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ABSTRACT 

Due to limited access to, and the high cost of conventional veterinary services, Batswana communities often rely on ethnoveterinary 
practices for livestock health management. This review provides an in-depth analysis on the ethnoveterinary uses, biological 
properties and safety assessment of plants utilised in livestock husbandry. A systematic literature search was conducted using 
scientific databases, focusing on articles published from 1997 to 2024. After generating the inventory of plants with ethnoveterinary 
data, further search was conducted to assess the documented biological activities, safety, and phytochemicals for the recorded 
plants. A total of 116 plants were documented as remedies for managing nine livestock conditions. The most cited health conditions 
were retained placenta (81 citations), diarrhoea (65), and wounds (44). The most prominent plants were Senna italica (10 citations), 
Terminalia sericea (8 citations), and Ziziphus mucronata (8 citations). Approximately 52% of the 116 plants with ethnoveterinary 
records have empirical data on their biological effect, safety, and phytochemicals. Antimicrobial screening was the most common 
assay conducted (36%), which dominantly used microbial strains such as Staphylococcus spp., Pseudomonas aeruginosa, and 
Escherichia coli . We established the vital role of ethnoveterinary practices in Batswana livestock management and the potential of 
plants in sustainable veterinary care. 
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 Introduction 

lobally, livestock such as cattle, goats, sheep, chickens, and
orses play crucial roles in human life by providing food, gen-
rating income, and supplying materials, while also symbolising
ealth, and are linked to social standing and cultural her-
tage. Additionally, they contribute to tourism and employment
pportunities [ 1–3 ]. Livestock husbandry is an integral part of
he livelihoods of Batswana communities in southern Africa,
roviding economic support and cultural significance [ 4, 5 ].
he Batswana are part of the Bantu-speaking people and found
cross several countries in southern Africa [ 6, 7 ]. Archaeological
vidence suggests that livestock rearing took place from the later
tone Age in southern Africa [ 8 ], with historical link to east Africa
 9 ]. Livestock have always been significant to the Bantu-speaking
gropastoral people of southern Africa, and still in present times,
hey remain important commodities used for wealth transfer and
re valued in some cultures for their connections with ancestors
 10 ]. The Batswana were selected as the focus of this review
ue to their wide geographical distribution across southern
frica, strong livestock-based livelihoods, and well-documented
eliance on ethnoveterinary medicine [ 11 ]. Despite this, existing
nowledge remains fragmented, necessitating a consolidated and
ritical synthesis. Livestock contribute greatly to food security in
ural communities, provide invaluable ecological services, and
re also used in traditional rituals [ 12 ]. 

owever, limited access to conventional veterinary services,
oupled with their high cost, has led to the widespread reliance
n traditional methods for managing livestock health [ 13 ]. These
ethods, deeply rooted in indigenous knowledge systems, often
nvolve the use of plant-based remedies to manage a variety
f livestock ailments [ 14 ]. Plant-based remedies have long been
ecognised as an affordable and sustainable alternative to con-
entional veterinary medicine [ 15 ]. Among the Batswana, these
emedies are employed to manage conditions ranging from repro-
uctive disorders and gastrointestinal problems to respiratory
nfections and wounds. 

eterinary phytomedicine has long been practiced by indigenous
ommunities worldwide. In sub-Saharan Africa, its effectiveness
as largely been based on oral traditions and practical use
ather than formal documentation [ 16 ]. In contrast, other regions
uch as India have preserved records of traditional veterinary
edicine in Ayurvedic texts [ 17 ]. These remedies are believed
o have developed through trial and error or by observing
nimal self-medication [ 17 ]. Many medicinal plants used in
raditional veterinary practices contain bioactive compounds
ith antimicrobial, antioxidant, anti-inflammatory, and anti-
arasitic properties, making them valuable for treating infections,
ounds, and other livestock health issues [ 18 ]. Southern Africa,
hich is recognised as a biodiversity hotspot, harbors numerous
lant species with potential for veterinary applications [ 19, 20 ].
he secondary metabolites in these plants contribute to animal
ealth and provide a cost-effective alternative to synthetic drugs.
hey also help address critical challenges such as antimicrobial
esistance and drug residues in animal products [ 21, 22 ]. Despite
he widespread use and cultural significance of these remedies,
cientific documentation and validation/valorisation of their
fficacy remain sparse [ 23, 24 ]. 
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Furthermore, understanding the pharmacological properties of
these plants presents an opportunity to develop affordable and
accessible veterinary products with proven efficacy and safety
[ 25 ]. The current review entails an appraisal of the existing eth-
noveterinary knowledge, biological activities, and phytochemical
profile of plants used for managing livestock health among the
Batswana in southern Africa. By highlighting the strengths and
gaps in the current knowledge, the review aims to contribute to
the increasing body of evidence supporting sustainable livestock
management practices in southern Africa. Additionally, it iden-
tifies opportunities for future research into the pharmacological
potential of traditional remedies, emphasising the importance
of preserving, valorising, and integrating indigenous knowledge
into contemporary veterinary medicine. 

2 Methods 

The review is based on published ethnoveterinary studies con-
ducted amongst Batswana communities from January 1997 to
June 2024. The systematic review is structured according to
PRISMA guidelines [ 26 ]. Electronic databases such as Google
Scholar, ScienceDirect, and Scopus were used to search for
literature. Furthermore, published literature from dissertations,
theses, and ethnobotanical books retrieved from the North-West
University online repositories were used in the review. Diverse
keywords and phrases were used to access eligible articles.
These included “medicinal plants for livestock, livestock health
management, Batswana, indigenous knowledge, livestock man-
agement, southern Africa, and ethnoveterinary practices”. The
Boolean operators of ‘AND’ and ‘OR’ were included to extend the
search. Bibliographies of selected articles were also examined to
identify further references that might have been omitted from the
initial searches. The articles included in this review focused on
Batswana communities in southern Africa and explicitly reported
the use of ethnoveterinary medicine in managing livestock health
care. The collected information included Latin and local names of
the plants, plant parts, diseases or conditions treated, preparation
methods and mode of administration, and the classification of
livestock conditions. Publications were excluded if they focused
on modern or non-plant-based veterinary practices, were con-
ducted outside southern Africa, did not focus on Batswana
communities, or lacked sufficient details on the ethnoveterinary
practices and plant species used. Studies not available in English
were also excluded. All scientific plant names were verified using
the “Plants of the World Online | Kew Science” ( https://powo.
science.kew.org/ ). 

A total of 848 studies were recorded from various scientific
databases (Figure 1 ), which included journal articles, theses,
books, and dissertations on the ethnoveterinary studies con-
ducted across southern Africa from 1997 until June 2024. During
the screening phase, the titles and abstracts of all the articles
were reviewed. A total of 591 duplicate articles were removed
after applying the eligibility criteria. Following an additional
individual screening of the remaining 257 studies, 105 articles
were removed because their abstracts lacked the specified key-
words, the studies focused solely on modern medicines, or did
not explicitly relate to livestock management. A total of 140
articles were also excluded either because they are not available in
Chemistry & Biodiversity, 2026
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FIGURE 1 Flow diagram for selection of articles used for generating inventory of ethnobotanical practices and plant-based remedies for managing 
livestock health conditions among the Batswana in southern Africa. 
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nglish language, did not focus on Batswana, were not related to
thnoveterinary practices, such as those on modern or non-plant-
ased veterinary methods or the studies were conducted outside
outhern Africa, while the remaining 12 studies were eligible
Figure 1 ). 

o assess the biological activity and safety assessment as well as
he phytochemical profiles of plants identified as being used in
atswana ethnoveterinary medicine, a further literature search
uided by the generated plant inventory and using the target
iological activities as search keywords was undertaken. Jour-
als, books and reports that focused on animal health were
onsidered. The literature was searched using specific keywords
n international databases such as Scopus, Web of Science and
cienceDirect. 

 Results and Discussion 

.1 Literature Search Output 

n this review, the eligible studies covered two countries namely
outh Africa and Botswana. In terms of geographical distribu-
ion of the eligible ethnoveterinary studies, there were more
tudies among the Batswana communities in Botswana (58.33%)
ompared to eligible studies in South Africa (41.67%) (Table 1 ).
ollowing a detailed analysis, 72.61% of the documented plants
ere from studies conducted in South Africa while 27.38% of
he plants were from Botswana. Even though more studies were
onducted in Botswana, the ethnoveterinary practices in South
frica contributed a higher portion in terms of diversity of
lant species used for livestock health conditions. This could
e attributed to several factors, such as ecological diversity in
hemistry & Biodiversity, 2026
South Africa contributing to a broader range of medicinal plants,
or more comprehensive documentation of plant species within
South Africa [ 27 ]. 

The types of participants involved in each study has significant
impact on the scope and depth of generated data [ 28 ]. Farm-
ers (63.63%), community members (18.18%), traditional healers
(18.18%), extension officers (9.09%), and knowledgeable elders
(9.09%) provide first-hand knowledge of plant usage in livestock
health (Table 1 ). The expertise of farmers, community members,
extension officers, knowledgeable elders, and traditional healers
is largely derived from years of experience in livestock manage-
ment, where they use traditional practices to address various
health issues [ 29 ]. Such knowledge brings unique perspectives
and practices to the preservation and application of indigenous
health systems in managing livestock health. In many parts of
Africa, these knowledge sources provide practical and accessible
solutions for livestock health, serving as vital resources where
modern veterinary services are lacking or not accessible [ 28 ]. 

Semi-structured questionnaires (50%), rapid Rural Techniques
(20%) and participatory research model (10%) were used to
document the methodological framework of the studies in
South Africa and Botswana (Table 1 ). The combination of
semi-structured questionnaires, rapid rural Appraisal (RRA)
techniques, and participatory research approaches offers a com-
prehensive approach to studying ethnoveterinary practices [ 30–
32 ]. These methods enable researchers to gather in-depth, reliable
data while fostering collaboration and inclusivity with Batswana
communities [ 33 ]. The different methods provide an excellent
opportunity to explore and experiment with various techniques,
facilitating the collection of both qualitative and quantitative
data [ 34 ]. The dual approach allows researchers to address
3 of 64
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ontemporary theoretical issues surrounding the development,
ature, and transmission of ethnobotanical knowledge [ 35 ]. 

.2 Ethnoveterinary Status of Plant Species Used 

y the Batswana to Manage Livestock Health 

onditions 

sing the eligible literature, an analysis on the ethnoveterinary
esearch that focused on the Batswana was conducted. Diverse
spect related to the identified plants and associated indigenous
nowledge and practices are elaborated accordingly. 

.2.1 Diversity of Plant Species With Ethnoveterinary 
ecords 

 total of 116 plant species from 44 families were recorded as being
sed in the management of livestock health conditions in South
frica and Botswana (Table 2 ). Senna italica , Terminalia sericea ,
iziphus mucronata , Peltophorum africanum , Drimia sanguinea ,
nd Aloe ferox were the most cited plant species, representing
7.06% of the generated plant inventory. The plants are reported
o be used as multifunctional medicine for the treatment of
arious livestock diseases, including gastrointestinal infections,
espiratory disorders, wound healing, and ectoparasitic infesta-
ions. These conditions are among the most frequently cited in
thnoveterinary studies, highlighting the broad-spectrum use of
hese plant-based remedies. Additionally, the health benefits of
ome of the most cited ethnoveterinary plant species has been
emonstrated in other African countries such as Cameroon [ 36 ],
amibia [ 37, 38 ], Ethiopia [ 39, 40 ], and Zimbabwe [ 41 ]. The preva-
ence of Aloe species in the disease management of Zimbabwean
oultry (e.g., wounds, diarrhoea, and ectoparasites) was held to be
ndicative of efficacy for the plant [ 42 ]. Geographical distribution,
vailability and health benefits of Aloe species ( Aloe ferox , Aloe
reatheadii , Aloe marlothii , Aloe vera , Aloe zebrina ) in different
frican regions could be the contributing factor in their common
sage for disease management or conditions such as wounds,
onstipation and retained placenta. The dominance of the Aloe
enus illustrates its pharmacological potential, adaptability and
road-spectrum efficacy as the plants are frequently praised for
heir anti-inflammatory, and laxative properties [ 43 ]. The patterns
f findings on species such as Aloe sp. align with the patterns
bserved in South Africa and Botswana, suggesting a shared
eliance on specific taxa across different regions of Africa. The
elatively high citation frequency of other commonly used plants
uch as Senna italica and Terminalia sericea demonstrates their
erceived effectiveness and suggests their broad applicability in
anaging livestock conditions. In terms of popularity, plants with
igh citation frequencies, availability, and versatility in managing
ultiple conditions emerged as key species across the surveyed
egions. About 42% of the recorded plants ( Boophone disticha ,
oscia albitrunca , Croton gratissimus , Entada elephantina , Gom-
hocarpus fruticosus , Grewia flava , Grewia flavescens , Hypoxis
emerocallidea and Vachellia karroo ) were identified as the most
opularly used plants based on their high citation number (3-
), availability and/or uses (2-9) in the management of multiple
ivestock conditions. The high frequency of citation for most
sed plants could indicate their effectiveness in managing diverse
of 64
livestock diseases/conditions, considering that these practices in
indigenous knowledge have often been refined over time. 

3.2.2 Distribution of Plant Families Used to Manage 
Livestock Health Conditions 

The recorded 116 plants were distributed within 44 families with
the Fabaceae (12), Euphorbiaceae (9), Asteraceae (9), Solanaceae
(8), Asparagaceae (6), Asphodelaceae (6) and Malvaceae (6)
having the highest cited number of plants used to manage
livestock conditions among Batswana people in southern Africa
(Figure 2 and Table 2 ). Similarly, the high utilisation of the
Fabaceae in managing different livestock conditions has been
reported in ethnobotanical reviews or studies conducted in Africa
[ 44–46 ]. The top 10 families comprised 56.89% of the total cited
plants, while the remaining (42.24%) plants were represented
within 34 other families. Furthermore, 84.09% of the families
had relatively low representation averaging 1–4 plant species per
family. The prevalent use of the Fabaceae family may likely be
attributed to its broad distribution, high species richness, and
diverse bioactive compounds known for their pharmacological
properties [ 47–49 ]. This diversity reflects the broad spectrum
of traditional plant knowledge across southern Africa, where
various families are utilised for their specific benefits in livestock
health management. 

3.2.3 Pattern of Plant Parts Used, Preparation, and 
Route of Administration Methods 

A total of 15 plant parts were used for treating livestock diseases
among Batswana in southern Africa (Table 2 ). The most common
plant parts used were roots (33%), leaves (26%), and whole plant
(12%) (Figure 3A , Table S1 ). The popularity of roots as one of
the most preferred plant parts has led to significant conservation
challenges. The harvest of underground parts as a practice is often
unsustainable, causing irreversible damage to plant populations
and contributing to the risk of species decline which can lead
to extinction [ 50, 51 ]. The dominance of root usage in Batswana
ethnoveterinary practices may be attributed to their belief in the
strength and vitality that the earth imparts to these underground
parts [ 52–54 ]. Roots and leaves are the most frequently used,
reflecting traditional preferences for these accessible and widely
applicable plant parts [ 13, 55, 56 ]. 

The methods of preparing medicinal plants for livestock con-
ditions in southern Africa highlight a range of traditional
techniques tailored to different health conditions [ 57 ]. Decoctions
(24%) and infusions (16%) were the most common preparation
methods used for medicinal plants among Batswana in southern
Africa (Figure 3B ). Decoction entails boiling the plant materials
while infusion involves pouring cold/hot/warm water onto the
plant material and allowing the mixture to steep and cool.
Furthermore, poultices (10%) are primarily used for external treat-
ments including wound care, skin infections and inflammation.
This method involves crushing plant materials and applying them
directly to the affected area. Grinding of the plant materials con-
stituted 10% of the reported preparation methods. On the other
hand, methods of preparation such as maceration (3.4%), burning
Chemistry & Biodiversity, 2026
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FIGURE 2 Distribution of plant families (with ≥ 4 mentioned plants) used to manage livestock health conditions among the Batswana in southern 
Africa. In addition to the top nine mentioned family, we recorded 35 families with plants ranging from 1–3 (See Table 2 ). 
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C

0.38%) and roasting (0.38%) were generally low (Table S2 ). It is
mportant to highlight that a significant portion (36%) of the plant
reparations do not have the specific method used. This could
e due to traditional practices where the method is considered
mplicit or universally understood within the communities. 

n southern African ethnoveterinary practices, the mode of
dministering medicinal plants varies significantly, with oral
dministration (44%) and topical applications (19%) being the
ost frequently cited practices (Figure 3C ). Oral administration
s favoured for treatments targeting internal ailments (e.g., organ
amage, inflammation, infections), and topical applications is a
ocalised practice used for conditions such as wounds and skin
nfections, offering a targeted approach for external relief [ 58 ].
he high percentage of unspecified administration (37%) suggests
ome flexibility in traditional practices, where the method may
epend on the practitioner’s preference or the circumstances
f each treatment. This distribution of administration routes
ighlights the adaptability and specificity of traditional livestock
ealth condition treatment approaches [ 59 ]. 

.2.4 Livestock Health Conditions Treated With Plants
y the Batswana in Southern Africa 

 total of 58 livestock conditions identified were categorised
nto 10 major groups (Table 3 ). The classification of the dif-
erent diseases was based on the studies by Chakale et al.
 60 ] and Ndou [ 61 ], with some slight modifications. Some of
he dominant categories included, reproduction disorders (121),
astrointestinal problems (97), and skin problems (74). On the
ther hand, treatment of conditions such as eye problems and
usculoskeletal systems were relatively lower in significance.
his may reflect a lower prevalence of these issues or the
ossibility that such conditions are managed through other
ethods or external interventions beyond traditional plant-based
emedies. Retained placenta (81), diarrhoea (65), and wounds (44)
ere the most cited conditions managed within the livestock
onditions (Table 3 ). Among these, retained placenta emerged as
hemistry & Biodiversity, 2026
the most cited health condition. This underscores the importance
of managing reproductive health in livestock, as issues such as
retained placenta can significantly affect the productivity and
reproductive efficiency of animals [ 15, 52, 62 ]. The frequent
citation of gastrointestinal disorders shows the critical need for
remedies to ensure digestive health, as poor digestion can lead to
reduced nutrient absorption, weight loss, and lower productivity
in livestock [ 56, 63 ]. Skin problems were also prominent, with
eight conditions cited, including wounds. The high number of
references to wound treatment suggests that topical application
of plant-based remedies is a crucial aspect of traditional veteri-
nary care [ 14, 64 ]. The wound-related problems may reflect the
challenges posed by injuries sustained during grazing, handling,
or attacks by predators, making wound care an essential aspect of
livestock management [ 13 ]. 

The widespread use of medicinal plants reflects both their acces-
sibility and cultural significance, demonstrating how southern
African communities have developed adaptive strategies for live-
stock disease management. Research underscores the potential
of medicinal plants in ethnoveterinary practices, emphasising the
need for systematic evaluations of their biological and pharmaco-
logical effects [ 65, 66 ]. Further investigation into the efficacy and
safety of these plant-based treatments could enhance their appli-
cation and facilitate their integration into sustainable livestock
management practices. Additionally, systematic documentation
and conservation efforts are essential to ensure the continued
availability of these medicinal plant species for future generations
[ 67 ]. 

3.2.5 Cultural Significance of Local Names for Plants 
Among the Batswana of Southern Africa 

Among the Batswana communities in South Africa and
Botswana, plants play a crucial role in ethnoveterinary medicine,
with local names serving as key identifiers in traditional healing
practices. These indigenous names encapsulate generations of
botanical knowledge, reflecting the deep relationship between
19 of 64



FIGURE 3 Distribution of different parameters associated with plants utilised for managing livestock health conditions among the Batswana in 
southern Africa. A—plant parts ( n = 298); B- preparation methods ( n = 264); and C- administration mode ( n = 257). 
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TABLE 3 Livestock health conditions managed with medicinal 
plants by the Batswana in southern Africa. 

Category of the 
conditions Conditions 

Number of 
plants used 

Eye problem Eye infection 19 
Conjunctivitis 3 
Blindness 1 

Fertility/ 
reproduction 
disorders 

Retained placenta 81 

Dystocia 11 
Abortion 10 

Fertility problems 4 
Uterus cleansing 3 

Bloat 2 
Pain after birth 1 

Growth of scrotum 1 
Urinary infections 1 
Vaginal discharge 1 

Gastrointestinal 
problems 

Diarrhoea 65 

Constipation 29 
Bile reflux 6 

Gastrointestinal 
parasites 

2 

Dysentery 1 
Kidney stone 1 

General system 

infection 
Blood cleansing 13 

Anthrax 6 
Black quarter 6 
Ear pain 5 

Enhance blood 
circulation 

2 

Aphosphorosis 1 
Malnutrition 1 

Weating sickness 1 
Internal and 
external parasites 

Internal parasites 19 

Helminths 13 
Babesiosis 6 

Intestinal worms 6 
Anaemia 3 
Coccidiosis 2 

Newcastle Disease 
(NCD) 

2 

Bacterial infection 1 

(Continues) 

TABLE 3 (Continued) 

Category of the 
conditions Conditions 

Number of 
plants used 

Musculoskeletal 
systems 

Fracture 13 

Pain 12 
Arthralgia 7 

Respiratory 
problems 

Cough 26 

Pneumonia 3 
Respiratory diseases 3 

Diphtheria 2 
Heart problem 1 
Lung diseases 1 

Skin problem Wounds 44 
Abscess 16 
Sores 5 
Foot rot 4 

Lumpy skin 2 
Pasteurollosis 1 

Mange 1 
Myiasis 1 

Snakebite Snakebite control 5 
Tick-borne Anaplasmosis 23 

Cowdriosis 8 
Ticks 6 
Fleas 4 
Mites 2 

Heartwater 2 
Unspecified Unspecified 10 
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the people and their environment [ 68 ]. Local nomenclature
provides valuable insights into plant characteristics, including
their medicinal applications, ecological adaptations and
distinctive morphological and sensory features such as size,
shape, taste, smell and habitat [ 69 ]. 

The naming of medicinal plants among the Batswana is rooted
in observation and cultural significance, with each name often
describing a particular attribute or use of the plant. For instance,
Senna italica (Sebete/Sebetebete) is named based on its use
as a purgative to treat digestive disorders in livestock, while
Hypoxis hemerocallidea (Tshuku ya poo) is recognised for its
immune-boosting properties and treatment of infections in cattle.
Similarly, Grewia flava (Moretlwa) is applied to wounds due to
its antibacterial effects, and Aloe ferox (Mokgwapha) is valued for
alleviating respiratory infections in goats and cattle (Table 2 ). 

The classification of medicinal plants among the Batswana
communities in South Africa and Botswana is often inconsistent.
In some instances, a single plant species may be identified by
21 of 64
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2

ultiple local names within the same region. For example,
ntada elephantina is known by three different names in various
reas of South Africa and Botswana which are Mosetlhane,
ositsane and Bosetsana. Conversely, a single local name can
e used to describe multiple plant species, leading to potential
onfusion in plant identification and application. For instance,
he name Sekgalofatshe is associated with different species,
ncluding Ziziphus oxyphylla and Ziziphus zeyheriana . 

.3 Biological Activity, Safety Status and 

hytochemicals of Medicinal Plants With 

thnoveterinary Records Among the Batswana of 
outhern Africa 

fter establishing the inventory of 116 plants used by the
atswana to manage their livestock, existing evidence on the
iological effects, safety assessments and the phytochemicals of
hese botanicals were assessed. This was essential to identify
lants with empirical data and potential for further research
specially on their valorisation. 

.3.1 Biological Activity of Medicinal Plants With 

thnoveterinary Records 

erbal remedies are the oldest form of medication, generally used
s multi-target agents. As of 2024, approximately 3 780 plants
ave been recorded for medicinal purposes in South Africa [ 70 ].
owever, there are no recent updates on the number of plants
sed in ethnoveterinary medicine [ 71 ]. Over 60 plants used by
he Batswana people have been previously analysed for biological
roperties related to ethnoveterinary and their phytochemical
omposition (Tables 4–9 , Figures 4–6 ). Traditional medicine
overs interdisciplinary research which involves observation,
escription and conducting experimental analysis of the identi-
ied medicinal plants for drug discovery. During the observation
tages, plant part usage is crucial as medicinal plants have dif-
erent kinds of bioactive compounds that accumulate in specific
rgans at different concentrations. As depicted in Figure 5 , leaves
ere the most studied plant parts (46%) due to their availability,
ccessibility and plant conservation concerns, even though their
requency of use was 26% in the ethnoveterinary surveys reported
Figure 3A ). Availability of plant materials and the complexities
f bioactive compounds contribute to the high use of leaves [ 72 ].
n the documented ethnoveterinary surveys, roots were the most
requently used (33%) plant part by the Batswana communities,
et leaves accounted for 11% of the plant parts studied (lower than
ark usage, 12%) in biological, safety and phytochemical analysis.
he low use of seeds and fruits may be attributed to their seasonal
vailability [ 73 ]. Similar findings of limited usage of fruits and
eeds were observed in the literature surveys. 

xtraction of bioactive compounds in different plant parts is
ighly dependent on the extraction solvents. The solvent is
elected based on the polarity of targeted compounds, purpose of
xtraction, cost of solvent, safety of solvent, and potential energy
emand for heating solvents [ 74, 75 ]. The common use of water
s an extractant can be attributed to its general use in traditional
edicine to mimic ethnoveterinary practices involving macer-
tion, decoction, poultice and infusions [ 76 ]. In the reviewed
2 of 64
data (Figure 6 ), the use of water as an extractant was reported
in 16% of the studies with methanol being the most prominent
solvent used in majority of the studies (22%). Compounds with
antimicrobial activity such as ketones, aldehydes and organic
acids are extracted in high quantities using methanol as a solvent
[ 77 ]. Ethanol (alcohol) is also widely used in traditional medicine
as an alternative extractant to water in the reviewed literature
and its use was calculated at 14%. Solvents reportedly used for
plant extractions that had a low rate of use included petroleum
ether (4%) and chloroform (4%) (Figure 4 ). The type of solvent
used in plant extraction is also associated with the experimental
analysis that is conducted, including biological activity, safety,
phytochemical quantification, and bioactive compound isolation.
Generally, biological activity (in vitro studies) in medicinal plants
is investigated based on the ethnobotanical practices recorded by
indigenous communities. 

In the current review, the ethnoveterinary practices of medicinal
plants used by the Batswana communities were assessed by exam-
ining the medicinal properties e.g., antimicrobial, antiparasitic,
anti-inflammatory, antioxidant, and toxicity of the plants. As a
common trend in medicinal plant research, in vitro biological
assays conducted accounted for 84% of the studies with in vivo
assays contributing towards 16% of the research. Basically, plants
that had noteworthy in vitro activity and have potential in drug
discovery (interesting bioactive compounds) are further analysed
in vivo, and such tests produce more accurate results than in
vitro experiments. Unfavourable in vitro results may eliminate
the need for further in vivo studies [ 78 ]. 

3.3.1.1 Antimicrobial Activity. Antimicrobial screening is
the most common method applied for primary analysis of biologi-
cal activity because it is quick, efficient and the resources required
are usually readily affordable. Particularly, the serial dilution
microplate assay is the most preferred method for evaluating
the minimum inhibitory concentration (MIC) of plants against
different test microbial strains, with more than 2 900 citations
to date (accessed 08/02/2025) [ 79 ]. Following the recommended
classification [ 80, 81 ], extracts with MIC values > 0.32 mg/mL
are regarded as exerting weak antimicrobial activity. However,
higher MIC values may still be relevant for ethnopharmacological
investigations [ 80 ]. The criteria for establishing activity of plant
extracts are variable across difference sources, with noteworthy
MIC values ranging from 8000 to ≤ 160 µg/mL [ 81 ]. MIC values
< 0.1 mg/mL are also regarded as good by another author,
while MIC values > 0.625 mg/mL was considered as weak [ 82,
83 ]. For plant extracts used in traditional medicine, the MIC
values of below 8 mg/mL are considered active [ 84 ]. Other
authors considered a value as high as 12.5 mg/mL as active
[ 85 ]. However, this review considers MIC as good/noteworthy
when the activity is from < 0.02 to 0.16 mg/mL [ 80 ]. Additionally,
other in vitro assays used to determine antimicrobial activity
included TLC bioautography, and agar disc diffusion [ 86–88 ].
Based on the results reported in Table 4 , the serial dilution
method was the most frequently applied technique followed by
the agar disc diffusion assay. During the antimicrobial bioassays,
microbial and fungal strains associated with animal gastrointesti-
nal illnesses, skin infection, mastitis, and respiratory diseases
amongst others were investigated in several studies, possibly
due to the medicinal utilisation of the plants in ethnoveterinary
medicine. The five most studied strains were Staphylococcus
Chemistry & Biodiversity, 2026
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TABLE 6 Summary of inflammation and pain study results of plants used by Batswana for livestock health management. 

Plant species 
Plant 
part(s) 

Extraction 
solvent Biological assay Summary of findings References 

Acokanthera 
oppositifoli a (Lam.) 
Codd 

Leaves, 
twigs 

Petroleum 

ether, DCM, 
ethanol, 
water 

COX 1 and 2 Leaf petroleum ether, DCM and ethanolic extract 
showed good COX-1 inhibition (98, 99, 97%). Leaf 
petroleum ether and DCM extracts exhibited 

good COX-2 inhibition (85, 81%). 

[ 122 ] 

Aloe ferox Mill. Leaves Water Extracts exhibited anti-inflammatory and 
analgesic activities at a dose extract of 

400 mg/kg. 

[ 108 ] 

Bulbine abyssinica Whole 
plant 

Acetone, 
water 

Protein 
denaturation 
method 

Anti-inflammatory activity of all extracts was 
observed 200 µg/mL dose. 

[ 206 ] 

Combretum 

hereroense Schinz 
Leaves Ethyl acetate, 

acetone, 
water 

Plant extract exhibit in vitro inflammatory 
reaction at concentrations of 0.5 and 1 mg/ mL 

[ 200 ] 

Malvastrum 

coromandelianum 

(L.) Garcke 

Leaves Methanol 15-LOX Extracts and fractions were inhibitory to 15-LOX, 
IC50 for the crude extract is 77.52 ± 1.31 

[ 207 ] 

Nicotiana tabacum L. Seeds Phytosterol 
isolates 

COX 1 and 2 Extract demonstrated inhibition of COX-2 by 
down-regulate the expression of COX-2 mRNA 

and were ineffective against the expression 
COX-1 mRNA. 

[ 116 ] 

Ozoroa paniculosa 
var . paniculosa 

Leaves Acetone 15-LOX Maximum inhibition of > 50% was observed 
when tested at 0.128 mg/mL extract 

concentration. 

[ 208 ] 

Portulaca oleracea L. Aerial parts Ethanol Hind paw volume, 
reduction in cotton 
pellet weight, 
intraperitoneal 
administration 

Time dependent positive anti-inflammatory 
activity after 400 mg/kg dose, maximum hind 
paw volume increase of 67.1 ± 6.18 % after 240 
mins. Percentage increase in cotton pellet 
weights in the control (86.69 ± 11.8%) after 

intraperitoneal administration. 
Control: diclofenac 4 mg/kg 

[ 209 ] 

Senna tora (L.) Roxb . Leaves Ethyl acetate Heat induced 
haemolysis of RBC 
assay, BSA protein 
denaturation assay 

Inhibition of RBC membrane hemolysis range of 
31.058 ± 3.145% to 89.029 ± 1.186%, (IC50 = 

28.309 µg/mL), tested dosage: 20 – 220 µg/mL. 
BSA denaturation inhibition range of 32.617 ± 

0.890% to 91.731 ± 0.949% (IC50 = 22.980 µg/mL), 
tested dosage: 20–220 µg/mL. 

Control: ibuprofen 20–220 µg/mL. 

[ 135 ] 

Terminalia sericea 
Burch. Ex DC 

Leaves Acetone, 
methanol 

In vivo , topical 
application 

Wound healing activity observed is indicative of 
in vitro anti-inflammatory activity (2 g/10 g dose) 

[ 94, 97 ] 

Vachellia karroo 
(Hayne) Banfi & 

Galasso 

Bark Water In vivo , 
administered via 

injection 

Extracts had good analgesic and 
anti-inflammatory activity in mice at doses of 100 
and 200 mg/kg, comparable to the control used 

Control: Indomethacin (10 mg/kg) 

[ 123 ] 

Vachellia tortilis 
(Forssk.) Galasso & 

Banfi 

Seeds Water In vivo formalin 
induced paw lick 
test, acetic acid 
induces writhing 
test, hot plate test, 
tail flick method 

Anti-nociceptive activity (rats) when 100 and 
200 mg/kg body weight administered orally 

Control agents: Morphine sulphate + Naloxone, 
Morphine sulphate, Diclorofenac sodium 

[ 117 ] 

Abbreviations: BSA, bovine serum albumin; COX, cyclooxygenase; DCM, dichlorormethane; LOX, 15-lipoxygenae; NO, nitric acid; RBC, red blood cells. 
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TABLE 8 Summary of results from toxicity and safety studies of plants used by Batswana for livestock health management. 

Plant species 
Plant 
part(s) 

Extraction 

solvent Summary of findings References 

Asparagus africanus Lam. Roots Water In vivo 
No acute oral toxicity was observed on all tested 

concentrations 

[ 217 ] 

Burkea africana Hook. Stem bark Ethanol In vitro 
Extracts did not show oral toxicity at all tested 

concentrations. 
In vivo 

Extracts had a sedative effect at 2000 mg/kg. 

[ 138 ] 

Burkea africana Hook. Stem bark Ethanol In vitro 
No cytotoxicity observed at 2000 mg/kg. 

[ 138 ] 

Combretum imberbe 
(Wawra) 

Leaves Acetone In vivo 
The 10% extracts exhibited cytotoxicity and acute 

toxicity. 

[ 94, 97 ] 

Cassia abbreviata Oliv. Stem bark Methanol In vivo 
The 200 and 500 mL/kg extract exhibited 
hepatotoxicity in indigenous chickens. 

[ 137 ] 

Combretum imberbe 
( Wawra) 

Leaves Acetone In vitro 
Extracts showed some toxicity, with LC50 values 

ranging from 75.7–168.6 µg/mL ON Vero monkey cells 

[ 94, 97 ] 

Cassine transvaalensis 
(Burtt Davy) Codd 
Syn: Elaeondedron 
transvaalense (Burtt 
Davy) R.H. Archer 

Stem bark Ethanol In vitro 
Isolated compounds inhibited the growth of Vero cell 

lines. 

[ 218 ] 

Drimia sanguinea 
(Schinz.) Jessop 

Bulb Methanol, 
petroleum 

ether 

In vitro 
Methanol extracts showed toxicity against Vero cells 
(LC50 = 0.015 ± 0.01 µg/mL), and petroleum ether 
extracts had demonstrated low cytotoxicity (LC50 = 

552.4 ± 48 µg/mL). 

[ 88 ] 

Elephantorrhiza 
elephantina (Burch) 
Skeels 

Rhizome Methanol, 
petroleum 

ether 

In vitro 
Methanol extracts were toxic towards Vero cells (LC50 
= 9.4 ± 3.9 µg/mL) with petroleum ether extracts also 
showing some level of cytotoxicity with LC50 values 

of 173.4 ± 13 µg/mL. 

[ 88 ] 

Gomphocarpus fruticosus 
(L.) W.T. Aiton 

Aerial 
parts 

Methanol, 
DCM, 

chloroform, 
water 

In vivo 
Acute oral toxicity of extracts had 0% mortality rate 
for 0.1 g/kg dose, 50% mortality rate for 0.2 g/kg dose, 
and the highest mortality rate was 0.3 and 0.35 g/kg 

doses with 83% mortality rate. 

[ 219 ] 

Helichrysum 

paronychioides DC. 
Whole 
plant 

Methanol, 
petroleum 

ether 

In vitro 
Methanol and petroleum ether extracts exhibited low 

toxicity against Vero cells (LC50 = 24.6 ± 0.4 and 
50.2 ± 1.8 µg/mL, respectively). 

[ 88 ] 

Malvastrum 

coromandelianum (L.) 
Garcke 

Leaves Methanol In vitro 
Isolated compounds exhibited low cytotoxicity 

towards Vero cells. 

[ 126 ] 

Nicotiana tabacum L. Seeds Methanol, 
NaOH, HCl 

In vivo 
Isolated compounds were found to be non-toxic in 

mice. 

[ 116 ] 

(Continues) 
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TABLE 8 (Continued) 

Plant species 
Plant 
part(s) 

Extraction 

solvent Summary of findings References 

Nicotiana tabacum L. Leaves Methanol, 
hexane 

In vivo 
No signs of sub-acute toxicity were observed on 

mammalian models (rats). 

[ 140 ] 

Ozoroa paniculosa var . 
paniculosa 

Leaves Acetone In vitro 
There was some evidence of cytotoxicity (LC50 = 

16.58 µg/mL) when extracts were studied against Vero 
cells. 

[ 190 ] 

Portulaca oleracea L. Whole 
plants 

Water, ethanol In vitro 
Highest NCTC clone 929 cell viability (124.48%) after 
72-hour incubation with 100 µg/mL polysaccharide 
fraction, cell viability decreases sequentially with 
increase in tested concentration (250, 350, 500, 750, 

1000 &1500 µg/mL) 

[ 214 ] 

Ricinus communis L. Leaves n-Hexane, 
hexane, 

chloroform, 
DCM ethyl 
acetate, 
acetone, 
ethanol, 
methanol 

In vitro 
No observed toxicity on Vero kidney cells (LC50 = 

131.8 µg/mL). 

[ 192 ] 

Securidaca 
longepedunculata Fresen. 

Roots Methanol In vitro 
Brine shrimp assay revealed a dose dependent 

increase in mortality, LC50 = 74 µg/mL. 

[ 202 ] 

Senna tora (L.) Roxb. Leaves Ethyl acetate In vitro 
Moderately cytotoxic (LC50 = 35.246 µg/mL) was 

observed towards brine shrimp. 
In vivo 

Low acute oral toxicity (LD50 = 4263.906 mg/kg b. w.), 
body weight measurement does not indicate acute 

toxicity 

[ 135 ] 

Terminalia sericea Burch. 
Ex DC 

Leaves Acetone, 
methanol 

In vitro 
Extracts exhibited low toxicity (LC50 = 

75.7–168.6 µg/mL) when tested against Vero kidney 
cells. 

[ 94, 97 ] 

Thesium spp. Fruits Ethanol In vitro 
Cell morphology was not affected, cell viability, cell 
viability of RAW 264.7 cells > 98% after treatment 

with 50, 100 & 200 µg/mL of extract 

[ 153 ] 

Vachellia nilotica (L.) 
P.J.H.Hurter & Mabb 

Bark, 
leaves 

Acetone, water In vitro 
Water and acetone extracts exhibit cytotoxicity (LC50 
= 0.0032 and 0.0278 mg/mL) towards Vero kidney 

cells 

[ 134 ] 

Ziziphus mucronata Leaves Acetone, 
chloroform, 

DCM, ethanol, 
ethyl acetate, 
methanol, 
n-hexane 

In vitro 
No observed toxicity towards Vero kidney cells with 

LC50 value of 131.8 µg/mL. 

[ 192 ] 

Abbreviations: b.w., body weight; DCM, dichloromethane; HC, hydrochloric acid; MTT = 3- (4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide; 
NaOH, sodium hydroxide; NCTC, National collection of type cultures 
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FIGURE 4 Overview of the solvent extracts used for biological analysis of plants with ethnoveterinary records among the Batswana in southern 
Africa. Other solvents used that were reported in lower frequencies include petroleum ether, chloroform, and DCM (dichloromethane). 
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pp. (16.1%), Pseudomonas aeruginosa (11.9%), Escherichia coli
11.9%), Candida spp . (8.8%) and Klebsiella spp . (7.7%) (Figure 7 ).
hese pathogens are associated with most of the commonly
eported ailments treated with medicinal plants. Aloe marlothii
nd Aloe zebrina extracts had excellent activity (MIC = 0.028
nd 0.039 mg/mL) against E. coli [ 89, 90 ]. This corroborates the
erceived efficacy of the two Aloe species by the communities as
hey are reportedly used for diarrhoea and other infections [ 64,
1 ]. Cassia abbreviata extracts had noteworthy activity against
.aeruginosa (MIC = 46.88 µg/mL), K. pneumoniae (MIC =
6.88 µg/mL), and good activity against C . albicans (MIC =
3.75 µg/mL) [ 92 ]. Dicerocaryum eriocarpum had good activity
gainst Mycobacterium aurum (MIC = 0.156 mg/mL) but weak
ctivity against C . albicans (MIC = 4.5 mg/mL) [ 90 ]. None of the
onditions reported to be treated by D. eriocarpum are related
o the tested pathogens [ 52, 62, 63, 91 ], therefore the results
o not support the traditional use. Searsia lancea had excellent
ctivity (MIC range = 0.02–0.08 mg/mL) against the mastitis-
ausing pathogens E. coli, Streptococcus agalactiae, Streptococcus
ysgalactiae and Streptococcus uberis [ 93 ]. This may merit the use
f S . lancea for treating diarrhoea resulting from one or more of
he tested pathogens [ 91 ]. 

iverse techniques are applied when observing the in vivo activity
f medicinal plant extracts and these include visual examination
f wound healing activity after topical application [ 94 ], faecal
acterial load [ 95 ], and determining secondary infection symp-
oms such as pulmonary burden after ingestion [ 96 ]. Study by
moussa et al. [ 95 ] revealed that A . afra had notable in vitro
ctivity (MIC range = 0.25–0.312 mg/mL) against non-typhoidal
almonella field isolates and ATCC strains and demonstrated the
fficacy of the plant extracts against biofilm formation. From
hemistry & Biodiversity, 2026
the same study, there is evidence of in vivo activity as the
orally administered A. afra at 200 mg/kg/bw extracts completely
eliminated the faecal bacterial load in mice after eight days [ 95 ].
Terminalia sericea was effective at reducing the induced wound
associated with S. schenckii infection on mice, after excellent
activity (MIC = 0.03 mg/mL) against S . schenckii was reported
[ 97 ]. In vivo studies can also reveal additional information about
the mode of action of the plant extract [ 96 ]. Additionally, these
studies also confirm the potential of medicinal plant extracts to
function as multitarget drugs [ 98 ]. A combination of in vivo and
in vitro studies is important to further determine the efficacy of
the plant extracts against the target strains. Artemisia afra is one
plant that has been reported to have good antimicrobial activity
in vitro against several strains of Salmonella spp. which is also
supported by noteworthy in vivo activity [ 95 ]. However, an in
vivo study revealed that the orally administered A. afra leaf water
and DCM extracts had no antimycobacterial activity, despite the
positive in vitro activity [ 96 ]. The phytochemicals associated with
antimicrobial activities are terpenoids and phenolic compounds
with hydroxyl groups which interrupt the bacterial cell mem-
brane permeability [ 99 ]. The presence of such compounds in the
aqueous bark extract of Ximenia americana [ 100 ] is consistent
with the good antimicrobial activity reported against Bacillus
subtilis (MIC = 0.20 mg/mL). It is presumed that the mode
of action of most antimicrobial agents is by creating structural
changes to the bacterial cell membrane which affects the integrity
of the membrane [ 101 ]. Commonly, this results in lysis of the cells
and leakage of the contents leading to cell death [ 98, 101 ]. 

3.3.1.2 Antiparasitic Activity. Determining the antipar-
asitic activity of medicinal plants is of great significance in
subtropical regions because the climatic conditions are breeding
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FIGURE 5 The percentage of plant parts used for the analysis of the biological activities of plants with ethnoveterinary records among the Batswana 
in southern Africa. 

FIGURE 6 The percentage of the types of bioassays reported for plants with ethnoveterinary records among the Batswana in southern Africa. 
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FIGURE 7 Microbial strains frequently used for determining the antimicrobial effects of plants with ethnoveterinary records among the Batswana 
in southern Africa. ‘ Others: Moraxella cattarhalis , Micrococcus sp., Listeria monocytogenes , Aeromonas hydrophila , Acinobacter calcoaceticus , Yersinia 
enterocolitica, Fusarium oxysporum , Mycoplasma hominis , Haemophilus influenza , Sporothrix schenckii , Citrobacter spp., Serattia marcescens 
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C

rounds for parasite infestations especially in animals [ 102 ]. In
atswana ethnoveterinary, examples of plants with notable in
itro antiparasitic activity includew Acokanthera oppositifolia,
loe ferox, Aloe marlothii, Artemesia afra, Combretum hereroense,
icerocaryum eriocarpum, Elephantorrhiza elephantina, Nico-
iana tabacum, Sclerocarya birrea, Securidaca longepedunculata,
hamsosma rhodesica , and Ximenia americana (Table 5 ). In
itro assays such as egg hatch and parasite mortality assays are
mportant in determining plant pesticidal activity [ 103 ]. However,
n vitro studies usually target a single parasite, meanwhile multi-
arasitism is common in livestock [ 104 ]. On the other hand, in
ivo assays typically involve topical application of plant extracts
or external parasites, or oral ingestion for effective treatment
f gastrointestinal parasites [ 105 ]. Parameters used to determine
ntiparasitic activity can reveal secondary effects, making them
 suitable multitarget approach [ 106 ]. In vitro anthelminthic
ctivity of Aloe ferox was reported [ 107 ] and in vivo studies
upporting the activity of the extracts were conducted [ 54, 108 ].
he authors observed that water extracts administered orally
ere able to reduce worm eggs and inhibit larval development

 54, 108 ]. As shown in Table 2 , Nicotiana tabacum was cited twice
n this report for use against parasites [ 63, 109 ]. It has been tested
gainst several parasites yielding positive results for in vitro and in
ivo [ 110 ]. Ximenia americana had good activity (100% mortality)
gainst Rhipicephalus microplus , however it has been reportedly
sed for internal parasites [ 91 ]. Fatty acids and fatty acid esters
re believed to be responsible for nematocidal activity exhibited
y plant extracts [ 111 ]. Phenolic compounds which are usually
roduced by plants to deter pests, also contribute to antiparasitic
ctivity of plants [ 112 ]. Phytochemicals with proven nematocidal
ctivity (e.g., tannins), have been isolated from plants used by
hemistry & Biodiversity, 2026
the Batswana, including ganglion stimulants from Nicotiana
tabacum leaves, which is similar to the active ingredient of
levamisole (control agent) [ 113 ]. 

3.3.1.3 Anti-Inflammatory Activity. Inflammation can be
a result of physical injury, infection or other ailments [ 114,
115 ]. In vitro activity is commonly determined by the inhibi-
tion of cyclooxygenase and lipoxygenase enzymes [ 116 ]. Anti-
inflammatory and other pain-related assays had the highest rate
(47%) of in vivo studies reported (Table 6 ). Physical evidence of
pain and inflammation can be assessed visually in the tail-flick
assay and paw lick test [ 117 ], and by observing morphological
changes during wound healing [ 118 ]. In vivo studies on Vachellia
tortilis seed extracts exhibited noteworthy anti-inflammatory
response in mice with comparable activity (reaction time of
6.55 sec) in the group treated with diclofenac sodium (reaction
time of 6.58 sec) and morphine sulfate (reaction time of 12.33 sec)
[ 117 ]. The chemical profile of Vachellia tortilis revealed interesting
phytochemicals such as myricetin rutinoside and luteolin gluco-
side which may be responsible for providing pain relief [ 119–121 ].
This supports the efficacy of V. tortilis for its traditional use of
treating diarrhoea [ 91 ]. Decoction of Acokanthera oppositifolia
leaves is used to expel parasites [ 53 ]. The extracts have excellent
COX-1 inhibition and COX-2 inhibition activity, indicating good
anti-inflammatory activity with good in vitro nematocidal activity
[ 122 ]. The anti-inflammatory activity may be related to the pres-
ence of compounds which give the plant good antioxidant efficacy
[ 123, 124 ]. Vachellia karoo extracts had good anti-inflammatory
activity in mice which lasted up to 2 days after the treatment
application. The 100 mg/kg dose produced 1.81 % inhibition, and
the 200 mg/kg dose had 1.07% inhibition of inflammation, which
53 of 64
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5

s comparable to the inhibition of the positive control agent (1.38
) used, indomethacin at 10 mg/kg [ 123 ]. The results support the
se of V . karroo to treat fractures and skin diseases [ 64, 76 ] 

.3.1.4 Antioxidant Activity. Plants with antioxidant
ctivity are potential candidates for preventing certain
nflammatory diseases [ 124 ]. Evidence of the antioxidant effect
f the ethnoveterinary plants used by the Batswana have been
ssessed (Table 7 ). For instance, A. oppositifolia , which contains
lavonoids, proanthocyanidins and quercetin equivalents did not
xhibit in vitro NO- radical inhibition, but was active against
BTS free radicals, DPPH free radicals, hydroxyl free radical,
uperoxide anion scavenging activity and iron reducing activity
 17, 125, 126 ]. 

n terms of the ethnoveterinary records, snake bites are one of the
ost common conditions treated by plants among the Batswana
f southern Africa (Table 2 ). As the toxicity effect of snake venom
s associated with inducing oxidative stress and inflammatory
esponse [ 127, 128 ], establishing the efficacy of medicinal plants
sed to treat snake bites becomes important. Some plants assessed
or antioxidant activity are used to treat snake bite, with varying
ntioxidant activity reported. Aloe ferox extract exhibited notable
PPH (60%) and ABTS (80%) scavenging activity at the highest
ested concentration of 0.4 mg/mL [ 129 ]. The DPPH scavenging
ctivity of Diospyros lycioides was assessed using TLC and there
ere several bands in chromatograms eluted using three different
ystems indicating the presence of polar, non-polar and neutral
olarity with some antioxidant activity [ 130 ]. Moringa oleifera is
eportedly used for cough and other unspecified conditions [ 63,
31 ]. The extracts of M . oleifera had noteworthy in vitro DPPH,
H and NADH scavenging activity as well as in vivo ferrous ion
helating activity [ 132 ]. 

.3.2 Toxicity and Safety of Medicinal Plants With 

thnoveterinary Records 

oxicity bioassays are necessary to determine the safety of herbal
emedies in animals and humans [ 88 ]. The selectivity index
cytotoxicity) of plant extracts is important pecially in targeting
pecific cancer cell lines [ 133 ]. Cytotoxicity studies need to be
onducted in parallel with the biological assays to confirm the
fficacy for the plants or its general toxicity [ 134 ]. Some of the
lants with ethnoveterinary records among the Batswana in
outhern Africa have been assessed for their safety with diverse
esponses (Table 8 ). As with other biological assays, in vitro
ytotoxicity results will not always have the same results as
cute toxicity tests. For instance, Senna tora leaves (ethyl acetate
xtracts) were reported to have moderate cytotoxicity (LC50 =
5.246 µg/mL) when using the brine shrimp assay, while no acute
ral toxicity (LD50 = 4263.906 mg/kg b.w.) was observed in an in
ivo assay using mammalian subjects [ 135 ]. 

iomarkers such as glucose, urea, creatinine and alkaline phos-
hates are used to determine in vivo toxicity. These biomarkers
sually indicate the degradation of vital organs. The impact on
enal function, which is assessed by evaluating serum ureal and
reatine concentrations in mice models is another indicator of
4 of 64
the toxicity of Senna italica extracts [ 136 ]. In vivo assays account
for 35% of the toxicity and safety assays reported (Figure 6 ).
Some parameters used to determine acute oral toxicity are signs
of hepatic damage [ 137 ], sedative or paralytic effect [ 138 ], loss
of body weight [ 139 ], and mortality [ 94, 113, 140 ] reported on
the subacute toxicity effect after topical application of plant
extract. Mice treated with Nicotiana tabacum extract in a trial
for activity against ticks ( Rhipicephalus microplus ) exhibited no
signs of toxicity (i.e., skin reaction, intestinal distress, mortality)
after 3 weeks [ 140 ]. The results indicate the efficacy and safety
of N. tabacum for external parasites, leaving opportunity for
investigating the efficacy and safety in terms of its traditional
use in treating internal parasites [ 63, 109, 131 ]. The in vivo
toxicity study revealing the safety of topically applied Terminalia
sericea was part of a study investigating in vivo anti-inflammatory
activity [ 94 ]. This further supports the topical application of T .
sericea (Table 2 ). 

3.3.3 Profiling, Quantification and Identified 
Phytochemicals of Plants With Ethnoveterinary Records 
Among the Batswana of Southern Africa 

Secondary metabolite production in plants is regulated by a range
of factors, including biotic and abiotic stresses, physiological and
developmental processes, chemical and mechanical elicitors, and
cultivation and post-harvest conditions. Despite the diversity of
factors influencing their synthesis, plant secondary metabolism
is predominantly directed towards the production of phenolics
( ≈ 45%), followed by terpenoids and steroids ( ≈ 27%), alkaloids
( ≈ 18%), and other compound classes ( ≈ 10%) [ 141 ]. From the
current findings, a significant portion (51.72%) of the 116 plants
with ethnoveterinary records have been profiled to establish their
phytochemicals (Table 9 ). Phytochemical profiles varied among
the identified species, with phenolics constituting the most
abundant group, while terpenoids, steroids, and alkaloids were
also present across the plant species. Generally, phytochemical
analysis methods employed are chosen based on type of com-
pounds sought, metabolites of interest, or the cost of analysis [ 142,
143 ]. Chromatography methods are the most reported techniques
used for phytochemical analysis (Figure 8 ). Earlier studies on
phytochemical profiling primarily employed qualitative methods,
such as colorimetric assays, which confirms the presence of
phytochemical groups through precipitation, formation of foam
or colour change in solution [ 144 ]. This method is usually applied
at preliminary screening stages, as it provides a simple, quick and
cost effective way of detecting phytochemicals without the need
for sophisticated instrumentation [ 145 ]. 

Gas chromatography is a relatively low cost method for identify-
ing volatile organic compounds [ 146 ] and is the most commonly
cited chromatography method due to volatility of phytochemicals
such as terpenoids [ 147 ]. Ultraviolet light spectrophotometry is
used to quantify phytochemicals that were detected using qual-
itative methods such as Sakowski test for steroids, Lieberman–
Uchard’s test for triterpenes, Wanger’s test for alkaloid, ferric
cyanide test for phenolic compounds and ferric chloride test
for flavonoids [ 148 ].The phenolic compounds and flavonoids
identified from Ximenia americana using the Folin–Ciocalteu
and the Adom and Liu methods, respectively, have a wide range
Chemistry & Biodiversity, 2026



FIGURE 8 Overview of the applied methods for phytochemical analysis of plants with ethnoveterinary records among the Batswana in southern 
Africa. Qualitative methods include colorimetric methods used to detect the presence of metabolites. IR = Infrared, NMR- Nuclear magnetic resonance, 
DEPT = Distortionless enhancement by polarisation transfer, EL-MS = Electron ionisation mass spectrometry, FTIR = Fourier transform infrared, UV 

= ultraviolet, HPLC = high performance liquid chromatography, TLC—Thin layer chromatography, GC-MS = Gas chromatography-mass spectrometry, 
LC-MS = Liquid chromatography-mass spectrometry, UPLC = Ultra performance liquid chromatography, CC = Column chromatography 
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f biological activities [ 149 ]. Phenolic compound exhibit in vitro
nthelmintic activity [ 150, 151 ], which may contribute to the
eported use to treat internal parasites (Table 2 ). 

hromatographic methods are used for separating, detection and
uantification [ 152 ].Ultra-performance liquid chromatography
nalysis of T. sericea extracts detected saponins which exhibited
n vitro anti-inflammatory activity on LPS treated RAW 264.7 cells
 153 ]. The leaves, stem, roots and bark of T. sericea are used for
everal conditions including cough, internal parasites, diarrhoea
nd retained placenta (Table 2 ). The methanol extracts have
n vitro anti-microbial activity against Staphylococcus aureus,
acillus cereus, Staphylococcus epidermis, Enterococcus faecalis,
scherichia coli, Salmonella typhirium, Pseudomonas aureginosa
nd Klebsiella pneumonia (average MIC ≥ 1.49 mg/mL), and
he acetone and methanol extracts have in vivo w ound healing
ctivity observed, indicative of in vitro anti-inflammatory activity
2 g/10 g dose) [ 97 ]. 

pectrophotometric methods detect phytochemicals by detecting
he functional groups present in a compound or the presence
f conjugation within a compound [ 152 ]. The ─OH functional
roups containing compounds identified from Cassia abbreviata ,
as identified as a flavan which was named 2,3-dihydro-
-hydroxy-8-methoxy-2-(-4-methoxyphenyl)chromen-4-one 
 154 ]. The compound did not exhibit greater antiplasmodial
ctivity (IC50 = 26.02 µg/mL) than the crude extract (IC50
 13.31 µg/mL), or positive controls used, Chloroquine
IC50 = 0.026 µg/mL), mefloquine (IC50 = 0.03 µg/mL) and
uinine (IC50 = 0.09 µg/mL) [ 154 ]. Despite the unspecified
thnoveterinary use of C. abbreviata (Table 2 ), flavans and
ther flavonoids exerted antioxidant, anti-inflammatory and
ntimicrobial activities which contribute to treating several
onditions [ 155, 156 ]. 
hemistry & Biodiversity, 2026
The phytochemicals have a wide range of therapeutic properties,
and the presence and concentration of specific phytochemicals
can predict the bioactivity. The antioxidant activity of Ximenia
afra leaf extracts can be attributed to the presence of procyanidins,
and quercetin, compounds found to contribute to antioxidant
activity [ 157 ]. The phytochemicals associated with antimicrobial
activities are terpenoids and phenolic compounds with hydroxyl
groups which interrupt the bacterial cell membrane permeabil-
ity [ 99 ]. Therefore the presence of phenolic compounds and
terpenoids (alkaloids, fatty acids, flavonoids, glycosides, pheno-
lics, phytosterols, saponins, and tannins) in the aqueous bark
extract of Ximenia americana [ 100 ] is consistent with the good
antimicrobial activity reported [ 158 ]. 

The extensive chemical profiling for A . tortilis [ 121 ] revealed the
presence of phytochemicals such as myricetin rutinoside and
luteolin glucoside which may provide pain relief [ 119–121 ]. Fatty
acid and fatty acid esters are believed to contribute to nematocidal
activity of plant extracts [ 111 ]. Tannins and phenolic compounds
are usually produced by plants for defense in response to biolog-
ical attack [ 112, 113 ]. This is evident in Nicotiana tabacum which
has a high phenolic compound content [ 159 ] and has shown good
antiparasitic activity. Qualitative analysis of Opuntia ficus-indica
extract, which has proven in vivo anthelmintic activity [ 160 ], has
revealed the presence of polyphenols and phenolic compounds
[ 161 ]. 

3.4 Clinical Trials of Plants With 

Ethnoveterinary Records 

Clinical trials are required to determine long term toxicity, side
effects and drug interactions and possible secondary benefits of
phytotherapies [ 162–164 ]. A significant challenge in veterinary
55 of 64
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5

linical trials is overcoming bias [ 165 ], which is compounded
y the existing obstacles associated with clinical trials for
hytotherapies. The complex nature of medicinal plants used
n phytotherapies can cause inconsistencies and variations in
hytochemical concentrations [ 166 ], therefore standardisation of
rotocols can be difficult [ 167 ]. The placebos used in phytotherapy
linical trials often pose an additional challenge as they fail to
ave the same colour, texture and smell, effectively not being
n analogous compound. This brings to question the validity
f the trial as a double-blind study [ 168 ]. These challenges and
ore can limit the credibility of trial results, creating obstacles
n regulating the industry [ 169 ]. Despite this, the clinical trial
egistry continues to be updated with new medicinal plant
emedies in veterinary medicine ( https://veterinaryclinicaltrials.
rg/studies/?term~recruiting_status = R, access 20/11/2024). A
andomised, placebo-controlled double-blind clinical trial con-
ucted on Cannabis sativa oil was reported to be beneficial in
anaging chronic pain by reducing inflammation and oxidative
tress in canines [ 170 ]. There have been no reports to date of vet-
rinary clinical trials for medicinal plants used by the Batswana
eople. 

 Conclusions 

his review underscores the critical importance of traditional
ivestock husbandry practices among Batswana communities in
outhern Africa, where plant-based remedies serve as essential
ools for managing livestock health. The appraisal on ethnovet-
rinary knowledge uncovers the diversity of plants that the
atswana people use to treat a range of conditions such as para-
itic infestations, wounds, infectious diseases and complications
rom animal bites. In the context of limited access to conventional
eterinary care, these culturally rooted practices demonstrate the
ngenuity and adaptability of indigenous knowledge systems in
ddressing diverse livestock health challenges. The continued
eliance on these practices highlights their relevance not only as
 means of sustaining livestock productivity but as a reflection
f the deep connection between cultural heritage and indigenous
edicinal plants. A comprehensive inventory of 116 plant species
rom 44 families was recorded, showcasing the remarkable bio-
iversity leveraged in treating nine major categories of livestock
ealth conditions. Commonly used plant parts, such as roots and
eaves, were prepared through methods such as decoctions and
nfusions, with oral and topical routes of administration being
redominant. The presence of phytochemicals and the biological
ctivities of the plants support the therapeutic potential of the
lants. This provides empirical evidence to support ethnovet-
rinary knowledge. However, the presence of phytochemicals
annot be used as a sole determinant or factor for biological
ctivity validation as other factors such as bioavailability can
nfluence the efficacy and potency of plant extracts in vivo.
omplementary in vivo studies and clinical trials can provide
ssential information on safety, pharmacological effect, and the
orrect dosage of ethnoveterinary medications, supporting the
doption of herbal remedies and their integration into modern
eterinary health practices. Overall, the ethnoveterinary practices
f the Batswana are of great benefit to underserved communi-
ies. The incorporation of plant-based ethnoveterinary remedies
nto primary animal healthcare may be advantageous for rural
ommunities given their dependence on livestock for survival. 
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