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Ethnopharmacological relevance: People in Southern Xinjiang, China have been consuming medicinal teas for
healthcare since before the ancient Silk Road markets began. Several pharmaceutical studies have illustrated the
potential healthcare beneﬁts of medicinal teas used in Southern Xinjiang, China. However, little information is
available from the literature about the diversity of the species used and related traditional knowledge of these
medicinal teas.
Aims of the study: (i) create a comprehensive record of medicinal tea plant species (MTPS) and combinations
used with related traditional knowledge for healthcare in Southern Xinjiang, China; (ii) assess safety of MTPS,
and (iii) address conservation status for sustainable use of MTPS.
Materials and methods: We employed both ﬁeld and market surveys from 2014 to 2019 in 10 counties/cities and
four main medicinal tea markets by using semi-structured interviews. We interviewed 236 informants and 70
medicinal tea shop vendors. The commonly used MTPS were ranked by Frequency of Citation. Safety issues were
assessed based on expert knowledge and with reference to the oﬃcial list of Medicinal Plants Used as Food.
Conservation implications of plant use were assessed as part of the interviews and this was cross referenced with
oﬃcial records.
Results: The surveys revealed 145 diﬀerent plants from 65 families used for making medicinal teas, expanding
the list of known Chinese herbal tea species from 782 to 884. Leguminosae, Rosaceae, Lamiaceae and Apiaceae
were dominant families. Herbs (60.7%, 88 species) were the most commonly used plant types; fruits (23.1%, 50
species) and seeds (22.2%, 48 species) were commonly used parts. Nearly half (42.1%) of the plant species were
introduced from abroad. Respondents reported more than 50 types of healthcare uses of medicinal teas. Tonic
(13.7%, 71 species) and promoting digestion (9.6%, 50 species) were the most frequently mentioned healthcare
uses. The majority of commonly used plant species were spices (20 species, 50%) and aromatic plants (10
species, 25%). Cinnamomum cassia (L.) J.Presl, Piper longum L. Syzygium aromaticum (L.) Merr. & L. M. Perry and
Gardenia jasminoides J. Ellis were the most cited species. High doses of Piper longum L., Crocus sativus L., Curcuma
longa L, and Senna alexandrina Mill. May have negative health implications. Assessments of conservation status
and sustainable use of tea species indicate that wild harvesting of Nardostachys jatamansi (D. Don) DC. and
Pterocarpus indicus Willd. Should be controlled and cultivation technologies should be improved.
Conclusions: We found high plant species diversity and rich traditional knowledge of medicinal teas used in
Southern Xinjiang, China. The traditional healthcare uses of some of the medicinal teas are also supported by
pharmaceutical evidence. Others should be investigated further. Conservation pressures exist for commonly used
wild species. China's ‘Healthy China 2030’ policy should do more to take traditional cultural practices into
account. In doing so, both local and national government agendas may seek to promote sustainable harvest and
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to protect traditional knowledge so that this cultural heritage continues to serve human well-being into the
future.

1. Introduction

oﬀers protection for traditional medicinal tea knowledge as intellectual
property, and provides guidance for further scientiﬁc investigations on
health eﬀects, safety and conservation of medicinal teas. Species-speciﬁc data of treatments and plant interactions in mixed tea may help in
the development of novel healthcare products. It is also expected to
enrich the related contents of the ‘Healthy China’ policy.

Healthy food has become a global trend and many people now take
a holistic approach to personal health, following traditional customs
and ways of understanding of healthy food (Verpoorte, 2015). In 2016
China's government issued the ‘Healthy China 2030’ Policy, which explicitly placed human health among the core political priorities for
national development (Tan et al., 2017). Unhealthy diets are considered
one of the major contributing factors to the rapidly increasing rates of
chronic diseases in China (China's Central Committee, 2016, 2019).
Therefore, one of the key aims of China's national health policy is to
promote healthy diets for the general public.
Herbal teas, here deﬁned as water decoctions or infusions of various
plant ingredients, have long been used for healthcare and as part of a
healthy diet. Consumption of herbal teas has been a common dietary
practice, and a time-honored cultural phenomenon in China where they
are considered one of the most important ways to maintain health (Xiao
et al., 2014). About two thirds of the provinces of China have a core
cultural habit of regular herbal tea consumption (Fu et al., 2018). The
most well-known example is the cooling herbal tea used in Southern
China (Liu et al., 2013; Li et al., 2017). More than 50 recipes of cooling
herbal tea have been listed as part of China's national intangible cultural heritage (Liu et al., 2013). Healthcare eﬀects of various herbal teas
used in China have been veriﬁed in controlled animal studies, such as
eﬀects of sweet tea, Lithocarpus litseifolius (Hance) Chun, for dietary
obesity (Zhou et al., 2013), anti-diabetic eﬀects of honeysuckle ﬂower
tea (Lonicera japonica Thunb) (Zhou et al., 2016), and hepatoprotective
eﬀect of Five-Golden-Flowers Tea, a tea mixture of Rosa rugosa Thunb.
(rose), Osmanthus fragrans Lour. (sweet osmanthus), Dendranthema
morifolium (Ramat.) Tzvelev (chrysanthemum), honeysuckle, and Jasminum sambac (L.) Aiton (jasmine) (Zhao et al., 2018).
Southern Xinjiang (Southern part of Xinjiang Uygur Autonomous
region of China) in the southern part of Tianshan Mountain Range was
one of the most important trading centres along the ancient Silk Road
from Han dynasty (202 B.C.-8 B.C.) (Yuan et al., 2016). People in
Southern Xinjiang have been trading and consuming herbal teas, called
‘Durilk chay’ or‘Dora chay’ (literally translated as medicinal tea) since
before the ancient Silk Road markets. The word ‘chay’ is the transliteration of Han Chinese word ‘cha’ meaning tea (Dong, 1996). Both
words refer to both Camellia sinensis (L.) Kuntze as well as many other
plant species consumed in similar drink forms (Fu et al., 2018). The
medicinal teas of the region are consumed by local people at home, in
tea houses, and in bars and restaurants. Drinking medicinal tea is
considered to have health-promoting eﬀects (Wang et al., 1996). Several studies have illustrated the potential healthcare beneﬁts of medicinal teas used in Southern Xinjiang, China (Wang et al., 1996; Zhang
et al., 2018; Bai et al., 2019). However, this common dietary practice is
not well known among the general public outside the region or by
policy makers at the national level.
Little information is available from the literature about the diversity
of the species used and related traditional knowledge of medicinal tea
in Southern Xinjiang, China. These represent an important part of the
cultural heritage of China, and are potential sources for discoveries of
healing plant-based pharmaceuticals, as of yet unknown to modern
medicine. Traditional knowledge on the use of these species is at risk of
being lost (Zhao, 2012) and local plant populations may also be
threatened. Therefore, in this paper we aim to provide a comprehensive
record of medicinal tea plant species (MTPS) and combinations used
with related traditional knowledge in Southern Xinjiang, China. Health
implications of plant uses and treatments are discussed. Conservation
status for sustainable use of the plant species is addressed. The work

2. Methodology
2.1. Study area
The study was conducted in Southern part of Xinjiang Uygur
Autonomous region of China. The region has an arid continental climate with a desert basin (Tarim basin) surrounded by high mountains
(Yuan and Yang, 1990). The average temperature is around -5 °C in
winter and 23 °C in summer, with about 77 mm annual precipitation
(Hu et al., 2001). The region is around 384,200 km2 with a population
of roughly 10.4 million (Chao and Zhang, 2017). The region has a rich
cultural diversity with more than 30 diﬀerent ethnic groups (Gu, 2011).
2.2. Ethnobotanical survey of plant species used for medicinal teas
We employed a two-step process of data collection from 2014 to
2019: step one was ﬁeld survey and step two was market survey. The
surveys were designed to investigate plant species used by local people
as medicinal tea. Informed consent was given by all informants during
ﬁeld and market surveys.
During the ﬁeld surveys we interviewed 236 informants through
snowball sampling in 10 counties/cities of the Xinjiang Uygur
Autonomous region, including Kashgar City, Shule, Markit and Shache
Counties of Kashgar prefecture; Yutian and Lop Counties of Hotan
Prefectures; Artux City of Kizilsu Kirghiz Autonomous Prefecture;
Wushi County of Aksu Prefecture; Gongliu County of Ili Kazak
Autonomous Prefecture and Hejing County of Bayingol Mongolian
Autonomous Prefecture (red dots in Fig. 1). We gathered ﬁve types of
data: 1) the local names for MTPS, 2) healthcare uses and basic properties of the species, 3) plant parts used for making tea, 4) the processing and preparation methods, and 5) any safety issues related to the
use of the tea.
During the market surveys we interviewed vendors in70 medicinal
teashops. These vendors represent a special kind of expert. They are
responsible not only for the management of the tea shop, marketing and
selling, but also have an in-depth knowledge on the value chain of the
tea and give customers advice about the application of the tea for
medicinal and nutritional uses. We worked with these experts in four
main medicinal tea markets, including Kashgar old town bazaar and
Kashgar Western and Central Asian bazaar for international trade in
Kashgar city, Trading center of Traditional Chinese medicine in Hotan
City, and Yutian bazaar in Yutian County, which are the most important
trading centres of MTPS in Southern Xinjiang (red triangles in Fig. 1).
Plant species reported from ﬁeld surveys as medicinal tea were veriﬁed
through market survey. We recorded all the MTPS sold in each surveyed
teashop. In addition, we purchased specimens of medicinal tea mixtures
in surveyed teashops whenever available and asked vendors about
healthcare uses of the tea mixtures.
Voucher specimens and samples were collected in local medicinal
tea markets during the ﬁeld and market surveys under the guidance of
local experts. Some species which were not purchased from the markets
were collected from the ﬁeld. Plant species were identiﬁed according to
Flora of Xinjiang (Commissione Redactorum ﬂorae Xinjiangensis, 2014)
and Flora of China (www.eﬂoras.org; www.iplant.cn). Botanical names
2
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Fig. 1. Location of the study sites where the ﬁeld (red dots) and market surveys (red triangles) took place in 10 counties/cities and four main markets respectively in
the Xinjiang Uygur Autonomous region, China. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the Web version of this
article.)
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UMCMM (Editorial board of Chinese Materia Medica, 2005), Flora of
Xinjiang (Commissione Redactorum ﬂorae Xinjiangensis, 2014), and
Flora of China (www.eﬂoras.org; www.iplant.cn).
We also checked conservation status of the species through
Information System of Chinese Rare and Endangered Plants (ISCREP:
http://www.iplant.cn/rep/), as well as CITES Appendix II which includes species not necessarily threatened with extinction, but in which
trade must be controlled in order to support long term sustainable use.

of the plant species were veriﬁed through The Plant List database
(www.theplantlist.org). All the specimens were collected as plates and
herbarium samples and deposited at the Kunming Institute of Botany
(Supplementary ﬁle A). Data on botanical origin of the plant species
(indigenous to Xinjiang, indigenous to other provinces of China, or
introduced from abroad) were obtained from Flora of China and Flora
of Xinjiang (Supplementary ﬁle A).
Plant names and descriptions were used to describe folk categories
according to local nomenclature in terms of color, taste, shape, etc. For
instance only one species of garlic (Allium sativum L.) was identiﬁed in
the region yet there were three folk categories, diﬀerentiated according
to bulb color. The folk categories for this species includes the common
type with white skin, called ‘samsak’, another with red skin called ‘kizil
postilik samsak’, and a third with purple skin called ‘sosun samsak’.

2.6. Data synthesis and analysis
We recorded all the data in the ﬁeld and subsequently assessed it in
the R programming language (R Core Team, 2017) using the ethnobotanyR package (Whitney, 2020). We categorized traditional healthcare uses according to the two ethnomedical classiﬁcation systems: 1)
traditional Chinese medicine system (Wang et al., 2008; WHO, 2007),
and 2) the widely accessible and accepted resource International Classiﬁcation of Primary Care (ICPC) system (WICC, 2015), which classiﬁes
diseases in relation to parts of the body and aligns with ethnomedical
reality (Staub et al., 2015).
The commonly used MTPS were ranked by Frequency of Citation
(FC) index, i.e., the number of informants that mention a useful species
(Tardío and Pardo-de-Santayana, 2008). In our case, FC of a species was
equal to one (FC = 1) when the species was reported by one shop
vendor as medicinal tea. Species with FC more than nine (i.e. the species has been reported by more than nine shop vendors as medicinal
tea) were considered to be commonly used.
For surveyed medicinal tea mixtures, the commonly used species
were identiﬁed by counts of occurrence in all the purchased medicinal
tea mixtures (i.e. ‘counts of occurrence = 1’ means that a species has
only occurred in one purchased medicinal tea mixture product). Folk
biological classiﬁcation of reported MTPS were analyzed and presented
based on Berlin (1973).

2.3. Traditional healthcare uses of medicinal teas
We used the interviews to collect data on traditional healthcare uses
and related basic properties (‘hot’, ‘warm’, ‘neutral’, ‘cool’, ‘cold’) of
each MTPS, and each of the medicinal tea mixtures. We then crosschecked these interview responses and complemented the work with
secondary sources, including book of Uygur Medicine of Chinese
Materia Medica (UMCMM) (中华本草维吾尔药卷) (Editorial board of
Chinese Materia Medica, 2005).
2.4. Safety issues of medicinal tea use
We discussed safety issues with local healers and medicinal teashop
venders and asked if there were any important health issues to pay
attention to or things not to do when consuming the species as medicinal tea. We also searched for evidence of adverse events and case
reports from the Chinese literature on the commonly mentioned species. We identiﬁed whether the plant species have been recorded in the
oﬃcial list of Medicinal Plants Used as Food (MPUF) issued by the
National Health Commission (NHC, 2014). Medicinal plant species
consumed by Chinese people as food over a long history without reported adverse eﬀects are generally listed in this NHC publication.
Therefore, we considered a listing in this publication to be conﬁrmation
of the safety of the plant.

3. Results
3.1. Demographic proﬁle of informants
During the ﬁeld survey, a total of 236 informants were interviewed
106 male and 130 female. The age of the informants ranged from 24 to
85 (66.5%, age ≥ 50). Among these 142 (60.2%) were farmers, 31
(13.1%) were local healers, and others were grocery shop (9.3%) and
restaurant owners (5.9%), and vegetable or fruit vendors (4.2%).

2.5. Sources and conservation status of plant species used
During the market survey we asked medicinal teashop vendors
about the sources (wild or/cultivated) of the species that they sell. We
crosschecked the information through secondary sources, including

Fig. 2. (a) Percentage of plant species in each habit; (b) Percentage of plant parts used as medicinal tea (total number of uses = 216).
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species), Alleviating swelling (5.0%, 26 species) and regulating menstruation (5.0%, 26 species) (Supplementary ﬁle A). Based on the ICPC
system, those healthcare uses could be grouped into 20 broader categories: Whole body (Health maintenance, Pain general, Dispersing pathogens, Swelling, Fever, Anti-inﬂammation, Bleeding, Weakness/
tiredness), Blood, Digestive, Eye, Cardiovascular, Neurological,
Psychological, Respiratory, Skin, Metabolic/Nutritional, Urological,
Childbearing, and Female/male Genital systems. Most of the healthcare
uses were grouped into the category of digestive system (82 species,
15.8%) and health maintenance (72 species, 13.9%) (Fig. 3). The majority of species (93.8%, 136) were considered multifunctional.
In terms of basic properties of surveyed medicinal teas, ‘warmth’ is
the dominant property (42.1%, 67 species), followed by ‘neutral’
(19.5%, 31 species), ‘hot’ (15.1%, 24species), ‘coolness’ (11.9%, 19
species) and ‘cold’ (11.3%, 18 species). Most species (81.4%, 118 species) were listed in UMCMM (Supplementary ﬁle A).
Various plant parts were used, the commonly used parts were fruits
and seeds, accounting for 23.1% (50 species for fruit) and 22.2% (48
species for seed) respectively (Fig. 2b). All plant parts were dried and
usually put into hot water for 3–5 min before consumption. Healthcare
functions of species were diﬀerent when used in single or mixed recipes.
Most species (80%, 116 species) were mixed, some (16.6%, 24 species)
were used alone and in mixed formulas, and a few species (3.4%, 5
species) were used alone (Supplementary ﬁle A). The healthcare use of
Allium ﬁstulosum L. alone was to treat or prevent ﬂu, and mixed with
other herbs to regulate menstruation, promote urination, and alleviate
swelling. Cydonia oblonga Mill. was used for suppressing cough, or
mixed with other herbs to tonify stomach, liver and kidneys.
Healthcare uses were diﬀerent among folk species (Supplementary
ﬁle A) “sosun samsak” (garlic with purple skin bulb) was be used for
tonifying stomach, relieving toxicity, and expelling parasite, while
“kizil postilik samsak” (garlic with red skin bulb) was used for promoting digestion, regulating menstruation and relieving pain. “oruk”
(apricot) was used for tonifying liver, heart and kidney, while “aqqik
oruk” (apricot with bitter taste) is used for dispelling phlegm, suppressing cough, and relieving pain. In addition, diﬀerent parts were
used to treat diﬀerent health problems. For example, the bark of
Cinnamomum cassia (L.) J. Presl (Chinese cinnamon) was used for

3.2. Plant species used for making medicinal teas
The surveys revealed 145 diﬀerent plants from 65 families and 129
genera (including 141 species and 4 additional infraspeciﬁc taxa) used
for making medicinal teas (Supplementary ﬁle A). Leguminosae was the
dominant family with 16 species, followed by Rosaceae with 10 species,
Lamiaceae and Apiaceae with 9 species. Herbs (60.7%, 88 species) were
commonly used for medicinal teas, followed by trees, shrubs, and vines
(Fig. 2a). Two lichen, Usnea diﬀracta Vain and Parmotrema tinctorum
(Despr. ex Nyl.) Hale, were used locally for making medicinal teas.
The tea species had varying botanical origins. Nearly half (42.1%)
were introduced from abroad, 35.2% were from other provinces of
China, while 22.7% were naturally distributed locally (Supplementary
ﬁle A).
Folk categories for species tended to be diﬀerentiated according to
color, taste, and shape. In addition to three kinds of garlic (Allium sativum L.), there were two kinds of apricot (Prunus armeniaca L.) locally
named ‘oruk’ and ‘aqqik oruk’ (bitter taste apricot). There were four
grape (Vitis vinifera L.) varieties named ‘uruksiz kok uzum’ (green grape
without seeds), ‘uruksiz kizil uzum’ (red grape without seeds), ‘gunqa
uzum’ (grape with smaller size) and ‘kuruk munak uzum’ (grape which
is sparkling and clear). Terminalia chebula Retz. had three folk categories, including ‘helila’, ‘kara helila’ (the fruit with black color), ‘serik
helila’ (the fruit with yellow color). Some diﬀerent species were considered similar and shared the same local name. Both Ocimum basilicum
L. and Origanum vulgare L. had the shared name ‘rayhan’. Both Usnea
diﬀracta Vain and Parmotrema tinctorum (Despr. ex Nyl.) Hale had the
shared name ‘oxna’.
3.3. Traditional healthcare uses
Respondents reported more than 50 types of healthcare uses of
medicinal teas according to the traditional Chinese medicine system.
Tonic (for nutrient improvement; body strength and restoration)
(13.7%, 71 species) was the most mentioned healthcare use, followed
by promoting digestion (9.6%, 50 species), diuretic (8.3%, 43 species),
relieving pain (6.7%, 35 species), dispelling wind (wind is considered as
a pathogenic factor in Traditional Chinese medicine) (5.8%, 30

Fig. 3. Percentage of traditional healthcare uses of medicinal tea plant species (total number of uses = 519) following the ICPC classiﬁcation (WICC, 2015).
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b
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c
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c
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Whole plant
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Root
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DW, TR, RP, TT
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TO, AD, QS
PD, DW, RD
TO, PD
RM, TO, DP, ST
PD, DW, TO
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A-KAS-069
B-HTN-1402
A-KAS-035
A-KAS-066
A-KAS-047
A-KAS-041
A-KAS-039
B-KAS-0719
A-KAS-079
A-KAS-057
A-KAS-020
B-KAS-0707
A-KAS-056
A-KAS-012
A-KAS-043
B-KAS-0704
A-KAS-070
A-KAS-073
A-KAS-049
A-KAS-075
B-KAS-0711
A-KAS-033
A-KAS-060
C-KAS-11
A-KAS-016
A-KAS-029

Vou. No.

b

FC = Frequency of Citation index (Tardío and Pardo-de-Santayana, 2008) accounting for the number of medicinal teashop venders that mention a species as medicinal tea.
Spice (plants which are used for ﬂavoring, seasoning and imparting aroma to foods).
c
Aromatic plant (plants with aroma in a general sense).
d
Plants for which a limited intake is suggested by local healers.
e
Activate Blood (AB), Alleviate Swelling (AS), Anti-Depression (AD), Anti-Inﬂammation (AI), Clear Blood (CB), Dispel Phlegm (DP), Disperse Wind (DW), Diuretic (DI), Expel Parasite (EP), Improve Blood circulation
(IB), Improve Vision (IV), Increase breast milk (IN), Moisten Skin (MS), Prevent Cardiovascular disease (PC), Prevent Tooth decay (PT), Promote Digestion (PD), Quit Smoking (QS), Reduce Blood pressure (RB), Reduce
Weight (RW), Regulate Menstruation (RM), Relieve Constipation (RC), Relieve Dampness (RD), Relieve Fever (RF), Relieve Pain (RP), Relieve Toxicity (RT), Soothe Throat (ST), Stop Bleeding (SB), Stop Dysentery (SD),
Suppress Cough (SC), Tonic (TO), Tranquilize (TR), Treat Sleep disturbance (TS), Treat Tiredness (TT).

a

Family

FCa

Table 1
The forty commonly used medicinal tea plant species ranked by Frequency of Citation (FC).
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Among all the cultivated MTPS there were 47 with botanical origin
from outside Xinjiang that are now cultivated locally, including12
species from other provinces of China and 35 species from abroad
(Supplementary ﬁle A). For example, Morus alba L. is originally grown
in central and northern China and Cuminum cyminum L. is originally
from Southwest Asia and the Mediterranean region and both are now
cultivated in Xinjiang.
Some protected species are being used. Two are ranked ‘Critically
Endangered’ in IUCN Red List (Pterocarpus indicus Willd. and Panax
ginseng C. A. Mey.). One (N. jatamansi)is listed in CITES Appendix II,
and one (Coptis chinensis Franch.) is a nationally protected species according to ISCREP. Both P. ginseng and C. chinensis were reported to
come from cultivated sources according to our interview data.

promoting digestion, and the fruit was used for dispelling phlegm.
3.4. Commonly used medicinal tea species
There are 40 commonly used medicinal tea species (Table 1). All the
40 species were used in traditional Chinese medicine, which were recorded in UMCMM (Editorial board of Chinese Materia Medica, 2005)
and the Chinese pharmacopoeia 2015 (National Pharmacopoeia
Committee, 2015).The majority of these plant species were spices (20
species, 50%) and aromatic plants (10 species, 25%). The most commonly used species were Chinese cinnamon, Piper longum L. (Indian
long pepper), Syzygium aromaticum (L.) Merr. & L. M. Perry (clove), and
Gardenia jasminoides J. Ellis (Cape jasmine). In addition, two plant
species not reported in ﬁeld surveys are popular and have been sold as
medicinal tea in the markets for the past 10–15 years, including Coreopsis tinctoria Nutt (FC = 21) and Cistanche deserticola Y. C. Ma
(FC = 19).

4. Discussion
4.1. High biodiversity in medicinal tea consumption and its possible
contribution to a healthy diet

3.5. Commonly used recipes of medicinal tea
Based on our survey, we found that there is a high species diversity
used in medicinal teas from more than one hundred plant genera.
According to our previous research on Chinese herbal teas (Fu et al.,
2018) and other recent publication (Jin et al., 2018a), southern Xinjiang is among the top three provinces of China in terms of the number
of herbal tea species used. More than 2/3 of reported species (102
species) were used in Southern Xinjiang only. This increased the existing Chinese herbal tea list from 782 species (Fu et al., 2018) to 884
species. For a region with relatively low biodiversity, compared with
many other provinces in China, the MTPS diversity in local people's
diets is high. Several studies have suggested that high biodiversity diets
could have positive health eﬀects (Torheim et al., 2004; Moursi et al.,
2008; BianchiEgnell et al., 2016). High plant species diversity in herbal
tea consumption could provide a wide range of nutrients and phytochemicals including important amino acids, organic acids, polyphenols,
ﬂavonoids, terpenoids, alkaloid as well as volatile oils (Zhao et al.,
2013). These chemicals could play an important role in maintaining
health. More research could be carried out on the healthcare implications of high plant diversity tea consumption in Southern Xinjiang,
China.
High diversity use of MTPS could be explained by the rich traditional knowledge inﬂuenced by local folk medicine, as important part
of traditional Chinese medicine (Wang et al., 1996; Liu et al., 2016). A
wide range of plant resource availability contributes to the diversity of
medicinal tea species as well. As a historical trading center of the Silk
Road, various medicinal plants from distant regions have been traded in
this region (Yuan et al., 2016). According to our results, medicinal teas
used in Southern Xinjiang come from multiple geographical origins.
Around half of the MTPS were introduced from abroad, and some of the
species are still imported from other countries, including India, Pakistan and Iran. In addition, the richness of medicinal plants distributed
in Southern Xinjiang is higher than other regions of Xinjiang, China (Li
et al., 2015).

We purchased at total of 53 diﬀerent medicinal tea mixtures during
the market survey. They contained 57 plant species. The most commonly used species in tea mixtures included rose (counts of occurrence = 40), Foeniculum vulgare Mill. (fennel) (counts of occurrence = 35), Cape jasmine (counts of occurrence = 35), Chinese
cinnamon (counts of occurrence = 34), Elettaria cardamomum (L.)
Maton (cardamom) (counts of occurrence = 33). The tea mixtures had
a wide range of healthcare uses from tonifying the stomach, nutrient
improvement, warming feet and hands, improving sleep, to reducing
weight and treatment of hypertension. There were also medicinal tea
mixtures speciﬁcally for men and women (Supplementary ﬁle B). The
most commonly reported treatment was tonifying the stomach (32 of 53
medicinal tea mixture products, 60.4%); the basic medical properties
for tonifying the stomach were ‘hot’ (16 of 32 medicinal tea mixture
products, 50%) and ‘warm’ (15 of 32 medicinal tea mixture products,
46.9%) (Supplementary ﬁle B). The medicinal tea mixtures are often
paired with sugar and some people may add Camellia sinensis (L.)
Kuntze for consumption as well.
3.6. Safety issues with commonly used medicinal tea
Among the 40 commonly used MTPS, 22 plant species (underlined
Latin names in Table 1) were considered safe in the oﬃcial list of MPUF
(NHC, 2014). However, local herbalists had some guidelines for medicinal tea. They said that medicinal teas should be used within a day of
preparation. People who have heart or liver disease or high blood
pressure should avoid drinking medicinal tea with ‘hot’ properties.
People who have health problems such as kidney, or stomach illnesses
should not have medicinal tea with ‘cold’ properties. People are encouraged not to take medicinal tea with ‘hot’ property after they have
had food with the same ‘hot’ property. They also mentioned that high
dose of India long pepper can cause headaches, Crocus sativus L. (saffron) and Curcuma longa L. (turmeric) can have negative eﬀects on the
heart, and Senna alexandrina Mill. can cause ﬂatulence and nausea.
They also said that tea with Quercus infectoria G. Olivier should not be
consumed by children under the age of seven as it can cause bleeding in
the stomach and tea with saﬀron should not be used by pregnant
women.

4.2. Healthcare eﬀects of using spice and aromatic plants in medicinal teas
Using aromatic plants as herbal tea is a common phenomenon
globally; examples are oregano (Origanum vulgare L.) used in Europe
(Sõukand et al., 2013), lemon verbena (Lippia citriodora Kunth) used in
South America (Shahhoseini et al., 2013), and honeybush tea (Cyclopia
intermedia E. Mey.) used in South Africa (Kamara et al., 2003). In
Southern Xinjiang this phenomenon is extremely important. Medicinal
teas rely heavily on spices and aromatic plants. This practice likely
formed through cultural exchange along the Silk Road. Spice and aromatic plants were often considered to have medical eﬀects in ancient
times (Torres et al., 2015). Using various aromatic plants as medicinal
tea gained popularity during the Tang dynasty (618–907AD) of China.

3.7. Conservation status of medicinal tea species
The majority of the MTPS (75.9%) were cultivated, 22.7% were
wild harvested, and 1.4% came from both sources. Of the 40 commonly
used MTPS, ﬁve were reported to be wild collected: Nardostachys jatamansi (D. Don) DC., Acorus calamus var. angustatus Besser, Tribulus
terrestris L., Crataegus pinnatiﬁda Bunge, and Phyllanthus emblica L.
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medicine (Wang et al., 1996). Following traditional Chinese medicine,
the general principle of diet therapy for healthcare is to balance diets
with local climatic conditions and individual physical conditions (Wei
et al., 2010).Commonly reported healthcare uses of medicinal tea in
Southern Xinjiang are tonifying/restoring and promoting digestion.
This diﬀers from our previous review study in which clearing away heat
and relieving toxicity were the main healthcare uses (Fu et al., 2018).
This may be partly explained by local dietary patterns and climate.
Historically, the majority of foods taken by local people in Southern
Xinjiang were dried with relatively few vegetables. This is dangerous
since low intake of vegetables in diets has well-known negative eﬀects
on health (WHO, 2019). This is acknowledged in local folk medicine,
which warns that low vegetable and low water content diets in desert
dry climates can lead to various health problems, especially weakness
and digestive issues (Tursun et al., 2018). Medicinal teas are used by
local people to mitigate these problems (Wang et al., 1996). Future
studies could investigate whether medicinal tea drinking can oﬀset the
negative eﬀects of an otherwise low diversity diet.
The traditional knowledge of local folk medicine posits that everything in the world, including the human body has ﬁve basic properties.
These range from the two extremes ‘hot’ and ‘cold’, with three stages in
between, ‘warm’, ‘neutral’, and ‘cool’ (Tursun et al., 2018). Local people
in Southern Xinjiang consider these ﬁve basic properties of both medicinal tea and individual physical status as important aspects in
choosing the correct medicinal tea. According to traditional knowledge
the organs of the human body also have their own basic properties. For
example, the basic property of the heart and the liver is ‘hot’, while the
stomach and kidney are ‘cold’. Following this understanding, health is
maintained through balancing the properties so that the organs and
body as a whole is neither too ‘hot’ nor too ‘cold’. Health problems are
caused when imbalances occur (Tursun et al., 2018). It follows that the
basic medical properties of the commonly used medicinal tea mixtures
in our study are ‘hot’ and ‘warm’, and they are mainly used for tonifying
the stomach. It also follows that people with ‘hot’ body should avoid
medicinal teas with ‘hot’ properties, and they may choose medicinal tea
with ‘warm’ properties if they have stomach problems.
The positive beneﬁts of medicinal tea consumption in Southern
Xinjiang may be partly reﬂected in the low rates of certain chronic
diseases. According to epidemiological studies, Southern Xinjiang has
considerably lower rates of diabetes than in the rest of China (Wusiman,
2015). Some regions of Southern Xinjiang also have lower obesity rates
compared to the national average (He, 2014). However, the data is
inconclusive and more research would be needed to draw any linkages
between local medicinal tea consumption and risks of chronic diseases.

Consumption of aromatic medicinal plants in the form of medicinal tea
for healthcare purposes had become a dietary fashion by the Song dynasty (960–1279AD) (Su, 2009). During that time, various aromatic
medicinal plants such as fennel and clove were imported through
Southern Xinjiang to central regions of China along the Silk Road (Li,
1999). It is quite possible that local people in Southern Xinjiang learned
the art of aromatic medicinal tea making then and kept this dietary
culture to the present day. It is also reﬂected in our result that the 40
commonly mentioned MTPS were used popularly in traditional Chinese
medicine.
Several of the traditional treatments have also been reported in
pharmaceutical studies. We found several cases of overlap between the
modern and traditional knowledge. One of the traditional healthcare
uses of fennel is to tonify the stomach. Birdane et al. (2007) reported
that water extract of the aerial parts of fennel (at dose of 300 mg/kg)
has a gastroprotective eﬀect on ethanol induced acute gastric mucosal
injury in rat models. One of the traditional healthcare uses of Pepper
(Piper nigrum L.) is to promote digestion. Srinivasan (2007) reported
digestion promotion eﬀects (increased salivation and gastric secretions)
with Pepper in rat models and human subjects. One of the traditional
healthcare uses of Carthamus tinctorius L. ﬂowers is to promoting
menstruation (blood stasis syndrome). This has been indirectly veriﬁed
by reports of antithrombotic activities and protective eﬀects on the
cardiovascular and cerebrovascular system (Zhou et al., 2014).
Newly discovered healthcare functions were reported in consumption of the commonly used MTPS. Water extract of C. tinctorius ﬂower
was reported to have anti-diabetes eﬀect in RAW 264.7 macrophage
cell model (concentration of 25–100 μg/ml) (Liao et al., 2014). Water
extract of ginger (Z. oﬃcinale) rhizome was shown to have antiproliferative eﬀects in cancer cells (IC50 values = 239.4 + 7.4 and
253.4 + 8.9 μg/ml) (Choudhury et al., 2010).
There were also many traditional healthcare uses of medicinal teas
that remain to be tested and veriﬁed. For example, Chinese cinnamon
and Alpinia oﬃcinarum Hance have been used to treat digestive problems in many traditional medical systems but there is little pharmaceutical evidence on this traditional use (Abubakar et al., 2018; RibeiroSantos et al., 2017). In addition, although some traditional healthcare
uses of commonly used plant species have been veriﬁed, they have not
been tested in the form of tea (i.e. water extract). For example, digestive
stimulant eﬀect of ginger has been validated in several animal models;
however, the plant extracts were not tested in water extract form
(Srinivasan, 2017).
Based on our survey, most of the medicinal teas used in Southern
Xinjiang were mixed formulas. There are few studies that have tested
the eﬀects of combined species in traditional healthcare uses. Some
evidence suggests that there may be strong positive combined eﬀects.
An investigation of the immune improvement eﬀects of a traditional
tonic of ten species (all of them are aromatic plants) mixed together as
medicinal tea found that the tea mixture strongly stimulated inﬂammatory cytokines in cyclophosphamide (CTX)-induced immunosuppression mice model (at the dose of 50 and 100 mg/kg) (Bai
et al., 2019). Future research into medicinal tea mixtures may yield
important information about their healthcare implications.

4.4. Is it safe to drink medicinal teas?
According to our ﬁeldwork and literature reviews, the common
medicinal teas in Southern Xinjiang are safe to drink. However, medicinal tea consumption should follow the traditional recipes. Teas that
treat speciﬁc ailments with multiple ingredients should be used under
the guidance of traditional healers. According to local healers’, high
doses of plants with highly active ingredients, or use by pregnant
women or children can cause health problems. The oﬃcial list of MPUF
concurs with healers on three of the species and sets the dose limits of
daily intake of Indian long pepper (≤1 g daily), saﬀron (≤1 g daily)
and Turmeric (≤3 g daily). High doses or long-term use of S. alexandrina leaf has also been reported to have adverse eﬀects in several
clinical cases such as vomit, diarrhea and fainting (Zou, 2015). However, local herbalists considered Quercus infectoria G. Olivier dangerous
for children under the age of seven, citing a risk of bleeding in the
stomach. To our knowledge this issue has not been assessed in any laboratory analyses of Q. infectoria (Iminjan et al., 2014).
Potential issues of biological and chemical contamination should be
taken into consideration, as the majority of MTPS are cultivated elsewhere and are often transported long distances. There have been a

4.3. A holistic healthcare practice through consumption of medicinal teas
Globally healthcare has increasingly focused on longevity and
chronic conditions and has moved from disease treatment and clinic
centered care to preventive and more holistic medicine (Witt et al.,
2017). In Traditional Chinese Medicine, healthcare has been understood as maintaining the balance within the human body, and between
human body and the outside environment (Zhang et al., 2007). Consumption of medicinal teas in Southern Xinjiang is a vivid case reﬂecting the holistic healthcare view.
Medicinal teas are considered a dietary therapy for healthcare in
local folk medicine, which is an integrated part of traditional Chinese
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number of reported incidences of heavy metal, pesticides and fungal
contaminations of medicinal plants used in traditional Chinese medicines (Yang et al., 2016). Although national regulations on chemical
and pesticide control of medicinal plants has improved considerably in
the last 30 years, market supervision and development of new technologies for detection still needs to be strengthened (Ji, 2010).

Declaration of competing interest
4.5. Promoting sustainable development of medicinal tea plant products
All authors declare that they have no conﬂicts of interest.
There are promising market potentials for medicinal teas used in
Southern Xinjiang. Although the majority of medicinal teas are sold in
the form of raw materials in local markets, several commonly used
recipes have been developed as herbal tea products and sold in supermarkets and e-business platforms such as ‘Taobao’. According to our
results, most of the plant species were cultivated. Intensiﬁcation of this
cultivated production could strengthen the sustainable development of
medicinal tea products. However, some of the commonly used species
are collected in the wild. Many species are used as medicinal tea and
traditional medicines in Southern Xinjiang, which may put pressure on
the wild populations. For example, Nardostachys jatamansi (D. Don) DC.
has been used in traditional Chinese medicine, Ayurveda and Unani
medicines. The species has a limited distribution in the Himalayan region and is listed in CITES (Jin et al., 2018b). Although some eﬀort has
been made on cultivation of N. jatamansi in China, information is still
insuﬃcient for successful widespread cultivation (Zeng et al., 2010). It
may be necessary to prioritize the development of cultivation technologies for species that are under threat and also meet the required
quality standards of pharmacopoeia.
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