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A B S T R A C T

Several Indigenous edible vegetables in sub-Saharan countries have potential bioactive compounds, including
underutilized Biden pilosa (BP). Bioactives from Indigenous edible vegetables are re-evolving as an alternative
medicine potential for drug formulations. BP has also been used to mitigate over 40 different diseases in people
and animals as herbal medication. Due to globalization and urbanization, people move from more active to more
sedentary lifestyles, home-cooked meals to fast foods and snacks, organic foods to processed food with high sugar,
salt, and fat. The consumption of native fruits and vegetables is now replaced by a highly processed calory diet,
leading to metabolic syndromes such as diabetes, obesity, and other diet-related non-communicable diseases.
Hence this article was designed to investigate the existing reports on the use, knowledge and the need to utilize
the potentiality of BP further to overcome nutritional deficiencies, food scarcity and mitigation of medical con-
ditions in sub-Saharan Africa. The use of plant-based drugs will aid to decrease the health capitation load as most
countries do not have enough funds for purchasing synthetic chemicals used to mitigate diseases.
1. Introduction

The blackjack plant scientifically known as Biden Pilosa initiated from
South America and then flourished in all tropical and subtropical areas of
the global climates [1, 2]. It is unintentionally introduced in the field
through farming activities or intentionally for decorative functions. The
plant is normally found in the field as a weed, and it is cultivated on a
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small scale in some countries such as Nigeria, Benin and Zimbabwe for
food and medicine [3]. Generally, blackjack is considered a major crop
weed and a threat to other plants, as reported by other researchers, and it
is widely distributed in tropical Africa [4, 5, 6]. In this case, it is described
as a dangerous plant to many other vegetations due to its nature as an
invasive weed and hence destroyed as a weed to protect other important
flora [6, 7]. Biden Pilosa has been reported to occur in other parts of the
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world due to its characteristic nature of hardiness, ability to thrive in
almost any environment and explosive reproductive potential [6].
Therefore, they are found in other parts of the world apart from Africa,
such as Martinique, Dominica, the Caribbean, Mexico, Bolivia, Quechua,
Quechua, India, Taiwan, Brazil, Australia, US and Peru [8].

Regardless of its troublesome characteristics, blackjack is well cher-
ished for its medicinal and nutritional potentials [6]. In the medicinal
aspect, it is well known and used in treating various diseases such as
indigestion, diarrhoea, dysentery, wounds and respiratory infections [6].
The scientific evidence in the literature that BP is an effective treatment
for these medical conditions are available, but more studies are required.
Also, some African continent countries, including Mozambique, South
Africa, Zimbabwe, Zambia, Botswana, Kenya and Congo, reported using
indigenous vegetables [9, 10, 11]. Despite all these potentials, blackjack
(Biden Pilosa) is underutilized in sub-Saharan Africa due to its classifi-
cation as a weed or a wild plant [12], which creates a negative perception
to the community concerning the consumption of wild or weed plants
[13, 14]. To date, no literature addresses consumer preferences for Biden
pilosa for reported applications which is a serious omission in the liter-
ature. Preference of BP is hindered by its classification as a weed or a wild
plant [12] and the negative perception concerning the consumption of
wild or weed plants. Therefore future studies on blackjack need to fill this
knowledge gap. Due to the negative perception on the consumption of
blackjack it is used at the time of scarcity only, particularly when other
vegetables are not available [15]. Based on this situation, blackjack is not
preferable to many communities despite its benefit in many parts of the
world [7]. Therefore, this study aims at providing information to
scholars, researchers, policy makers and the general public on the po-
tential benefits of blackjack. In connection to this, the following ques-
tions were addressed: -

(i.) What is the nutritional benefit of a blackjack plant?
(ii.) What is the medicinal value of the blackjack plant?
(iii.) Does the blackjack plants have any other applications?
(iv.) What is the safety of using a blackjack plant?

2. Methodology

Multiple search terms and keywords related to blackjack (Biden
Pilosa) were used, including health advantages, medicinal value, indig-
enous vegetable use, safety, nutritional value, and applications. Also,
those with references to sub-Saharan Africa and other world places. The
studies evaluated by this study are provided in Table 1.

2.1. Exclusion and inclusion criteria

Any paper which reports on the blackjack (Biden Pilosa), health
benefits, medicinal value, indigenous vegetables, usage, safety, nutri-
tional values or its applications were included or else excluded in the
study. Most of the literature reviewedwas from 2000 – 2021 but included
a few sources with valuable information published in 1991, 1999, 1988,
1961 and 1962. Blackjack (B. Pilosa) has been reported to contain
bioactive molecules responsible for all properties exhibited [6, 16, 17,
18, 19, 20]. The reports of bioactive such as polyenes, tannins and fla-
vonoids are available [21, 22, 23]. B. Pilosa has been utilized in different
applications, including food, supplements, botanical pesticides, and
other applications such as corrosion inhibitors in an acidic medium on
various surfaces. Table 1 presents studies evaluated to provide data on
the potential of blackjack in various applications.

2.2. Botanical properties of the genus of Blackjack

Bidens is a flowering plant genus with over 230 species belonging to
the Asteraceae family. The plant's fruits are beggarticks, blackjack, burr
marigolds, cobblers pegs, Spanish needles, stickseeds, and tickseed sun-
flowers [52]. This genus is distinguished by the number of thorny bristles
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that stick onto animal coats or human garments. The number of thorns
ranges from two to four; some species possess lengthy ray flowers and
serrated segments, while others have undivided lance-shaped leaves with
short ray flowers or none at all, while the majority have yellow disk
flowers. These features differentiate one member from others in this
family. Taxonomical classifications of genus Biden and Biden Pilosa L., a
widely distributed species, are presented in Table 2.

2.3. Morphological presentation of Biden Pilosa

Morphologically Biden Pilosa possesses lobed, serrate or separated
opposite green leaves, yellow or white flowers and barbed achenes [53].
Figure 1 represents the morphology of Biden Pilosa.

2.3.1. Climatic conditions favourable for the growth of blackjack plants
Blackjack plants flourish well in hot weather conditions with tem-

peratures ranging from 25 to 38 �C [54]. These plants fail to tolerate frost
but flourish in sunny or slightly shaded areas [55]. The optimum growth
rainfall for a blackjack plant is abundant, ranging from 500 mm to 800
mm, that means cannot withstand drought conditions [56]. Blackjack
plants can flourish soils with light, moderate and heavy rains and flourish
in loose soil containing high organic matter. In addition, blackjack can
tolerate saline soil as it can survive in the soil with pH ranging from 4 to 9
[39]. Generally, blackjack plants grow in rich soil in the wild, planting
fields, and home gardens. Additionally, they can be found on river banks
throughout the year [42].

2.3.2. Bioactive compounds in blackjack plants
There are several main chemical compounds (about 300 constituents)

belonging to phytosterols, fatty acids, pheophytins, terpenes, phenolic
acids, okanin glycosides, chalcones, aurones, flavone glycosides, flavo-
noids, polyacetylene glycosides, and polyacetylenes identified and iso-
lated from different parts of blackjack plant [57, 58]. Table 3 presents
some bioactive molecules from blackjack and their properties.

The use of extract from natural products such as blackjack in treating
various diseases has been proven the best alternative due to the spread of
drug-resistant pathogens, which is the major public health threat globally
[69]. Microorganisms such as bacteria, for instance, have demonstrated
an outstanding capability to tolerate and adapt to their surroundings,
such as the development of various mechanisms of resistance to a wide
range of antimicrobial drugs. In this case, the investigation of potential
novel and effective antimicrobial drugs is required, such as natural
products. Figure 2: Represents structures of selected bioactive com-
pounds from Biden Pilosa; (1)-Astragalin, (2)- Squalene; (3)-
Pimara-8(14)15 -diene; (4)- Chalcon; (5)-4,5-Di-o- Caffeoylquinic acid;
(6)- Ethyl caffeate.

2.4. Structural properties of selected bioactive from Biden pilosa

Bioactives from natural products such as Biden pilosa demonstrated a
vital role in eradicating medical conditions. The presence of particular
groups in the structure of bioactive contributes to their ability to treat
diseases. The inclusion of a b-unsaturated ester and catechol moiety in
the structure of ethyl caffeate, for example, contributes to its anti-
inflammatory effect. These structural properties are required for pre-
venting the development of the NFkB DNA complex [70].

2.4.1. Astragalin mechanism of anticandidal
Astragalin, a flavonoid found in various plants, including Biden

pilosa, have shown anticandidal activity, indicating its use as an anti-
candidal agent. Astragalin has promising antibacterial properties and can
inhibit fungous biofilm development, which is a key factor for its path-
ogenicity without affecting the yeast-hyphae transition [71]. It is
important to investigate the anticandidal mechanisms of astragalin in
vitro and in vivo before its use in developing alternative therapeutic
candidates [71]. Astragalin is not toxic to human fibroblasts cells,



Table 1. Studies evaluated to extract data on the potential of underutilized Blackjack.

Author Study site Year
of
study

Study design Findings Remarks

Medicinal Application

Peter
Geissberger and
Urs S�equin [2]

Basel, Switzerl and
Sample of B. Pilosa
was collected from
Ukerewe Tanzania

1990 Experimental Extracts have antimicrobial and anti-
inflammatory activities

Though mild antimicrobial activities, the
extract can be used as anti-inflammatory
agents

Longo et al. [24] Cameroon 2008 Experiment Enhancement of labour due to the presence of
biologically active compounds which act
directly in the uterine muscle

Use of B. Pilosa for labour enhancement

De Avila et al.
[25]

Brazil 2015 Experiment Formulation of B. Pilosa extract for the
treatment of intestinal injury in patients
undergoing chemotherapy or radiotherapy

B. Pilosa can reduce intestinal injury
caused by side effects of chemotherapy
and radiotherapy

Abd El-Ghani
[26]

Nigeria 2016 Theoretical Indigenous vegetable use for medical
application in Nigeria, including B. Pilosa,
documented

Medical application

Hsu et al. [27] Taiwan 2009 Experiment B. Pilosa aqueous extract can control type 2
diabetes

Utilization of B. Pilosa aqueous extract to
control type 2 diabetes

Ubillas et al.
[28]

USA 2000 Experiment Aerial part extract of B. Pilosa contain
acetylenic glucosides

Utility of aerial part extract to control
type 2 diabetes

Liang et al. [29] - 2016 Experiment Bioactives in B. Pilosa has antiobesity
properties

Use of bioactive from B. Pilosa to control
obesity

Chung et al.
[30]

- 2016 Experiment B. Pilosa extract has antibacterial properties B. Pilosa extract can be used to treat gut
bacteria and coccidiosis in chickens

Dimo et al [31] Cameron 2001 Experiment Aqueous and methylene chloride extracts of
B. Pilosa leaf has antihyperglycemic and
antihypertensive activity

Aqueous and methylene chloride extracts
of B. Pilosa Leaf can be used to reverse
high blood and hyperglycaemia

Dimo et al [32] Cameron 2002 Experiment Methanol extract improves masculine
sensitivity

Use of methanol extract of B. Pilosa to
improve masculine sensitivity

Gavhi et al. [33] South Africa 2019 Experiment B. Pilosa extract possesses bioactive with
antihypertensive properties

B. Pilosa extract can be used to control
blood pressure

Mokganya [34] South Africa 2019 Survey B. Pilosa has medicinal value B. Pilosa has medicinal value, therefore
can be used by the local paper

Yang et al. [35] Taiwan 2006 Experiment B. Pilosa extract can protect normal human
erythrocytes against oxidative damage in vitro

Use of B. Pilosa extract to protect normal
human erythrocytes against oxidative
damage

Lai et al. [36] Taiwan 2014 Clinical evaluation (Human) B. Pilosa formulation exhibited better glycemic
control than diabetic drugs

B. Pilosa formulation had better glycemic
control than diabetic drugs; therefore, its
use in the control of glycemia

Sigh et al India 2017 Experiment B. Pilosa extracts have antimicrobial activity
against E. Coli and cytotoxic against human
epidermoid carcinoma

Use of B. Pilosa as antimicrobial and
antitumor activity

Application in Agriculture

Batish et al. [37] India 2001 Experiment B. Pilosa can exert inhibitory effect and hence
control the development of weeds

The use of B. Pilosa to control other weeds

Tembo et al.
[38]

Tanzania and Malawi 2018 Experiment Safety of botanical pesticides such as bioactive
from B. Pilosa

The use of bioactive from B. Pilosa as
botanical pesticides

Taffner and
Coallegues [39]

Uganda, East Africa 2020 Complementary scrutinises
amplicon and isolate libraries

An unusually large core microbiome shared by
plants, including procaryotic families such as
comamonadaceae, bacillus, sphingobium,
pseudomonas, and one archaeon from the soil
crenarchaeotic group. Microbiome
composition did not differ significantly for
plant species but differed for microhabitats.
The diversity was, in general, higher for
bacteria (27,697 ASVs/H ¼ 6.91) than for
archaea (2,995 ASVs/H ¼ 4.91); both groups
form a robust network of copiotrophic bacteria
and oligotrophic archaea

Indigenous leafy green vegetable crops
can better cope with biotic and abiotic
stresses. Therefore, it can properly be
used for Plant Growth, Health, and
Resilience

Ahmed et al.
[40]

Egypt 2021 Field experiment B. Pilosa extract have insecticidal properties Use of B. Pilosa extract as insecticides

Nutritional Value of B. P

Yang and
Keding [41]

- 2009 Theoretical B. Pilosa has micronutrient potential as other
vegetables such as folate and vitamin B9

Use of B. Pilosa as a supplement for folate
and vitamin B9

Faber et al. [42] South Africa 2010 Qualitative explorative stage
(field walks, semi-structured
interviews with key informants,
focus group discussions)

B. Pilosa, as a wild vegetable, was consumed
individually or mixed with other leaves.

Possibility for its application for food in
other areas.

(continued on next page)
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Table 1 (continued )

Author Study site Year
of
study

Study design Findings Remarks

Odhavi et al.
[43]

South Africa 2007 Experiment Leafy vegetables including B. Pilosa contain
mineral elements (Ca, P, Na, Zn, Mg, Mn and
Fe) and antioxidant levels

Offer indication that these traditional
vegetables, requiring no formal
cultivation, could contribute to improve
the nutritional content of rural and urban
communities

Singh et al. [44] India 2013 Theoretical Availability of indigenous vegetables with
nutritional benefits

Indigenous vegetables for food and
nutritional security

Manduna and
Vibrans [45]

Zimbabwe 2018 A survey using focus group
discussion and interview

Availability of indigenous vegetables with
nutritional benefits

B. Pilosa is among the preferred wild
plant used as vegetables and eaten
frequently

Safety of usage of B. P

Liang et al. [46] Taiwan 2020 Experiment B. Pilosa has no effects in Mice and Chicken Indicating its safety for medical
application

Other Application of B. Pilosa

Ajayi et al. [47] Nigeria 2019 Experiment B. Pilosa has a good property for corrosion
inhibition of surfaces made of mild steel in an
acidic medium

Use of bioactive from B. Pilosa as a
corrosion inhibitor

Alaneme et al.
[48]

Nigeria 2016 Experiment B. Pilosa has a good property for corrosion
inhibition of surfaces made of aluminium
composites in an acidic medium

Use of bioactive such as tannins and
flavonoids from B. Pilosa as a corrosion
inhibitor

BP Suppression

George [49] Zimbabwe 2020 Field experiment Herbicides used to control B. Pilosa Synthetic herbicide such as atrazine to
control B.P and other weeds

Daba et al. [50] Ethiopia 2018 Field experiment inhibitory potential of essential oils extracted
from eight locally plants and three inert
minerals against common weed species of
coffee with an stress on Bidens pilosa

Propose the use of this plant extract to
control B. Pilosa and other weeds

Wang et al. [51] - 2013 Field experiment Litchi extract can control B. Pilosa as weeds Propose the use of this plant extract to
control B. Pilosa and other weeds

Table 2. Taxonomical classification of genus Biden and Biden Pilosa L. a widely
distributed species.

Scientific classifications

Kingdom Plantae

Clade Tracheophytes

Clade Angiosperms

Clade Eudicots

Clade Asterids

Order Asterales

Family Asteraceae

Subfamily Helianthodae

Tribe Coreopsideae

Genus Bidens

Kingdom Plantae

Division Magnoliophyta

Class Magnoliosida

Order Asterales

Family Asteraceae

Genus Biden

Species Biden Pilosa L.
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indicating the safety of use, likely application singly or as a mixture with
current commercial antifungals in treating C. albicans infections.
Therefore, possibility to provide a substantial antimicrobial effect at a
lower dosage.

2.4.2. Effect of astragalin on cell membrane integrity
Results of the investigation of 30 min astragalin treatment revealed

strong absorbance indicators for nucleic acids (A260) and proteins
(A280), indicating the potential influence of astragalin [71]. A strong
4

effect of astragalin in the destruction of the fungus membrane veracity is
highlighted, thus contributing to its antifungal activity [71]. In the
parasite Trypanosoma cruzi, astragalin has demonstrated the capability
to alter the morphology of the cell membrane [72, 73]. Results of a study
by Ivanov et al. (2020) [71] disagree with a previous theoretical study
that predicted astragalin to work as a membrane integrity agonist [74],
suggesting that theoretical docking studies should be supplemented with
in vitro testing before predicting bioactivities of diverse substances.

2.4.3. Astragalin impacts yeast to hyphal transition
Ivanov et al. (2020) revealed that astragalin had no antioxidant ac-

tivity in C. albicans. In an analogous study, just 6% of the flavonoids
apigenin and apigetrin inhibited ROS activity, compared to 40% sup-
pression of ROS activity by apigenin and apigetrin flavonoids [75]. The
growth of fungous cells with or without astragalin performed was
inspected, results revealed a marginal reduction in the proportion of
hyphal cells following 4-hour treatment with astragalin at MIC [71]. A
similar study by Candiracci and Colleagues demonstrated the capability
of honey flavonoid extract comprising kaempferol to cause a reduction in
the proportion of cells switching from yeast to hyphal [76].

2.4.4. Astragalin's ability to interfere with sterol biosynthesis
The MIC of astragalin against C. albicans was investigated before and

after introducing exogenous ergosterol to the growth media to see if it
interacts with fungal ergosterol [72]. The MIC increased thrice after
ergosterol introduction, whereas the astragalin MIC was unaffected by
ergosterol addition [72].

2.5. NF-kB/DNA complex inhibition by ethyl caffeate

Chiang and Colleagues studied the relationship between the structure
of ethyl caffeate extracted from Bidens pilosa and its activity [70]. The
study suggests that inhibition of NFkB DNA complex formation is
contributed by a b-unsaturation in ester and catechol in ethyl caffeate.



Figure 1. Morphological representation of Biden Pilosa.

Table 3. Representatives of bioactive molecules from blackjack and their
properties.

Compound Properties References

2-b-D-Glucopyranosyloxy-1-hydroxyltrideca-
3,5,7,9,11- pentryne

Anti-inflammatory and
antibacterial

[18, 59]

Astragalin Anticandidal [60, 61]

Axillaroside Antibacterial and
antifungal

[16]

Iso-Vanillin Antimicrobial [62]

Pyrocatechin Plasticizer [62]

Linalool, b-Linalool Antitumour [21, 63]

Daucene Antibacterial,
antioxidant and
antifungal

[64]

Sandaracopimara-8(14),15-diene Antibacterial,
antioxidant and
antifungal

[64, 65]

Squalene Anti-inflammatory [66]

B-caryophyllene and s-cadinene Antioxidant [21]

Pyrocatechin, salicylic acid, p-vinylguaiacol,
dimethoxyphenol, eugenol, 4-ethyl-1,2-benze-
nediol, iso-vanillin, 2-hydroxy-6-methylben-
zaldehyde, vanillin, vanillic acid, p-
hydroxybenzoic acid, protocatechuic acid, p-
coumaric acid, ferulic acid, and caffeic acid

Antifungal and plant
growth inhibitory

[62]

Chalcone (ONC) and okanin flavanone (ONF) Antioxidant [67]

4-O-acetyl-3-O-caffeoyl-2-C-methyl-D-
erythronate; (12R)-tridecane-2E,8E-diene-4,6-
diyne-1,14-diol-12-O-β-D-glucopyranoside;
(10S)-tridecane-2E,12-diene-4,6,8-triyne-1-ol-
10-O-β-D-glucopyranoside

Angiogenic activity [68]

7-phenyl-hepta-4,6-diyne-2-ol Anti-inflammatory and
antioxidant

[16, 66]
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Chiang and Colleagues utilized ethyl caffeate and its analogues such as
catechol in an in vitro NF-kB to DNA binding to describe the role of ethyl
caffeate in the inhibition of NFkB to DNA complex formation [70]. It was
revealed that the binding of NF-kB to DNA was inhibited by 50 mM of
ethyl caffeate. On the other hand, Catechol was observed to block the
binding at 400 mM, whereas the concentration of 400 mM of ethyl cin-
namate failed to inhibit NF-kB to DNA binding; this may be due to lack of
catechol moiety in the ethylcinnamate molecule [70]. Thus, the catechol
part and the a b-unsaturation at ester together may play important roles
in NF-kB to DNA binding and inhibition [70]. This study indicates that
the structure of a bioactive is essential for the activity it plays, for the
bioactive used for mitigation of various health conditions.

3. Squalene anti-inflammatory mechanism

Squalene has anti-inflammatory and antioxidant properties [77]. It
was also shown that squalene works by inhibiting the over provocation of
neutrophils, monocytes, andmacrophages by targeting pro-inflammatory
mediators and PPAR signalling pathways [77]. To exert its antioxidant
capacity, squalene targets LPS-induced intracellular ROS generation in
murine peritoneal macrophages, resulting in the highly fluorescent
5

chemical DCF [78]. After an 18-hour incubation period in the presence of
50 M squalene, intracellular ROS levels were significantly reduced (P
0.05) [78]. According to some research, squalene's antioxidant activity is
mediated through the protein production of Nrf2, a crucial transcription
factor that controls the cellular antioxidant response [79]. The results of
an 18-hour incubation with 50 mM squalene show a significant increase
in Nrf2 protein expression in LPS-treated cells (P 0.01), approaching that
of untreated cells [78].
3.1. Nitrite production and iNOS and COX-2 protein expression
suppression

LPS can cause NO production and release in murine macrophages,
according to Gordon and Taylor (2005) [80,81]. C�ardeno et al. (2015)
discovered a significant increase in nitrites in the medium of LPS-treated
murine peritoneal macrophages as an indicator of NO generation; how-
ever, squalene was shown to reverse this effect (P 0.001) [78]. As a result
of the 18-hour incubation with 25 and 50 M squalene, the levels of iNOS
protein expression in LPS-treated cells were reduced (P 0.05 and P 0.01)
[78]. In murine peritoneal macrophages, LPS increased COX-2 protein
expression; however, 18-hour incubation with 25 and 50 M squalene
resulted in significant reductions in COX-2 protein expression in
LPS-treated cells, with a pattern strikingly similar to that reported for
iNOS protein expression.
3.2. Modulation of MAPK and NF-κB signalling

MAPKs are responsible for many inflammatory mediators, such as
iNOS and COX-2 [82]. As a result, the potential of squalene to target the
activity of MAPK pathways was studied to determine the molecular
mechanism underlying its ability to reduce pro-inflammatory signals
[78]. LPS stimulation resulted in increased levels of phosphorylated JNK
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and p38 MAPK expression in murine peritoneal macrophages, according
to the findings [78]. After 18 h of treatment with 25 and 50 M of squa-
lene, there was a significant drop in phosphorylated JNK (P 0.05) but not
p38MAPK expression in LPS-treated cells, reaching a level comparable to
that of untreated cells [78]. Other transcriptional systems, such as NF–B,
a critical effector pathway involved in inflammation response, may be
controlled by LPS, according to Andreakos et al. (2004) [83], and NF–B
has been identified as a crucial regulator of cellular responses to oxida-
tive stress in mammalian cells [84]. LPS stimulation decreased the
inhibitory protein IB in the cytoplasm while increasing the p65 NF–B
protein in the nucleus of murine peritoneal macrophages. However, after
18 h of incubation with 25 and 50 M squalene, IB increased significantly
(P 0.05), while p65 decreased significantly in LPS-treated cells (P 0.05),
reaching comparable levels to untreated cells [84].

3.3. Alteration of MPO and HO-1 gene expression

In previous investigations, squalene has been shown to reduce MPO
and increase HO-1 gene expression in human neutrophils and monocytes
treated with LPS. MPO is a human protein found mostly in neutrophil
azurophilic granules and monocyte lysosomes [85, 86, 87]. MPO is
generated when LPS is activated, and it catalyzes the development of a
potent oxidant like hypochlorous acid, a 14-reactive chlorine species that
accumulate in chronic inflammation sites [87]. The results show that
after 18 h of treatment with 50 M squalene, the mRNA level of MPO in
LPS-treated human monocytes and neutrophils decreased (P 0.001). The
anti-inflammatory gene HO-1, on the other hand, was found to increase
in both human monocytes (P 0.05) and neutrophils (P 0.001) treated
with LPS.

3.4. Alteration of TLR4 and pro-inflammatory cytokines

TLR4 is activated by LPS, leading to the generation of important pro-
inflammatory and immunoregulatory cytokines that can activate the
innate immune response [88]. According to the findings of C�ardeno and
Coallegues (2015), 18 h of treatment with 50 M squalene reduces TLR4
gene expression in LPS-treated human leukocytes, but more so in
monocytes (P 0.001) [87]. It was also shown that incubation with 50 M
squalene for 18 h inhibited the expression of pro-inflammatory cytokine
genes TNF- and IL-1, but not IL-6 or IL-10.
6

4. iNOS and COX-2 enzymes overexpression

The effects of squalene on gene expression of enzymes involved in the
LPS-induced inflammatory response in human monocytes and neutro-
phils revealed that 18 h of incubation with 50 M of squalene reduced
iNOS and COX-2 gene expression in LPS-treated human monocytes (P
0.001), but not COX-2 gene expression in LPS-treated human neutrophils
[71].

4.1. Alteration of MMPs and PPARγ gene expression

In LPS-treated human monocytes and neutrophils, Khokha and col-
leagues (2013) discovered that squalene could regulate MMPs and PPAR
gene expression [89]. MMPs control ligand-receptor connections,
effector function, immune cell growth, and migration, all of which are
important in maintaining an inflammatory response [89]. The effects of
squalene on three major MMPs were examined. There have been reports
of PPAR inhibiting LPS-mediated MMPs and pro-inflammatory cytokines
[90, 91]. MMP-1 (P 0.001) and MMP-9 (P 0.01) gene appearance in
LPS-treated human monocytes, as well as MMP-1 and MMP-3 gene
expression in LPS-treated human neutrophils (P 0.001), were shown to be
significantly reduced after 18 h of incubation with 50 M of squalene. In
contrast, these findings are supported by a substantial increase in PPAR
gene expression in LPS-treated human monocytes and neutrophils (P
0.001) [71]. As a result, squalene's potential in treating inflammatory
disorders is defined by the overactivation of neutrophils, monocytes, and
macrophages, allowing for the effective termination of the inflammatory
response.

4.2. Anti-HIV mechanism of natural products

As a result of the failure of existing anti-AIDS techniques due to
multidrug resistance, most treatment plans look to natural items with
anti-HIV potential [92]. This necessitates the development of novel and
effective anti-AIDS medications derived from natural sources [92]. WHO
proposes that ethnomedicines and several other natural elements be
thoroughly tested to achieve the goal of preventing HIV [93, 94]. Natural
materials used as medication are classified according to their mode of
action or the activity of secondary metabolites [92]. In the fight against
HIV, scientists look for chemicals that can stop HIV from replicating.
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Almost all anti-HIVmedications, for instance, target viral proteins such as
viral protease, integrase, and reverse transcriptase [95]. Natural goods
can be immunoregulators, antioxidants, or anti-inflammatory, and their
use could help in HIV prevention.

5. Utility of anti oxidant potential of natural products

Many reactive oxygen species (ROS) are produced in patients with
AIDS due to changes in antioxidant enzyme levels [96], which leads to
DNA damage and lipid peroxidation [97, 98]. ROS may also boost the
nuclear factor kappa B (NF–B factor), which aids in HIV transcription and
promotes its proliferation [99]. Antioxidants are substances that inhibit
the production of reactive oxygen species (ROS) and protect cellular
DNA. N-Acetylcysteine is an amino acid that functions as an antioxidant
and treats HIV infection [69]. Antioxidants such as selenium, lipoic acid,
vitamin C, -carotene, and vitamin E have been used to help people with
HIV and AIDS [100, 101]. Cyanidin-3-glucoside and peonidin, two an-
tioxidants, are also used to prevent AIDS [102, 103].

5.1. Immunomodulators from plants

Immunomodulators are substances that stimulate the cellular and
humoral immune systems in response to any pathogenic infection [103,
104, 105]. They signal the antigen to T cells, initiating an immunological
response. T cells also stimulate B cells to produce antibodies that bind to
the antigen, and T cells activate killer T cells that attack infections [106].
Glycosides, alkaloids, tannins, terpenoids, coumarins, flavonoids, poly-
saccharides, and lignans are only a few naturally occurring chemicals
showing immunomodulatory activities in HIV [107, 108]. In persons
livingwith HIV [103], ellagic acid, a phenol from Punica granatum [109],
curcumin from Curcuma longa [81], Plantago major's aucubin glycoside
[110], vanillic acid, and ferulic acid [103] all showed immunostimulant
properties. Plantago major chlorogenic acid [109]. Centaurein flavonoid
from Bidens pilosa showed excellent immunomodulatory potential in
AIDS [103].

5.2. Application of blackjack plants

There are about 240 Biden species known globally [111]. Reports of
the traditional use of Biden pilosa for foods and medicines without
obvious adverse effects are available [112]. The possibility of further
exploring this plant's usefulness to humans and animals as food, medi-
cine, and other applications can be archived. Every part of a plant is
useful to humans, for example, the sap, flower; the leaves and roots of a
perennial yellow-flowered plant are a warehouse of vitamins, with leaves
being used as a source of vitamins A, E, and C before the plant's flower
[5], roots being dry, baked, percolated, and used as a coffee substitute
[30], sap being a source of latex [31, 32], and flowers having a high
carotene content [113]. Nevertheless, blackjack plants and other indig-
enous vegetables are underutilized in many parts of sub-Saharan Africa,
but the Network Vegetable Production in Africa (NEVEPA) aids in the
protection and usage of indigenous vegetables through its activities
[114]. The German Government funded the project and implemented it
by the German Agency for Technical Cooperation (GATZ) [20]. This
project aims to assist African countries in establishing national vegetable
production networks and to enable communication between networks in
different countries. Initial efforts were made in Tanzania, with later
networks forming in Ethiopia and Uganda. As the knowledge and
know-how on the indigenous vegetables are underutilized, these net-
works will improve information exchange in the vegetable production
sector [12]; this could inform the general population about the possible
benefits and thus their use.

5.3. Use of blackjack plants as vegetables

The consumption of vegetables is healthy and protective to the body
due to the different nutrients contained. Vegetables are "protective foods"
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since they provide vital micronutrients and vitamins to the daily diet
[44]. They are rich in phytochemicals, linked to a reduced risk of car-
diovascular, digestive, colon cancer, anaemia, weariness, blindness and
other immune-related disorders [44]. The World Health Report of 2002
revealed that poor fruit and vegetable diet are responsible for about 31%
of ischemic heart disease and 11% of stroke globally [115]. Generally, it
is projected that if fruits and vegetable consumption increases substan-
tially, up to 2.7 million lives may be saved each year [115, 116]. Indig-
enous vegetables are region-specific, have a low acceptance rate, and are
part of the subculture [44]. Therefore, blackjack plants are among the
indigenous vegetables consumed mostly by rural communities in
different parts of the world. It occurs naturally as a weed or cultivated at
the home garden [117], and due to its seasonality, nature can also be
commercialized. As one of the African indigenous vegetables, it contains
a high amount of nutrients, it is easily accessible to the environment and
cheap for underprivileged communities. It contains minerals and vita-
mins [43, 44, 118, 119]. Therefore, consumption of blackjack as a
vegetable contributes to global initiatives of WHO, which calls for the
increase of fruits and vegetable consumption in African nations [42]. In
this case, blackjack has been used as an edible vegetable in different parts
of the world where it is consumed regularly, like in South Africa or as
famine food in some countries [120]. It acts as a protective substance as it
contains many essential nutrients, including beta-carotene, vitamin A,
vitamin C and medium in vitamin E and protein [112, 119]. In addition,
the presence of various minerals in Biden pilosa has been reported [43].
Table 4 represents minerals and contents presented in BP contained in
mg per 100g of dried weight.

Moreover, blackjack can also be used as a spice, feed, herbal tea, and
medication. The leaves can be used to prepare blackjack tea and juice, as
reported by other researchers [121]. The use of natural products with
medicinal properties has traditionally been used in several countries and
particularly in Africa for nutritional anaemia, blood flow improvement,
malaria prevention, toothache relief, improved eye health, and wound
healing, including wounds encountered by HIV patients [122]. The
current need globally to move from persistent synthetic drugs to biode-
gradable natural herbs for sustainability is preferable, as supported by
Arthur et al. (2012) and Benli et al. (2008) [123,124].

5.4. Medicinal application

Researchers reported antidiabetic, antiobesity and antihypertensive
properties of Biden Pilosa worldwide, indicating the possibility of its
application in the mitigation of diabetes, hypertension, and obesity.
Therefore, adopting blackjack in diet may help alleviate metabolic syn-
drome, leading to a healthier society. However, little information is
available on the medicinal application of bioactive from blackjack in
most countries of sub-Saharan Africa. Such information is vital as it will
enhance the reduction of synthetic drugs, which may sometimes become
resistant to diseases and pollute the environment. Blackjack has been
reported to be used to mitigate different medical conditions in humans
and other organisms. For example, reports of detection and quantifica-
tion of a compound with anticancerous potential, paclitaxel, from
blackjack leaf extract are available [125]. Blackjack extracts also have
shown pharmacological activities such as antibacterial, antifungal, and
antiulcer [126]; this calls for further research. A study by Sigh and
Coallegues (2017) examined the antimicrobial activity of Biden Pilosa
against E. coli; results indicated the highest antimicrobial activity MIC of
80 μg/mL and IC50 110.04 μg/mL, indicating the possibility of its
application as or in combination with the antimicrobial agent [125].

Similarly, Chang et al. (2015) investigated the efficiency of blackjack
against eimeriosis on a green chicken farm. Results indicated that feed
supplemented with blackjack, at the dose of 0.025% of feed or more,
resulted in a significant reduction in eimeria infection [127]. Apart from
reduced infection, the treatment increased body weight at a reduced feed
conversion ratio, leading to higher growth performance. Also, it lowered
morbidity/mortality rate, decreased oocysts per gram of faeces and gut



Table 4. Reported Minerals and its Amount in Blackjack.

Mineral Calcium Phosphorus Sodium Manganese Copper Zinc Magnesium Iron

Amount (mg/100g) 1354 504 290 21 10 22 658 17
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pathology and augmented by the anticoccidial index [127]. Collectively,
these data demonstrated the potential of Biden Pilosa to control chicken
eimeriosis on chicken farms. Biden Pilosa can, therefore, be used as an
effective means to control eimeriosis in chicken and used as supplements
to ensure health.

5.5. The antimetabolic function of blackjack

Humans have created various health problems due to unhealthy
eating habits, physical inactivity and inadequate intake of nutrients such
as minerals and vitamins [128]. The problems may lead to long term
illness, mortality and several metabolic syndromes worldwide [129,
130]. The metabolic syndrome results in several health risks for hyper-
tension, diabetes and cardiovascular diseases. These disorders can be
controlled using medications, but also indigenous substances can be
used. Therefore, bioactive such as Polyynes in blackjack have been pro-
phylactically and therapeutically active against metabolic-related syn-
drome like diabetes and adipogenesis [27, 131].

Regarding diabetes, Ubillas and Coallegues (2000) reported the anti-
diabetic efficacy of blackjack on type two diabetes [23, 28, 132]. In their
study, it was observed that the hydroethanolic extract of blackjack at a
dose of 1 g/kg Body Weight (BW) reduced Fasting Blood Glucose (FBG)
in db/db mice [28]. In this study, two polyynes were isolated and then
mixed in 3:2 ratio and effectively decreased porphobilinogen (PBG) level
and food consumption inmice, indicating that there is no acute porphyria
attack and the polyynes were responsible for the anti-diabetic activity of
blackjack as similarly reported by other researchers [133].

On the other hand, blackjack has been reported by several scholars
and researchers to function properly in dealing with obesogenic prop-
erties. Generally, obesity is recognized as an imminent pandemic with
negative health consequences worldwide [134, 135]. In 2014, it was
predicted that 1.9 billion people globally were overweight, with over 600
million being obese [136]. Obesity is a health problem affecting people in
every country on the planet [137]. The main cause of obesity is an
unhealth lifestyle coupled with food transition where traditional and
indigenous diet has mostly been replaced by unhealth diets such as fast
foods and snacks, processed food with high sugar, salt and fat [138]. It is
currently classified as a risk factor for several non-communicable dis-
eases such as hypertension, diabetes, numerous types of cancer, and
coronary heart diseases [139, 140]. Therefore, obesity and its related
comorbidities need intervention, such as including vegetables in the diet
with antimetabolic properties such as blackjack.

Consequently, blackjack, regardless of its status as a weed or wild
plant, has been studied and found to have ant-obesity properties [141]. A
study was conducted to investigate blackjack's effectiveness as an anti-
obesity agent using Institute of Cancer Research (ICR) mice, where ICR
mice were fed with blackjack extract at different doses for 24 weeks. The
result indicated that blackjack extract significantly reduced crude fat
content in ICR mice at different rates [141]. It was further revealed that
blackjack extract has anti-obesity properties due to reducing fat content
[141]. Furthermore, the study examined the outcome of blackjack on
body weight and body composition using ob/ob mice [25]. Using the
mouse model of obesity, the blackjack extract was fed to mice for five
consecutive weeks at different doses [30]. The result showed the positive
effect of blackjack extract on body weight and body composition.
Blackjack dependently decreases the body weight of visceral and sub-
cutaneous fat depending on the dose administered [25, 142]. Therefore,
the two experiments conducted on blackjack indicate that the plant has
an antiobesity function. It is, therefore, imperative for researchers to
conduct more research for more information.
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In addition, blackjack has also been reported to have the ability to
treat hypertension [143, 144]. Generally, hypertension is the
world-leading cause of illness which has drawn high attention to the
public health sector. It is the major cause of mortality and morbidity
globally [145]. In sub-Saharan Africa, hypertension is estimated to be as
high as 38%, and it is believed that between 10 to 20 million persons
among 650 million in sub-Saharan Africa suffer from hypertension [146,
147]. Diet is an important adjustable risk factor for hypertension devel-
opment. Therefore, in comparative situation an individual whose diet
contain enough fruit and vegetable has lower blood pressure level and
minimum risk of hypertension than those who consume fast foods,
snacks, processed food with high sugar, salt and fat regularly [148].

In this case, sub-Saharan Africa has a good potential to include fruits
and vegetables in the diet at a low cost by using indigenous plants
available in their environment. Blackjack is, therefore, among indigenous
leaf vegetables freely available in the environment, and it has been re-
ported to have bioactive molecules to mitigate hypertension [149]. The
potential of blackjack for the mitigation of hypertension was reported by
several scholars [32, 150, 151]. There are existing reports of the test of
blackjack extracts for its antihypertensive and many hypertension
models, including spontaneously hypertensive rats (SHR), salt-loading
and fructose-induced hypertensive rats [32, 150, 151], and even
human cells, have been shown to have hypotensive effects [152]. These
studies show the positive response towards Biden pilosa in the manage-
ment of hypertensive. The clinical trial of Biden pilosa in treating
different diseases has been done on both humans and other animals to
test the efficacy in the treatment and control of infectious and
non-communicable diseases. Table 5 presents clinical trials conducted on
Biden pilosa extracts.

5.6. Safety of blackjack consumption

The consumption of blackjack as food in some parts of Africa was
suggested in 1975 by the Food and Agriculture Organization of the
United Nations [142, 159]. In this case, blackjack is recognized as safe for
consumption by humans and other animals. In addition, blackjack is also
recognized as a safe medicinal plant for treating different types of sick-
ness in human beings and other animals. Although there is no evidence of
toxicological study on humans and animals for blackjack conducted in
sub-Saharan African countries, some evidence from several seminal
studies proves that Biden Pilosa is safe for consumption for food and
medicinal purposes. Table 6 represents some studies conducted to indi-
cate the safety of blackjack.

5.7. Application of blackjack in agriculture

Among the agricultural benefits of blackjack comes from applying its
bioactive such as alkaloids, as a herbicide in organic agriculture [164].
The motivation to research alkaloids in botanical pesticides has intensi-
fied due to environmental friendliness, low toxicity, and biodegradability
compared to typical chemical pesticides while concurrently exhibiting
higher effectiveness after certain structural modifications [164, 165].
This is significant to the sustainability of ecosystems as the products will
help to decrease the chemical load in our environments. A study con-
ducted by Deba and colleagues examined the option of utilizing Bidens
Pilosa extracts for plant fungus and weed control. The results indicated
that the extract of Biden Pilosa shows strong phytotoxic action against the
growth of Crus-galli, Raphanus Sativus and Echinochloa and antifungal
activity against phytopathogens in bioassays. Therefore, this result shows
that extract of this plant can be used for treatments of plant diseases and



Table 5. Presents clinical trials conducted using Biden pilosa extracts.

Activity Method Result References

Anticancer Extract from the whole plant using n-hexane, chloroform and
methanol (E1-E3). The extracts were fractioned by column
chromatography with ethyl acetate, acetone and water (F1 – F3)

Results show that E1 have notable anticancer activity, and E3
bears maximum antipyretic activity.

[153, 154]

Anti-coccidial Some of the chickens were affected by E. tenella. Chickens were
fed standard daily feed for 21days. The feed contains commercial
anti-coccidial agent salinomycin or 0.05%, 0.01% and 0.002% B.
pilosa powder.

Compared to the control group, the results show that feeding
resulted in a 60% survival rate (100 per cent). Chickens infected
with E. tenella and fed salinomycin-containing diet had a 90%
survival rate. Infected chickens fed feed with B. pilosa at doses of
0.05 per cent, 0.01 per cent, and 0.002 per cent had survival rates
of 100 per cent, 100 per cent, and 60 per cent, respectively. At
100 ppm or higher, B. pilosa causes a decrease in oocyst
excretion; gut pathology; prophylactic duration was 3 days.

[155]

Anti-diabetic Treatment was divided into groups: ranging from 200-800 mg/
kg. At the end of week IV, biochemical tests for blood glucose
monitoring was conducted; Alanine aminotransferase (ALT) and
Aspartate aminotransferase (AST).

Results show Bidens pilosa maintained hypoglycemia for two
weeks, and later status was lost. T1DM rats treated with 200 mg/
kg indicates better recovery, followed by 400 mg/kg, indicating
lower doses are more efficient.

[156]

Antimicrobial Agar dilution method, with the root of the South African ecotype,
methanol: acetone: water extracts

The extracts suppressed all the bacteria and some fungi species,
except for water extract

[157]

Antihyportensive Extracts evaluated aqueous with 150–350 mg/kg; methylene
chloride with 150–300 mg/kg; pilosa by use fructose-induced
hypertension in rats.

Results show that Bidens pilosa has hypotensive potential whose
mechanism of action is not related to insulin sensitivity

[158]
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replace chemical agents that pollute the environment. Also, the plant
growth inhibitory activity exhibited by extracts can be utilized positively
to control other weeds.

5.8. Corrosion inhibitor

Apart from nutritional and medicinal properties, blackjack has shown
promising corrosion inhibitors in an acidic medium. Olusegun and
Coallegues (2018) assessed the corrosion inhibition activity of Biden
Pilosa in an acidic medium [166]. The results indicated that the extract
showed inhibition efficiency of 97% at 303 K through decreased with
increasing temperature indicating the inhibition mechanism was phys-
isorption. There is a need for further research on the possibilities of
utilising and improving Biden Pilosa extract in various mediums as
corrosion inhibitors. In an acidic medium, Biden Pilosa extract could
inhibit corrosion on a composite matrix made from silicon carbide
reinforced with the aluminium matrix, as presented by Alanemea et al.
(2016) [48]. Concerning this study, bioactive compounds present in
extracts such as flavonoids and tannins are indicators of its corrosion
inhibition. The results indicated that Biden Pilosa extract was able to
reduce corrosion rate. However, the influence of increased concentration
of the Biden Pilosa extract on progressive reduction in corrosion was not
established. This necessitates the need for further studies. Similarly, the
Biden Pilosa extract corrosion inhibition on the aluminium environment
occurred through physical adsorption [48]. Other researchers also re-
ported corrosion inhibition of Biden Pilosa extract on mild steel in an
Table 6. Reported studies showing the safety of blackjack consumption.

Study Findings

A 90-day trial, administration B. pilosa-based
health food at a daily dose of 400 mg/
individual mice, three times a day

Results indicated no adverse effect
increased insulin level and decreas
total cholesterol (TC).

In mice, administration of B. pilosa whole plant
at 1 g/kg bodyweight for 24 weeks, a dosage of
close to 10% of food was done.

No toxicity was observed, as evide
retaining their normal ways of life

A trial where an aqueous extract of B. pilosa
leaves (10 g/kg BW) given to rats

No fatality or changes in rats obse

A regular dose of the aqueous extract of B.
pilosa leaves at 0.8 g/kg BW was given to rats

No noticeable 28-day toxicity in ra
exhibited, as evidenced by surviva
gross examination of vital organs

A 24-week oral treatment with BP at doses of
0–2.5%; 5% and 10% was investigated in mice.

No significant difference was obse
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acidic medium [47]. This information justifies that Biden Pilosa is
important in medicine, nutrition and other applications such as corrosion
inhibition.

5.9. Traditional uses and ethnopharmacology of Biden pilosa

Since prehistoric times, humans have been employing extracts from
natural products to treat medical conditions. In this case, traditional
Chinese medicine, Ayurveda; Kampo; traditional Korean medicine, and
Unani have been practised in different parts of the world and have
evolved into well-organized medical systems [167, 168, 169, 170]. With
the advancement of science and technology and the necessity to obtain
lead compounds for drug development, research focusing on safety,
pharmacological activity, and extract composition becomes more
important. These studies discovered that the extract from natural prod-
ucts possesses pharmacological activities that traditional healers utilize
through their indigenous knowledge [171] and trials to solve societal
problems [172].

The use of traditional medicine may be motivated by the absence of
clinical settings [173] and other factors such as community perception.
Currently, drug resistance is among the motivation for using alternative
or traditional medicine. On the other hand, the ability of traditional
healers to treat diseases using natural products, initial studies revealed
the presence of drug lead in natural products and natural products
possession of bioactivities attracted medical practitioners and led to the
development of modern technology medicine from natural products
Remarks Reference

s with the
ed level of

No potential harm; All parameters
were in the physiological range, hence

[160, 161]

nced by
.

Normal patterns were observed,
indicating no toxic effects

[162]

rved Indicating no toxicity [163]

ts was
l, BW, and

Indicating no toxicity [24]

rved. Indicating no toxicity [46]



Table 7. Summarizes differences between the traditional usages of blackjack in
named places.

Traditional usages Place or region References

Dizziness mitigation West Africa [180]

Mitigation of migraines South Africa

Mitigation of sexually transmitted
diseases

[181]

Treatment of TB [182]

Mitigation of headache and
rheumatism

Tropical Areas [183]

Use of flowers or whole plant for
treatment of TB

Uganda; Ghana; South Africa [172, 174,
184]

Use to induce labor Tanzania [185, 186]

Use to induce abortion Tanzania

Vegetables Kenya, Congo, Botswana,
Zambia, Zimbabwe, South Africa
and Mozambique

[9, 10, 11,
187]

Management of AIDS in clients Uganda, Tanzania, Malawi [122, 175,
188]

Use of roots for the treatment of
malaria, TB and related symptoms

Uganda [174]

Use of grounded leaves as
insecticides and for flu urinary tract
infections mitigation.
Infected wounds of the skin and
upper respiratory tract infections.

Kenya (Giriama) [189]

Crushed leaves, Leaf sap, Powder
from seeds, Leaf extract
Jaundice/dysentery, burns,
anaesthetic and Swollen spleens

Cote d’ Ivoire
Tanzania
Nigeria

Use of concoction of the whole plan,
as poison antidote; ease child
delivery; relieve pain from a hernia;

Congo

Use of suspension of powdered
leaves, the concoction of leaf for
abdominal pain, Arthritis and
malaria

South Africa (Zulu)

The use of leaf tea to mitigate
stomach, mouth ulcers, diarrhoea,
headaches, and hangovers.

Zimbabwe (Manyika)

Use of crushed leaves; decoction of
leaf powder; herbal tea; blood
clotting agent; ear infection; kidney
problems; headache and flatulence;

Uganda

Management of childhood diseases South Africa [190]
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(alternative medicine) [167]. Therefore, these studies confirmed that the
traditional usage of natural product extract utilized the variety of bio-
logical potential provided by these extracts. Natural product extracts are
used in various regions, such as cold or hot extracts, and some use the
entire plant, while others use sections of the plant such as roots, leaves,
flowers, barks, and shoots. Table 7 summarizes various ways of tradi-
tional usages of Blackjack in named places. The report of medicinal plants
and finished marketed herbal products used in the treatment of deseases
such as malaria, tuberculosis and other deseases are available globally
[174, 175, 176, 177, 178, 179].

5.10. Challenges of application Biden Pilosa

The potential of Biden Pilosa for food and as a source of supplement is
supported by its nutritional values [7, 41, 44, 191]. Also, it has been
utilized for the mitigation of different metabolic syndromes such as
diabetes and obesity and other medical conditions such as hypertension
[160]. Also, Biden Pilosa is applicable in the agricultural sector, where it
is used to control other weeds and improve soil properties [6, 17]. Apart
from its usefulness, its application is hindered by its categorization as
inversive species (weeds) [192]. The information on the potential of
Biden Pilosa is inadequate in such a way that researchers find a way to
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suppress its growth. A study byWang and Coallegues (2013) reported the
ability of leaf powder of Litchi chinensis (Litchi), which is used as a
naturally occurring herbicide, to inhibit the growth of weeds, including
Bidens pilosa [51]. Kaur (2002) [37] studied Parthenium hysterophorus
extract's ability to inhibit the growth of Biden Pilosa. The results indicated
the potential of usage of the extract for the management of other weeds in
future.

6. Conclusions and future perspectives

Blackjack is among indigenous leaves used as vegetables in Africa
with potential applications regardless of its classification as weed or
wild plants. It offers significant health benefits to both human beings
and other animals. Blackjack is the main nutrient and medicinal
source, important for health and immune enhancement. Several re-
searchers have reported the plant to solve non-communicable diseases
such as obesity, hypertension and diabetes. It can also improve soil
conditions, leading to more production of crops and a healthier
society.

Moreover, it can be utilized as a potential corrosion inhibitor in an
acidic medium. However, due to inadequate information, this plant has
been underutilized and destroyed as a weed to protect other plants that
society thinks are more important than Blackjack. This calls for consensus
among the researchers to have one voice regarding its utility. There will
be an improvement in nutrition security and reduction of synthetic drugs
that are persistent in the environment and prone to resistance. In addi-
tion, the increased difficulties in treating diseases caused by microor-
ganisms and the emergence of drug-resistant strains challenge globally.
In the future, bioactive from natural products such as Bidens species can
be used to treat both communicable and non-communicable diseases.
Specifically, researchers should focus on applying Biden pilosa extracts in
the clinical setting to mitigate leading killer and chronic diseases such as
tuberculosis, cancer, diabetes, and hypertension. There is a notable lack
of knowledge on consumer preferences for Biden pilosa with no pub-
lished studies on the topic. Research on consumer preferences, and at-
titudes towards Biden pilosa is needed in order to tailor policies to raise
awareness on the potential benefits of the Blackjack.
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