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Abstract: The Brachystelma genus (family: Apocynaceae) consists of geophytes that are traditionally
utilised among rural communities, especially in East Africa, southern Africa, West Africa, and north-
ern and western India. Apart from being used as a food source, they are indicated as treatment for
ailments such as colds, chest pains, and wounds. This review provides a critical appraisal on the eth-
nobotanical uses, nutritional value, phytochemical profiles, and biological activities of Brachystelma
species. In addition, we assessed the potential of micropropagation as a means of ensuring the sustain-
ability of Brachystelma species. An inventory of 34 Brachystelma species was reported as a source of wild
food and traditional medicine (e.g., respiratory-related conditions, pains, and inflammation) across
13 countries, predominantly in Africa and Asia. Brachystelma circinnatum and Brachystelma foetidum
were the most popular plants based on the high number of citations. Limited data for the nutritional
content was only available for Brachystelma edulis and Brachystelma naorojii, as well as phytochemical
profiles (based on qualitative and quantitative techniques) for five Brachystelma species. Likewise,
a few Brachystelma species have evidence of biological activities such as antimicrobial, antioxidant,
and acetyl cholinesterase (AChE) inhibitory effects. Extensive studies on Brachystelma togoense have
resulted in the isolation of four compounds with therapeutic potential for managing different health
conditions. As a means of contributing to the sustainability of Brachystelma species, micropropagation
protocols have been devised for Brachystelma glabrum, Brachystelma pygmaeum, Brachystelma ngomense,
and Brachystelma pulchellum. Nevertheless, continuous optimisation is required to enhance the effi-
ciency of the micropropagation protocols for these aforementioned Brachystelma species. Despite the
large number of Brachystelma with anecdotal evidence as food and medicine, a significant number
currently lack empirical data on their nutritional and phytochemical profiles, as well as their biologi-
cal activities. The need for new propagation protocols to mitigate the declining wild populations and
ensure their sustainability remains pertinent. This is important should the potential of Brachystelma
species as novel food and medicinal products be achieved.

Keywords: Apocynaceae; conservation; ethnobotany; food crop; micropropagation; phenolics

1. Introduction

The genus Brachystelma R. Br. ex Sims is a member of the Ceropegieae tribe (sub-family
Asclepiadoideae and family Apocynaceae) [1,2]. In tropical and arid regions, especially
in Africa, Asia, and Australia [3-7], an estimated 141 members of the genus have been
reported. As one of the centres of endemism, South Africa has a significant number of
Brachystelma species (Figure 1), where they occur across all the nine provinces [8]. In terms
of morphology, Brachystelma species are often geophytes; however, a few species have
fusiform roots rather than a tuber [4,7,9]. Above ground, Brachystelma species are small and
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herbaceous, and often form a cluster of deciduous stem with well-developed leaves [4].
The flowers are small and short-lived, and are often an extremely small corona—the name
Brachystelma translates to “short crown” [4,8,10].

Members of the Apocynaceae family are generally known to be one of the most
dominant plant families in African traditional medicine [8,11] and as food plants in southern
Africa [8,12]. Furthermore, many Brachystelma species are regarded as a source of valuable
therapeutic compounds for the treatment of diverse health conditions and general well-
being [13,14]. Particularly, Brachystelma are used among local communities for several
ailments [10,15]. When compared to Ceropegia L., members of the Brachystelma genus
have limited evidence in terms of their nutritional value, phytochemicals, and biological
activities [8]. This is often attributed to their small size and inconspicuous nature as well as
their general rarity. Many Brachystelma species are visible above ground, predominantly
during the rainy season [2,6,10].

Currently, there is a paucity of information regarding the propagation and cultivation
of members of the Brachystelma genus despite the continuous strains on the wild population
in many countries where they are known to occur [2]. Furthermore, many Brachystelma
species remain threatened in nature because of their slow growth and the encroachment
on their natural habitats by external factors [2,8,16-20]. In this review, we provide a
critical appraisal of the ethnobotanical uses, nutritional contents, phytochemical profiles,
biological activities, and micropropagation endeavours for members of the Brachystelma
genus. The presence of consolidated information will provide a platform that will help
with the judicious utilisation of this valuable genus and evidence-based approaches for
future research directions toward its conservation and sustainability.

(A)

25
20
15
: I I I
5
|
0

G KZIN LP MP NC NW WC

No. of Species

(B)

Endemic Non-Endenic

No. of species
w

Figure 1. Overview of Brachystelma species diversity in South Africa. (A) Distribution across dif-
ferent provinces; (B) endemic versus non-endemic species based on the South African National
Biodiversity Institute (SANBI) Red List data [21]. EC—Eastern Cape, FS—Free State, G—Gauteng,
KZN—KwaZulu-Natal, LP—Limpopo, MP—Mpumalanga, NC—Northern Cape, NW—North West,
WC—Western Cape.
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2. Methods

We explored different online sources such as Google Scholar, Science Direct, and
PubMed to gather relevant literature, with an emphasis on peer-reviewed articles. In addi-
tion, dissertations/theses that are accessible online were assessed for eligibility. Some of the
keywords/phrases used included “Brachystelma”, “biological activities”, “phytochemicals”,
“conservation” and “ethnobotanical uses”. These aforementioned keywords/phrases were
used individually and in various combinations to expand the number of hits. No time limit
was added but the last search period was on 18 December 2021.

Given the significance of accurate scientific names [22], we cross-referenced the plant
names for the different Brachystelma species with recognised databases such as The Plant
List (http:/ /www.theplantlist.org/ accessed on 18 January 2022) and World Flora Online
(http:/ /www.worldfloraonline.org/ accessed on 18 January 2022). A few examples of the
synonyms associated with Brachystelma species were Raphionacme splendens subsp. bingeri
(A. Chev. Venter), Tenaris schultzei (Schltr. E. Phillips), and Brachystelma magicum.

3. Distribution and Botanical Description of Brachystelma Species
3.1. Distribution of Brachystelma Species

In the Ceropegieae tribe, Brachystelma is regarded as the second largest genus [1,2]. It is
distributed, in order of decreasing diversity, in sub-Saharan Africa, India, Southeast Asia,
and Australia [8]. As indicated by Masinde [10], about 90% of Brachystelma species occur
exclusively in sub-Saharan Africa. In South Africa, Brachystelma species occur across the
country i.e., in all nine provinces. Relative to the 85 Brachystelma species in the South African
Red List data, approximately 73% are endemic to South Africa (Figure 1; Supplementary
Table S1). In India, Brachystelma species are still being discovered and identified [20,23,24],
which is an indication of their expanding diversity.

Evident from their distribution, Brachystelma species are variable in habitat prefer-
ence. Some are found on mountain slopes with up to 3000 mm of annual precipitation,
whereas others are found among rocks in grasslands with up to 200 mm of annual precipi-
tation [10,20,23]. However, a common factor is the requirement of well-drained soils [10].
The grassland habitat makes them difficult to locate among the grasses. Furthermore,
their visibility is restricted because they are geophytic and generally appear above ground
during the rainy season [6,25,26].

3.2. Overview of Botanical Aspects of Brachystelma Species

Morphologically, members of the Brachystelma genus are relatively uniform in terms
of their vegetative parts (Figure 2A—C). They are considered small perennial geophytic
herbs arising from depressed globose or discoid tubers with fibrous roots originating
from the sides and the base [10,27]. The tubers range from 15 to 200 mm in diameter,
and the tuber size is said to correlate to the age of the plant [9,10]. From the rootstock
arises one or generally a cluster of deciduous stem (Figure 2B). Their leaves are simple
opposite, with or without stalks, and may be extremely variable in shape, even on a single
plant [4,10,15]. Unlike the majority of its milky sap-producing Apocynaceae members,
Brachystelma leaves are known to produce a clear sap [10]. The leaves are always non-
succulent, and usually finely haired [4]. The flowers are inconspicuous, especially in a
field among other vegetation [4,15]. They are often flat to cylindrical, come in one to
several, and are found together on the side of the stem or rarely terminal, with short to
medium-length stalks.

Their corolla is rotate to tubular, divided to halfway or further down the base with
five lobes (star-like), and free at the tips and variously spreading, or united at the tips,
forming a cage-like structure [4,15]. The flowers are generally dark (brown to maroon,
or pinkish purple) and accompanied by a slightly unpleasant odour, which is the primary
attraction of pollinators (true flies) [4,5,9,15].
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Figure 2. Morphology of some Brachystelma R. Br. ex Sims species. (A) Flowers (left to right—
Brachystelma gerrardii; Brachystelma pulchellum; Brachystelma pygmaeum subsp. flavidum; Brachystelma
pygmaeum subsp. pygmaeumy); (B) leaves (left to right—Brachystelma gerrardii; Brachystelma ngomense;
Brachystelma pulchellum; Brachystelma pygmaeum subsp. flavidum); (C) tubers and roots (Brachystelma
pygmaeum subsp. pygmaeum). © Adam Shuttleworth.

For most Brachystelma species, the pollinia are usually ovoid and are more or less D-
shaped, sub-erect to erect, and near or on top of the staminal column [8,10,15]. Generally,
the fruits are erect, long, or short in fusiform pairs. Once dry, the fruit (now follicle) contains
the seeds [3,9]. The seeds are dark brown or light black and the size range is 5-10 mm long
by 1.5-7 mm wide [8]. One end of the seed has a coma comprising a tuft of fine, white,
fluffy hairs up to 20 mm long, which allow for wind dispersal [10,15,27].

3.3. Taxonomy of Brachystelma Species

The importance of the accurate naming of plant species cannot be over-emphasised [22].
A few inconsistencies were evident in the naming of some of the Brachystelma species re-
ported in the eligible literature included in the current review (Table 1). Some of the
observations included the incorrect spelling and use of synonyms for a few Brachystelma
species. This clearly supports the call to make reference to reference databases for the
validation of plant names.
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4. Ethnobotanical Applications of Brachystelma Species

Many Brachystelma species are known by diverse names among different ethnic groups
(Table 1), which is an indication of their value and importance. The tubers are more widely
utilised than other plant parts such as the leaves, roots, and stem. This is an indication
that the tubers are highly valued in ethnobotany given their extensive utilisation across
many countries. The ethnobotanical uses of approximately 34 Brachystelma species have
been documented in 13 countries (e.g., Australia, Botswana, Burkina Faso, India, Lesotho,
Namibia, Nigeria, South Africa, Tanzania, and Thailand) across the world (Table 1). Based
on the number of citations, ranging from three to six mentions, Brachystelma barberiae,
Brachystelma dinteri, Brachystelma circinnatum, and Brachystelma foetidum were identified as
the most popular species. Even though the majority of the Brachystelma species common
in Africa have diverse uses, limited applications were indicated for Brachystelma species
(e.g., Brachystelma glabriflorum and Brachystelma kerrii) found in Asian countries such as
Cambodia and Thailand [28-30].

In some cases, local uses were identified on a regional basis, such as for Brachystelma
johnstonii in East Africa [10] and Brachystelma circinnatum in southern Africa [31-36]. Gener-
ally, the diverse uses recorded for the 34 Brachystelma species can be categorised into two
major areas, as highlighted below.

4.1. Uses as Food and for Nutritional Needs

The underground parts (particularly the tubers) of many Brachystelma species are
known to retain a large amount of water and nutrients, thereby making them highly desir-
able as a food source. The tubers of several Brachystelma species (e.g., Brachystelma burchellii,
Brachystelma dinteri, Brachystelma schultzei, Brachystelma thunbergii, and Brachystelma tubero-
sum) are eaten raw or prepared by indigenous groups in Africa [10,34,37,38], Asia [17,27],
and Australia [39]. This is particularly important when there is limited food supply or dur-
ing hunting expeditions. In East Africa (Kambaland) and South Africa, some Brachystelma
species (e.g., Brachystelma gracile and Brachystelma johnstonii) are reported to be particu-
larly enjoyed by livestock herders [10,15]. In Lesotho, the local name ‘Bohobe-ba-setsomi’
loosely translates to “bread of the hunters”, clearly denoting the value and importance of
Brachystelma species [33]. Other food-related applications for Brachystelma species include
as vegetables, snacks, and sweet preserves (Table 1).

Given the high water content, the tubers of Brachystelma species are often considered
an effective resource for quenching thirst in dry areas where fresh water is scarce [15,36,40].
In Burkina Faso, roots and tubers of Brachystelma bingeri are commonly used as a thirst
quencher among the nomadic and hunting populations located in Nayala province [40].
Masinde [10] indicated similar uses for Brachystelma simplex, Brachystelma rubellum, and
Brachystelma plocamoides in East Africa. The moisture content for the tubers is often high,
reaching 80-97% (Table 2), which justifies their uses as thirst quenchers among many
indigenous groups.

Some wild animals are believed to harvest and feed on Brachystelma tubers [10].
Brachystelma species are explored for their nutritional value by animals. On the basis of
causal observations [41], animals such as porcupines, mole rats, and blesmols, as well as
baboons, are often the major competitors for all underground storage organs, including
the deeply buried ones. Based on available anecdotal data, there are no reports of any
Brachystelma species being poisonous to humans or livestock [10].

4.2. Applications as Herbal Medicine

Some Brachystelma species have also been reported as medicinal herbs across several
countries (Table 1). The East African species Brachystelma buchananii and Brachystelma
johnstonii are regarded as medicinal herbs with diverse healing properties [10]. For instance,
the tuber of Brachystelma buchananii is chewed and thereafter, the paste is placed on a
wound. In northern Uganda, the tuber of Brachystelma johnstonii is dried, ground, and
taken to relieve chest pains [10]. Evidence of the medicinal uses has been reported for
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Brachystelma foetidum in Lesotho [37,42] and Brachystelma togoense in Nigeria [43,44]. In India,
Brachystelma edulis is used to exert therapeutic benefits for a wide range of health conditions,
including headaches and stomach-aches [45,46]. The medicinal effect of other species,
including Brachystelma kerrii, has been recorded in Cambodia and Thailand [29,30].

Based on the number of mentions, Brachystelma edulis, Brachystelma naorojii, and Brachys-
telma togoense were identified as species with diverse medicinal applications (Table 1).
Consensus on the uses of medicinal plants is an indication of their potential therapeutic
values [47]. Some degree of similarity in uses was demonstrated with the application of
Brachystelma for managing respiratory-related conditions such as colds, coughs, and chest
pain in three countries, including China, India, and Lesotho (Table 1). However, different
Brachystelma species were utilised for cold in these aforementioned countries. These include
Brachystelma edule (China), Brachystelma naorojii (India), and Brachystelma foetidum (Lesotho).

Table 1. Distribution of Brachystelma species with their documented ethnobotanical uses. #Species = names
provided in brackets are either as spelt in the original article or synonyms; ns = not specified.

#Species Country/Region Local Name(s) Plant Part(s) Uses References
Br(agilg j;leyh;ilfnrzozziz?ger southern Africa ns Tuber Snack, vegetable [12,32]
Brachystelma barberiae Eaten raw,
Harv. ex Hook f. Botswana ns Tuber sometimes roasted [48]
Brachystelma barberiae
Harv. ex Hook.f. southern Africa ns Tuber Snack, vegetable [12,49]
(Brachystelma barberae)
Brachystelma bingeri A.
Chev. (Synonym: Appetite suppressant
Raphionacme splendens Burkina Faso Sensenega, Daffio Roots, tuber ppette supp [40,50]
subsp. bingeri and thirst quencher
(A.Chev.) Venter)
Brachystelma buchananii .
N.E.Br.(Synonym: Tanzania ns Tuber Wr;::nl(i hf;l]l;g’ [10]
Brachystelma magicum) sicp
Brachystelma burchellii
southern Africa ns uber ild foo ,
(Syizi;r;ﬁ:)MPcelcci:)(;Z;rlum hern Afri Tub Wild food [31,34]
burchellii Decne.)
Brachystelma circinnatum
E.Mey (Brachystelma Lesotho Bohobe-ba-setsomi Tuber Food for hunters [33,37]
circinatum)
Brachystelma circinnatum Snack. vesetable. sweet
E.Mey. (= Brachystelma southern Africa ns Tuber s vegetan'e, [31-36]
filiforme Harv.) preserve, wild food
Bmchysée?g;tg; ulatum Namibia ns Tuber Snack, vegetable [32]
Brachy ;ﬁlﬁ: dinteri southern Africa ns Tuber Snack, vegetable [31,32,35]
Bmchyslief?g ?IleSfOZde”m Namibia ns Tuber Snack, vegetable [32]
Brachystelma edule China ns Tuber Wild food, cough, and [45]

Collett & Hemsl.

reducing phlegm
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Table 1. Cont.

#Species Country/Region Local Name(s) Plant Part(s) Uses References
Famine food, vegetable,
decoction used for
bodily discomfort,
Brachystelma edulis Coll. . Galya, Hanuman cough and cold,
and Helmls India batata Tuber stomachache, headache, [45,46]
dysentery, enhancing
fertility, applied on skin
inflammation
Brachystelma foctidum Lesotho Seru ns For colds in children [37,42]
Schltr.
Brachystelma foetidum southern Africa ns Tuber Snack, vegetable, meal, [31,33,34,37]
Schitr. yeast
Brachystelma gerrardii Swaziland
Y 8 (Kingdom of Sidzendza Tuber Wild food [38,51]
Harv. .
Eswatini)
Brachystelma glabriflorum . I .
(FMuell) Schltr. Australia Badju, Djalwak Tuber Wild food [39]
Brachystelma glabriflorum .
(F-Muell) Schitr. Thailand ns ns ns [28]
Brachystelma glabrum India ns Tuber Wild food [52]
Hook. f.
Brachystelma gracile East Afri n Tuber Food, thirst quencher [10]
E.A Bruce as ca s ube ood, thirst quenche
Brachystelma gymmopodum
(Schitr) Bruyns . southern Africa ns Tuber Snack', vegetable, [31,35]
(Synonym: Ceropegia wild food
pygmaea Schinz)
Brachystelma johnstonii . Akurukuri, Food, thirst quencher,
N.E.Br. East Africa Naporokenyen Tuber medicine for chest pain [10]
.. . Cambodia, Medicine: bodily
Brachystelma kerrii Craib Thailand ns Whole plant discomfort [29,30]
Brachystelma laevigatum . . .
India ns Whole plant Attractive foliage [17]
Hook.f.
Brachystelma mahajanii .
Kambale & S. R. Yadav India ns ns ns [23]
Brachystelma India ns Tuber Food [24]
nallamalayana sp. nov
Brachystelma naorojii Food and medicine:
ystern J India ns Tuber stomach-ache, cough [45]
PTetali & al.
and colds
Brachystelma p a uciflorum India ns Tuber Wild food [17]
Duthie
Brachy stelgizi‘;: locamoides East Africa ns Tuber Food, thirst quencher [10]
Brachystelma pullaiahi . Nakshtralamokka, .
Rao et al. India Nemithigadda Tuber Wild food (eaten raw) [53]
Brachystelma rubellum . Mkumbe, .
(E.Mey,) Peckover East Africa Muthunga Tuber Food, thirst quencher [10]
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Table 1. Cont.

#Species Country/Region Local Name(s) Plant Part(s) Uses References
Brachystelma schultzei
(Schltr.) Bruyns (Synonym: . .
Tenaris schiltzei (Schitr) southern Africa ns Tuber Wild food [31,36]
E.Phillips)
Brachystelma simplex Schltr. East Africa ns Tuber Food, thirst quencher [10]

Brachystelma thunbergii Snack, vegetable, meal,

N.E.Br (currently South Africa Kamb(a)roo Tuber [34,41]
. yeast, sweet preserve
regarded as ambiguous)
Medicine: dysentery,
Brachystelma togoense Lo cough and cold, wounds,
Schltr. Nigeria ns Whole plant stomachache, typhoid, [43,44]
erectile dysfunction
Brachystelma tuberosum . .
(Meerb.) R Br. ex Sims southern Africa ns Tuber Wild food [31]
Brachystelma vartakii .
Kambale & S. R. Yadav India ns ns ns 23]
Brachystelma volubile India Telugu Tuber Wild food [20,52]

Hook. f.

5. Nutritional and Phytochemical Aspects
5.1. Nutritional Composition of Brachystelma Species

Despite the relatively large number of Brachystelma species with an ethobotanical record
as wild food (Table 1), only Brachystelma edulis and Brachystelma naorojii currently have empir-
ical data on their nutritional content (Table 2). Nutritional analysis for wild edible plants that
serve as food is essential to justify their incorporation into the diet [12,41,54,55]. Based on
the study conducted by Deshmukh and Rathod [46], the tubers of Brachystelma edulis could
be a good supplement for nutrients such as protein, fibre, and carbohydrates. The recorded
amount for these aforementioned nutrients is within the range for common foods, especially
vegetables [56]. Particularly, the level of carbohydrates among Brachystelma species was
comparable to African leafy vegetables such as Bidens pilosa, Chenopodium album, and Portu-
laca oleracea [57]. The fibre content in Brachystelma edulis (8%) tubers compared favourably
to Ceropegia hirsuta (9.1%), a closely-related species [46]. A similar trend was observed with
regards to the crude protein level between these two aforementioned plants.

For some of the content (e.g., ash and moisture), comparable levels were present in
the leaves and tubers, which is an indication of plant-part substitution with respect to
Brachystelma edulis [27,45,46] and Brachystelma naorojii [58]. However, in terms of the dry
matter (% DW), the tubers were generally higher than the leaves for both Brachystelma
edulis [45,46] and Brachystelma naorojii [58]. Existing evidence demonstrated some degree
of variation in parameters, such as ash and dry matter between Brachystelma edulis and
Brachystelma naorojii (Table 2).

Table 2. Proximate and mineral composition of different Brachystelma species.

Component Content

Proximate (Brachystelma edulis, BE and Brachystelma naorojii, BN)

Ash (% of fresh weight) BE leaves: 12 [45]
BE tuber: 11-11.5 [27,46]
BN leaves: 7.8 [58]
BN tuber: 6 [58]
Crude fat (% DW) 0.12 [46]
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Table 2. Cont.

Component Content

Crude fiber (% DW) 8.0 [46]

Crude protein (g/100 g DW) 3.93 [46]
Dry matter (% FW) BE leaves: 8.61 [45]

BE tuber: 19.3 [46]

BN leaves: 5.8 [58]

BN tuber: 7.17 [58]

Energy value (k cal/100 g DW) 302.4 [46]
Moisture (% FW) BE leaves: 91.4 [45]
BE tuber: 80.8-97.01 [27,46]
BN leaves: 94 [58]
BN tuber: 93 [58]

Total carbohydrates (% DW) 3.61 [46]
Mineral composition (mg/100 g DW)—Brachystelma edulis [46]
Calcium 464.8
Copper 0.94
Iron 40.3
Magnesium 186.7
Manganese 3.27
Phosphorus 143.4
Potassium 416.3
Sodium 9.5
Zinc 1.07

FW = fresh weight, DW = dry weight.

Mineral analysis of Brachystelma edulis tubers revealed the presence of 9 elements with
high concentrations of potassium, phosphorus, and magnesium [46]. These minerals are
essential for maintaining good health and well-being [56,57,59]. Based on the concentrations
of these minerals found in Brachystelma edulis (Table 2), it certainly competes favourably
with many indigenous vegetables (e.g., Amaranthus spinosus, Bidens pilosa, Chenopodium album,
and Momordica involucrata), which are often sourced by local communities to meet their
daily requirements [55]. However, the absence of nutritional and mineral content for the
majority of Brachystelma species remains a major gap requiring empirical data to support
their overwhelming use as a food source among different ethnic groups. Particularly,
the potential development of novel food products from indigenous plants, including
Brachystelma species, will be driven by the availability of basic and in-depth data on their
nutritional value and sensory attributes [60].

5.2. Phytochemical Profile of Brachystelma Species

Among the Ceropegieae, Brachystelma have not received much attention in terms
of the quantification of their phytochemicals. Currently, the phytochemical profiles of
five Brachystelma species have been investigated using different analytical techniques, in-
cluding qualitative and quantitative tests (Table 3). Most studies search first for alkaloids, as
they are known among the Apocynaceae to possess a range of potent pharmacological activ-
ities, including antibacterial, anticancer, and antimalarial activities [13,61]. Phytochemical
analysis of Brachystelma edulis, based on qualitative tests, indicated the presence of alkaloids,
cardiac glycosides, phenols, saponins, and tannins (Table 3). Similarly, Brachystelma bingeri
contains saponins, triterpenes, and sterols [62]. Furthermore, a spectrophotometric test of
Brachystelma bingeri revealed an estimated 1.7 mg EGA /g (equivalent of gallic acid) of total
phenolics, whereas the total flavonoids and tannins were only found in trace quantities.



Horticulturae 2022, 8, 122 10 of 20
Table 3. Phytochemical analysis of Brachystelma species.
Brachystelma Species Content Reference
Qualitative Tests
Alkaloid Brachystelma edulis + [27,45]
Brachystelma naorojii + [58]
Coumarins Brachystelma bingeri + [62]
Brachystelma naorojii + [58]
Flavones Brachystelma edulis + [45]
Glycosides Brachystelma edulis + [27,45]
Brachystelma naorojii + [58]
Phenol Brachystelma edulis + [27]
Brachystelma naorojii + [58]
Reducing sugars Brachystelma edulis + [45]
Brachystelma naorojii + [58]
Saponosides Brachystelma bingeri + [62]
Saponin Brachystelma edulis + [27]
Steroids and triterpenes Brachystelma bingeri + [62]
Tannins Brachystelma edulis + [27,45]
Brachystelma naorojii + [58]
Spectrophotometric Technique
Total peholic Brachystelma bingeri 1.7mgEGA/g [62]

Ultra-High-Performance Liquid Chromatography-Tandem Mass Spectrometry
(UHPLC-MS/MS) Analysis

Caffeic acid Brachystelma pulchellum 0.331-1.476 ug/g [63]
Caffeic acid Brachystelma pygmaeum 0.445-1.282 pug/g [63]
Ferulic acid Brachystelma pulchellum 10-55 ug/g [63]
Ferulic acid Brachystelma pygmaeum 9-43 ug/g [63]
Gallic acid Brachystelma pulchellum 0.119-040 pug/g [63]

Gallic acid Brachystelma pygmaeum 0.263-0.565 pg/g [63]
m-Hydroxybenzoic acid Brachystelma pulchellum 0.206-1.167 pg/g [63]
m-Hydroxybenzoic acid Brachystelma pygmaeum 0.167-1.595 pg/g [63]
p-Coumaric acid Brachystelma pulchellum 2-7ug/g [63]
p-Coumaric acid Brachystelma pygmaeum 1.352-2.783 ug/g [63]
p-Hydroxybenzoic acid Brachystelma pulchellum 0.496-1.374 ug/g [63]
p-Hydroxybenzoic acid Brachystelma pygmaeum 0.385-1.060 pg/g [63]
Protocatechuic acid Brachystelma pulchellum 0.450-1.488 ug/g [63]
Protocatechuic acid Brachystelma pygmaeum 0.223-0.955 pg/g [63]
Salicylic acid Brachystelma pulchellum 0.839-2.464 pg/g [63]
Salicylic acid Brachystelma pygmaeum 0.307-1.086 pg/g [63]
Sinapic acid Brachystelma pulchellum 14-58 ug/g [63]
Sinapic acid Brachystelma pygmaeum 30-98 ug/g [63]
Syringic acid Brachystelma pulchellum 0.672-3.107 pug/g [63]
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Brachystelma Species Content Reference
Syringic acid Brachystelma pygmaeum 0.167-0.910 pug/g [63]
Vanillic acid Brachystelma pulchellum 0.506-1.804 pg/g [63]
Vanillic acid Brachystelma pygmaeum 0.663-2.834 ug/g [63]

EGA = equivalents of gallic acid.

Brachystelma pulchellum and Brachystelma pygmaeum also demonstrated the presence
of phenolic acids, including both hydroxybenzoic and hydroxcinnamic acids [63]. The
phenolic acid profile of in vitro grown Brachystelma pulchellum and Brachystelma pygmaeum
showed similarities in their phenolic profiles, but quantities varied among species. Given
the importance of hydroxybenzoic and hydroxcinnamic acids [64,65], their presence in
these aforementioned Brachystelma species provide evidence on the potential health benefits
associated with their consumption.

Some Brachystelma species, including Brachystelma ngomense and Brachystelma pulchellum,
have been observed to have a fibrous stem covered by bark that appears red-violet in
colour. Even though not well characterised in Brachystelma (or in Apocynaceae), red bark
has generally been reported to be characteristic of chromoalkaloids (betacyanins) located in
the cellular vacuoles of sub-epidermal tissue [66-68]. Certainly for Brachystelma species,
this is an area that still requires stringent research [8].

6. Biological Activities of Brachystelma Species Extracts and Isolated Compounds

Based on indigenous knowledge, several Brachystelma species are known for their
therapeutic effects for different health conditions, including the treatment of coughs and
colds, wounds, and bodily discomfort, and for enhancing fertility (Table 1). The rich phyto-
chemical pools in a few Brachystelma species have been established from the existing limited
studies (Table 3). The presence of therapeutic phytochemicals are generally known to be
responsible for the biological effect of medicinal plants [69]. Despite insufficient data on
the biological activities of Brachystelma species, the tubers and leaves of a few species have
been evaluated for antioxidant and acetylcholinesterase inhibitory effects as well as acute
toxicity (Table 4). In terms of the antioxidant effects, four Brachystelma species (Brachystelma
bingeri, Brachystelma edulis, Brachystelma pulchellum, and Brachystelma pygmaeum) have been
assessed using diverse assays, including ABTS, DPPH, FRAP, and ORAC methods. The
use of different antioxidant assays is beneficial, as it has the potential to effectively reveal
all the mechanisms associated with the evaluated plant [70]. However, no noteworthy
antioxidant effects were observed among the evaluated Brachystelma species (Table 4). Like-
wise, Brachystelma bingeri had moderate (50%) acetylcholine esterase (AChE) inhibition at
a tested concentration of 100 ug/mL [62]. Using an in vivo model, a methanol extract of
Brachystelma binger tubers caused no mortality to the tested mice and was considered safe
at a concentration of up to 3000 mg/kg body weight [62].

The biological activity of isolated compounds from the aerial parts of Brachystelma
togoense has predominantly targeted different microbes (e.g., Escherichia coli, Staphylococcus
aureus, Streptococcus typhi, Staphylococcus pneumoniae, and Candida albicans) as a means
of establishing their antimicrobial properties (Table 5). As revealed by Ekalu et al. [43],
phaeophytin A had the most promising antimicrobial effect (MIC = 0.09 mg/mL) against
Candida albicans. Furthermore, the MIC value ranged from 0.18 to 0.37 mg/mL against
the four tested bacterial strains (Escherichia coli, Staphylococcus aureus, Streptococcus typhi,
and Staphylococcus pneumoniae). Relative to the recommended MIC (<100 ug/mL), the
antimicrobial property of the majority of compounds isolated from Brachystelma togoense are
classified as weak to moderate effects, thereby suggesting limited clinical significance [71].
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Table 4. Examples of biological activities from different parts of Brachystelma species. EAA-

equivalents ascorbic acid, TE-Trolox equivalents.

. . . . . Plant Part Method/Assay
Biological Activity Species Extraction/Solvent Positive Control Key Results Reference
Acetylcholine Tuber inhibﬁg)};Ee ffoct Extract (tested at
esterase (AChE) Brachystelma bingeri . 100 pg/mL) had 50% [62]
inhibition methanol Galanthamine inhibition of enzyme
(10 ug/mL, 100%) yme.
Up to 3000 mg/kg of
In vivo testing using body weight extracts
. . had no mortality. An
Acute toxicity Brachystelma bingeri Tuber S1X (.6) mice to indication that the [62]
methanol determine the lethal .
dose (LDsg) for 72 h LDsg value is greater
50 than 3000 mg/kg of
body weight.
2,2 diphenyl-1- o
Antioxidant Brachustelma bi . Tuber picrylhydrazyl Ext;.’.actlhad low (6 %) [62]
ntioxidan rachystelma bingeri methanol (DPPH) ra 1caa Ciic‘;;\ivengmg
quercetin (82%) R4
Ferric-reducing Low ferric-reducing
Tuber antioxidant power power, 0.013 mmol
Antioxidant Brachystelma bingeri (FRAP) equivalents ascorbic [62]
methanol : .
Quercetin acid per gram of extract
(4.69 mmol EAA/g)  (mmol EAA/g extract).
2,2'-azinobis—(3- .
Tuber ethylbenzothiazoline- Négcﬁﬁfl ?;;2;’01 )t(y,
Antioxidant Brachystelma bingeri 6-sulfonic acid (ABTS) . [62]
methanol Quercetin equivalents (mmTE)/g
(70 mmET/g) of dry extract.
A total of 8.43 and
Antioxidant Brachystelma edulis Tuber and leaves Enzyme (P§r0x1dase) 4'07. (unit/min/mg [72]
activity protein) for tubers and
leaves, respectively.
A total of 0.3 and
Antioxidant Brachystelma edulis Tuber and leaves Enzyme‘ (gatalase) 0’39. (unit/min/mg [72]
activity protein) for tubers and
leaves, respectively.
A total of 0.21 and
Antioxidant Brachystelma edulis Tuber and leaves Er}zyme (super.oxilde 0'35. (unit/min/mg [72]
dismutase) activity =~ protein) for tubers and
leaves, respectively.
Cytokinin-treated
Whole plant Oxygen radical in vitro-regenerants
Antioxidant Brachystelma pulchellum me thal:;lol absorbance capacity had approximately [63]
(ORACQ) 35-72 pmol/g Trolox
equivalents (TE).
Cytokinin-treated
Whole plant Oxygen radical in vitro regenerants
Antioxidant Brachystelma pygmaeum me thaF;ol absorbance capacity had approximately [63]
(ORACQ) 45-76 pmol/g Trolox

equivalents (TE).
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Table 5. Examples of chemicals isolated from Brachystelma species and their biological effects.

Compound Species Plant Part Bioactivity Tested Reference

Antimicrobial (significant
antimicrobial effects)
Brachystelma togoense Aerial parts against Escherichia coli, [44]
Streptococcus typhi, and
Candida albicans

(2R, 3R)-dihydroflavonol-3-
O-a-L-rhamnoside

Antimicrobial (noteworthy
MIC) against Escherichia
1-Methylcyclopentene Brachystelma togoense Aerial parts coli (0.1875 mg/mL) and [73]
Candida albicans
(0.1875 g/mL)

Antimicrobial (MIC was
0.18-0.37 mg/mL) against
Escherichia coli,
Lupeol Brachystelma togoense Aerial parts Staphylococcus aureus, [43,74]
Staphylococcus pneumoniae,
Streptococcus typhi, and
Candida albicans

Antimicrobial (MIC was
0.09-0.18 mg/mL) against
Escherichia coli,
Phaeophytin A Brachystelma togoense Aerial parts Staphylococcus aureus, [43,74]
Staphylococcus pneumoniae,
Streptococcus typhi, and
Candida albicans

Antimicrobial (MIC was
0.37 mg/mL) against
Escherichia coli,
a-Amyrin Brachystelma togoense Aerial parts Staphylococcus aureus, [43,74]
Staphylococcus pneumoniae,
Streptococcus typhi, and
Candida albicans

7. Conservation Status of Brachystelma Species and Sustainability
7.1. Conservation Status of Brachystelma Species

In South Africa, many members (54%) of the genus Brachystelma remain of conserva-
tion concern (Figure 3; Supplementary Table S1). Furthermore, the threats on members of
the Brachystelma genus have been reported in India [8]. Findings by Singh [17] revealed that
Brachystelma laevigatum and Brachystelma pauciflorum are currently vulnerable and endan-
gered due to their use by local people as food and for their attractive foliage. According to
Rajakullayiswamy et al. [20], Brachystelma volubile is currently indicated as being critically
endangered. In India, the grasslands in which Brachystelma thrive are often considered
“wasted and unproductive” when left in the hands of nature and thus left unprotected [16].
In addition, these grasslands are often encroached on for agriculture and fragmented by
urbanisation and invasive species.

7.2. Propagation of Brachystelma Species

Natural cultivation of Brachystelma species has remained neglected and sparingly docu-
mented [2,8]. The most prevalent constraints, with natural propagation of species belonging
to the subfamily Asclepiadoideae, are often attributed to the scarcity of pollinators together
with low seed set and viability [75-77]. Propagation via conventional methods i.e., cuttings
and seedlings, is also either absent or not well-documented among Brachystelma. Following
pollination, the rate (%) of successful fertilisation varies among species, but is generally
low when compared to many bee-pollinated species [15]. The pollination is affected by the
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deposit of pollinia on the flowers’ stigmatic surfaces fused within the top of the staminal
column [8,15]. In terms of the arrangement of the male and female reproductive parts, they
are combined into a small columnar structure within the base of the corolla, increasing the
chances of self-pollination [15]. This inevitably affects the fertilisation due to the failure of
producing viable seeds [76,78]. Upon successful fertilisation, fruit development is rapid
but takes several weeks for the seeds to mature, and during this time, the fruit may be
attacked by pests, thereby preventing seed maturation [15]. On this basis, efficient ex situ
conservation measures are of importance for the future of the Brachystelma genus, especially
when their nutritional and medicinal potential has not been fully assessed [8].
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Figure 3. An overview of the conservation status of 85 Brachystelma species recorded in South Africa
based on the South African National Biodiversity Institute (SANBI) Red List [21]. CR—Critically rare,
DDD—Data deficient (insufficient information), DDT—Data deficient (taxonomically problematic),
EN—Endangered, EX—Extinct, LC—Least concern, NT—Near threatened, R—Rare, VU—Vulnerable.

7.3. Micropropagation of Brachystelma Species

Globally, plant biotechnology, in particular, micropropagation, has remained valuable
based on its beneficial role in ex situ conservation and the mass production of plants and
plant-based resources [75,79-83]. Conventional methods alone are not sufficient to achieve
optimum yield and production rates, especially in plants such as Brachystelma, which
require long periods of time for bulb maturation [77,84]. The micropropagation process
starts with the selection of appropriate explants till the successful establishment of the
in vitro regenerants under ex vitro conditions [83]. The different stages need to be carefully
implemented to achieve the overall goal of conserving the selected plant species.

Micropropagation attempts for four Brachystelma species have been conducted by
different researchers (Table 6). Even though some degree of success was achieved for
Brachystelma glabrum and Brachystelma ngomense [84,85], the regeneration frequencies for
Brachystelma pulchellum and Brachystelma pygmaeum were quite low [84]. Following the
application of thidiazuron (TDZ) in various combinations with three auxins (indole-3-
acetic acid, IAA; indole-3-butyric acid, IBA; and naphthalene acetic acid, NAA), shoot
proliferation of Brachystelma glabrum was significantly enhanced with the use of TDZ
(1 mg/mL) and NAA (0.5 mg/mL) relative to the control and other treatments [85]. The vital
role of cytokinins was evident with the diverse regeneration and proliferation responses
recorded among the three Brachystelma species [84]. Particularly for shoot proliferation
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of Brachystelma ngomense (a Brachystelma species that is categorised as an endangered
plant), the use of meta-topolin riboside (mTR, 25 uM) was the most effective (producing
an estimated four in vitro shoots) of the three cytokinins tested. On the other hand, BA
(25 pM) and iP (25 pM) were more suitable for the micropropagation of Brachystelma
pygmaeum and Brachystelma pulchellum, respectively. Furthermore, various combinations
(types and concentrations) of cytokinins and auxins were applied for the in vitro flowering
and tuberisation of Brachystelma glabrum [85]. Given the importance of plant growth
regulators (especially cytokinins and auxins) in micropropagation protocols [79,81,86,87],
it is important to continuously explore how the different classes of plant growth regulators
can be used to improve the regeneration of Brachystelma species.

The type of explant used for culture initiation often contributes to the success or failure
of such protocols as well as the determination of the quantity and quality of the in vitro
regenerants [88]. Shoot-tip and nodal parts are the two types of explants currently being
explored for the micropropagation of Brachystelma species (Table 6). For the micropropa-
gation of Brachystelma glabrum, nodal explants were more responsive relative to the shoot
tips [85]. As a means of enhancing the success of acclimatisation of in vitro regenerants,
approaches that stimulant high rooting and survival percentage as well as ex vitro rooting
are crucial final stages of micropropagation protocols [83]. Varying rooting and acclimati-
sation rates were demonstrated for the four evaluated Brachystelma species (Table 6). The
limited survival rate, under ex vitro conditions, for the majority of the Brachystelma species
justifies the need for more research focusing on this important micropropagation step.
The use of biostimulants (e.g., seaweed extract) has been indicated as an economic and
affordable means to potentially enhance the different stages of micropropagation, especially
the acclimatisation phase [89].

Given the high number of factors that affect micropropagation endeavours, further
research aimed at optimising the existing protocols for Brachystelma species remains perti-
nent. In particular, somatic embryogenesis is known to be an efficient approach for plant
regeneration [90,91], and its exploration for Brachystelma species may result in enhanced
regeneration and proliferation.

Table 6. In vitro micropropagation approaches for some Brachystelma species.

. Most Optimal
Species Parameter Tested Explant Media Composition Response Reference
Effect cytokinins (TDZ, .
. . 60% response in the
Brachystelma BA) and auxins ‘(IBA, Shoot tip TDZ + IBA production of [85]
glabrum NAA) on in vitro and nodal acrial tubers
tuberisation
Brachustelma Effect of auxins (TAA, Shoot ti 80% root induction and
Y IB, NAA) on p NAA (0.5mg/L) an average of 5.3 roots/ [85]
glabrum in vitro rootin and nodal icro-shoot
g micro-shoo
Effect of BA with
Brachystelma different auxins Shoot tip 60% of culture produced
glabrum (NAA, IBA) on and nodal BA + NAA (2mg/L) flower buds [85]
in vitro flowering
Effect of different 90% shoot induction and
Brachystelma gy .
labrum cytokinins (BA, KIN, Shoot tip TDZ (1 mg/L) an average of 4.7 shoots/ [85]
8 TDZ) on shoot induction shoot-tip explant
Brachystelma Effect of different 102432};102:/2:;: 2? )
glabrum cytokinins (BA, KIN, Nodal TDZ (1 mg/L) 5.5 shoots/ [85]

TDZ) on shoot induction

nodal explants
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Table 6. Cont.

. Most Optimal
Species Parameter Tested Explant Media Composition Response Reference
85% shoot induction and
Effect of TDZ (1 mg/L) 10 61%22?;;158;0‘2_&
Brachystelma with different auxins Shoot tip TDZ + NAA .x lant 90% sh tp [85]
glabrum (IAA,IBA, NAA) on and nodal (0.5mg/L) | oxpan o Shoo
shoot proliferation induction and an average
of 11.4 shoots/
nodal explants
Effect of auxin (IBA) on Survival rate: 42%
B’:ngg’i?a ex vitro rooting and Nodal i?s(iringf{)? ;]ﬁn (4 weeks) and 5% [84]
8 acclimatisation b & (10 weeks)
Effect of cytokinins (BA,
Brachystelma iP mTR) on shoot Nodal TR (25 M) Average of 4.4 shoots/ [84]
ngomense . . nodal explant
proliferation
Brachystelma Effect .of auxin (IBA) on 100 mg/L TBA Survival rate: 350/0
ulchellum ex vitro rooting and Nodal pulsing for 3 min (4 weeks) and 0% [84]
P acclimatisation (10 weeks)
Effect of cytokinins (BA,
Brachystelma iP mTR) on shoot Nodal iP (25 uM) Average of 2.04 shoots/ [84]
pulchellum . . nodal explant
proliferation
Effect of auxin (IBA) on Survival rate: 30%
Bmciigzgza ex vitro rooting and Nodal i?s(iringf{)? ;]ﬁn (4 weeks) and 3% [84]
Pyg acclimatisation P & (10 weeks)
Effect of cytokinins (BA,
Brachystelma iP mTR) on shoot Nodal BA (25 1iM) Average of 2.57 shoots/ [84]
pygmaeum : : nodal ex-plant
proliferation
Effect of pulse dipping
of IBA (100 mg/L) for . Survival rate: 5% for the
. L Similar response was .
Brachystelma different time intervals Nodal bserved across all three-time internal, [84]
pygmaeum (3,12 and 21 min) on ex © ObSErved across whereas control had

vitro rooting and
acclimatisation

treatments.

no survival

BA = N6-benzyladenine, IAA = indole-3-acetic acid, IBA = indole-3-butyric acid, iP = isopentenyladenine,
KIN = kinetin, TDZ = thidiazuron, mTR = meta-topolin riboside, NAA = a-naphthalene acetic acid.

8. Conclusions

The current review highlights the ethnobotanical value of several Brachystelma species
among different ethnic groups. The majority of these species are highly prized for their
value as food and medicine. As indicated by Dyer [15], Brachystelma tubers might well
make the difference between life and death for anyone cut off from their normal food and
water supply. Therefore, the establishment of a modern cultivation technique would be
useful as a means of the long-term conservation of these potential lifesavers. Currently,
there is limited evidence on the biological efficacies of many Brachystelma species. Extracts
from four Brachystelma species have been evaluated for AChE inhibition and antioxidant
activities, and a few isolated compounds from Brachystelma togoense were assessed for
antimicrobial effects. It is important to study their phytochemistry and pharmacological
profile to scientifically support and secure the existing ethnobotanical uses. The lack of
scientific research on this group is no reflection on their low significance. The scarcity of
information could be attributed to the plant size and the areas in which they occur, i.e., in
the vicinity of rural areas. Studies conducted on the phytochemistry of Brachystelma have
only been able to detect the presence of a few important compounds but have not subjected
them to rigorous scientific evaluation. Further exploration of the potential of Brachystelma
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species may require the development of rapid and efficient propagation protocols that
guarantee the availability of sufficient plant materials and ensure their sustainability.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/horticulturae8020122/s1, Table S1: List of Brachystelma species in
South Africa based on the South African National Biodiversity Institute (SANBI) Red List (http://
redlist.sanbi.org/genus.php?genus=2640, accessed on 18 January 2022). CR—Ceritically rare, CR PE—
Critically Endangered, Possibly Extinct, DDD—Data deficient (insufficient information), DDT—Data
deficient (taxonomically problematic), EN—Endangered, EX—Extinct, LC—Least concern, NT—Near
threatened, R—Rare, VU—Vulnerable.

Author Contributions: Conceptualisation, A.O.A. and N.P.H.; methodology, A.O.A. and N.PH,;
investigation, A.O.A. and N.P.H.; resources J.V.S. and J.EE,; writing—original draft preparation,
A.O.A. and N.PH.; writing—review and editing, ].V.S. and ].EE,; supervision, ].V.S. and J.EE,; funding
acquisition, A.O.A., J.V.S. and J.EF. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the National Research Foundation (UID 138253) Pretoria,
South Africa. The APC was funded by the Faculty of Natural and Agricultural Sciences, North-West
University, Mmabatho, South Africa.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: All the data related to the current review has been included in the
article and as Supplementary Data.

Acknowledgments: We thank Adam Shuttleworth for sharing the photographs used in this review.
The University of KwaZulu-Natal (UKZN) and North-West University (NWU), South Africa, are
appreciated for providing institutional support.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript,
or in the decision to publish the results.

References

1.  Meve, U.; Heiduk, A.; Liede-schumann, S. Origin and early evolution of Ceropegieae (Apocynaceae-Asclepiadoideae). Syst.
Biodivers. 2017, 15, 143-155. [CrossRef]

2. Murthy, K.S.R. Traditional uses, pharmacognostic, phytochemical, pharmacological, and in vitro propagation studies in Brachys-
telma species. In Monograph on Brachystelma and Ceropegia in India; Pullaiah, T., Karuppusamy, S., Murthy, K.S.R., Eds.; CRC Press:
Boca Raton, FL, USA, 2019; pp. 81-95.

3. Bruyns, P.V; Klak, C.; Hanééek, P. Recent radiation of Brachystelma and Ceropegia (Apocynaceae) across the Old World against a
background of climatic change. Mol. Phylogenet. Evol. 2015, 90, 49-66. [CrossRef] [PubMed]

4. Bruyns, P. Ceropegia, Brachystelma and Tenaris in South West Africa. Dinteria 1984, 1984, 3-80.

5. Bruyns, P. A new species of Brachystelma (Apocynaceae) from South Tropical Africa. Novon A J. Bot. Nomencl. 2006, 16, 452—453.
[CrossRef]

6.  Bruyns, P.V. Three new species of genus Brachystelma (Apocynaceae, Asclepiadoideae, Ceropegieae) from South Tropical and
Southern Africa. Novon A J. Bot. Nomencl. 2009, 19, 18-22. [CrossRef]

7.  Bruyns, PV, Klak, C.; Handaéek, P. A revised, phylogenetically-based concept of Ceropegia (Apocynaceae). S. Afr. |. Bot. 2017, 112,
399-436. [CrossRef]

8. Hlophe, N.P. Micropropagation of Three Brachystelma Species and Investigations of their Phytochemical Content and Antioxidant
Activity. Master’s Dissertation, University of KwaZulu-Natal, Pietermaritzburg, South Africa, 2017.

9.  Peckover, R. Taxonomic questions within the genus Brachystelma: A few examples. Aloe 1993, 30, 114.

10. Masinde, P.S. A revision of Brachystelma Sims (Apocynaceae: Asclepiadoideae-Ceropegieae) in East Africa. Kew Bull. 2007, 62,
37-84.

11.  Van Wyk, B.E. A family-level floristic inventory and analysis of medicinal plants used in Traditional African Medicine. J. Ethnophar-
macol. 2020, 249, 112351. [CrossRef]

12. Welcome, A.K.; Van Wyk, B.E. An inventory and analysis of the food plants of southern Africa. S. Afr. |. Bot. 2019, 122, 136-179.

[CrossRef]


https://www.mdpi.com/article/10.3390/horticulturae8020122/s1
https://www.mdpi.com/article/10.3390/horticulturae8020122/s1
http://redlist.sanbi.org/genus.php?genus=2640
http://redlist.sanbi.org/genus.php?genus=2640
http://doi.org/10.1080/14772000.2016.1238019
http://doi.org/10.1016/j.ympev.2015.04.015
http://www.ncbi.nlm.nih.gov/pubmed/25936914
http://doi.org/10.3417/1055-3177(2006)16[452:ANSOBA]2.0.CO;2
http://doi.org/10.3417/2007128
http://doi.org/10.1016/j.sajb.2017.06.021
http://doi.org/10.1016/j.jep.2019.112351
http://doi.org/10.1016/j.sajb.2018.11.003

Horticulturae 2022, 8, 122 18 of 20

13.
14.
15.
16.
17.
18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.
29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.
43.

44.

45.

Wong, SK,; Lim, Y.Y.,; Abdullah, N.R.; Nordin, EJ. Assessment of antiproliferative and antiplasmodial activities of five selected
Apocynaceae species. BMC Compl. Altern. Med. 2011, 11, 3. [CrossRef] [PubMed]

Omino, E.A.; Kokwaro, J.O. Ethnobotany of Apocynaceae species in Kenya. J. Ethnopharmacol. 1993, 40, 167-180. [CrossRef]
Dyer, R.A. Ceropegia, Brachystelma and Riocreuxia in Southern Africa; AA Balkema: Rotterdam, The Netherlands, 1983.

Venu, P; Prasad, K. The existential crisis in Indian Brachystelma (Apocynaceae). Curr. Sci. 2015, 109, 680-682.

Singh, A.K. Probable agricultural biodiversity heritage sites in India: XI. The upper Gangetic Plains region. Asian Agri-Hist. 2012,
16,21-44.

Prasad, K.; Prasanna, P.V.; Meve, U.; Rao, M.S.; Thulasaiah, T. Brachystelma annamacharyae sp. nov. (Apocynaceae) from the
Seshachalam hills of Andhra Pradesh (India). Nord. ]. Bot. 2016, 34, 360-363. [CrossRef]

Dzerefos, C.M.; Witkowski, E.T.F,; Kremer-Kohne, S. Aiming for the biodiversity target with the social welfare arrow: Medicinal
and other useful plants from a critically endangered grassland ecosystem in Limpopo Province, South Africa. Int. ]. Sustain. Dev.
World Ecol. 2017, 24, 52—-64. [CrossRef]

Rajakullayiswamy, K.; Sandhyarani, S.; Karuppusamy, S.; Pullaiah, T. The rediscovery of Brachystelma volubile (Apocynaceae—
Asclepiadoideae). Rheedea 2012, 22, 107-110.

SANBI. South African National Biodiversity Institute (SANBI). List of SA Red Data Listed Species. Available online: http:/ /www.
sanbi.org/index.php?option=com_docmané&task=documentdetails&id=43 (accessed on 18 January 2022).

Rivera, D.; Allkin, R.; Obén, C.; Alcaraz, F.; Verpoorte, R.; Heinrich, M. What is in a name? The need for accurate scientific
nomenclature for plants. J. Ethnopharmacol. 2014, 152, 393-402. [CrossRef]

Kambale, S.S.; Surveswaran, S.; Yadav, S.R. Two new species of Brachystelma Sims (Apocynaceae: Asclepiadoideae-Ceropegieae)
from the Western Ghats of India. Kew Bull. 2014, 69, 9493. [CrossRef]

Prasad, K.; Rao, B.R.P. Brachystelma nallamalayana sp. Nov. (Apocynaceae: Asclepiadoideae: Ceropegieae) from India. J. Threat.
Taxa 2014, 5, 4904-4906. [CrossRef]

Peckover, R.G. An additional distribution range for the rare Ceropegia macmasteri and Brachystelma cathcartense in the Eastern
Cape, South Africa. CactusWorld 2017, 35, 171-175.

Prasad, K.; Venu, P. Rediscovery and notes on Brachystelma maculatum (Apocynaceae). Rheedea 2018, 28, 73-77. [CrossRef]
Rajaram, M.S.; Rathod, J.; Dilip, V. Pharmacognostical studies on the tuber of Brachystelma edulis Coll. and Helmsl.-an endemic to
Peninsular, India. World J. Pharm. Pharm. Sci. 2014, 3, 1958-1965.

Choopan, T. Vascular plants in Petrified Forest Park, Ban Tak District, Tak Province. Burapha Sci. ]. 2019, 24, 170-189.

Chuakul, W.; Boonpleng, A. Survey on medicinal plants in Ubon Ratchathani province (Thailand). Thai |. Phytopharm. 2004, 11,
33-54.

Maxwell, J.F. Vegetation and vascular flora of the Mekong River, Kratie and Steung Treng Provinces, Cambodia. Maejo Int. ]. Sci.
Technol. 2009, 3, 143-211.

Fox, EW.; Young, M.E.N. Food from the Veld: Edible Wild Plants of Southern Africa Botanically Identified and Described; Delta Books:
Johannesburg, South Africa, 1982.

Leffers, A. Gemsbok Bean & Kalahari Truffle: Traditional Plant Use by Jul’hoansi in North-Eastern Namibia; Gamsberg Macmillan:
Pretoria, South Africa, 2003.

Moteetee, A.; van Wyk, B.-E. Sesotho names for exotic and indigenous edible plants in southern Africa. Bothalia 2006, 36, 8.
[CrossRef]

Smith, C.A. Common names of South African plants. In Memoirs of the Botanical Survey of South Africa 35; Department of
Agricultural Technical Services: Pretoria, South Africa, 1966.

Von Koenen, E. Medicinal, Poisonous, and Edible Plants in Namibia; Klaus Hess: Pretoria, South Africa, 2001.

Wehmeyer, A. Edible wild plants of southern Africa: Data on the nutrient contents of over 300 species. In CSIR Report; CSIR,
National Food Research Institute: Pretoria, South Africa, August 1986; p. 46.

Guillarmod, A.]. Flora of Lesotho (Basutoland); Verlag von Cramer: Lehre, Germany, 1971.

Ogle, B.M.; Grivetti, L.E. Legacy of the chameleon: Edible wild plants in the Kindom of Swaziland, Southern Africa. A cultural,
ecological, nutritional study. Part I—Demographics, species availability and dietary use, analysis by ecological zone. Ecol. Food
Nutr. 1985, 17, 1-30. [CrossRef]

Smith, N.M. Ethnobotanical field notes from the northern territory, Australia. ]. Adel. Bot. Gard. 1991, 14, 1-65.

Pare, D.; Hilou, A.; Ouedraogo, N.; Guenne, S. Ethnobotanical study of medicinal plants used as anti-obesity remedies in the
nomad and hunter communities of Burkina Faso. Medicines 2016, 3, 9. [CrossRef]

Youngblood, D. Identification and quantification of edible plant foods in the Upper (Nama) Karoo, South Africa. Econ. Bot. 2004,
58, 543-565. [CrossRef]

Moteetee, A.; Van Wyk, B.E. The medical ethnobotany of Lesotho: A review. Bothalia 2011, 41, 209-228. [CrossRef]

Ekalu, A.; Ayo, R.; Habila, ].D.; Hamisu, I. Phaeophytin and triterpenoids from Brachystelma togoense Schltr, a Nigerian medicinal
herb. Asian J. Chem. Sci. 2019, 6, 1-5. [CrossRef]

Ekalu, A.; Ayo, R.G.-O.; Habila, ].D.; Hamisu, I. A bioactive (2R, 3R)-dihydroflavonol-3-O-«-L-thamnoside from Bracystelma
togoense Schtlr. Nat. Appl. Sci. . 2019, 11, 32-38.

More, S.R.; Jadhav, V. Pharmacognostic and phytochemical analysis of leaves of Brachystelma edulis Coll. and Helmsl. World ].
Pharm. Pharm. Sci. 2015, 5, 963-970.


http://doi.org/10.1186/1472-6882-11-3
http://www.ncbi.nlm.nih.gov/pubmed/21232161
http://doi.org/10.1016/0378-8741(93)90065-D
http://doi.org/10.1111/njb.00887
http://doi.org/10.1080/13504509.2016.1174963
http://www.sanbi.org/index.php?option=com_docman&task=documentdetails&id=43
http://www.sanbi.org/index.php?option=com_docman&task=documentdetails&id=43
http://doi.org/10.1016/j.jep.2013.12.022
http://doi.org/10.1007/s12225-014-9493-1
http://doi.org/10.11609/JoTT.o3533.4904-6
http://doi.org/10.22244/rheedea.2018.28.2.14
http://doi.org/10.4102/abc.v36i1.328
http://doi.org/10.1080/03670244.1985.9990879
http://doi.org/10.3390/medicines3020009
http://doi.org/10.1663/0013-0001(2004)58[S43:IAQOEP]2.0.CO;2
http://doi.org/10.4102/abc.v41i1.52
http://doi.org/10.9734/ajocs/2019/v6i118990

Horticulturae 2022, 8, 122 19 of 20

46.
47.

48.
49.
50.
51.
52.
53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.
66.

67.

68.

69.

70.

71.

72.
73.

74.

75.

76.

Deshmukh, S.; Rathod, V. Nutritional evaluation of some wild edible tuberous plants. Asian J. Pharm. Clin. Res. 2013, 6, 58-60.
Heinrich, M.; Ankli, A.; Frei, B.; Weimann, C.; Sticher, O. Medicinal plants in Mexico: Healers’ consensus and cultural importance.
Soc. Sci. Med. 1998, 47, 1859-1871. [CrossRef]

Campbell, A. The use of wild food plants, and drought in Botswana. J. Arid Environ. 1986, 11, 81-91. [CrossRef]

Mogg, A.O.D. Important Plants of Sterkfontein: An Illustrated Guide; University of the Witwatersrand: Johannesburg, South Africa, 1975.
Belem, M.; Nabaloum, M.; Yameogo, J. Strategy of conservation and protection of wild edible plants diversity in Burkina Faso.
ANADOLU Ege Tarimsal Aragtirma Enstitiisii Derg. 2017, 27, 82-90.

Dlamini, B. Swaziland Flora: Their Local Names and Uses; Ministry of Agriculture and Cooperatives, Forestry Section:
Mbabane, Swaziland, 1981.

Sadasivaiah, B.; Rao, B.R.P. Tribe: Ceropegieae (Apocynaceae, Asclepidoideae) in Eastern Ghats of Andhra Pradesh, India.
Multidiscip. Approaches Angiosperm Syst. Publ. Cell Univ. Kalayni West Bengal India 2012, 1, 86-94.

Rao, B.R.P; Prasad, K.; Sadasivaiah, B.; Basha, S.K.; Babu, M.S.; Prasanna, P. A new species of Brachystelma R. Br.(Apocynaceae:
Asclepiadoideae-Ceropegieae) from India. Taiwania 2011, 56, 223-226.

Chivandi, E.; Mukonowenzou, N.; Nyakudya, T.; Erlwanger, K.H. Potential of indigenous fruit-bearing trees to curb malnutrition,
improve household food security, income and community health in Sub-Saharan Africa: A review. Food Res. Int. 2015, 76, 980-985.
[CrossRef]

Ogle, B.M.; Grivetti, L.E. Legacy of the chameleon: Edible wild plants in the kingdom of Swaziland, Southern Africa. A cultural,
ecological, nutritional study. Part IV—Nutritional analysis and conclusions. Ecol. Food Nutr. 1985, 17, 41-64. [CrossRef]
Titchenal, C.A.; Dobbs, J. Nutritional value of vegetables. In Handbook of Food Science, Technology, and Engineering; Hui, YH., Ed,;
CRC Taylor and Francis: Boca Raton, FL, USA, 2006; Volume 1, pp. 23-38.

Uusiku, N.P; Oelofse, A.; Duodu, K.G.; Bester, M.].; Faber, M. Nutritional value of leafy vegetables of sub-Saharan Africa and
their potential contribution to human health: A review. J. Food Compos. Anal. 2010, 23, 499-509. [CrossRef]

More, S.R.; Jadhav, V. Pharmacognostic and phytochemical investigations of Brachystelma naorojii. World |. Pharm. Pharm. Sci.
2017, 6, 924-934.

Aremu, A.O.; Moyo, M. Health benefits and biological activities of spiny monkey orange (Strychnos spinosa Lam.): An African
indigenous fruit tree. J. Ethnopharmacol. 2022, 283, 114704. [CrossRef]

Van Wyk, B.E. The potential of South African plants in the development of new food and beverage products. S. Afr. J. Bot. 2011,
77,857-868. [CrossRef]

Wansi, ].D.; Devkota, K.P,; Tshikalange, E.; Kuete, V. Alkaloids from the medicinal plants of Africa. In Medicinal Plant Research in
Africa; Kuete, V., Ed.; Elsevier: Oxford, UK, 2013; pp. 557-605. [CrossRef]

Pare, D.; Hilou, A.; Yabre, S.; Sombie, N.E.; Guenne, S.; Traoré, A.; Nacoulma, O.G. Phytochemical study and evaluation of the
biological activity of anorectic plants used in the Seno province (Burkina Faso). J. Sci. Res. Rep. 2019, 23, 1-13. [CrossRef]
Hlophe, N.P.; Aremu, A.O.; Gruz, J.; Van Staden, J.; Finnie, J.F. Influence of different cytokinins on the phenolic acids and
antioxidant activity of two Brachystelma species. Plant Cell Tiss. Organ. Cult. 2021, 145, 689-699. [CrossRef]

Herrmann, K.; Nagel, C.W. Occurrence and content of hydroxycinnamic and hydroxybenzoic acid compounds in foods. Crit. Rev.
Food Sci. Nutr. 1989, 28, 315-347. [CrossRef]

Giilgin, I. Antioxidant activity of food constituents: An overview. Arch. Toxicol. 2012, 86, 345-391. [CrossRef] [PubMed]
Stintzing, F.C.; Kammerer, D.; Schieber, A.; Adama, H.; Nacoulma, O.G.; Carle, R. Betacyanins and phenolic compounds from
Amaranthus spinosus L. and Boerhavia erecta L. Z. Fiir Nat. C 2004, 59, 1-8. [CrossRef] [PubMed]

Hilou, A.; Millogo-Rasolodimby, J.; Nacoulma, O.G. Betacyanins are the most relevant antioxidant molecules of Amaranthus
spinosus and Boerhavia erecta. ]. Med. Plants Res. 2013, 7, 645-652.

Patil, K.S; Bhalsing, S.R. Ethnomedicinal uses, phytochemistry and pharmacological properties of the genus Boerhavia. |. Ethnopharmacol.
2016, 182, 200-220. [CrossRef] [PubMed]

Atanasov, A.G.; Waltenberger, B.; Pferschy-Wenzig, E.-M.; Linder, T.; Wawrosch, C.; Uhrin, P.; Temml, V.; Wang, L.; Schwaiger, S.;
Heiss, E.H.; et al. Discovery and resupply of pharmacologically active plant-derived natural products: A review. Biotechnol. Adv.
2015, 33, 1582-1614. [CrossRef] [PubMed]

Giilcin, I.; Elmastas, M.; Aboul-Enein, H.Y. Determination of antioxidant and radical scavenging activity of Basil (Ocimum basilicum L.
Family Lamiaceae) assayed by different methodologies. Phytother. Res. 2007, 21, 354-361. [CrossRef] [PubMed]

Van Vuuren, S.; Holl, D. Antimicrobial natural product research: A review from a South African perspective for the years
2009-2016. J. Ethnopharmacol. 2017, 208, 236-252. [CrossRef] [PubMed]

Deshmukh, S.; Jadhav, V. Antioxidant activity of some wild edible tuberous plants. Int. ]. Pharm. 2014, 4, 236-239.

Ekalu, A.; Ayo, R.G.-O.; Habila, ].D.; Hamisu, I. Isolation and microbial screening of 1-methylcyclopentene from Bracystelma
togoense Schtlr. Org. Med. Chem. Int. . 2019, 8, 78-85. [CrossRef]

Ekalu, A.; Ayo, R.G.-O.; Habila, ].; Hamisu, I. Bioactivity of phaeophytin A, a-amyrin and lupeol from Brachystelma togoense
Schltr. J. Turk. Chem. Soc. Sect. A Chem. 2019, 6, 411-418. [CrossRef]

Chavan, J.J.; Gaikwad, N.B.; Dixit, G.B.; Yadav, S.R.; Bapat, V.A. Biotechnological interventions for propagation, conservation and
improvement of ‘Lantern Flowers’ (Ceropegia spp.). S. Afr. J. Bot. 2018, 114, 192-216. [CrossRef]

Adnan, M.; Jan, S.; Mussarat, S.; Tariq, A.; Begum, S.; Afroz, A.; Shinwari, Z.K. A review on ethnobotany, phytochemistry and
pharmacology of plant genus Caralluma R. Br. ]. Pharm. Pharmacol. 2014, 66, 1351-1368. [CrossRef] [PubMed]


http://doi.org/10.1016/S0277-9536(98)00181-6
http://doi.org/10.1016/S0140-1963(18)31312-0
http://doi.org/10.1016/j.foodres.2015.06.015
http://doi.org/10.1080/03670244.1985.9990881
http://doi.org/10.1016/j.jfca.2010.05.002
http://doi.org/10.1016/j.jep.2021.114704
http://doi.org/10.1016/j.sajb.2011.08.003
http://doi.org/10.1016/B978-0-12-405927-6.00014-X
http://doi.org/10.9734/jsrr/2019/v23i430125
http://doi.org/10.1007/s11240-021-02038-x
http://doi.org/10.1080/10408398909527504
http://doi.org/10.1007/s00204-011-0774-2
http://www.ncbi.nlm.nih.gov/pubmed/22102161
http://doi.org/10.1515/znc-2004-1-201
http://www.ncbi.nlm.nih.gov/pubmed/15018042
http://doi.org/10.1016/j.jep.2016.01.042
http://www.ncbi.nlm.nih.gov/pubmed/26844923
http://doi.org/10.1016/j.biotechadv.2015.08.001
http://www.ncbi.nlm.nih.gov/pubmed/26281720
http://doi.org/10.1002/ptr.2069
http://www.ncbi.nlm.nih.gov/pubmed/17221941
http://doi.org/10.1016/j.jep.2017.07.011
http://www.ncbi.nlm.nih.gov/pubmed/28694104
http://doi.org/10.19080/OMCIJ.2019.08.555740
http://doi.org/10.18596/jotcsa.571770
http://doi.org/10.1016/j.sajb.2017.10.021
http://doi.org/10.1111/jphp.12265
http://www.ncbi.nlm.nih.gov/pubmed/24780055

Horticulturae 2022, 8, 122 20 of 20

77.

78.

79.

80.
81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Muthukrishnan, S.; Franklin Benjamin, J.H.; Sathishkannan, G.; Senthil Kumar, T.; Rao, M. V. In vitro propagation of genus
Ceropegia and retrosynthesis of cerpegin—A review. Int. J. Pharm. Sci. Rev. Res. 2013, 46, 315-330. [CrossRef]

Wyatt, R.; Broyles, S.B.; Lipow, S.R. Pollen-ovule ratios in milkweeds (Asclepiadaceae): An exception that probes the rule. Syst.
Bot. 2000, 25, 171-180. [CrossRef]

Moyo, M.; Bairu, M.W.; Amoo, S.O.; Van Staden, J. Plant biotechnology in South Africa: Micropropagation research endeavours,
prospects and challenges. S. Afr. J. Bot. 2011, 77, 996-1011. [CrossRef]

Pathak, M.R.; Abido, M.S. The role of biotechnology in the conservation of biodiversity. J. Exp. Biol. Agric. Sci. 2014, 2, 352-363.
Aremu, A.O.; Bairu, M.W,; Dolezal, K,; Finnie, ].F,; Van Staden, J. Topolins: A panacea to plant tissue culture challenges? Plant
Cell Tissue Organ. Cult. 2012, 108, 1-16. [CrossRef]

Cruz-Cruz, C.A.; Gonzélez-Arnao, M.T.; Engelmann, F. Biotechnology and Conservation of Plant Biodiversity. Resources 2013, 2,
73-95. [CrossRef]

Singh, A. Micropropagation of Plants. In Plant Biology and Biotechnology: Volume II: Plant Genomics and Biotechnology; Bahadur, B.,
Venkat Rajam, M., Sahijram, L., Krishnamurthy, K.V., Eds.; Springer: New Delhi, India, 2015; pp. 329-346. [CrossRef]

Hlophe, N.P.; Aremu, A.O.; Dolezal, K.; Van Staden, J.; Finnie, J.F. Cytokinin-facilitated plant regeneration of three Brachystelma
species with different conservation status. Plants 2020, 9, 1657. [CrossRef]

Revathi Lakshmi, S.; Parthibhan, S.; Ahamed Sherif, N.; Senthil Kumar, T.; Rao, M.V. Micropropagation, in vitro flowering, and
tuberization in Brachystelma glabrum Hook.f., an endemic species. Vitr. Cell. Dev. Biol.-Plant 2017, 53, 64-72. [CrossRef]

Aremu, A.O.; Fawole, O.A.; Makunga, N.P.; Masondo, N.A.; Moyo, M.; Buthelezi, N.M.D.; Amoo, S.O.; Spichal, L.; Dolezal, K.
Applications of cytokinins in horticultural fruit crops: Trends and future prospects. Biomolecules 2020, 10, 1222. [CrossRef]
[PubMed]

Aremu, A.O.; Dolezal, K.; Van Staden, J. New cytokinin-like compounds as a tool to improve rooting and establishment of
micropropagated plantlets. In Proceedings of the 2017: International Society for Horticultural Science (ISHS), Leuven, Belgium,
Bolzona, Italy, 27-30 June 2017; pp. 497-504.

Masondo, N.A.; Aremu, A.O; Finnie, J.E; Van Staden, J. Growth and phytochemical levels in micropropagated Eucomis autumnalis
subspecies autumnalis using different gelling agents, explant source, and plant growth regulators. Vitr. Cell. Dev. Biol.-Plant 2015,
51,102-110. [CrossRef]

Carmo, L.P.; Wallace do Nascimento Moura, C.; Lima-Brito, A. Effects of seaweed extracts on the in vitro multiplication of plants.
In Biostimulants for Crops from Seed Germination to Plant Development; Gupta, S., Van Staden, J., Eds.; Academic Press: London, UK,
2021; pp. 211-230. [CrossRef]

Meéndez-Hernandez, H.A.; Ledezma-Rodriguez, M.; Avilez-Montalvo, R.N.; Juarez-Gémez, Y.L.; Skeete, A.; Avilez-Montalvo, J.;
De-la-Pefia, C.; Loyola-Vargas, V.M. Signaling overview of plant somatic embryogenesis. Front. Plant Sci. 2019, 10, 77. [CrossRef]
[PubMed]

Sahijram, L.; Bahadur, B. Somatic embryogenesis. In Plant Biology and Biotechnology: Volume II: Plant Genomics and Biotechnology;
Bahadur, B., Venkat Rajam, M., Sahijram, L., Krishnamurthy, K.V., Eds.; Springer: New Delhi, India, 2015; pp. 315-327. [CrossRef]


http://doi.org/10.1002/chin.201503265
http://doi.org/10.2307/2666636
http://doi.org/10.1016/j.sajb.2011.06.003
http://doi.org/10.1007/s11240-011-0007-7
http://doi.org/10.3390/resources2020073
http://doi.org/10.1007/978-81-322-2283-5_16
http://doi.org/10.3390/plants9121657
http://doi.org/10.1007/s11627-017-9803-z
http://doi.org/10.3390/biom10091222
http://www.ncbi.nlm.nih.gov/pubmed/32842660
http://doi.org/10.1007/s11627-014-9646-9
http://doi.org/10.1016/B978-0-12-823048-0.00016-2
http://doi.org/10.3389/fpls.2019.00077
http://www.ncbi.nlm.nih.gov/pubmed/30792725
http://doi.org/10.1007/978-81-322-2283-5_15

	Introduction 
	Methods 
	Distribution and Botanical Description of Brachystelma Species 
	Distribution of Brachystelma Species 
	Overview of Botanical Aspects of Brachystelma Species 
	Taxonomy of Brachystelma Species 

	Ethnobotanical Applications of Brachystelma Species 
	Uses as Food and for Nutritional Needs 
	Applications as Herbal Medicine 

	Nutritional and Phytochemical Aspects 
	Nutritional Composition of Brachystelma Species 
	Phytochemical Profile of Brachystelma Species 

	Biological Activities of Brachystelma Species Extracts and Isolated Compounds 
	Conservation Status of Brachystelma Species and Sustainability 
	Conservation Status of Brachystelma Species 
	Propagation of Brachystelma Species 
	Micropropagation of Brachystelma Species 

	Conclusions 
	References

