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Preliminary exploration of herbal tea s

products based on traditional knowledge
and hypotheses concerning herbal tea
selection: a case study in Southwest Guizhou,
China

Xiaofeng Long', Sailesh Ranjitkar®>#, Anna Waldstein®, Huan Wu', Qingging Li' and Yanfei Geng"

Abstract

Background Herbal tea usually refers to “beverage plants that do not belong to the genus Camellia’, and it holds

a significant historical legacy as a traditional beverage among specific regions and ethnic groups. In light of this, our
research aims to investigate and analyze the traditional knowledge pertaining to herbal tea plants used by local peo-
ple in the Qianxinan Buyi and Miao Autonomous Prefecture, Guizhou Province. We also initiated preliminary efforts
to create tea products from herbal tea leaves using various processing techniques. Additionally, we attempted to test
hypotheses to elucidate how local people select herbal tea plants.

Methods Data related to the use of herbal tea plants in this study were collected through semi-structured interviews
and participatory observations in four villages in Qianxinan. Quantitative indicators, including the relative frequency
of citation (RFC) and the relative importance (RI) value, were calculated, and the availability of plants was also evalu-
ated. General linear model was performed to examine the relationship between the frequency of citation

and resource availability, as well as the correlation between the relative frequency of citation and the relative impor-
tance, to test both the resource availability hypothesis and the versatility hypothesis. Centella asiatica tea was pro-
cessed using techniques from green tea, black tea and white tea, with a preliminary sensory evaluation conducted.

Results A total of 114 plant species were documented as being used for herbal teas by local residents, represent-
ing 60 families and 104 genera. Of these, 61% of herbal tea plants were found growing in the wild, and 11 species
were exotic plants. The family with the highest number of species was Asteraceae (20 species). The study identified
33 major medicinal functions of herbal tea, with clearing heat-toxin and diuresis being the most common func-
tions. General linear model revealed a strong correlation (correlation coefficient of 0.72, p <0.001) between the fre-
quency of citation and plant availability, as well as a significant correlation (correlation coefficient of 0.63, p<0.001)
between RFC and RI. Under different processing conditions, the characteristics of Centella asiatica tea exhibited varia-
tions and were found to be suitable for consumption.
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Conclusion The consumption of herbal tea serves as a preventive measure against common ailments for local
residents. The resource availability hypothesis, diversification hypothesis and the versatility hypothesis were shown
to provide some insight into “how and why local communities select plants for use.Exotic herbal tea plants

in the study area also possess valuable therapeutic properties. The processing and production of Centella asiatica

herbal tea products hold promising prospects.

Keywords Qianxinan, Herbal tea, Resource availability hypothesis, Versatility hypothesis, Diversification hypothesis,

Centella asiatica

Background

Chinese tea culture can be traced back to ancient times,
boasting a remarkable antiquity. According to The Classic
of Tea by Yu Lu in the Tang Dynasty (around year 780),
tea has a history over 5000 years in China. The earliest tea
drinking in Chinese history is associated with the emperor
Shennong (A Z NIK, RF#KIK), who is credited with
establishing Chinese agriculture and medicine. Shennong
supposedly tested hundreds of wild herbs to see whether
they had any therapeutic use. Multiple research reports
show that flavonoids, alkaloids, phenols and other biologi-
cally active ingredients with immune-boosting character-
istics are found in herbal teas [1, 2]. Herbal teas can even
improve people’s mental health [3-6]. Additionally, herbal
teas include polyphenols, saponins, oligosaccharides,
selenium, zinc and other useful components and are an
important source of antioxidants [7].

Typically, tea is regarded to be a beverage produced
from the leaves and buds of the genus Camellia (sect.
Thea, including C. sinensis var. sinensis, C. sinensis var.
assamica, C. sinensis var. dehungensis, C. taliensis, C.
crassicolumna). The term "herbal tea" is currently ambig-
uous but it generally refers to infusions made from the
roots, stems, leaves, flowers, fruits and even whole plants
of various plant species excluding those from the Camel-
lia genus [8]. Herbal tea plants can be used alone or in
conjunction with other herbs to make beverages. Accord-
ing to Traditional Chinese Medicine and other ethno-
medical systems of China, internal heat can build up in
the body, especially during the transitions between sea-
sons [9]. People typically rely on herbal plants to prevent
and treat ailments in their daily lives in places where
medical clinics are underequipped [10, 11]. Preclinical
research provides support for the use of herbal teas in
the treatment of various illnesses [12]. For instance, the
plant Linum usitatissimum, used to make traditional tea
drinks “Emolientes and Emolienteros” from Peru, dem-
onstrates the capacity to repair liver damage [13]. In
Greece, chamomile tea (Matricaria chamomilla) may
reduce the risk of thyroid cancer [14], while the legume
tea plants Aspalathus linearis and Cyclopia intermedia
from South Africa exhibit anti-mutagenic properties [15].
Similarly, the infusion of Chrysanthemum morifolium, a

popular Asteraceae plant in Japan, has shown improve-
ments in type II diabetes conditions [16]. Eagle tea, pri-
marily produced in southwest China from the leaves of
Litsea coreana, contains total flavonoid, which can lower
serum triglycerides in rat blood and liver tissue as well as
prevent lipid absorption [17]. Additionally, Dihydromyri-
cetin found in vine tea (Ampelopsis grossedentata) has
the ability to mitigate oxidative stress [18]. These findings
underscore the potential of various herbal teas in the pre-
vention and management of chronic metabolic disorders.

A wide variety of herbal tea plants can be found in
township markets and are extensively consumed in 27
provinces of China [19]. Herbal tea beverages are highly
popular in southern China due to their capacity to
reduce internal heat and address various medical condi-
tions. At present, there is not much research on herbal
tea in Guizhou, except for eagle tea and Kuding tea, and
research status regarding herbal tea uses is still not fully
understood [20, 21]. Therefore, we performed the study
in an effort to fill the gap left by the limited documenta-
tion of herbal tea in Guizhou.

In recent years, both in China and abroad, there has
been a growing focus on researching herbal tea and
developing new products using fresh plant leaves as the
primary raw material [17, 22, 23]. Additionally, the tra-
ditional tea-making processes have seen enhancements.
Steps such as fixation, withering, fermentation, roll-
ing and drying are crucial in the tea processing industry
[24]. These steps not only enhance the color, aroma and
taste of tea but also significantly improve its flavor qual-
ity. Moreover, they increase the content of active ingre-
dients in herbal tea. Currently, the processing of herbal
tea primarily involves processes like evaporation, fermen-
tation, rolling and drying [25-27], and it is in the early
stages of being systematized. Centella asiatica, a plant
belonging to the Apiaceae family, is widely used by locals
in the study area for various purposes. Previous research
has indicated that Centella asiatica is rich in a variety of
phenolic compounds, such as rutin, quercetin and chlo-
rogenic acid [26, 28], which are recognized for their anti-
oxidant properties. Therefore, we aim to investigate the
impact of different processing techniques on the quality
of Centella asiatica herbal tea. This research will serve
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as a reference for the processing of other types of herbal
teas.

In 2017, Gaoue et al. [29] synthesized existing research
theories and pathways, reviewing and discussing 17
major ethnobotanical theories and hypotheses. More
and more effort has been made to develop theories and
hypotheses to promote ethnobotany as a hypothesis- and
theory-driven discipline [30-32]. Hypotheses including
resource availability hypothesis, diversification hypoth-
esis and versatility hypothesis were put forward to
address “how and why do local people select plants for
use” [29]. The resource availability hypothesis states that
a given plant is used because it has more accessibility or
local abundance [33]. The versatility hypothesis predicts
that people are more likely to retain knowledge, use and
access to a plant that has a greater number of applica-
tions for humans [33, 34]. It is believed that plants that
are used more tend to be plants with a large use category,
which is measured by the relative importance (RI) of
plants to reflect the utilization degree of a certain plant in
the local community [34]. The diversification hypothesis
is proposed to contribute to the understanding of the rea-
sons why exotic species are incorporated into local medi-
cal systems which alien plants could help fill therapeutic
gaps not filled by native plants [35]. Theoretical hypoth-
eses could provide the basic structure of a discipline, help
explain and predict phenomena, promote innovation and
discovery and promote the further development of the
discipline. Without a solid theoretical foundation, eth-
nobotanical research will lack direction and coherence,
making it difficult to achieve lasting progress. Thus the
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present work also is intended to test these three hypoth-
eses put forward by other ethnobotanists, as well as to
discuss the possible selection strategies related to the use
of herbal tea plants in China.

Study area

Qianxinan Miao and Buyi prefecture (at 104° 35"-106°
32" east longitude, 24° 38’-26° 11" north latitude) is
located in the southwest of Guizhou Province in South-
ern China. The total area of the prefecture is 16, 805
km?, accounting for 9.7% of the total area of the prov-
ince. According to official statistics from 2019, the reg-
istered population of the prefecture reached more
than 3,688,100. The prefecture has 35 ethnic minorities
including Buyi, Miao, Hui and Han, among which Buyi
has the largest population. The region has a humid sub-
tropical monsoon climate, with an average annual tem-
perature of 13.8-19.4 °C and an average annual rainfall
of 1352.8 mm. The forest area of the prefecture is 1.010
million hm?, the forest area is 1,027,000 hm?, and the for-
est coverage rate reaches 61.17% [36]. Our research cov-
ered four counties/cities (Xingyi City, Zhenfeng County,
Wangmo County and Ceheng County) with relatively
concentrated ethnic minorities and rich traditional cul-
tural diversity (Fig. 1).

Methods

Ethnobotanical survey

Ethnobotanical surveys on the utilization of herbal tea
plants in Qianxinan Prefecture were carried out in the
four villages in the studied counties from June 2020

| Py N
T Q,
p
Y- / N 4
J /h \
&/Z N \\\
S8 M
g C N\ g
k \ P g
/ \
) ~ ( A o
J 5 | L ™
[ > \
§ V4 J \ A
ﬁ ) ( 0\ > s
— /) \ e (,\
Ry _ L« »
/ ~ \
L/ o P —
A, N —~ ( N~
(50 o = - .
2 3 s { \
~ ¢ ( YN )
AN 2 ( \ | &
S : 4 /) ~— W\\
Legend J 7Y 7 ( . N
m\ J >/ \ e 4
A Ceheng County 3 ~ L & \'“/‘ g
T A (K
| Wangmo County ~ J xf ~ N\
/ { \\ / =
) @ xingyicity o e v 8
- { & /’ N S “
Ny i ¢ [ ) ZhenfengCounty\;, — \\ s
Qianxinan R S s o
2y - 0 5 10 20 30 40
Prefecture & -y ———

105°00°%

Fig. 1 Study areas in Qianxinan Prefecture of Guizhou

106°00" 5 107°60° 5



Long et al. Journal of Ethnobiology and Ethnomedicine (2024) 20:1
Table 1 Statistics on the number of informants

Category Number %
Gender

Male 57 51
Female 53 49
Age group

<30 7 6
31-50 27 25
51-70 62 56
>71 14 13
Ethnicity

Buyi 90 82
Miao 16 14
Yi 3 3
Mongolian 1 1

to October 2021. After explaining the purpose of our
study to the local community government and obtain-
ing permission, the local community staff were invited
to join us in the field survey as translators. Informants
were selected by snowball sampling [37]. Altogether 110
informants (53 women and 57 men) aged between 14 and
86 were interviewed (Table 1), from four ethnic groups:
Buyi, Miao, Yi and Mongolian. Semi-structured interview
and participatory observation were used to collect infor-
mation on herbal tea plants from selected informants
[38]. Herbal tea plant specimens were collected in the
field, and photographs of the plants were also taken while
the informants were there.

Using descriptions in the Flora of China (http://www.
iplant.cn/) as a guide, herbal tea plant specimens were
identified and cataloged to the herbal tea plants list.
PuBiao network pharmacopoeia (http://www.zhongyoo.
com/, https://db2.ouryao.com/) was used to confirm
whether herbal tea plants were used for medicinal herbs.
The exotic plant species were screened according to the
“Alien Invasive Flora of China” (five volumes) [39-43],
and their origin was determined by referring to the “Flora
of China”

Data analysis

Relative frequency of citation (RFC) was used to show
the local importance of each collected herbal tea plants
[44]. The relative frequency of citation (RFC) formula is:

%[:

UR;
EC i—i 1
RFCS _ 7S _ i 11]\[ ( )

The frequency of citation (FC) refers to the number
of informants mentioning the particular species, and N
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is the total number of informants, without considering
the use categories of species [45]. Theoretically, the value
range of this indicator is 0 < REC < 1. The larger the index,
the higher the importance of the species in the survey
area.

Jaccard index (JI) is calculated to compare similarities
in herbal tea uses between four counties (cities) [46]. The
Jaccard Index formula is:

C

= e @

a is the number of plant species utilized only in region A;
b is the number of plant species utilized only in region B;
¢ is the number of plant species utilized in both regions.

The relative importance (RI) of the species was calcu-
lated according to the formula [47].

RI = NUC + NT (3)

The purpose of the RI is to investigate the types of use
of a given species by respondents and the specific uses
within each category, so that the “number of use cat-
egories” and “the number of types of uses” can be used
to calculate the degree of use of the plant in a particular
region or culture. NUC (number of use categories) is the
quotient between the number of use types of a plant and
the number of use types of the most used plant [46]; NT
(number of types) is the quotient between the number
of uses of the plant and the number of uses of the most
important species.

Resource availability of herbal tea plants was assessed
according to informants’ description and authors’ obser-
vation during fieldwork which was ranked by scoring one
(most rare) to five (most common). General linear model
was performed using SPSS (27.0.1) to analyze the cor-
relation between the frequency of citation and resource
availability, as well as the correlation between relative
frequency of citation and the relative importance, to test
both the resource availability hypothesis and the versatil-
ity hypothesis [33, 34, 48]. The correlationship image was
created using the Origin Por 2022 software (Version 9.9)
[49].

Preliminary product research

Materials

Fresh leaves of Centella asiatica were collected from
Centella asiatica experimental site of West Campus
of Guizhou University in April 2023. Fresh samples
were processed into green tea, black tea and white tea,
respectively.

Processing
The fresh leaves from the same batch were combined and
then divided into three equal samples, each weighing one
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kilogram. Then each sample was processed into tea sam-
ples of Centella asiatica green tea, Centella asiatica black
tea and Centella asiatica white tea according to green
tea, black tea and white tea processing standard [50].
The processing of Centella asiatica green tea primarily
involves evaporating, rolling and drying, the processing
of Centella asiatica black tea follows the steps of wither-
ing, rolling, fermenting and drying, while the processing
of Centella asiatica white tea consists of withering and
drying.

Sensory evaluation

The appearance of tea product, appearance of tea liquid,
aroma, taste and tea leaves quality characteristics of Cen-
tella asiatica tea were evaluated according to the national
standard (GB/T 23776-2018 [51], GB/T 14487-2017 [52])
and “Tea sensory evaluation Terms” (T/CTSS 58-2022)
[52, 53].

Results

Diversity

In total, 114 species of herbal tea plants representing
60 families and 104 genera were recorded in Qianxinan
(Table 2), and they were widely distributed in various
families. The majority of herbal tea plant species in the
survey area were found along roadsides (48 species) and
in fields (29 species). They were also present under the
forests, near houses and in grasslands. The Asteraceae
family had the highest number of plant species (20 spe-
cies), followed by the Lamiaceae family, which included
seven herbal tea plant species. The Rosaceae, Apiaceae
and Fabaceae families each had five species of herbal tea
plants, while other families had fewer species.

The life forms were mainly herbs (accounting for
61.4%), followed by shrubs (22.8%), trees (8.8%) and vines
(9.7%) (Fig. 2). Most of herbal tea plants are also found
in Chinese Materia Medica, which proves that herbal
tea plants have the same origin as medicine and food
(Table 2). Local communities commonly adopted sim-
ple methods for herbal tea plant preparation, either by
washing the plants for immediate use or by drying them
for later utilization. These approaches require minimal
investment, involve simple procedures and facilitate easy
preservation, making herbal tea popular.

Local people in Qianxinan utilized various parts of
herbal tea plant resources, encompassing 11 different
types: whole plants, roots, leaves, stems, fruits, flowers,
aboveground parts, seeds, velamina, buds and seedcases.
During the survey, a total of 157 occurrences of these
parts were documented (Fig. 3). The whole plant and
leaf parts of the plant are the preferred choices for daily
herbal teas due to their accessibility and abundance. The
whole plant was the most frequently mentioned (with
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55 occurrences, 35%) which serves the dual purpose of
reducing waste during the processing and increasing pro-
duction of herbal tea plants. Roots, leaves, stems and
fruits were also common utilization parts, with mentions
ranging from 10 to 30 times. In contrast, flowers, above-
ground parts, seeds, velamina, buds and seedcases were
mentioned fewer than 10 times, indicating their relatively
infrequent usage.

The collection of herbal tea plants can take place
throughout the year, and different parts of the plant can
be gathered for tea consumption at various times of the
year (Table 2). Local inhabitants noted that different
plant parts offer distinct flavors and nutritional benefits.
For example, Buddleja officinalis was collected locally in
February and March as special natural dyes and can be
decocted for herbal tea. The tea prepared from flowers
has a mellow and sweet taste. Fruits of Pyracantha for-
tuneana can serve as snacks, or be dried and soaked for
a beverage with sweet and brisk taste. Different parts can
be employed in diverse ways, either for medicinal pur-
poses or for daily consumption, depending on their char-
acteristics. The tea prepared from flowers often had a
mellow and sweet taste, while the taste of tea made from
leaves was relatively mellow and astringent.

The highest level of similarity in species-level herbal tea
uses was observed between Zhenfeng and Ceheng, with a
Jaccard index (JI) of 0.17. Conversely, the most significant
differences were found between Zhenfeng and Wangmo,
with a JI of 0.06. When examining the genus level, the uti-
lization of herbal tea plant resources exhibited the high-
est similarity between Zhenfeng and Ceheng (JI=0.18),
while the similarity between Zhenfeng and Wangmo was
lower (JI=0.07).

Health care effect of herbal tea plants

The locals not only use herbal tea plants for making bev-
erages but also incorporate them into their daily lives
for various purposes such as seasoning, food coloring,
and spices. The local population believes that herbal tea
plants provide a wide range of health advantages effec-
tively addressing a spectrum of 33 significant health
disorders (Table 2). Clearing heat-toxin was the most
commonly stated property, and there were 46 species
that had this function and were mainly distributed in
Asteraceae family (14 species, accounting for 30%). Diu-
resis and nourishing the liver were frequently cited by
locals as the intended effects of consuming herbal tea,
and these properties were associated with plants from
the Fabaceae family (three species, accounting for 15%)
and the Lamiaceae family (three species, accounting for
21%), respectively. Clearing heat and eliminating damp-
ness (a total of 13 species, including three species from
Apiaceae family), diminishing inflammation (13 species
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Fig. 2 Life forms of herbal tea plants in Qianxinan Prefecture
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Fig. 3 Use parts of herbal tea plants in Qianxinan Prefecture

in total, three species of Caprifoliaceae), and invigorat-
ing the spleen to promote digestion (a total of 12 species,
including three species from Rosaceae family) were also
found to be prevalent within their respective plant fami-
lies. Additionally, moistening the lung and relieve cough
(a total of 12 species), hemostatis (a total of 11 species)
and lowering blood pressure (a total of 10 species) were
also frequently mentioned therapeutic benefits (Fig. 4).

Resource availability hypothesis, versatility hypothesis

and diversification hypothesis

According to the evaluation on the availability of
recorded herbal tea plants, 14 species were most com-
mon plants (12%), 33 species were more common plants
(29%), 30 species were common plants (26%), 22 spe-
cies were less common plants (19%), and 15 species
were uncommon plants (13%). The most common plants
can be collected on the roadside, in front of and behind
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houses, where people live. The results showed that the
frequency of citation of herbal tea plants in the study area
was positively correlated with their availability (r=0.72,
p<0.001) (Fig. 5A).

There were 55 herbal tea plants with relative impor-
tance higher than one, including Centella asiatica, Loni-
cera similis, Taraxacum wmongolicum, Artemisia argyi,
and Houttuynia cordata. General linear model showed
a significant positive correlation between the rela-
tive importance of herbal tea plants and the frequency
of mentions (r=0.63, p<0.001). Houttuynia cordata
(REC=0.51, RI=1.60), Centella asiatica (REC=0.38,
RI=2) and Lonicera similis (RFC=0.37, RI=1.8), were
the most commonly used species for tea by locals (Fig. 6).
Apparently, locals preferred to mention and use plants
with higher versatility (Fig. 5B).

There were 11 exotic plants, accounting for 10.5%
(Table 3), which were Erigeron annuus, Bidens Pilosa,
Crassocephalum crepidioides, Bidens bipinnata, Eclipta
prostrata, Sonchus oleraceus, Oenothera rosea, Oenothera
rosea, Amaranthus tricolor, Stellaria aquatica, Cyperus
rotundus and Olanum pseudocapsicum. Most of these
plants were native to the Americas, followed by Asia,
Africa and Europe. The RI values of 11 exotic plants were
all above 0.6 (Table 3), and they were often used in the
treatment of malaria. The number of native plants to
treat gynecological diseases was similar to the number of
exotic plants, but there were differences in the parts used.
At present, half of the exotic herbal tea plants listed in
the study area had been included in the books of Chinese
Materia Medica (Table 2), and Senna occidentalis had
been included “Processing standard of Chinese herbal
slices in Guizhou Province (Bt AR Z K 1HIATE)”
In multipurpose herbal tea plants (RI>1), 83% (46 spe-
cies) were native plants. Although the RI value of exotic
plants was relatively lower than native plants, they were
rich in flavonoids, polyphenols, terpenoids and other
compounds to treat certain diseases and were incorpo-
rated into the local medical system in the folk (Table 3).

Preliminary exploration of Centella asiatica tea products

The RI value of Centella asiatica was one, and its types of
uses covered food, medicine, and was usually used as tea
drinks, with the effects of clearing heat-toxin and damp-
ness, eliminating swelling, promoting blood circulation
and removing blood stasis. The tea was prepared by boil-
ing it at a ratio of 1:50 tea for 5 mins, and the sensory
quality of the tea was assessed based on attributes such
as color, aroma, taste, leaf structure, and more. Regard-
ing the appearance, the white Centella asiatica tea was
distinctive in that it was not rolled, and the tea leaves
remained intact and uniform. In contrast, the green and
black tea processes required rolling, resulting in a more
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Fig. 4 The efficacy of herbal tea and number of plants

uniform appearance of tea leaves. In terms of the color of
the tea, all three processes yielded a bright, yellow soup,
with the white tea process producing a slightly lighter
color. The taste of the tea varied across the different pro-
cesses, with the green and black tea processes offering
rich and diverse flavor profiles. Aroma differences were
observed between the black tea process and the other
two processes due to the fermentation (25-28 °C, 85%
relative humidity-RH, three hours) involved in the black
tea process, which produced a stronger woody aroma.
Regarding the leaf structure, the leaves were spread out
uniformly under all three processing conditions. Notably,
the leaves of the green tea were found to be softer com-
pared to those of the other tea samples (Fig. 7, Table 4).

10
20
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Discussion

Reasons for the use of herbal teas by local people

Our survey revealed that the local population has lim-
ited familiarity with the six major types of Camellia tea,
which include green tea, black tea, dark tea, white tea,
oolong tea and yellow tea. In contrast, there are a wide
variety of herbal plants in Qianxinan, which are eas-
ily accessible and can be processed. The 114 species of
herbal tea plants recorded in this survey are regarded as
the traditional beverage plants of local people, of which
67 species are Chinese medicinal plants (58%). The
medicinal functions of these plants are quite comprehen-
sive, and their long-term use in the local area has proven
effective in preventing, treating, and managing common
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Fig. 5 Correlation between herbal tea frequency of citation and plants availability and correlation between RFC and RI. A correlation between FC
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Fig. 6 Plants cited frequently in Qianxinan. a: Houttuynia cordata, b: Lonicera similis, c: Centella asiatica

illnesses. Asteraceae plants are known for their potent
in clearing heat-toxin, as well as their ability to disperse
blood stasis and alleviate pain. They also exhibit cooling
effects on the blood and are frequently found in herbal
form, making them convenient for collection. Whether
ingested or applied topically, they can rapidly eliminate
toxins from the body or the body’s surface [61]. Rosaceae
plants, on the other hand, are rich in saponins, which
have a notable impact on blood vessels. They can reduce
capillary permeability, minimize blood seepage, and serve
as effective hemostatic agents [62]. The Apiaceae family is
particularly noteworthy for its capacity to promote blood
circulation, dispel blood stasis, alleviate itching and pain,
and address issues related to dampness and cold. These
plants excel in enhancing circulation and dispelling sur-
face coldness [63]. Argyreia pierreana can be used both

externally and internally, and it offers therapeutic benefits
including clearing heat-toxin, treating traumatic injuries,
as well as possessing anti-inflammatory and hemostatic
properties [64]. Perilla frutescens, Lophatherum grac-
ile and Plantago asiatica have demonstrated diuretic
effects [65—67]. Mentha canadensis is effective in treat-
ing gastrointestinal diseases and infectious diseases, with
pharmacological activities that include hepatoprotective,
anti-inflammatory and antioxidant properties [68].

Every ethnic group engages in subsistence activities to
sustain its way of life, fulfill its most fundamental needs
and support further development during their interactions
with nature [69]. Local residents note that the harvesting
time for herbal tea is spread throughout all seasons, and
they collect the useful parts for consumption in accord-
ance with the plant’s growth cycle. In spring and summer,
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Table 3 List of exotic herbal tea plants in Qianxinan
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Plant name Rl Place of origin

Peculiarity References

Amaranthus tricolor L 1.0 India

Bidens bipinnata L 06

Bidens pilosa L 1.1 America

Crassocephalum crepidioides (Benth.) S. 1.0 Tropical African
Moore

Cyperus rotundus L 0.8 Asia
America

Eclipta prostrata (L) L 13

Erigeron annuus (L.) Pers 1.0 Eastern America

Oenothera rosea 1.0
['Her. ex Ait

Senna occidentalis (Linnaeus) Link 1.5 Tropical America

Solanum pseudocapsicum L 1.1

Sonchus oleraceus L 12

East Asia and North America

Southern North America

Mexico, the Caribbean and South America

Europe and the Mediterranean

Rich in protein, Zn, Ca and vitamins; [54]
in folk it has the advantages of relieving

urine, supplementing calcium to coagu-

late blood and improving eyesight. The

stems and leaves are eaten as vegetables;

the leaves are mixed in various colors

for viewing

Rich in hyperoside, quercetin, rutin; it [55]
can be used as a folk medicine to treat

sore throat, cold, malaria, abdominal pain

and diarrhea

Rich in quercetin, hyperoside, taxfolin-7-o-  [56]
rhamnoside; in folk the whole grass

is decocted, to treat diabetes, and used
externally to treat boils, snake bites, bruises

and swelling pain

The stems are rich in dihydrocoumarin [57]
compounds, which have anti-dysentery

effects; in folk it is often used to treat
indigestion, and its young leaves are a deli-
cious wild vegetable

The main components are volatile oils, [56]
favonoids and sugars; it can be used
as a medicine for gynecological diseases

Rich in triterpenoid saponins, flavonoids; it [58]
has the effect of nourishing liver and kid-
ney, cooling blood and stopping bleeding

Rich in vanillic acid, ferulic acid, 4-hydroxy-  [56]
acetophenone; in folk it is commonly

used in the treatment of malaria, and it

has the ability to clear heat-toxin,, and aid
digestion

Rich in kaempferol, ursolic acid, luteolin; [56]
in folk it is mainly used to decrease inflam-
mation and pain caused by trauma

Rich in B-sitosterol, daucosterol; in folk it [59]
is regarded as traditional medicine, and its
efficacy is mainly evident in the treatment

of malaria

The whole plant is poisonous, and root [60]
has analgesic effect, and can be used
to treat lumbar muscle strain

Rich in luteolin, apigenin and other glyco-  [56]
sides; in folk it is commonly used to treat

icteric hepatitis and is often eaten as a wild
vegetable

when plants are in the vegetative growth stage, in addition
to gathering parts for drinking, locals also harvest plant
buds for use in dishes to meet their nutritional needs. Dur-
ing summer and autumn, when plants are in the repro-
ductive growth stage, many are collected as whole plants,
which can also be dried and used for medicinal purposes.
In autumn and winter, when the aboveground parts of
plants wither and the plants go dormant, the roots are
collected and boiled since they contain higher levels of
active ingredients. The consuming of herbal tea, using the

traditional sun-drying method [70], and selling the excess
in local markets to supplement their livelihoods are com-
mon practice among the Buyi people.

Frequently mentioned are plants that are readily avail-
able in proximity to people’s living areas, making avail-
ability a significant factor influencing their preference for
herbal tea. The resource availability hypothesis effectively
elucidates the connection between the presence of herbal
tea plants and their utilization by the local population
across the study area.
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Dlng
(78°C, 5h)

Centella asiatica Green Tea

Fermenting Drying Centella asiatica Black Tea

(20°C, 3h) (25-28°C, 85%RH, 3h) (78°C, 5h)
fresh !
&
Withering Centella asiatica White Tea
(20°C, 5h) (78°C, 3h)
Fig. 7 Centella asiatica tea production process and the soup

Table 4 Comparison of sensory quality of Centella asiatica tea

Tea sample Appearance Appearance of tea liquid Taste Aroma Tea leaves

Centella asiatica Green and tight Deep yellow Strong and thick Faint scent Green and bright

Green Tea

Centella asiatica Brown and sturdy Light yellow Mellow and sweet Woody Bark and brown

Black Tea

Centella asiatica Green and uniform Apricot yellow Sweet and smooth Herb Green and vivid

White Tea

Processing of Centella asiatica tea product

Different processing methods yield three distinct types
of Centella asiatica tea, each characterized by varia-
tions in color, aroma, taste and unique qualities. The
color of tea soup is influenced by several factors dur-
ing processing, with the quality characteristics of green
tea primarily shaped by the fixation process. Fixation
(enzyme inactivation), a critical step in green tea pro-
cessing, serves to deactivate enzymatic activity within
the leaves, thereby minimizing enzyme-driven oxida-
tion and chlorophyll degradation. This preserves the
distinctive characteristics of green tea leaves [71]. In
our preliminary experiments, we observed that resid-
ual moisture on the surface of freshly cleaned Centella
asiatica leaves causes them to stick together. Con-
sequently, we employ an evaporating method with-
out rapid leaf agitation during fixation. Evaporating
durations within the range of 1-5 mins optimize the
retention of DPPH (1,1-Diphenyl-2-picryl-hydrazyl)
scavenging compounds in herbal tea [23, 26].

In the production of black tea, the key process is fer-
mentation, which leads to moisture loss in the leaves
during the initial withering phase. Following rolling,
leaf cell disruption reaches 80%, initiating decomposi-
tion reactions primarily driven by macromolecules, as
well as phenolic oxidation and chlorophyll degrada-
tion under enzymatic influence. These processes impart
multi-layered taste characteristics to the fresh leaves [27,
72]. In our experiments, fermentation was conducted
at 25-28 °C and 85% relative humidity for three hours,
resulting in the transformation of leaf color from green
to deep green. The Centella asiatica black tea produced
exhibited a dark green appearance, with a light yellow
infusion. Furthermore, polyphenols undergo gradual
transformation during the extended withering process
[25, 73], contributing to the development of a sweet and
mellow taste profile.

Withering is a crucial stage in shaping the distinctive
quality of white tea. The study revealed that the dry-
ing time required for the simple white tea processing is
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shorter in comparison to the processing times for green
and black teas. This is primarily because the white tea
process does not involve rolling the leaves; instead,
the leaves are stretched, and there is a notable spacing
between them. This allows the tea sample to dry faster
and the processing time to be shortened. In sensory
evaluation, the key parameters for assessing quality are
appearance, aroma and taste, as these factors significantly
influence consumer acceptance.

Overall, Centella asiatica white tea has few processing
steps and basically imitated the traditional processing of
the locals. The beneficial ingredients could be effectively
preserved, while maintaining a sweet and smooth taste
akin to traditional processing methods. The processing of
Centella asiatica green tea and black tea may lead to a
reduction in certain essential components of the leaves.
However, it may also give rise to novel elements not pre-
sent in traditional processing methods. Therefore, it is
of significance to conduct in-depth investigations into
the chemical composition of Centella asiatica tea under
varying processing conditions. Such research holds great
practical significance in optimizing the utilization of Cen-
tella asiatica resources.

The initial attempts have been made at Centella asi-
atica product processing also serve as a means to pro-
mote the diversification of beverages for urban residents
and those residing in areas without Centella asiatica
distribution.

The use of herbal tea in modern society

Herbal teas are widely consumed in Yunnan, Guizhou,
Guangxi, etc., offering both excellent taste and beneficial
effects. With the increasing popularity of natural health
teas, herbal teas have garnered the attention of many con-
sumers. Examples include Ku Ding Tea (llex kaushue),
honeysuckle tea (Lonicera similis), and Guangxi sweet tea
(Rubus chingii var. suavissimus). The production of herbal
teas has embraced innovation in traditional processing
methods to cater to the diverse needs of the modern era.
Leveraging the advantages of herbal tea plants, such as
their pleasant taste, aroma and heat-clearing properties,
and addressing the challenge of bitterness, well-prepared
herbal teas can offer a delightful taste along with their
therapeutic benefits [74]. In herbal tea processing, vari-
ous techniques can be employed, including traditional
drying and storage, as well as the creation of concen-
trated liquid or solid packaging formats to meet different
requirements. It’s worth noting that the chemical compo-
sition content of the roots, stems, and leaves of herbal tea
plants often differs. Therefore, making the best use of all
parts of the plant can enhance the overall utilization rate
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of herbal tea plants. Currently, there is a need to reason-
ably, scientifically and comprehensively exploit the exist-
ing herbal tea plant resources and explore them from the
perspective of plant biochemistry to develop new herbal
tea plant products.

The processing and consumption of teas can also be
adapted to the current fast-paced and convenient life-
styles of people by creating herbal tea beverages in tea-
bag form or formulating them into liquid herbal tea
beverages [75]. However, the proliferation of new herbal
tea beverages like Wahaha and Nongfu Spring has led
to the decline of traditional tea beverages. In an attempt
to cater to the preferences of the majority of consumers,
many manufacturers have started incorporating various
food additives into herbal tea beverages, often overlook-
ing the inherent nutritional value of the herbal tea plants
themselves in pursuit of the commercial herbal tea bever-
age market [9]. The safety of consuming herbal tea bever-
ages and the biological activity and toxicity of herbal tea
plants are still subjects of ongoing research. The develop-
ment of herbal tea beverages should be based on research
into the pharmacological activities and constituents,
ensuring their safety for consumption in both the phar-
maceutical and food industries.

Furthermore, in alignment with the government’s ini-
tiative to revitalize rural areas, local governments should
encourage agricultural cooperatives to collaborate with
businesses and educational institutions for the cultiva-
tion of suitable herbal tea plant varieties in the region
and establish cultivation parks. This not only fosters the
growth of the local herbal tea industry but also advances
the herbal tea sector as a whole, contributing to the liveli-
hoods of local residents.

Conclusions

As a commonplace daily beverage, herbal teas in Qianxi-
nan Prefecture serve both medicinal and refreshing pur-
poses for locals. The selected plants reflect accessibility,
versatility and remedy augmentation needs as explained
by established ethnobotanical hypotheses. Specifi-
cally, the resource availability hypothesis and versatility
hypothesis provide insight into plant selection patterns,
indicating that accessibility and versatility influence
use. Additionally, exotic plants fill therapeutic gaps not
addressed by native flora, aligning with the diversification
hypothesis. This rich documented flora and associated
indigenous knowledge is complemented by preliminary
experimental efforts showcasing quality variances across
processing methods for the widely used Centella asiatica.
Green Tea, Black Tea, and White Tea products made
from this species exhibit suitable sensorial attributes and
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utilization potential. Further research should build on
these foundations to comprehensively investigate bio-
activities, cultivation practices, innovative products and
sustainable industry development. By elucidating plant
utilization drivers, processing techniques and novel
beverage prospects, this study makes valuable progress
in understanding and promoting the under-researched
domain of herbal teas and associated ethnomedicinal tra-
ditions in southwest China.

Abbreviations

RFC Relative frequency of citation
RI Relative importance

FC Frequency of citation

NUC Number of use categories
NT Number of types

GB/T Chinese national standards

T/CTSS  Association Standards by China Tea Science Society
RH Relative humidity

DPPH 1,1-Diphenyl-2-picryl-hydrazyl

QXN Qianxinan

QXN + number Specimens number of herbal tea plants
C Cultivation

W Wild

/W Both cultivated and wild

E Exotic plant

Acknowledgements
We fully acknowledge the local villagers and healers for participating in the
surveys and sharing their knowledge on the use of herbal tea plants with us.

Author contributions

YFG conceived the research, revised and finalized the manuscript and identi-
fied most plants. XFL prepared the draft version, and SR, AW and YFG revised
the manuscript. XFL, HW and QQL collected the field data. All authors read
and approved the final manuscript.

Funding

This work was financially supported by the National Natural Science Founda-
tion of China (32260099 and 31900275), Natural Science Foundation of
Guizhou Province (Qiankehejichu-ZK [2021] 091) and China Scholarship
Council.

Availability of data and materials
All data generated or analyzed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate

All the villagers and healers who decided to collaborate were interviewed
according to mutually agreed conditions, especially with regards to the Con-
vention on Biological Diversity (CBD) and the ISE Code of Ethics.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

!College of Tea Science, Guizhou University, Guiyang, Guizhou, China. 2N.Gene
Solution of Natural Innovation, Kathmandu, Nepal. 3School of Developmental
Studies and Applied Sciences, Lumbini Buddhist University, Lumbini, Nepal.

Page 27 of 29

“Resources Himalaya Foundation, Lalitpur, Nepal. °School of Anthropology
and Conservation, University of Kent, Canterbury, UK.

Received: 24 October 2023 Accepted: 21 December 2023
Published online: 02 January 2024

References

1. Singh G, Passari AK, Momin MD, Ravi S, Singh BP, Kumar NS. Ethnobotani-
cal survey of medicinal plants used in the management of cancer and
diabetes. J Tradit Chin Med. 2020;40(6):1007.

2. Chan EWC, LimYY, Chong KL, Tan LBJ, Wong SK. Antioxidant prop-
erties of tropical and temperate herbal teas. J Food Compos Anal.
2010;23(2):185-9.

3. FarzanehV, Carvalho IS. A review of the health benefit potentials of
herbal plant infusions and their mechanism of actions. Ind Crop Prod.
2015;65:247-58.

4. Marcus DM. Traditional medicine: a global perspective. B World Health
Organ. 2010;88:953-953.

5. de Santayana MP, Blanco E, Morales R. Plants known as té in Spain: an
ethno-pharmaco-botanical review. J Ethnopharmacol. 2005,98(1-2):1-19.

6. Atoui AK, Mansouri A, Boskou G, Kefalas P. Tea and herbal infusions: their
antioxidant activity and phenolic profile. Food Chem. 2005;89(1):27-36.

7. Jeszka-Skowron M, Zgota-Grzeskowiak A, Frankowski R. Cistus incanus a
promising herbal tea rich in bioactive compounds: LC-MS/MS determina-
tion of catechins, flavonols, phenolic acids and alkaloids—a comparison
with Camellia sinensis, Rooibos and Hoan Ngoc herbal tea. J Food Com-
pos Anal. 2018;74:71-81.

8. Long XF, Hu CL, Geng YF. Exploration and enlightenment of non-Camellia
tea beverage consumption market for health care. J Green Sci Technol.
2023;25(05):275-80.

9. LiuYJ, Ahmed S, Long CL. Ethnobotanical survey of cooling herbal drinks
from southern China. J Ethnobiol Ethnomed. 2013;9(1):1-8.

10. Liu SZ, Zhang BX, Zhou JJ, Lei QY, Fang Q, Kennelly E, Long CL. Herbal
plants traded at the Kaili medicinal market, Guizhou, China. J Ethnobiol
Ethnomed. 2021;17(1):1-37.

11. Rashid N, Gbedomon RC, Ahmad M, Salako VK, Zafar M, Malik K.
Traditional knowledge on herbal drinks among indigenous communi-
ties in Azad Jammu and Kashmir, Pakistan. J Ethnobiol Ethnomed.
2018;14(1):1-20.

12. Poswal FS, Russell G, Mackonochie M, MacLennan E, Adukwu EC, Rolfe V.
Herbal teas and their health benefits: a scoping review. Plant Food Hum
Nutr. 2019;74(3):266-76.

13. Bussmann RW, Paniagua-Zambrana N, Castafeda Sifuentes RY, Prado
Velazco YA, Mandujano J. Health in a Pot—the ethnobotany of emolientes
and emolienteros in Peru. Econ Bot. 2015;69(1):83-8.

14. RizaE, Linos A, Petralias A, de Martinis L, Duntas L, Linos D. The effect of
Greek herbal tea consumption on thyroid cancer: a case-control study.
Eur J Public Health. 2015;25(6):1001-5.

15. Marnewick JL, Gelderblom WCA, Joubert E. An investigation on the
antimutagenic properties of South African herbal teas. Mutat Res/Genet
Toxicol. 2000;471(1-2):157-66.

16. Yamamoto J, Tadaishi M, Yamane T, Oishi Y, Shimizu M, Kobayashi-Hattori
K. Hot water extracts of edible Chrysanthemum morifolium Ramat. Exert
antidiabetic effects in obese diabetic KK-Ay mice. Biosci Biotechnol
Biochem. 2015;79(7):1147-54.

17. LiuY, LuoY, Zhang L, Luo L, Xu T, Wang J, Mengjun M, Zeng L. Chemical
composition, sensory qualities, and pharmacological properties of pri-
mary leaf hawk tea as affected using different processing methods. Food
Biosci. 2020;36:100618.

18. Zhang Q, ZhaoY, Zhang M, Zhang Y, Ji H, Shen L. Recent advances in
research on vine tea, a potential and functional herbal tea with dihydro-
myricetin and myricetin as major bioactive compounds. J Pharm Anal.
2021;11(5):555-63.

19. FuY,Yang JC, Cunningham AB, Towns AM, Zhang Y, Yang HY, Li JW, Yang
XF. A billion cups: the diversity, traditional uses, safety issues and potential
of Chinese herbal teas. J Ethnopharmacol. 2018;222:217-28.



Long et al. Journal of Ethnobiology and Ethnomedicine

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

35.

36.

37.

38.
39.
40.
41.
42.

43.

(2024) 20:1

Wang JL, Li XS, Linghu CD. Development of Herbal tea plant

resources and characteristic industry in Guizhou. Guizhou Agricult Sci.
2011;01:56-8.

Wang N, Fan ZQ, Zhu L, Guo G, Nie YX, Zou DQ. Composition determina-
tion and analysis on the mulberry leaf tea. North Sericult. 2017,38(1):8-11.
LiH, Luo L, Ma M, Zeng L. Characterization of volatile compounds and
sensory analysis of jasmine scented black tea produced by different
scenting processes. J Food Sci. 2018;83(10-12):2718-32.

Sulaiman SF, Seow EM, Saad B, Ooi KL. Enhancement of the recovery

of antioxidants from Oenanthe javanica herbal teas by optimizing the
fermentation, steaming and rolling processing procedures. S Afr J Bot.
2022;150:651-7.

Zhang L, Chen Q, Wang XY, Li DX. 40 years of research on tea biochemis-
try in China. China Tea. 2019;41(9):1-10.

Ariffin F, Heong Chew S, Bhupinder K, Karim AA, Huda N. Antioxidant
capacity and phenolic composition of fermented Centella asiatica herbal
teas. J Sci Food Agric. 2011;91(15):2731-9.

Long XF, Waldstein A, Wu H, Geng YF. Centella asiatica complex health
tea: Opportunities and challenges in the development of a commercial
product based on indigenous knowledge. Asian Biotechnol Dev Rev.
2023;25(1-2):69-74.

Ng ZX, Soh EYW, Yong PH. The influence of fermentation and drying
methods on the functional activities and sensory quality of Artemisia
argyi H. Lév. & Vaniot herbal tea. J Appl Res Med Aroma. 2022;30:100393.
Mustafa RA, Hamid AA, Mohamed S, Bakar FA. Total phenolic compounds,
flavonoids, and radical scavenging activity of 21 selected tropical plants. J
Food Sci. 2010;75(1):C28-35.

Gaoue OG, Coe MA, Bond M, Hart G, Seyler BC, McMillen H. Theories and
major hypotheses in ethnobotany. Econ Bot. 2017;71:269-87.
Albuquerque UP, de Medeiros PM, Ferreira Junior WS, da Silva TC, da Silva
RRV, Gongalves-Souza T. Social-ecological theory of maximization: basic
concepts and two initial models. Biol Theory. 2019;14:73-85.

Favi GA, Dassou GH, Djidohokpin D, Ouachinou JMAS, Kpétikou CG,
Gbedolo E, Anagonou A, Hidalgo-Triana N, Adomou AC. The resource
availability hypothesis (RAH) and cross-cultural patterns: which one
explains West African Cochlospermum species’ uses in Benin? J Ethnobiol
Ethnomed. 2022;18(1):1-19.

Junior WSF, Albuquerque UP, Medeiros PM. Reflections on the use of
hypotheses in ethnobotany: a response to Leonti et al. Ethnobot Res
Appl. 2021;21:1-5.

Albuquerque UP, de Medeiros PM, Ferreira Junior WS, et al. Social-ecolog-
ical theory of maximization: basic concepts and two initial models. Biol
Theory. 2019;14:73-85.

Albuquerque UP, Lucena RFP, Monteiro JM, Florentino AT, Cecilia de
Fatima CBR. Evaluating two quantitative ethnobotanical techniques.
Ethnobot Res Appl. 2006;4:051-60.

De Albuquerque UP. Re-examining hypotheses concerning the use and
knowledge of medicinal plants: a study in the Caatinga vegetation of NE
Brazil. J Ethnobiol Ethnomed. 2006;2(1):1-10.

Grasser S, Schunko C, Vogl CR. Gathering “tea’—from necessity to con-
nectedness with nature. Local knowledge about wild plant gathering in
the Biosphere Reserve Grosses Walsertal (Austria). J Ethnobiol Ethnomed.
2012;8(1):1-24.

Yao SX, Zhang WL, Sun XJ, Pu DF. Evaluation of the current situation of
forest resources and discussion of development countermeasures in
Qianxinan Prefecture. Green Technol. 2021;23(17):180-182+185.
Goodman LA. Snowball sampling: the annals of mathematical statistics;
1960.

Ma JS, Yan XL, Yan J, Wang ZH, Li HR. Alien invasive flora of China: .
Shanghai: Shanghai Jiao Tong University Press; 2020.

Ma JS, Wang RJ, Wang FG, Zeng XF. Alien invasive flora of China: Il. Shang-
hai: Shanghai Jiao Tong University Press; 2020.

Ma JS, Liu QR, Zhang Y, Qi SY. Alien invasive flora of China: Ill. Shanghai:
Shanghai Jiao Tong University Press; 2020.

Ma JS, Jin XH, Lin QW, Zhao H. Alien invasive flora of China: IV. Shanghai:
Shanghai Jiao Tong University Press; 2020.

Ma JS, Yan J, Tang SC, Li HR, Wang ZH. Alien invasive flora of China: V.
Shanghai: Shanghai Jiao Tong University Press; 2020.

44,
45.
46.
47.
48.
49,

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

72.

Page 28 of 29

Martin GJ. Ethnobotany: a methods manual. Berlin: Springer; 2014.
Whitney C. Quantitative ethnobotany analysis with ethnobotany R; 2019.
Huai HY. Hasbagana, quantitative methods in ethnobotany(ll). J Inner
Mongolia Normal Univ (Nat Sci Ed). 2010;39(4):417-9.

Bennett BC, Prance GT. Introduced plants in the indigenous pharmaco-
peia of Northern South America. Econ Bot. 2000;54:90-102.

IBM Corp. IBM SPSS Statistics for Windows, Version 27.0. Armonk: BNV
Corp; 2022.

OriginLab Corp. Origin Pro 2022 for Windows, Version 9.9. Northampton;
2021,

Xu J,Wang M, Zhao J, Wang YH, Tang Q, Khan IA. Yellow tea (Camellia
sinensis L.), a promising Chinese tea: processing, chemical constituents
and health benefits. Food Res Int. 2018;107:567-77.

GB/T 23776-2018. Methodology for sensory evaluation of tea. Beijing:
Standards Press of China; 2018.

GB/T 14487-2017.Tea vocabulary for sensory evaluation. Beijing: Stand-
ards Press of China; 2017.

T/CTSS 58-2022.Tea sensory wheel. Zhejiang: China Tea Science Society;
2022.

Plate AYA, Areas JAG. Cholesterol-lowering effectof extruded amaranth
(Amaranthus caudatus L.) in hypercholester-olemic rabbits. Food Chem.
2002;76:1-6.

College JNM. Dictionary of Chinese materia medica. Shanghai: Shanghai
Sci Tech Publisher; 1986.

Nanjing University of Traditional Chinese Medicine. Dictionary of tradi-
tional Chinese medicine. Shanghai: Shanghai Sci Tech Press; 2006. p. 3-4.
Yuan X, Wen B. Seed germination response to high temperature and
water stress in three invasive Asteraceae weeds from Xishuangbanna, SW,
China. PLoS ONE. 2018;13(1):1-16.

Sun ZH, Zhang CF, Zhang M. A new benzoic acid derivative from Eclipta
prostrata. Chin J Nat Med. 2010;8(4):0244-1024.

Argueta A, Cano Asseleih LM, Rodarte Garcia ME. Atlas de las plantas de la
medicina tradicional mexicana; 1994.

Aliero AA, Asekun OT, Grierson DS, Afolayan AJ. Chemical composition of
the hexane extract from the leaves of Solanum pseudocapsicum. Asian J
Plant Sci. 2006;5(6):1054-6.

Rolnik A, Olas B. The plants of the Asteraceae family as agents in the
protection of human health. Int J Mol Sci. 2021,;22(6):3009.

Pawlaczyk I, Czerchawski L, Pilecki W, Lamer-Zarawska E, Gancarz R.
Polyphenolic-polysaccharide compounds from selected medicinal plants
of Asteraceae and Rosaceae families: chemical characterization and blood
anticoagulant activity. Carbohydr Polym. 2009;77(3):568-75.

Yuan CQ. Ethnobotanical research on Apiaceae plants in China. ChinJ
Ethnomed Ethnoph. 1999;4:221-224+248.

Tardio J, Pardo-de-Santayana M. Cultural importance indices: a compara-
tive analysis based on the useful wild plants of Southern Cantabria
(Northern Spain) 1. Econ Bot. 2008;62(1):24-39.

Yu ST, Xiong GX, Cheng H, Cheng S, Xiao L, Wu Z, Zhu W. Influence of dif-
ferent extraction methods on Perilla frutescens leaf volatile components. J
Southern Agric. 2014;45(1):108-11.

Yuan K, Xue YQ, Gui RY, Sun SQ, Yin MW. Determination of trace elements
in Lophatherum gracile brongn from different habitat by microwave
digestion-atomic absorption spectroscopy. Spectrosc Spect Anal.
2010;30(3):804-8.

Geng F, Sun Q, Yang L, Wang ZT. Effects of the seeds and herbs of Plan-
tago asiatica L. on diuresis. J Shanghai Tradit Chin Med. 2009;21:150-6.
Farzaei MH, Bahramsoltani R, Ghobadi A, Farzaei F, Najafi F. Pharmacologi-
cal activity of Mentha longifolia and its phytoconstituents. J Tradit Chin
Med. 2017;37(5):710-20.

Mao SX, Shen Y, Deng HB. Changes in traditional rural minority livelihoods
and household livelihood security in Southwest China. Acta Ecol Sin.
2018;38(24):8873-8.

Nurhaslina CR, Bacho SA, Mustapa AN. Review on drying methods for
herbal plants. Mater Today: Proc. 2022;63:5122-39.

. Yu Z Yang Z. Understanding different regulatory mechanisms of pro-

teinaceous and non-proteinaceous amino acid formation in tea (Camellia
sinensis) provides new insights into the safe and effective alteration of tea
flavor and function. Crit Rev Food Sci. 2020;60(5):844-58.

Muthumani T, Kumar RSS. Influence of fermentation time on the develop-
ment of compounds responsible for quality in black tea. Food Chem.
2007;101(1):98-102.



Long et al. Journal of Ethnobiology and Ethnomedicine (2024) 20:1

73. Chen Q, ZhuY, Dai W, Lv H, Mu B, Li PL, Tan JF, Ni DJ, Lin Z. Aroma forma-
tion and dynamic changes during white tea processing. Food Chem.
2019;274:915-24.

74. Liu QJ. Development and tendency of tea and herbal tea beverages in
Asia-Pacific area. Beverage Ind. 2002;5(4):4.

75. Fang S, Zeng R, Haixian LI, Li YY, Long LZ. Development of the herbal tea
beverage with the characteristics of Miao minority. Farm Product Price.
2018; (5): 1-5+10.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 29 of 29

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




