis, we utilized a combined approach
of conventional human sensory evaluation and advanced
assessment techniques to conduct a comprehensive analysis
of the flavor and aroma characteristics of vine tea. This
evaluation allowed us to gain insights into the quality and
uniqueness of the tea when subjected to different brewing
processes. Drawing from traditional human sensory eval-
uation, we determined that an overall sensory score of 80 or
higher could be achieved when the tea-water ratio was >1:
50, the temperature was >80°C, and the brewing time was
>7 minutes. Therefore, the optimal brewing process should
be based on these parameters.

Using precise instruments such as an electronic tongue
and an ultra-fast gas-phase electronic nose, a meticulous
analysis was conducted on the impact of different brewing
processes on Garcinia Cambogia tea. The findings indicate
that the flavor characteristics of rattan tea are significantly
influenced by brewing temperature, brewing time, number
of infusions, and water quality. To visualize flavor variations,
advanced techniques including principal component anal-
ysis plots, radar plots, and odor fingerprints were employed.
By employing sensory descriptions, we have deciphered the
overriding “sweet” attribute of vine tea, as well as various
other flavor nuances.

In addition, a comprehensive qualitative analysis of
odorants identified 45 potential compounds across seven
categories, including terpene hydrocarbons, alkanes, alco-
hols, aldehydes, esters, ethers, and ketones. Notably, alde-
hydes and alcohols were particularly prevalent. Moreover,
we have comprehensively examined the taste and compo-
sitional aspects of vine tea, discerning notable disparities in
volatility. This finding further validates the impact of dif-
ferent treatments on volatile components.

In order to obtain as much extract as possible, most
studies on tea brewing technology have shown that the
brewing and extraction times are relatively long [7]. The
literature [44] suggests that for longer brewing times
(>10min), astringency and bitterness increased over time.
This study optimized the brewing time to 8 minutes, which
not only saved experimental time, ensured high sensory
quality, but basically complied with people’s daily tea-
drinking habits.

However, flavored tea beverages with added sugar, fruits,
or milk have become phenomenally popular [70]. The
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market share of various bottled ready-to-drink tea products
has surpassed that of traditional tea beverages; these modern
products are attractive to younger individuals [71]. By
contrast, the group of people who prefer hot-infused tea is
gradually aging. Therefore, in order to further cater to the
public’s tastes, the transformation of vine tea is essential.

The purpose of this article is to provide a brewing process
for the general public to drink vine tea without the hassle and
effort, with the high content of vine tea health components
and the high quality sensory. This study offers novel ap-
proaches to standardizing the brewing process of vine tea,
along with valuable perspectives for enhancing the sensory
attributes of the tea. It can serve as a benchmark for the
industry’s future growth in the canning of vine tea, facili-
tating the creation of diverse vine tea drinks. However, other
potentially influential factors, such as the cultivar of vine tea,
the geographic origin of the tea leaves, storage time, and
variations in processing techniques, were not systematically
explored. The research technique of the aforementioned
characteristics can be utilized in the subsequent study to
investigate additional potential factors, analyze flavor vari-
ances, and investigate the best brewing method for rattan tea
with varying origins and storage durations to aid in con-
solidating and growing the rattan tea industry.
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