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Abstract

Introduction Fangchenggang is situated in the Guangxi Zhuang Autonomous Region, China, renowned for its rich
biodiversity and ethnically diverse population. The Zhuang people, constituting the largest minority group in the area,
possess a wealth of traditional knowledge concerning wild edible plants (WEPs) owing to the region'’s favorable
environment and dietary customs. With the rapid development of urbanization, tourism, and trade, the Zhuang
people’s food culture, including the consumption of wild edible plants, has become an attractive aspect of urban
development. However, there is almost no comprehensive report available on WEPs consumed by the Zhuang
people. The objectives of this study were to: (1) conduct a comprehensive ethnobotanical investigation of the WEPs
among the Zhuang people in the region; (2) evaluate the cultural food significance index (CFSI) for the local com-
munities; (3) summarize the cultural characteristics of the wild edible plants consumed, providing scientific support
for the development of Fangchenggang as a sustainable and attractive tourism destination.

Methods Ethnobotanical investigation including market surveys, semi-structured interviews, key informant inter-
views and participatory observations was conducted in Fangchenggang from January 2021 to March 2023. A total
of 137 informants were selected using the snowball method. Information about WEPs, including vernacular names,
food categories, parts used, mode of consumption, collecting season, and recipes, was collected and recorded. The
CFSI (cultural food significance index) was calculated to identify the most culturally significant WEPs.

Results A total of 163 species of wild edible plants consumed by the Zhuang people were identified, belonging

to 67 families. The main categories of WEPs include wild vegetables (69) and tea substitutes (42). The most com-
monly consumed parts are fruits (37), followed by whole plants (33) and leaves (21), with herbaceous plants (74)
being the most numerous. The availability of wild edible plants remains high throughout the year, with the peak
seasons occurring in August and October, and significant abundance also noted in July and November. In the highly
significant category (CFSI>500), a total of 15 plant species were identified, which play a crucial role in the local diet.
Additionally, 17 alien species have become part of the local consumption of wild plants, with 7 species listed as inva-
sive alien species.
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Discussion and Conclusions This study documented 163 wild edible plant species and their associated traditional
knowledge of the Zhuang people. The research identified culturally significant WEPs and analyzed their multiple uses.
The historical development of wild plant consumption in Fangchenggang showed the strong influence of natu-

ral and social environments on the Zhuang ethnic group’s dietary traditions. The WEPs are characterized by “sour
food", “fresh ingredients”and “cold dishes’, aligning with their health-oriented philosophy of “homology of medi-

cine and food". Future prospects encompass the cultivation of economically sustainable wild edible plants (WEPs),
the preservation of their traits through cross-breeding, ensuring safe consumption through research and safety
evaluations, and advocating for the preservation of WEPs' culinary culture to support tourism and sustainable urban

development.

Keywords Wild edible plants, Zhuang, Fangchenggang, Ethnobotany, Traditional knowledge

Introduction

Wild edible plants (WEPs) refer to species that are not
cultivated and domesticated but are collected from the
natural environment and used as food sources [1-3]. For
millennia, wild plants have played an essential nutritional
role in human survival. Meanwhile this wild source has
continued even after the emergence of agriculture and
animal husbandry. Many ethnobotanical researches have
resulted in the importance of wild edible plants in saving
people during famine, drought and war in different devel-
oping and developed world countries [4—6].

China is classified among the countries with the richest
plant biodiversity in the world. It has a wide variety of wild
edible plants (WEPs) with abundant reserves and wide
distribution [7]. Several recent studies have described the
status of our current knowledge of the use of wild edible
plants in China, including the Naxi (168 species), Hani
(173 species), Mongolian (90 species), Xizang (90 spe-
cies), Yi (105 species), and Dulong (148 species) [2, 8—-15].
These studies have documented the utilization of local
wild edible plants and their associated traditional knowl-
edge. They have used quantitative methods, such as the
cultural food significance index and use value to assess
their importance within the region. The findings from
these investigations hold significant implications, as they
contribute not only to the preservation of the traditional
knowledge of local wild edible plants but also to the pro-
motion of their sustainable utilization, potentially enhanc-
ing the economic income of local residents.

Fangchenggang is situated at the southern tip of of
mainland China’s coastline, within the Guangxi Zhuang
Autonomous Region [16]. The region features mountain-
ous terrain and picturesque sea views. The population
comprises four predominant linguistic groups, namely
the Han, Zhuang, Yao, and Jing people. The Zhuang eth-
nic group is the largest minority population [17]. Through
extensive interaction with their living environment, the
Zhuang people have not only consumed a diverse array of
wild edible plants (WEPs) but also acquired valuable tra-
ditional ecological knowledge about these plants, which

has been shaped by the region’s unique topography,
unpredictable weather conditions, challenging transpor-
tation, and abundant natural resources. With the rapid
development of urbanization, tourism, and trade [18], the
Zhuang people’s food culture, including the consumption
of wild edible plants, has become an attractive aspect of
urban development.

However, there have been no reports on research
related to wild edible plants (WEPs) of the Zhuang
people in Fangchenggang, and no comprehensive or
quantitative research has been conducted on this topic.
Although WEPs were once a primary source of food for
the population, most Zhuang people in Fangchenggang
have now reduced their consumption. This is due to vari-
ous factors such as population growth, urbanization, land
use changes, and dietary transitions.

Therefore, an ethnobotanical study on WEPs from the
Zhuang communities in Fangchenggang is necessary. The
objectives of this study are to: (1) conduct a comprehen-
sive ethnobotanical investigation of the WEPs among the
Zhuang people in the region; (2) evaluate the cultural
food significance index (CFSI) for the local communities;
and (3) summarize the cultural characteristics of the wild
edible plants consumed, providing scientific support for
the development of Fangchenggang as a sustainable and
attractive tourism destination.

Study area

Located in the southern part of Guangxi Zhuang Auton-
omous Region, Fangchenggang is one of the coastal cities
in China that also shares a border with another country
[19]. It is also the only city in China with connections
to ASEAN (Association of Southeast Asian Nations)
countries via sea, land, and river transportation routes.
Fangchenggang is located between 20° 36" N-22° 22" N
latitude and 107° 28" E-108° 36" E longitude. It is bor-
dered by Yongning County of Nanning City and Fusui
County of Chongzuo City to the north, adjacent to Qin-
zhou City to the east, Ningming County to the west and



Liu et al. Journal of Ethnobiology and Ethnomedicine (2023) 19:52

faces the Beibu Gulf to the south. Its southwestern bor-
der is with the Socialist Republic of Vietnam [20].

Fangchenggang has a diverse geography, featur-
ing mountains and sea. Its terrain is composed of three
types: mountains, hills, and coastal mudflats. The region
is characterized by the presence of “Three Peninsulas
and Three Bays,” including Qisha, Yulian, and Jiangshan
peninsulas, as well as Dongwan, Xiwang, and Zhongzhu
bays. These features contribute to 100 miles of golden
beaches and over 10,000 square kilometers of maritime
territory [21, 22]. The main mountain range in the region
is the Shiwandashan Mountains (or Shiwan Mountains)
and its branches. The Shiwan Mountains run across
Fangchenggang City for over 130 km. The highest peak,
Shuliangling, is located in Nanping Yao Autonomous
Township in Shangsi County, reaching an altitude of
1,462 m above sea level. Apart from the Shiwan Moun-
tains, there are also the Dongshan Mountains, Sifangling
Mountains in Shangsi, and Fenghuang Mountains.

The ecological resources in Fangchenggang are abun-
dant. The city experiences ample sunlight, receives
abundant rainfall, benefits from favorable hydrothermal
conditions, and supports a diverse range of ecosystems,
all of which contribute to the presence of a large number
of plant species. As of the end of 2020, there were over
2500 wild vascular plant species in Fangchenggang, with
three of them being designated as national first-class pro-
tected wild plants, including Hopea chinensis, Cycas bal-
ansae, and Bhesa robusta [23]. Additionally, there are 20
species of wild plants designated as national second-class
protected species, such as Cibotium barometz, Brainea
insignis, and Ceratopteris thalictroides [23].

The people

Fangchenggang is a multi-ligual city with Han, Zhuang,
Yao, and Jing people as the main inhabitants. It comprises
Shangsi County, Dongxing City, Gangkou District, and
Fangcheng District. According to the 7th national cen-
sus data in 2021, the city’s permanent population is 1.05
million, of which the Zhuang ethnic group is the largest
minority with a population of 355,041, accounting for
33.94% of the total population [24—26].

In recent decades, with the increasing number of peo-
ple coming to Fangchenggang for business and employ-
ment, as well as the further opening up of household
registration policies, the number of ethnic minorities
moving into Fangchenggang has been on the rise. Ethnic
diversity in Fangchenggang fosters a dynamic exchange
of knowledge, ongoing interactions, communication, and
cultural amalgamation. This has given rise to a distinctive
culinary culture intricately linked with the local ecologi-
cal and social environment of the Zhuang people.
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The main staple food of the Zhuang people in the
Fangchenggang region is rice, and other cereals such as
corn, sweet potatoes, taro, and cassava are used as sup-
plementary foods [27]. For breakfast and lunch, most
people eat rice porridge and rice noodles with simple
vegetable dishes such as pickled vegetables. Dinner usu-
ally consists of rice with meat dishes such as fish and
meat. The Zhuang people enjoy sour food, and men usu-
ally like to drink alcohol. A significant portion of Zhuang
snacks, particularly during festivals and holidays, involves
the use of glutinous rice to create a variety of cakes. These
delightful treats include zongzi (glutinous rice wrapped
in bamboo leaves), deep-fried glutinous rice balls known
as oily balls, and sticky rice cakes [28].

Materials and methods

Definition of wild edible plants

Following Heywood’ [29] definition of non-cultivated
plants as: “plants that grow spontaneously in self-main-
taining populations in natural or semi-natural ecosystems
and can exist independently of direct human action, we
consider as ‘wild” all plants that are gathered (not culti-
vated), even if they grow on cultivated rather than uncul-
tivated or forest land” Further, wild edible plants include
plants whose parts can be consumed as vegetables, fruits,
spices, nuts, dyes, liquors, oils and fats, snacks and are
not exclusively used for treating (self-)diagnosed illnesses
[30].

Field survey and data collection

Ethnobotanical surveys were carried out in Fangcheng-
gang from January 2021 to March 2023 (Fig. 1). Data
were gathered in three stages: (1) In the first stage, the
researchers visited the main markets within the Zhuang
communities in Fangchenggang through the market sur-
vey method [31, 32]. A total of 8 markets (Table 1) and
some road-side selling points were visited to obtain pre-
liminary information about the wild edible plants com-
monly consumed and purchased by the people. We
selected 69 informants for further interviews, including
the origin, local name, availability, use part, processing
method, mouthfeel, whether it is used as a medical diet,
and other uses; and (2) Based on the information gath-
ered during the market surveys, we applied the snowball
sampling method to select a total of 68 informants for
interviews from 8 townships (Table 1).

We used a comprehensive approach to data collection,
including free listing, semi-structured interviews, key
informant interviews, and participatory observation. All
wild plants that are still regularly used or have been used
in the past, and the following questions were also asked
during the interviewing:
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4. angcheng Central Market
Fig. 1 Sketch map of the study area

2. Jiangbin Farmers Market

1. Is this species very common, common, of medium

frequency, or rare?

When was the last time that you tried this plant?

Which plant parts have you consumed?

How do you use and prepare this plant?

. How much do you appreciate this plant? Please give
your score between 1 and 10.

6. Does this plant have any medicinal properties, and if

so, which part is used as medicine.

SR

For the identification of plants, the voucher speci-
mens were studied and compared with reference books
(Flora Rpublicae Popularis Sinicae, Flora of China,

® ) Market Site
I Tundra
Bareland
I Shrub
Grassland
I Forest

Ice/snow

Framland

I Urban
Wetlands

I Water

Flora of Guangxi) and electronic online resources
(http://www.iplant.cn/ and www.worldfloraonline.
org). The nomenclature of all vascular plants follows
Flora of China. Prof. Chunlin Long and Renchuan Hu
identified all plant species, and the voucher specimens
were deposited in the herbarium of the Guangxi insti-
tute of Chinese Medicine & Pharmaceutical Science, in
Nanning.

Data analysis
The cultural food significance index (CFSI) considers
a wide variety of factors in the evaluation of a specific
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wild edible plant. CESI was calculated to evaluate the
cultural significance of wild edibles using the formula
given by Pieroni [33].

CFSI = QI x Al x FUI x PUI
x MFFI x TSAI x FMRI x 1072

The CFSI includes quotation frequency (QI, frequency
of quotation index: the number of people who mentioned
a plant among all informants), availability [Al, availabil-
ity index: divided into very common (4.0), common (3.0),
average (2.0) and uncommon (1.0), Correction Index:
Widespread (=), In some places (—0.5), In a particu-
lar place (—0.1)], typology of the used parts [PUI, parts
used index: divided into Whole plant (2.0), Leaf (2.0),
Root (2.0), Branches and leaves (2.0), Tender branches
and leaves (1.5), Fruit (1.50), Rhizome (1.5), Young shoot
(1.25), Seed (1.0), Tender stem (1.0), Bark (1.0), Tender
leaf (0.75), Flower (0.75), frequency of use (FUI, fre-
quency of utilization index: divided into more than once
a week (5.0), once a week (4.0), once a month (3.0), more
than once a year but less than once a month (2.0), once a
year (1.0) and unused for nearly 30 years (0.5)], kind and
a number of food uses [MFFI, multifunctional food use
index: divided into raw food and cold salad (1.5), boiling,
stewing and seasoning (1.0), special purpose and condi-
ments (0.75) and raw food as snacks (0.50)], taste appre-
ciation [TSAI, taste score appreciation index: divided
into excellent (10.0), very good (9.0), good (7.5), fair (6.5),
poor (5.5) and very poor (4.0)] and perceived role as food
medicine [FMRI, food-medicinal role index: divided into
very high (as medicinal food: 5.0), high (as medicine to
treat a certain disease: 4.0), moderately high (very healthy
food: 3.0), moderately low (healthy food, unknown effi-
cacy: 2.0) and unknown or possibly toxic (1.0)]. The use
of this index allows exploring potential wild greens, as
they exist in different climatic zones [8].

Results

Use of wild edible plants by the Zhuang community

A total of 137 Zhuang respondents were selected for
interviews, including 57 from Shangsi County, 39 from
Fangcheng District, 15 from Dongxing City, and 26 from
Gangkou District. Among these respondents, 67 were
male, while 70 were female. The age of the respondents
ranged from 17 to 94, with the majority falling within the
30-60 age group (Table 1). The informants had diverse
occupations, including farmers, wage workers, and trad-
ers, with farmers being the most prominent group. They
reported a total of 163 Wild Edible Plants (WEPs), and
detailed ethnobotanical information about these plants is
provided in Table 2. This information includes the scien-
tific name, vernacular name, Chinese name, family, habit,
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food category, used part, mode of consumption, collec-
tion season, recipe, specimen number, and CFSI.

These species belong to 67 botanical families, of which
the largest are Asteraceae (14 species), Fabaceae (11),
Poaceae (7) and Rosaceae (7) (Fig. 2a). There are 35 fami-
lies with only one species. The habitats of these WEPs are
mostly herb (74) followed by trees (30), shrubs (27), Liana
(16), Shrub or Dungarunga (11) and Bamboo (5) (Fig. 2b).
Local consumption of rare and endangered plants is not
common, with three species classified as “Endangered”
and three more categorized as “Vulnerable’, while the
remaining species are considered “Least Concern”. Fur-
thermore, it is worth noting that 17 of these wild edible
plant species are non-native, as indicated by asterisks in
Table 2. Out of these, seven species have been identified
as invasive alien species.

Wild vegetables and tea substitutes are two main cate-
gories of WEPs (Fig. 3). All WEPs are typically consumed
in the form of stir-fried dishes, boiled items, soups,
served cold, and dressed in sauces. Plants have edible
parts, such as stems, leaves, fruits, seeds, flowers, roots,
and tubers. Among them, the most commonly consumed
parts are fruits (37, 22.7%), followed by whole plants (33,
20.2%) and leaves (21, 12.9%) (Fig. 4). The availability of
wild edible plants remains high throughout the year, with
peak seasons in August (101) and October (101), fol-
lowed closely by July (98) and November (96). The lowest
abundance is observed in January (75), with a difference
of 26 plant species compared to the highest abundance in
August and October. Therefore, the period from July to
November is considered the most suitable for consump-
tion of wild edible plants in Fangchenggang. During this
time, the market also offers the widest variety of plant
species for sale (Fig. 5).

Wild vegetables
Wild vegetables were the most extensively utilized food
category, comprising 53 edible species. Additionally,
there were ten plants that served as both vegetables and
tea substitutes, five species that functioned as both veg-
etables and spices, one plant that served as both a veg-
etable and a nut, and one plant that served as both a
vegetable and a fruit, making a total of 69 species belong-
ing to 40 families. The primary edible parts of wild veg-
etables are the whole plant (34), tender branches and
leaves (21). They are commonly consumed in diverse
forms such as salads (after treatment), cooking in hot
water, or stir-frying. Additionally, they are used as ingre-
dients in soups or when stewed with pork or chicken. It
is not common to consume wild raw vegetables without
pre-treatment (Fig. 6).

Wild vegetables are typically priced slightly higher
than conventional vegetables, such as Pentaphragma
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Fig. 2 a Family distribution of WEPs species of angiosperm category;
b Habitats of WEPs used by Zhuang people

spicatum, which is an endemic species of China and
belongs to the family Pentaphragmataceae. This plant
species is found exclusively in southern Guangxi, includ-
ing Shiwan Mountains, Dongxing, Fangcheng, Daxin,
Xinyi in Guangdong, and Baisha and Baoting on Hainan
Island [34]. It thrives in the dense forests of tropical val-
leys. Prior to this research study, there were no reports
on the edibility of this plant. However, in Shangsi, local

Wv 4 Ts » Wf 4 Wv; Ts 4 Fd 4 Sp
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residents refer to this plant as a “jade vegetable” due to
its jade-like edible leaves. The leaves can be picked and
stored for up to a month without deterioration and can
be stir-fried or used in soups. At the tourist restaurant of
Shanwan Mountains in Shangsi County, there is a spe-
cial dish called “Stir-Fried Jade Vegetable” served to visi-
tors. The best taste of P spicatum, nurtured by Shiwan
Mountains, is achieved when it is stir-fried. Its flesh-like
leaves are crisp and fragrant. The villagers who collected
P, spicatum shared with us that consuming this plant can
serve as a natural source of iron. Additionally, they men-
tioned that boiling the whole plant in water and using
the resulting infusion externally may be effective in treat-
ing rheumatism, bruises, promoting blood circulation,
and alleviating blood stasis [35]. The local residents near
Shiwan Mountains are familiar with this plant and know
precisely where it grows. However, due to the high envi-
ronmental requirements of P spicatum, villagers have
been unsuccessful in transplanting it to their courtyards
despite various attempts.

Consequently, the limited utilization of P. spicatum as
a source of domesticated species and valuable genetic
resources for developing new crops through hybrid
screening naturally [36] results in higher prices (Fig. 7).

Tea substitutes

Tea substitutes are the second largest food category
of wild edible plants (WEPs) used by the Zhuang peo-
ple, consisting of 42 species. Among them, 10 species
serve as both wild vegetables and tea substitutes, while
3 species serve as both oils and fats and tea substitutes.
The whole plants (21) of wild species are the most
commonly used part, followed by the leaves (19). The
usual method of preparation involves boiling in water

Wv; Sp 4 Lb 4 Of 4 Of; Ts 4 Sn

Of,Ts Sn

Food categories
Fig. 3 Main food categories of WEPs used by Zhuang people (Abbreviations in this figure are the same as those in Table 2)
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Fig. 4 Main edible parts of WEPs used by Zhuang people
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Fig. 5 Months of collecting WEPs

or steeping in hot water. The tea substitute plants in
the Fangchenggang region can be classified into two
main types based on their different uses: Lidng chd and
flavor-enhancing tea substitutes. There are 27 plant
species such as Sarcandra glabra, Centella asiatica,
and Gynostemma pentaphyllum, which are used by

June

Months

July August  September October November December

local residents as Liang cha to cope with hot weather.
Another 15 species like Camellia petelotii, Camel-
lia euphlebia, and Helixanthera parasitica are chosen
by Zhuang people living in remote areas when tea is
not readily available, in order to enhance the flavor by
steeping these plants (Fig. 8).
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Fig.6 Some wild vegetables in the study area [(1) Plantago asiatica; (2) Portulaca oleracea; (3) Emilia sonchifolia; (4) Toona sinensis; (5) Oenanthe

= " W\

Fig. 7 The habitat of Pentaphragma spicatum and dishes made from it

In eight different markets, a total of 24 vendors offer
both fresh and dried Lidng chd plants. These vendors
are distributed as follows: 6 in Shangsi County, 9 in
Fangcheng District, 5 in Gangkou District, and 4 in
Dongxing City. Customers have the flexibility to pur-
chase specific plant species or opt for pre-mixed blends

of Lidng chd. Sarcandra glabra, Centella asiatica, and
Gynostemma pentaphyllum are the most commonly
available plants used for making Lidng cha. Similar find-
ings can also be found in the "Ethnobotanical study on
herbal tea drinks in Guangxi, China” [37].
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asiatica; (6) Imperata cylindrica)

Some vendors prepare Centella asiatica with added
sugar to create a refreshing tea beverage, which is sold
at a price of 10 yuan per cup. Moreover, they also boil
Abrus pulchellus, Grona styracifolia, Siraitia gros-
venorii (cultivated, not listed in the inventory), Lonicera
japonica (cultivated, not listed in the inventory), and
Hedyotis effusa mixed with sugar to create a tea drink
known as “Xia huo cha’, which helps to cool down the
body. The price of this beverage is the same as that of
Centella asiatica.

llex confertiflora, known as “Qingming tea” among the
Zhuang people in Shangsi County, is a highly regarded
tea substitute plant traditionally harvested during the
Qingming Festival. Interviewees have praised its excep-
tional taste, with a TSAI score of 9.0. However, in recent
times, many younger individuals have migrated for
employment opportunities, making them less inclined
to invest their time in gathering and processing these
plants in mountainous areas. Consequently, this tradi-
tional practice is primarily upheld by the older genera-
tions. Considering the plants in the Ilex genus of the
Aquifoliaceae family often possess anti-inflammatory
activities and other medicinal properties [38, 39], we
interviewed 28 households and 71 individuals, with 56%
of respondents stating that it has the effect of clearing
heat and detoxification, 24% claiming it can lower blood
pressure, and 20% being unsure about its specific effects.
Further studies on its chemistry, biological activity, and
toxicity are needed for potentially developing new tea
substitute (Fig. 9).
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Fig. 9 /lex confertiflora and Qingming tea

Wild fruits

A total of 30 plant species are consumed as fruits. Among
them, 3 species serve as both vegetables and fruits, while
1 species is considered both a nut and a fruit. The major-
ity of the fruits we commonly consume in our daily lives
are cultivated within the Rosaceae family [40]. Similarly,
among the wild fruits surveyed, the Rosaceae family has
the highest diversity of plant species, with many of them
being shrubs that are easily gathered, such as Rubus leu-
canthus, Rubus cochinchinensis, and Rubus pluribractea-
tus. Many studies have revealed that wild fruits possess a
higher nutritional value compared to cultivated fruits [41,
42]. Wild fruits are especially popular among children as
they serve as a source of essential vitamins and minerals,
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Fig. 11 Stalls selling only spice plants

particularly when cultivated fruits are not readily avail-
able. Additionally, Saurauia tristyla and Phyllanthus
emblica are also commonly sold on the market (Fig. 10).

In addition to being consumed as fresh fruit, the wild
fruits abundant in the area are traditionally fermented
along with rice by the Zhuang people, such as Rhodomyr-
tus tomentosa, Rosa laevigata, Vitis balansana, and Ficus
hirta, to produce a traditional alcoholic beverage known
as “guo jiu” This type of liquor typically has a lower alco-
hol content, usually around ten degrees. Local inhabitants
believe that these beverages can promote blood circula-
tion, stimulate metabolism, and have a beneficial effect
on the body. Scientific research has also indicated that
such as mature fresh fruits of Rosa laevigata contain high
levels of vitamin C, reaching up to 1187.38 mg/100 g.
Additionally, they have a total sugar content of 25.76%,
with a reducing sugar content of 24.38% [43]. The fruit
pulp contains 19 types of amino acids, including 8 essen-
tial amino acids for the human body. Transforming these
fruits into alcoholic beverages can confer health benefits
due to their nutritional composition [44].

Spices

While the variety of wild spice plants is not extensive,
their frequency of use is remarkably high, with a total of
15 species. Among them, 6 plants serve as both wild veg-
etables (Wv) and spices (Sp), and 1 plant also functions as
wild fruit (Wf). Most of these spice plants are well-suited
to complement local cuisine’s unique flavors, offering ele-
ments of acidity, umami, and taste enhancement (Fig. 11).

One particularly noteworthy combination of spices
is used to make a dipping sauce for sashimi (thin slices
of raw fish). It typically includes Piper sarmentosum,
Persicaria viscosa, Perilla frutescens var. purpurascens,
Houttuynia cordata, and Ocimum basilicum. This com-
bination is commonly found in the market (there are 18
vendors in total), where vendors often sell these plants
bundled together. It is rare to find them sold separately,
and some stalls specialize exclusively in these spice
plants, highlighting their importance in the local cuisine.
In more remote villages located far from the city, peo-
ple also prepare this delicacy during festivals and special
occasions. Although the condiments used may not be as
diverse as those in urban areas, Piper sarmentosum, Per-
sicaria viscosa, Houttuynia cordata, and Ocimum basili-
cum are essential ingredients that can be easily collected.

Quantitative evaluation of Zhuang edible wild plants

in Fangchenggang

The comparison results of the cultural food significance
index (CFSI) of Zhuang edible wild plants in Fangcheng-
gang are shown in Table 2. The edible wild plants in
this area were clustered based on the CFSI, and those
with broad application and high value, which played an
important role in the local people’s traditional diet, are
highlighted. To classify the plants cited plants into four
groups: species with very high significance (CFSI>500),
high significance (500>CFSI>100), moderate signifi-
cance (100 > CFSI > 10), low significance (CFSI< 10).

In the very high significantcategory (CFSI>500), there
were a total of 15 plant species identified. Tea substitutes
were the primary plants within this category, followed by
vegetables. The notable plants in this category include
Camellia oleifera, Plantago asiatica, Sarcandra glabra,
Portulaca oleracea, Centella asiatica, Piper sarmento-
sum, and Elephantopus scaber. They are widely distrib-
uted in this area and are found almost everywhere.

Camellia oleifera, displaying the highest CFSI (The
cultural food significance index) value, is extensively dis-
tributed in the Fangchenggang region. During periods
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of limited availability of edible oil, it has traditionally
served as a source for oil extraction to meet daily dietary
requirements. Contemporary scientific researches have
revealed that C. oleifera oil possesses an unparalleled
concentration of unsaturated fatty acids, ranging from 85
to 97%, thereby surpassing various other edible oils [45].
Its consumption has been linked to the effective preven-
tion and treatment of cardiovascular and cerebrovascular
ailments [46], leading to its recognition as the “oil of lon-
gevity”. Consequently, individuals persist in favoring C.
oleifera oil due to its beneficial impact on health and its
nutritional value.

A total of 53 plant species were classified in the high
significant category (500>CFSI>100). These species
exhibit wide distribution in the area and offer a diverse
range of fruits, vegetables, food dyes, snacks, and sub-
stitutes for tea to the local inhabitants. The relatively
lower CFSI value of these plants is primarily attributed
to factors such as the edible parts, taste, and the extent
of domestication and cultivation carried out by the local
residents. For instance, frequently encountered species
like Basella alba, Ocimum basilicum, and Curcuma longa
are predominantly cultivated, although not to the same
extent as common staple vegetables. However, people
also enjoy consuming them due to their high nutritional
value [47].

Additionally, there are specific plants utilized for dyeing
purposes, including Liquidambar formosana, Curcuma
longa, Peristrophe japonica, and Asystasia nemorum.
While these plants also hold significance in local wild
vegetable consumption, they are predominantly associ-
ated with significant festivities and ceremonies rather
than daily meals, such as the Dragon Boat Festival, Spring
Festival, and weddings. Particularly on the third day of
the third lunar month within the Zhuang ethnic group.
Dyeing plants are indispensable components during
these occasions [48]. The naturally occurring seasonal
plants are utilized to dye glutinous rice into four colors:
red, black, purple, and yellow. As glutinous rice is inher-
ently white, only four types of dyeing plants are involved.
Most Zhuang people used similar plant-based dyes (pig-
ments), although slight variations may occur due to dif-
ferences in the availability of plant resources in different
regions. Additionally, the five-colored glutinous rice
holds multiple significances, serving as both a festive del-
icacy and an offering to ancestors, symbolizing familial
unity and harmony. The skill to make five-colored gluti-
nous rice is possessed by every household, indicative of
the widespread adoption and preservation of this culi-
nary tradition [49]. Despite the time constraints faced by
contemporary youth in preparing five-colored glutinous
rice, they still purchase it from markets or restaurants. In
comparison with other traditional cultural practices, the
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production and consumption of five-colored glutinous
rice have been relatively well-maintained.

There were a total of 72 plant species classified in the
moderate significant category (100> CFSI>10). Herba-
ceous plants accounted for the highest number in this
category. Moreover, several plants with medicinal prop-
erties were included, such as Bidens pilosa, and Garcinia
oblongifolia and Cibotium barometz. In the low sig-
nificant category (10> CEFSI), the number of plants was
the lowest, with a total of 18 species. The plants in this
category primarily consisted of species with special dis-
tribution areas, unappealing taste, or specific uses. An
example of such a plant is Praxelis clematidea. In previ-
ous hard times, it was common to rely on this plant as
a source of sustenance. However, with the availability of
more options nowadays, it is frequently utilized as animal
feed, particularly for pigs.

Discussion

The dietary habits and homology of medicine and food
The concept of “Homology of medicine and food” high-
lights that certain foods can fulfill basic nutritional needs
but also possess medicinal properties similar to herbs,
plants, or traditional remedies. This idea has its roots as
far back as the Zhou Dynasty in China when a clear dis-
tinction between “food” and “medicine” was recognized.
Over time, this gave rise to a specialized field known as
“dietary therapy’, which focuses on the utilization of food
as a form of medicine. In the Fangchenggang region,
there exists a rich tradition of utilizing food for its thera-
peutic benefits [50].

Liang cha

Lidang cha has a long-standing tradition in Chinese cul-
ture and is known for its health-promoting effects. In this
study, the Zhuang people frequently mention the health
benefits of Lidng chd, especially its ability to alleviate
heat from the body [51, 52], which is influenced by the
environment. These findings are consistent with previ-
ous research that has explored the medicinal properties
of Liang cha [53-56]. The choice of ingredients for Lidng
ché depends on an individual’s constitution and the need
for balancing yin and yang in the body. These ingredients
can be categorized into “single herbs” and “compound
herbs” Single herb Lidng cha recipes are relatively sim-
ple, whereas compound Liang chd recipes can be highly
diverse, combining multiple herbs to create specific
effects. Each Lidng chd recipe possesses its unique com-
bination of medicinal properties and therapeutic effects,
contributing to the distinctiveness of every family’s for-
mula [57]. Consequently, the knowledge and expertise in
Liang cha preparation have been passed down through
generations, leading to the establishment of numerous
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time-honored Lidng chd shops in the local area, often
kept within the same families for many years.

Our investigation found few adverse events associ-
ated with the most mentioned Lidng cha. However, it is
crucial to be cautious as “natural” does not always mean
safe. Studies have shown that excessive consumption of
certain herbal teas can have negative effects, and some
phytochemicals in herbal teas may pose health risks [58].
To ensure Lidng chd product safety, close monitoring of
content and quality throughout the supply chain is vital,
from collection and transportation to processing, pro-
duction, and storage. Advanced technologies like two-
dimensional chromatography fingerprinting, molecular
identification, and chemical detection can help identify
contaminants and adulterants in Lidng cha plant species.

Dietary therapy

Several research findings have consistently demonstrated
that wild vegetables generally offer higher nutritional and
edible value compared to cultivated vegetables [58—-61].
The cultural food significance index (CFSI) of Zhuang
edible wild plants in Fangchenggang indicates that nearly
all wild vegetables categorized under “very high signifi-
cance” possess dual properties, serving both as medici-
nal herbs and edible food sources. For example, Plantago
asiatica offers various health benefits, including antibac-
terial, anti-inflammatory, and anti-tumor properties. It
also supports immune regulation and kidney regenera-
tion [62]. The Zhuang people frequently prepare it in a
stew with pig tripe to address jaundice and support good
health. Portulaca oleracea can boost the human immune
system and aid in the prevention and treatment of dis-
eases such as heart disease, hypertension, and hyperlipi-
demia [63]. People prepare dish by blanching fresh and
tender P. oleracea leaves in boiling water, cutting them
into segments, and seasoning them with minced gar-
lic, soy sauce, and sesame oil. Experimental studies have
shown that Centella asiatica flavonoids have diverse
physiological effects, including anticarcinogenic actions
against tumors, antioxidative properties, antibacterial
activity, wound healing acceleration, heat-clearing and
detoxifying effects, as well as anti-inflammatory and
bruise-treating capabilities [64]. Local residents not only
stir-fry to preserve its freshness but also combine it with
meat.

In addition, the method of soup preparation is a pre-
ferred way to benefit one’s health. For example, the roots
and stems of Ficus hirta are commonly used in soups
with ingredients like chicken and pigeon, known for
their potential to nourish the lungs, alleviate coughs,
strengthen the spleen and stomach, promote beauty, aid
in weight loss [65]. Campanumoea javanica soup is ben-
eficial for invigorating the spleen and Qi, nourishing the
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lungs, and reducing coughs while promoting lactation
[66]. Nanhaia speciosa, when boiled with pork ribs, is
highly suitable for individuals with weak constitutions.

However, current research on the development and
utilization of wild vegetables tends to emphasize their
nutritional and medicinal value while not adequately
addressing safety concerns related to their consumption
[67, 68]. Influenced by environmental pollution, some
wild vegetables may accumulate nitrites, heavy metals,
and other contaminants during processing [69], while
others may contain alkaloids that can be toxic if con-
sumed in excess, leading to potential food poisoning if
inadvertently consumed [70].

Therefore, it is crucial to enhance research efforts con-
cerning the safety of consuming wild vegetables. Adher-
ing to national food safety standards, rigorous analysis,
testing, and safety assessments should be conducted on
wild vegetables with high CFSI values. Additionally, sci-
entific guidelines for the safe consumption of wild veg-
etables should be developed and widely disseminated
to the public, increasing their awareness of safe forag-
ing and consumption practices. Ensuring consumer
confidence in the safety of wild vegetables will facilitate
their widespread promotion and publicity without any
apprehensions.

Influence of border trade and exchange

on the consumption of wild plants

Fangchenggang, with its subtropical monsoon climate
and abundant rainfall, provides an ideal environment
for the proliferation and growth of non-native plant spe-
cies [71]. Additionally, strategically located as a border
city between China and Vietnam, Fangchenggang ben-
efits from its five first-class national ports [20], serving
as a pivotal hub for Guangxi’s participation in the “Belt
and Road Initiative” The increased trade activities in
recent years have led to greater movement of people and
goods, resulting in the introduction of numerous species
into new regions, both intentionally and unintentionally.
Based on this study, a total of 17 wild edible plant spe-
cies in Fangchenggang belong to non-native species, and
among them, 7 species have been listed as invasive alien
species. Plants like Basella alba, Bidens pilosa, Eryngium
foetidum, and Amaranthus spinosus have become highly
popular wild vegetables in Fangchenggang. Moreover,
some of these plants are now being cultivated. There-
fore, border trade activities have facilitated the exchange
and sale of wild plants from different regions, resulting
in an increased supply and diversity of wild plants, lead-
ing to their more widespread consumption. Plants such
as Basella alba, Ocimum basilicum, Eryngium foetidum,
Amaranthus tricolor, and Mentha spicata all rank in the
“high significance” category according to the cultural



Liu et al. Journal of Ethnobiology and Ethnomedicine (2023) 19:52

food significance index (CFSI) analysis. This highlights
the significant roles these exotic species play in the local
dietary habits.

From an ecological perspective, the consumption of
exotic invasive species by people may help alleviate eco-
logical pressure, reduce their population and spread.
Furthermore, through the collection and consumption of
these invasive species, people also develop effective man-
agement and conservation attitudes toward them [72].
In market, Amaranthus spinosus and Basella alba have
become the cultivated vegetables. When people perceive
these invasive species as valuable resources rather than
merely harmful ones, they are more likely to actively par-
ticipate in their management and control.

Also, the interaction between different ethnic groups
has played a role in spreading and exchanging knowl-
edge about locally consumed wild plants. Such as Oci-
mum basilicum and Eryngium foetidum. E. foetidum is
a vital ingredient in a local Jing cuisine snack known as
“qu tou dan” Due to Dongxing’s close proximity to Viet-
nam across the sea, the Zhuang people commonly refer
to O. basilicum and E. foetidum as “Vietnamese mint”
and “Vietnamese coriander’, respectively. However, our
research and interviews indicate that the terms “Viet-
namese mint” and "Vietnamese coriander” have only
recently emerged, primarily driven by the development of
tourism.

The situation differs from the challenges faced in con-
serving traditional medicine [73]. A significant portion of
our interviewees falls within the 30-60 age group, with
comparable knowledge levels regarding wild edible plants
among both genders. The practice of consuming wild edi-
ble plants is deeply ingrained in the local culture. How-
ever, it is noteworthy that individuals under the age of
30 exhibit relatively limited familiarity with these plants,
warranting attention.

The ecological-cultural adaptation of wild edible plants
Food serves as a tangible representation of cultural herit-
age, and the development of the culture surrounding the
consumption of wild edible plants in the Zhuang com-
munity of Fangchenggang is shaped by the longstanding
interplay between geographical and cultural factors. This
cultural phenomenon is a product of the reciprocal adap-
tation and mutual benefits between the local culture and
the ecological environment.

Freshness

Before 1950s, Fangchenggang was under the jurisdic-
tion of Guangdong Province [74], thus inheriting the
culinary traditions of Cantonese cuisine. The region’s
coastal location, along with its proximity to the Shiwan
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Mountains, has resulted in a wide availability of fresh
wild plants throughout the year (Fig. 5), becoming a sym-
bol of “freshness” highly valued by the local community.
Almost all wild vegetables are processed using simple
methods such as stir-frying and making soups (Table 2),
with a focus on minimal processing to maintain the natu-
ral taste and texture of the fresh wild vegetables.

One notable aspect of the “freshness” (refers to food
that is consumed without undergoing any thermal heat-
ing or cooking processes) concept in Fangchenggang is
the preference for “raw food’, particularly raw fish slices.
This preference is rooted in Fangchenggang’s history,
where the abundance of small and medium-sized riv-
ers and rich water resources has significantly influenced
consumption patterns. The combination of fresh raw fish
slices with locally produced spices, including Piper sar-
mentosum, Persicaria viscosa, Perilla frutescens var. pur-
purascens, Houttuynia cordata, and Ocimum basilicum,
showcases the distinctive culinary characteristics of the
region. At present, raw fish slices have not only become a
staple in daily meals but also play a crucial role in festive
celebrations and hospitality. Serving raw fish to impor-
tant guests embodies tradition and solemnity and acts as
a means of communication, fostering emotional connec-
tions during social gatherings.

Sourness

In Guangxi, there is a particular affinity for "sour food"
throughout the region [75]. Although Fangchenggang
leans more toward a preference for “freshness’, the level
of sourness in their cuisine is slightly lower compared to
other areas. Nevertheless, “sour food” remains a distinc-
tive aspect of the local culinary culture.

Due to the underdeveloped economy and limited trans-
portation, wild collecting is a time-consuming process,
and in the humid and hot local climate, seasonal fruits,
vegetables, and meats are prone to spoilage. To address
these problems and ensure long-term consumption, the
practice of pickling or fermenting food into sour varie-
ties emerged. This preservation method allowed them to
store and enjoy a variety of foods for an extended period.
Examples of sour food in Fangchenggang include Coloca-
sia esculenta (escaped populations), Capsella bursa-pas-
toris, Phyllostachys heteroclada, and Pleioblastus amarus.
The specific selection of ingredients for pickling var-
ies depending on the season and the availability of fresh
produce.

Furthermore, in humid and hot climate, the Zhuang
people engage in physically demanding work and often
perspire heavily. Due to a relatively low level of stom-
ach acid, consuming sour food can aid digestion, balance
greasiness, and stimulate appetite [76]. As a result, aside
from pickled sour food, they intentionally incorporate
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ingredients with sour flavors into their cuisine. For exam-
ple, Citrus limonia, Ananas comosus (cultivated plants),
Passiflora edulis (cultivated plants) is used to prepare
dishes such as lemon duck, added to cold rice noodles,
or used to create dipping sauces for boiled chicken or
duck. These sour ingredients not only enhance the flavors
of the dishes but also provide a refreshing and appetizing
element to the overall culinary experience.

Cold dishes

Living in mountainous areas, the Zhuang people prior-
itized the convenience of carrying and storing food dur-
ing their labor activities, leading them to develop the
practice of preparing food in a chilled or cold dietary
culture. For instance, the leaves of Musa balbisiana and
Phyllostachys heteroclada are commonly used to wrap
glutinous rice with meat or beans. P. heteroclada is also
used to steam rice, making it convenient for carrying. A
dish called “gingtuan” made by mixing Artemisia argyi
with sticky rice, can also be consumed as a cold dish,
another type of rice cake, known as “Ciba” is prepared by
mixing Momordica cochinchinensis fruit flesh with gluti-
nous rice flour.

Compared to hard time in the past, these traditional
delicacies are now celebrated during important festivals,
sold as popular snacks at tourist attractions, and featured
as main dishes in upscale restaurants. On the other hand,
preference for light and cold dishes was also influenced
by traditional medicine and healthcare. In Zhuang medi-
cine, “cold dish” is considered a beneficial health practice,
and regular consumption of cold dishes is advised.

Conclusion

In summary, 163 WEPs and associated traditional knowl-
edge used by Zhuang people were recorded. Multiple uses
of these WEPs were analyzed, and the most culturally sig-
nificant WEPs of the Zhuang people were identified by
quantitative methods. From the historical development
of wild edible plants consumption culture in Fangcheng-
gang, it becomes evident that this cultural practice has
been deeply influenced by the natural and social environ-
ments on which the Zhuang ethnic group relies for their
long-term survival and prosperity. The specific living
space and social interactions within their community have
shaped a diverse and distinctive dietary tradition of con-
suming wild edible plants, which are notably character-
ized by “sour’, “fresh’; and “cool dishes” flavors. Moreover,
they follow a health-oriented philosophy of “homology of
medicine and food’, as evidenced by their longstanding
customs of consuming Lidng chd and incorporating fresh
wild vegetables and fruits into their diet.
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Meanwhile, by exploring the functional and cultural
transformation of these traditional delicacies within the
Zhuang community, we also can gain valuable insights
into the cultural changes in Fangchenggang. This
includes shifts in production, lifestyle, and the dynamic
interplay of different cultures in this emerging tourism
city. Traditional cuisine has been reimagined, acquiring
new cultural connotations and embracing its role as a
medium for cultural exchange and expression.

In the future, wild vegetables and fruits with economic
and medicinal potential can be further developed to
serve as a source of income for local residents. The valu-
able traits of these wild edible plants (WEPs) can be pre-
served and enhanced through cross-breeding to create
new varieties that cater to market demands. To ensure
the safe consumption of wild edible plants, it is essential
to conduct rigorous analysis, testing, and safety evalua-
tions on those with high cultural food significance index
(CFSI) values. Meanwhile, attention should also be paid
to the protection of wild edible plants and associated
traditional knowledge, this will ensure that this valuable
knowledge is not lost to future generations.
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