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Albizia coriaria Welw ex. Oliver is a customary African medicinal plant, which has a long history of utilization in the management
of oxidative stress-induced and bacterial diseases. However, there is no report on the phytochemicals, antioxidant, and anti-
bacterial activities of its leaves. The aim of this study was therefore to compare the phytochemicals, antioxidant, and antibacterial
potential of A. coriaria leaves from Jinja, Kole, and Mbarara districts of Uganda. Shade-dried leaf samples were ground into
powder and successively extracted with ethyl acetate, ethanol, and distilled water. Phytochemical screening indicated the presence
of alkaloids, phenols, saponins, flavonoids, cardiac glycosides, tannins, and terpenes as the major secondary metabolites in the
extracts. Total phenolic and flavonoid contents and total in vitro antioxidant activity were found to be the highest for ethanolic
extracts, with the highest contents (101.72+0.22mg GAE/g DW; 13.23+0.03mg QE/g DW) and antioxidant potential
(ICs0p=18.65 + 0.06 mg/mL) being for leaves from Mbarara district. Antibacterial activity of the extracts determined by agar disc
diffusion method revealed that ethanolic extracts had higher antibacterial activities with mean zones of inhibition of 6.00 + 1.73 to
10.00+1.73 mm, 5.00+1.00 to 12.30+1.53mm, 17.00£0.00 to 25.00+2.65mm, and 9.00+1.73 to 16.00+1.73mm for
Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, and Salmonella typhi, respectively. Ethyl acetate extracts of
A. coriaria leaves from Kole and Mbarara had lower antibacterial activities, while aqueous extracts and ethyl acetate extract of
leaves from Jinja showed no antibacterial activity. The current study for the first time established that A. coriaria leaves possess
therapeutic phytochemicals with significant in vitro antioxidant and antibacterial activities, which lend credence to their use in
traditional management of oxidative stress-induced conditions and bacterial diseases in Uganda. Structural elucidation of the
responsible pure compounds for the observed bioactivities as well as toxicity studies of the extracts is recommended.

1. Introduction

Infectious diseases caused by bacteria are one of the leading
causes of preventable deaths in the world [1, 2]. Nearly
50,000 people die yearly from infectious diseases, yet many
of these diseases could be prevented or cured at affordable
costs [3, 4]. Other pathogenic diseases, namely, human

immune virus/acquired immunodeficiency syndrome (HIV/
AIDS), coronavirus disease-2019 (COVID-19), and the
notorious Ebola hemorrhagic fever, have also presented
serious health threats [5, 6]. Cancer on the other hand has
taken another toll and the situation has been exacerbated by
the prevalence of carcinogenic mycotoxins in staple foods,
especially in developing countries [7]. Stomach, cervical, and
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liver cancers have been reported to be induced or aggravated
in patients with infectious diseases [8, 9]. About 55% of the
550,000 new stomach cancer cases worldwide are attributed
to infections caused by pathogenic bacteria such as Heli-
cobacter pylori [8]. Bacterial diseases have also been linked to
increased HIV progression in immunocompromised pa-
tients [10]. Treatment of bacterial diseases is continuously
becoming difficult due to the prohibitive costs, limited ac-
cess, and side effects of the effective commercial antibiotics
[L1]. This has been made more complicated by antimicrobial
resistance as it is estimated that up to 70% of known
pathogenic bacteria are resistant to at least one of the an-
tibiotics commonly used to treat diseases caused by them
[12]. The complex problem of antimicrobial resistance has
emerged primarily due to the indiscriminate use of anti-
biotics and the reemergence of diseases caused by genetically
versatile microbes [13].

On the other hand, oxidative stress plays a fundamental
role in the pathophysiology of various pathological condi-
tions including infectious and neurodegenerative diseases,
atherosclerosis, cardiovascular dysfunction, drug toxicity,
inflammation, carcinogenesis, and reperfusion injury
[14, 15]. With their ability to scavenge free radicals (reactive
oxygen and nitrogen species) in the human body, antioxi-
dants can reduce oxidative damage by donating an electron
to free radicals and converting them into harmless molecules
[16]. Plant materials such as fruits, seeds, vegetables, and
medicinal herbs contain free radical scavenging molecules
known as phytochemicals. These include phenolic and ni-
trogenous compounds, vitamins, terpenoids, and other
endogenous secondary metabolites which have reported
antioxidant activities [17]. According to the World Health
Organization (WHO), at least 80% of the world’s population
relies on medicinal plants for their primary health care needs
[18]. These plants are used due to their availability, af-
fordability, cultural acceptability, and the general belief that
herbal medicines are more efficacious and safe than allo-
pathic drugs [19]. It is not surprising therefore that bacterial
diseases and other medical conditions are being managed
using medicinal plants in many parts of the world, including
Uganda [19-22].

Uganda lies in the East African botanical plate and is
blessed with more than 200 species of plants from over 168
genera being utilized in traditional medicine [23]. Albizia
coriaria Welw ex. Oliver (A. coriaria) is one of the treasured
medicinal plants in Uganda and across Africa. This is
supported by its name being available in various African
languages and high frequency of citation in ethnobotanical
surveys. The whole plant, leaves, stem, and root barks, roots,
seeds, and flowers are used in Uganda for the treatment of
cancers, malaria, coronary diseases, allergy, nausea, head-
aches, mental illness, diarrhea, cough (tuberculosis), ty-
phoid, anemia, syphilis, constipation, fevers, postpartum
hemorrhage, snakebites, sore throats, herpes zoster, men-
orrhagia, threatened abortion, skin diseases, jaundice, and
steam fumigation treatments for sore eyes and as an aph-
rodisiac and a general tonic [10, 19, 24-31]. In other African
countries, this species is used in the treatment of malaria,
helminthiasis, tuberculosis, diarrhea, breast, skin, and
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uterine cancers, menorrhagia, hypertension, dermatological
conditions, threatened abortion, venereal diseases, sore eyes,
lungworms/ascaris worms (in cattle, sheep, and goats), and
gastrointestinal infections and as toothbrush (Miswak) and
mosquito repellent, that is, logs burnt with cow dung
[32-48].

Despite the widely reported medicinal potential of
A. coriaria by ethnobotanical surveys, there are few reports
on the phytochemistry and bioactivity of this species
[25, 36, 49]. Classical phytochemical screening of aqueous
and organic extracts of A. coriaria stem bark indicated that
the active secondary metabolites are saponins, alkaloids,
flavonoids, steroids, triterpenoids, reducing sugars, flavone
aglycones, volatile oils, polyuronides, glucides, sterols,
coumarins, and tannins [50-55]. So far, cytotoxic oleanane-
type saponins, coriariosides A and B and gummiferaoside C,
acacic acid glycosides (coriariosides C, D, and E), benzyl
alcohol, lupeol, lupenone, betulinic acid, acacic acid lactone,
and (+)-catechin, have been isolated from the root and stem
bark extracts of A. coriaria [56-58]. Other than antitumor,
antioxidant, antigiardial, molluscicidal, antiplasmodial, and
antimycoplasmal activities [39, 52, 56, 59-61], most studies
on A. coriaria assessed the antimicrobial activity of its stem
bark crude extracts [11, 26, 53, 55, 58, 62, 63]. The current
study, for the first time, aimed to evaluate the antibacterial
activity of A. coriaria leaves to verify its claimed traditional
use in the treatment of bacterial diseases in Uganda
[19, 31, 64, 65]. The study further performed preliminary
phytochemical screening and evaluated the total phenolic
content, total flavonoid content, and antioxidant activity of
A. coriaria leaves.

2. Materials and Methods

2.1. Chemicals, Reagents, Bacterial Media, and Culture.
All chemicals and reagents used in this study unless oth-
erwise indicated were of analytical grade and were used
without subjection to any further purification. Ethyl acetate,
ethanol, methanol, dimethyl sulfoxide, extra pure (99.5%)
gallic acid, quercetin (>99.5%), Folin-Ciocalteu reagent,
ascorbic acid, 1,1-diphenyl-2-picryl-hydrazyl (DPPH) re-
agent, aluminium chloride, sodium carbonate, sodium hy-
droxide, concentrated sulfuric acid, ferric chloride, glacial
acetic acid, concentrated hydrochloric acid, iodine, and
potassium iodide, acetic anhydride, and chloroform were
supplied by Centrihex Limited, Nairobi, Kenya. Muller
Hinton agar (Oxoid, UK), Luria-Bertani agar, Miller (Sigma
Aldrich, St. Louis, USA), Nutrient agar (HiMedia Labora-
tories Pvt. Ltd., Mumbai, India), ciprofloxacin, Escherichia
coli ATCC 25922, Staphylococcus aureus ATCC 25923,
Pseudomonas aeruginosa ATCC 27853, and Salmonella typhi
14028 were supplied by Kobian Kenya Limited, Nairobi,
Kenya.

2.2. Collection, Authentication, and Preparation of Samples.
Mature A. coriaria leaves (5 kg) were collected from plants in
their natural habitats in Jinja, Kole, and Mbarara districts of
Uganda representing the South East, Mid Northern, and
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Southern drylands agroecological zones, respectively
(Table 1; Figure 1).

The samples were collected between January 2021 and
February 2021. They were identified and authenticated by
Kyoshabire Medius (a taxonomist) at the Department of
Botany, Natural Chemotherapeutics Research Institute,
Wandegeya, Kampala, Uganda. Specimen samples with
voucher numbers 50994, 50995, and 50996 were deposited at
Makerere University Herbarium, Kampala, Uganda. The
laboratory samples were washed under running tap water
and shade-dried for two days in nearby laboratories at room
temperature (25.0 +2.0°C) to avoid their deterioration prior
to transportation for further drying. Thereafter, they were
packed in clean polyethylene bags and transported to Moi
University Chemistry Laboratory, Eldoret, Kenya, where
they were separately air-dried under shade at room tem-
perature (25.0 +£2.0°C) for 3 weeks.

The dry leaves were ground into fine powder using a
NutriBullet® 600 Series electric grinder (Capbran Hold-
ings, LLC Los Angeles, USA). The method used was se-
quential extraction. The powders (500 g) were separately
weighed using a Mettler Toledo digital analytical balance
(XS204 Delta Range, Switzerland), transferred into
2000 mL conical flasks, and then macerated at room
temperature for 48 hours in 1000 mL of ethyl acetate with
occasional shaking [66]. The extracts were filtered through
cotton wool and subsequently Whatman No. 1 filter paper,
while the residues (labelled R1) were used in the subsequent
extraction procedure. Residues (R1) were air-dried for 48
hours at room temperature and macerated with 1000 mL of
ethanol in 2000 mL conical flasks at room temperature for
48 hours with intermittent shaking. After 48 hours, the
solutions were filtered through cotton wool and then
Whatman No.l filter paper. The second set of residues
(labelled R2) were kept for further extraction. Residues
(R2) were air-dried for 48 hours and thereafter macerated
in 1000 mL of distilled water at room temperature in
2000 mL conical flasks for 48 hours with occasional
shaking. The solutions were filtered through cotton wool
and Whatman No. 1 filter paper.

The organic solvent extracts were concentrated to dry-
ness on a Hahnvapor HS-2005S vacuum rotary evaporator
(Hahnshin S&T Limited, Korea) at 40°C under reduced
pressure, while the aqueous extracts were lyophilized. The
concentrated extracts were collected in preweighed and
labelled 10 mL sample vials and weighed and their masses (in
grams) were recorded. The total extractable components
(percentage yield) of each solvent extract were calculated
using the following equation [67]:

A
percentage yield = (A_) x 100, (1)
0

where A denotes the mass of crude extract obtained after
drying and A, denotes the mass of the leaves used for
extraction.

The dried extracts were transferred to a desiccator
containing anhydrous sodium sulfate to remove traces of
water in them. The extraction process was replicated once.

2.3. Preliminary Phytochemical Screening of A. coriaria Leaf
Extracts. Dried extracts were dissolved in their respective
solvents of extraction in a ratio of 1:10 (w/v). Standard
screening procedures by Trease and Evans [68] were fol-
lowed to test for the presence of alkaloids, flavonoids, cardiac
glycosides, phenols, saponins, quinones, steroids, tannins,
terpenes, and volatile oils in all the extracts of A. coriaria
leaves. The results were expressed in terms of the relative
abundance of the respective secondary metabolites [69, 70].

2.4. Determination of Total Phenolic Content, Total Flavonoid
Content, and Antioxidant Activity of A. coriaria Leaf
Extracts

2.4.1. Total Phenolic Content. Total phenolic content (TPC)
of the extracts was determined spectrophotometrically using
the Folin-Ciocalteu method reported by Velioglu et al. [71]
with some modifications. Dry crude extracts (0.01g) of
A. coriaria leaves were dissolved in 10 mL of distilled water.
From this, 0.01 mg/mL solutions were prepared by dis-
solving 0.1 mL of the resultant solutions in 10 mL of distilled
water. A volume of 0.5mL of the resultant solutions was
measured and transferred into vials in triplicate and mixed
with 2.5mL of Folin-Ciocalteu reagent. After 7 minutes,
2.5mL of 6% (w/v) sodium carbonate solution was added.
The solutions were incubated in the dark at room tem-
perature (25.0+2.0°C) for 30 minutes after which their
absorbance was measured at 725 nm using a general-purpose
(single beam) UV-Vis spectrophotometer (Beckham Coulter
DU 720, Beckham Coulter Inc., USA). A calibration curve
was prepared for quantitative analysis of TPC in the extracts
using gallic acid as the standard. Gallic acid solutions (10, 20,
40, 60, and 80 mg/mL) were prepared. Measured 0.5 mL of
the solutions was transferred into vials and given the same
treatment as done for the extracts. The TPC of the extracts
was determined as mg gallic acid equivalents per gram of dry
weight (mg GAE/g DW) from the calibration curve.

2.4.2. Total Flavonoid Content. The total flavonoid content
(TEC) of the extracts was determined using the aluminium
chloride colorimetric assay reported by Pekal and Pyrzynska
[72] with some specific modifications [73]. Crude extracts of
A. coriaria leaves (0.01 g) were completely dissolved in 5 mL
of methanol. Standard solutions of quercetin (5, 10, 25, 50,
75, and 100 ppm) were prepared by serial dilution using
methanol. Micropipetted 0.6 mL diluted standard quercetin
solutions and extracts were separately mixed with 0.6 mL of
2% (w/v) methanolic aluminium chloride solution in test
tubes. After mixing, the solutions were incubated for 1 hour
at room temperature (25.0 +2.0°C). The absorbance of the
reaction mixtures was measured against methanol blank at
420nm on a UV-Vis spectrometer (Beckham Coulter DU
720, Beckham Coulter Inc., USA). A calibration curve was
obtained from the quercetin standard absorbances and the
TFC of the extracts was determined as mg quercetin
equivalents per gram of dry weight (mg QE/g DW) of the
plant extracts.
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TaBLE 1: Location of A. coriaria trees where leaves were sampled in Uganda.

District Location Geographical position system location

Jinja Along Kyabazinga Way (near AgroWays Uganda Limited) 0°26'34.3"N 33°1227.3"E

Kole Otangula village, Ilera Parish 2°17'35.0"N 32°46'31.2"E

Mbarara Ruharo ward, Ruhizi cell, Kamukuzi division 0.6164° S 30.6186° E
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FiGure 1: Map of Uganda showing districts where A. coriaria leaf
samples were obtained. Inset is the location of Uganda on the
African continent.

2.4.3. Free Radical Scavenging Activity Using DPPH Assay.
The potential of A. coriaria leaf extracts to directly react with
and quench free radicals was evaluated using the 2,2-
diphenyl-1-picryl-hydrazyl (DPPH) free radical scavenging
assay as described by Khiya et al. [74] with some modifica-
tions. Briefly, dry crude extracts were dissolved in methanol to
produce solutions of 10, 15, 25, 50, and 60 ug/mL. Pipetted
75uL of the freshly prepared methanolic DPPH solution
(1.3mg/mL) was added to each of the test tubes containing
200uL of the extracts and incubated in the dark for
30 minutes at room temperature. Ascorbic acid was used as
the reference standard but was dissolved in distilled water to
make solutions with the same concentrations as that of the
extracts. The absorbances of the assay mixtures were read at
517 nm on a spectrophotometer (Beckham Coulter DU 720,
Beckham Coulter Inc., USA). Methanol was used as the blank
for the extracts, while distilled water was used as a blank for
ascorbic acid. The percentage of DPPH radical inhibition was
calculated using equation (2). The half-inhibitory concen-
tration (ICsp) was determined from the inhibition percentage
curve as a function of the extract concentrations [74].

percentage inhibition =

AO — AS
———x 100, 2
N 2)

where A, is the absorbance of the solution containing only
DPPH radical solution as a negative control and Ay is the
absorbance of the sample solution in the presence of DPPH.

2.5. Antibacterial Screening of A. coriaria Leaf Extracts.
Antibacterial activity of A. coriaria leaf extracts was tested
against American Type Culture Collection bacterial strains
of E. coli, S. aureus, P. aeruginosa, and S. typhi in the Bi-
ological Sciences Laboratory, Moi University, Kenya. Se-
lection of the bacteria was based on the diseases for which
the leaves are traditionally used, the WHO priority list, and
availability [75, 76]. All materials, including bacterial media
used in the assay, were autoclaved at 121°C and 15 psi
pressure for 30 minutes in an All-American® Steam Ster-
ilizer (Model No. 25X, Wisconsin Aluminium Foundry Co.
Inc., USA). Bacterial inoculation was performed under a
laminar flow cabinet disinfected with 70% ethanol (v/v).
Ultraviolet radiation from the cabinet was used for sterili-
zation prior to bacterial inoculations.

2.5.1. Agar Disc Diffusion Assay for Antibacterial Activity
Screening. Determination of antibacterial activity of the
A. coriaria leaf extracts was achieved using the agar disc
diffusion method. Test extracts (500 ug/mL) were prepared
using sterile dimethyl sulfoxide [61]. Four sterile paper discs
(6.0 mm) were saturated with each prepared test extract and
dried [70]. Test bacteria (1 x 10® colony-forming units/mL)
previously subcultured on nutrient broth and Luria-Bertani
broth (for S. aureus) were aseptically inoculated onto sterile
Muller Hinton broth in 90 mm Petri dishes. Using sterile
forceps, extract-impregnated discs were gently placed on
each plate in triangular formation. A separate agar plate was
used to test the positive control (ciprofloxacin, 5ug disc)
against the bacterial strains. Dimethyl sulfoxide was used as
the negative control. The plates were sealed using parafilm,
inverted, and incubated at 37°C for 24 hours in a thermo-
statically regulated bacteriological incubator. Using a metric
ruler, the diameter of the zone of inhibition was measured
for plates with inhibited bacterial growth after 24 hours.

2.5.2. Determination of Minimum Inhibitory Concentration
and Minimum Bactericidal Concentration. Minimum in-
hibitory ~concentration was determined for bacteria
(S. aureus, P. aeruginosa, and S. typhi) that exhibited the
highest sensitivity to ethanol extracts with inhibition di-
ameters above 12 mm upon screening [77]. Pipetted 500 yL
of bacteria was serially diluted from 2-fold to 4-fold dilution
in sterile Muller Hinton broth. Five hundred microliters of
the test bacteria was aseptically inoculated in each of the four
tubes containing the extracts of concentrations 500, 250, 125,
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and 62.5 yg/mL prepared using dimethyl sulfoxide. There-
after, the tubes were incubated at 37°C for 24 hours. After
incubation, the tube next to the one showing no microor-
ganism turbidity was considered as containing the minimum
inhibitory concentration of the extract.

Following minimum inhibitory concentration determi-
nation using the broth dilution method, 4 mL of the test
extract in order of increasing dilution was subcultured on
Muller Hinton media and incubated at 37°C for 24 hours.
The highest dilution which showed no growth of the bacteria
was considered as the minimum bactericidal concentration.

2.6. Statistical Analysis. All experiments were performed in
triplicate except extraction which was performed in dupli-
cate. Quantitative data were expressed as means + standard
deviations of replicates. The means were separated by one-
way analysis of variance (ANOVA). To identify the source of
significant differences between means, Tukey honest sig-
nificant difference (HSD) test was performed. A difference
was considered statistically significant if p <0.05. Correla-
tions among TPC, TFC, and antioxidant activity of the
extracts were assessed using Pearson’s bivariate correlation.
All statistical analyses and graphical work were done using
GraphPad Prism statistical software (version 9.1.0, Graph-
Pad Software, California, USA).

3. Results and Discussion

3.1. Extraction Yield of A. coriaria Leaves. The extraction
yields shown in Figure 2 were expressed as percentages of the
initial mass of the dry leaf powders macerated. The dry crude
organic solvent extracts were green, while aqueous extracts
were brown. Maceration in ethanol gave the highest yields in
comparison to ethyl acetate and distilled water with
A. coriaria leaves from Mbarara having the highest yield of
10.88 £0.12%. The extract yields recorded for A. coriaria
leaves were comparable to the yields of 8.3% and 12.7% for
ethyl acetate and methanolic extracts of A. coriaria stem bark
from Mukono district (Lake Victoria Crescent agro-
ecological zone) of Uganda reported by Ganza [77]. How-
ever, ANOVA results indicated that the extraction yields
were not significantly influenced by the extraction solvent
used (p>0.05). From the obtained results, it can be inferred
that ethanol was a good solvent for extraction of phyto-
chemicals in A. coriaria leaves compared to ethyl acetate
probably because most compounds in A. coriaria leaves are
polar. Thus, the phytochemicals were able to dissolve in the
more polar ethanol than ethyl acetate used initially in the
sequential extraction. Aqueous extracts had the lowest yields
because most of the polar phytochemicals had already been
extracted by the moderately polar ethanol before the leaf
residues (R2) were macerated with distilled water.
Differences in polarities of solvents employed in serial
extraction are known to play a key role in increasing the
solubility of phytochemicals in plant matrices [78, 79].
Further, differences in the structure (functional groups) of
phytochemicals, time, temperature, solvent concentration,
and solvent polarity also influence the solubility of

15 ~

10.88*

Mbarara

Jinja Kole
District

mmm Ethyl acetate
s Ethanol
== Aqueous

FIGURE 2: Percentage yield of the different solvent extracts of
A. coriaria leaves. Means with asterisks are not statistically different
for the different solvent extracts.

phytochemicals in organic or polar solvents or solvents of
different polarities [67]. The three solvents used for serial
exhaustive extraction in this study had different polarity
indices, arranged as ethyl acetate (4.4)<ethanol (5.2)
< water (9.0) [67, 80]. Therefore, the results of the current
study confirmed the richness of A. coriaria leaves in both
polar and nonpolar phytochemicals as previously indicated
for its stem bark [61, 77].

Among the three districts, the yield for ethanolic extract of
A. coriaria leaves from Mbarara was nearly two times higher
than that of leaves from Jinja and Kole despite using the same
extraction solvent and method (Figure 2). A similar pattern was
noted for yield of ethyl acetate extract of leaves from Mbarara
being almost twice that of leaves from Kole. The intraspecific
variation in the yields of the extracts of A. coriaria leaves could
be due to extrinsic factors such as differences in soil chemistry,
season, topography, and climate which are known to affect the
phytochemical yield of plant organs [81-84]. Mbarara receives
an average rainfall of 1,200 mm per annum with two distinct
rainy seasons between February and May and then September
and December. The temperature fluctuates between 17°C to
30°C corresponding to a humidity range of 80-90% [85]. The
topography is a mixture of fairly rolling and sharp hills and
mountains, shallow valleys, and flat land lying at about
1483 mm above sea level. The soils are sandy, clay, and slightly
laterite loams. The sampling area in Jinja on the other hand is
on the shores of Lake Victoria (near the source of River Nile).
The area has warm temperatures ranging between 23°C and
32°C and a bimodal rainfall pattern averaging 1260 mm an-
nually [86]. The soils in this area are primarily made of granites
and granitoid gneisses, with patches of shales, phyllites, and
schists [86]. It is located about 1,187 m above sea level, with
valleys in some parts of the district. Kole district lies in the
Northern part of Uganda, at an elevation of 1,073 m [87]. It was
formed out of Apac district on 1 July 2010 [88]. This area has a



unimodal season with a total annual rainfall of 1,330 mm (from
April to November) [89]. The dry season is from December to
March and the average monthly minimum and maximum
temperatures are 17°C and 29°C, respectively. Thus, leaf
samples from Mbarara recorded the best yields possibly
because of the good soils in the district than in the other
districts [90]. The district is also the coolest of the three
studied districts. Previous studies have indicated that plant
materials sampled from plants growing in cooler areas (at
higher altitudes) tend to give higher extraction yields than
those in warm climatic conditions and lowland areas [81, 82].
In addition, the time of sampling could have led to the
disparities in the yields obtained. For example, Kole district
was in a complete dry season when the leaves were sampled,
while Mbarara district was entering a rainy season when the
samples were taken.

3.2. Phytochemical Screening of A. coriaria Leaves.
Qualitative phytochemical screening of medicinal plants in-
forms the need and choice for their elaborate phytochemical
analysis and/or pharmacological evaluation [91, 92]. Classical
phytochemical screening of the different solvent extracts of
A. coriaria leaves revealed the presence of several secondary
metabolites including alkaloids, flavonoids, cardiac glyco-
sides, phenols, saponins, tannins, and terpenes as shown in
Table 2. However, quinones, steroids, and volatile oils were
not detected in all the extracts. Alkaloids were absent in the
ethyl acetate extract of A. coriaria leaves from Mbarara and in
ethanolic extracts from Jinja and Kole. Flavonoids were absent
in the ethyl acetate extract from Jinja, while tannins were also
not detected in ethanolic extracts of leaves from Jinja.

The results of the present study agreed well with previous
reports on A. coriaria stem bark which reported the presence of
tannins, saponins, alkaloids, flavonoids, terpenes, and cardiac
glycosides as the major secondary metabolites [50-55, 62].
Further, the identified metabolites have been previously re-
ported in the leaf extracts of other Albizia species such as
A. lebbeck (L.) Benth [93] and A. harveyi [76]. The absence of
alkaloids was previously reported for ethyl acetate and aqueous
extracts of A. lebbeck leaves [93, 94] and A. zygia leaves [95] as
well as ethanolic leaf extracts of A. harveyi [76]. The total
absence of steroids in A. coriaria leaves corroborates a previous
observation in which steroids were absent in ethyl acetate and
aqueous extracts of A. lebbeck leaves [94]. Volatile oils could
have been absent in the extracts because the solvents used in
this study are not able to extract them from the leaves. These
intraspecific variations in secondary metabolites in A. coriaria
leaves could be due to differences in soil chemistry, rainfall,
topography, and climate that affect the interaction between
plants and the environment and ultimately the depot of
bioactive compounds in plant leaves [96, 97].

3.3. Total Phenolic Content, Total Flavonoid Content, and
Antioxidant Activity

3.3.1. Total Phenolic Content. The TPC of A. coriaria ex-
tracts was determined using the Folin-Ciocalteu method.
A calibration curve was prepared for quantitative analysis
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TaBLE 2: Secondary metabolites identified in A. coriaria leaves from
Uganda.

Phytochemicals Extract Jinja ~ Kole  Mbarara
Ethyl acetate ++ ++ -
Alkaloids Ethanol - - ++
Aqueous + + +
Ethyl acetate ++ + ++
Cardiac glycosides Ethanol + + +
Aqueous + + +
Ethyl acetate - + ++
Flavonoids Ethanol + ++ ++
Aqueous ++ ++ ++
Ethyl acetate ++ ++ ++
Phenols Ethanol ++ ++ +++
Aqueous + + +
Ethyl acetate - - -
Quinones Ethanol - - -
Aqueous - - —
Ethyl acetate + + +
Saponins Ethanol ++ ++ 4+
Aqueous + + +
Ethyl acetate - - -
Steroids Ethanol - - —
Aqueous - - _
Ethyl acetate + + +
Tannins Ethanol - + +++
Aqueous ++ ++ ++
Ethyl acetate ++ ++ +
Terpenes Ethanol - ++ +++
Aqueous + + +
Ethyl acetate - - -
Volatile oils Ethanol - — _
Aqueous - - _

Note: +++ represents very high, ++ indicates moderate, + indicates little/
traces, and — indicates absent.

and the linearity for gallic acid standard was established
from the range of 10 ppm to 80 ppm which was fitted on
the line y =0.0126x — 0.0107 with R* =0.9992. As shown in
Table 3, TPC was highest for ethanol extracts, with
ethanolic extracts of leaves from Mbarara showing the
highest TPC of 101.72+0.22mg GAE/g DW. In com-
parison to extracts from Jinja and Kole, all extracts of
A. coriaria leaves from Mbarara had the highest TPC
(Table 3). This could be because Mbarara has good soils
than in the other districts [90]. The district is also the
coolest of the three studied districts, which could explain
the higher accumulation of phenolics in the leaves. As
reported by Cansev et al. [98] and Krdl et al. [99], cooler
climates are associated with increased phenolics pro-
duction, possibly for plant self-defence against environ-
mental stress.

One-way ANOVA results showed that there were sig-
nificant differences (p <0.05) between the mean TPC of the
different solvent extracts of A. coriaria leaves. Schultz et al.
[61] reported that the TPC of ethanol extracts of A. coriaria
stem bark (28.37 +0.34 milligram chlorogenic acid equiv-
alent per gram of extract, mg CAE/gE) was only slightly
higher than that of its ethyl acetate extract (28.36 £ 0.97 mg
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TasLE 3: Total phenolic content of the A. coriaria leaves from Jinja, Kole, and Mbarara districts of Uganda.

District Ethyl acetate extract (mg GAE/g DW) Ethanolic extract (mg GAE/g DW) Aqueous extract (mg GAE/g DW)
Jinja 16.88 +0.11* 67.04+0.19° 5.29+0.13¢
Kole 10.93 +0.13* 77.99 +0.17° 20.69 +0.27°
Mbarara 60.69 +0.23" 101.72+0.22° 61.25+0.13"

Different superscript letters indicate statistical difference at p <0.05 between the solvent extracts.

CAE/gE). A plausible explanation for this is that ethanol is a
polar protic solvent. Thus, it extracted more polyphenols
which are inherently polar through hydrogen bond for-
mation [100, 101]. Further, water is known to extract
nonactive compounds in plant matrices including proteins
and sugars which do not contribute to the TPC and some
biological activities of plant extracts [78].

3.3.2. Total Flavonoid Content. The aluminium chloride
method was used for TFC determination. This method is
based on the formation of aluminium-flavonoid complexes
[72]. The colorimetric assay using aluminium chloride de-
tects flavonoids in the flavone and flavonol groups as in
quercetin [102]. In this study, a calibration curve prepared
using quercetin as a standard was used to quantify the TFC
of the extracts. Linearity for the standard was established
from 5ppm to 100 ppm which was fitted on a straight line
that gave the equation y = 0.0109x +0.0851 with R* = 0.9987.
The mean TFC of the extracts was highest for ethanolic
extracts, with ethanol extract of leaves from Mbarara district
giving the highest mean of 13.23+0.03mg QE/g DW
(Table 4). This could have been because ethanol with higher
polarity than ethyl acetate was able to extract much of the
flavonoids which are relatively polar [67]. This indicates that
the A. coriaria leaves contain more flavonoid heterosides
than aglycones [101].

In addition, all extracts from Mbarara district had the
highest TFC compared to the extracts from Jinja and Kole
districts (Table 4). As explained for the yields and TPC, this
could be because Mbarara is the coolest of the studied
districts and the variations in the seasons in which the
sampling was done [103]. One-way analysis of variance
performed indicated that there were significant differences
(p<0.05) between the mean TFC of the different solvent
extracts. Further, the mean TFC obtained for the extracts
was lower than their corresponding mean TPC values. High
TPC of plant extracts than TFC supports the chemistry that
most flavonoids are also phenolics [104]. Overall, the re-
covery of phytochemicals from plant matrices is influenced
by the dielectric constant and structure of organic solvents as
well as the chemical properties of the phytochemicals [101].
This explains the variations observed in the TPC and TFC of
A. coriaria leaf extracts from the same district extracted
using the three different solvents. The low levels of total
flavonoids in the extracts also agreed with the phytochemical
screening results (Table 2) which indicated that there were
only traces of flavonoids in ethyl acetate and aqueous ex-
tracts. This observation indicates that most of the flavonoids
in A. coriaria leaves are polar as they were able to get
extracted more by ethanol than ethyl acetate. The lower TFC

of aqueous extracts could be because water extracts even
nonactive compounds in plant materials including proteins
and sugars which do not contribute to the TFC of plant
extracts [78].

3.3.3. Free Radical Scavenging Activity Using DPPH Assay.
Antioxidant activity of phytochemical compounds is as-
cribed to their reduction-oxidation properties which enables
them to function as hydrogen donators (reducing agents),
metal chelators, or singlet oxygen quenchers [105]. The
DPPH test used in this study measures the hydrogen atom or
electron-donating capacity of alcoholic plant extracts to the
stable radical DPPH formed in solution. Antioxidants in
natural products react with DPPH through hydrogen atom
transfer (HAT) and/or multistep reactions (single electron
transfer and sequential proton loss electron transfer) or a
synergistic combination of these mechanisms [105]. In
nonaqueous media, single electron transfer and sequential
proton loss electron transfer mechanisms take precedence
due to the enhanced chemical reactivity of the organic
solvents to form hydrogen bonds with the antioxidants
[105].

The results of in vitro antioxidant activity assay (Table 5)
indicated that ethanolic extracts had the lowest IC5, values.
However, these were higher than that of ascorbic acid
(0.17+0.01 mg/mL). There were significant differences
(p<0.05) between the antioxidant activity of ethyl acetate,
ethanol, and aqueous extracts of A. coriaria leaves. These
differences could be explained by the differences in the
phytochemical composition of the different extracts, pos-
sibly due to geographical, soil, climate, and genetic varia-
tions experienced in the different agroecological zones
[82, 96, 97]. Further, it was noted that ethanolic extracts had
the highest antioxidant activity. This could be because most
phenolic compounds that account for the antioxidant ac-
tivity of plant extracts possess polar functional groups and
are therefore easily dissolved in polar protic solvents like
ethanol through hydrogen bond formation [106]. The results
of antioxidant activity in this study were higher than those
reported for ethyl acetate and ethanolic extracts of
A. coriaria stem bark sampled from Mpigi district (Lake
Victoria Crescent agroecological zone). The extracts had half
effective concentrations (ECsp) of 0.02298 +0.00247 mg/mL
and 0.01839 +0.00223 mg/mL, respectively [61]. The results
obtained are similar to those of Do et al. [107] in which
ethanolic extracts of Limnophila aromatica aerial parts had
the highest antioxidant activity and aqueous extracts had the
lowest antioxidant activity. The lower antioxidant activity of
aqueous extracts could be explained by the fact that water
extracts even nonactive compounds in plant materials
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TaBLE 4: Total flavonoid content of A. coriaria leaves from Jinja, Kole, and Mbarara districts of Uganda.

District Ethyl acetate extract (mg QE/g DW) Ethanolic extract (mg QE/g DW) Aqueous extract (mg QE/g DW)

Jinja 0.55+0.01° 8.63 +0.02° 2.74 +0.02¢

Kole 2.50 +0.04" 11.58 £0.04° 2.35+0.05"

Mbarara 9.66 +0.01° 13.23+0.03° 3.36 +£0.04°

Different superscript letters in a row indicate statistical difference at p <0.05 between the solvent extracts.

TaBLE 5: DPPH results for inhibition concentration at 50% (ICs,) of leaves from Jinja, Kole, and Mbarara districts of Uganda.

District Ethyl acetate extract (mg/mL) Ethanolic extract (mg/mL) Aqueous extract (mg/mL)
Jinja 23.99 +0.05° 23.41 +0.13° 29.80 +0.26*
Kole 26.34+0.09° 23.18 +0.09% 29.66 +0.21%
Mbarara 23.73+0.16" 18.65 + 0.06” 25.51+0.14

Different superscript letters in a column indicate statistical difference at p <0.05 between the different solvent extracts.

including proteins and sugars which do not contribute to the
antioxidant activity of plant extracts [78].

3.3.4. Correlation between Total Phenolic Content, Total
Flavonoid Content, and Antioxidant Activity. A strong
positive correlation (R=0.898, p = 0.001) between TPC and
TFC of the extracts was observed. This is usually expected
because total phenolic compounds comprise both flavonoids
and nonflavonoid polyphenols. Thus, a strong positive
correlation indicates that TFC of the extracts contributes
significantly to the TPC of the extracts [108]. Pearson’s
bivariate correlation coefficient between TPC and antioxi-
dant activity of the extracts revealed that TPC exhibited a
high negative correlation with the ICs, values obtained in
DPPH assay (R=-0.831, p = 0.006). In the same way, TFC
was negatively and highly correlated (R=-0.755, p = 0.019)
with ICs, values obtained in DPPH assay. Schultz et al. [61]
observed a poor correlation between TPC and the corre-
sponding antioxidant activity (ECs, values obtained using
DPPH assay) of ethyl acetate and ethanolic extracts of
A. coriaria stem bark. The negative correlation between
DPPH radical quenching activity, TPC, and TFC is because
the radical content decreases as the activity of the extract
increases. This therefore implies that the total phenolic or
total flavonoid compounds may play a significant role in
increasing DPPH radical scavenging activity of the extracts
[108].

3.4. Antibacterial Activity of A. coriaria Leaves

3.4.1. Antibacterial Screening Results. In this study, the
antibacterial activity of crude extracts of A. coriaria leaves
from different agroecological zones of Uganda was assessed
using the agar disc diffusion method. All the ethanol ex-
tracts and ethyl acetate extracts of leaves from Kole and
Mbarara had an inhibitory effect on the growth of the tested
microorganisms, while the aqueous extracts did not have
any antibacterial activity (Table 6). The activity was higher

for ethanolic extracts than ethyl acetate extracts. The
negative control (DMSO) showed no inhibitory activity on
the tested bacteria, while ethanol extracts had comparable
antibacterial activity to ciprofloxacin. For example, ethanol
extract from Kole had a marked antibacterial activity
against S. typhi with an inhibition diameter of
16.00 + 1.73 mm which was comparable to that of cipro-
floxacin (inhibition diameter of 20.00 £+ 1.53 mm). Only
ethanolic extracts had inhibition zones greater than 12 mm
against some of the targeted bacteria after screening, that is,
Jinja ethanol extract against P. aeruginosa, Kole ethanol
extract against P. aeruginosa and S. typhi, and Mbarara
ethanol extract against S. aureus and P. aeruginosa. Thus,
the bacteria (except S. aureus) were regarded as susceptible
to the ethanolic extracts as the respective zones of inhi-
bition were within the range for standard antibiotics such
as ampicillin, doxycycline, and tetracycline as per Clinical
and Laboratory Standards Institute Interpretive Criteria
[109].

The antibacterial activity results confirmed that more
bioactive compounds were extracted by ethanol than ethyl
acetate and distilled water. This observation is in agreement
with a report by Schultz et al. [61] who found that ethanolic
extracts of A. coriaria stem bark harvested from Mpigi district
(Lake Victoria Crescent agroecological zone) of Uganda were
more active against pathogenic bacteria than the ethyl acetate
extract. This could have been because the phytochemicals in
A. coriaria leaves are more soluble in ethanol than ethyl acetate
and were extracted by ethanol before they were macerated in
distilled water. This observation is contrary to the results of
Byamukama et al. [58] in which ethyl acetate extracts of
A. coriaria stem bark from Mukono district (Lake Victoria
Crescent agroecological zone) of Uganda had the highest
antibacterial activity compared to methanolic and aqueous
extracts. The complete inactivity of aqueous extracts of
A. coriaria leaves was previously reported for A. coriaria stem
bark serially extracted with ethyl acetate, methanol, and dis-
tilled water [58]. The inactivity of nonpolar solvent extracts of
this species was also reported where hexane extracts of
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TABLE 6: Zone of inhibition of A. coriaria extracts against the tested pathogenic bacteria.

District Extract E. coli (mm) S. aureus (mm) P. aeruginosa (mm) S. typhi (mm)
Ethyl acetate 0.00 +0.00 0.00+0.00 0.00 +0.00 0.00 +0.00
Jinja Ethanol 6.00+1.73 5.00+1.00 18.00 +2.65 9.00+1.73
Aqueous 0.00+0.00 0.00+0.00 0.00 +£0.00 0.00 +0.00
Ethyl acetate 3.00+£0.00 0.00+0.00 0.00 +0.00 0.00 +0.00
Kole Ethanol 7.00 £ 1.00 6.00+0.00 17.00 £ 0.00 16.00+1.73
Aqueous 0.00+0.00 0.00+0.00 0.00 +0.00 0.00+0.00
Ethyl acetate 4,00 +2.00 0.00+0.00 0.00 +£0.00 0.00+0.00
Mbarara Ethanol 10.00+1.73 12.30+1.53 25.00 £2.65 10.00 +£0.00
Aqueous 0.00+0.00 0.00+0.00 0.00 +0.00 0.00 +0.00
Ciproﬂoxacin 14.00 £2.10 12.00 £0.01 31.00+0.11 20.00+1.53
Dimethyl sulfoxide 0.00+0.00 0.00+0.00 0.00 +0.00 0.00+0.00

Results are presented as mean + standard deviation of triplicates.

A. coriaria stem bark were not active on S. aureus, E. coli isolate,
clinical S. aureus, and E. coli ATCC 25922 [53]. Similarly,
aqueous and ether extracts of A. coriaria stem bark were not
active when tested in vitro against E. coli and S. typhi [62].
Ethanolic extracts of A. coriaria stem bark at 256 yg/mL were
recently indicated to have no inhibitory effect on S. aureus
UAMS-1 among other multidrug resistant bacteria [11].

The identified secondary metabolites in the ethanol and
ethyl acetate extracts could be responsible for the observed
antibacterial activities of the A. coriaria leaves. For example,
alkaloids, saponins, tannins, and polyphenols (flavonoids
and phenols) have reported antibacterial activities [110]
which are attributed to both their direct action against
microorganisms and suppression of microbial virulence
factors [111]. Alkaloids function by penetrating cells,
intercalating microbial DNA, and targeting several nucleic
acid enzymes, resulting in irreversible damage to microbial
cells [112]. Tannins and saponins inhibit microbial growth
through precipitation of microbial proteins, rendering such
nutritional proteins unavailable to the microorganisms
[113]. Tannins may also disrupt bacterial enzymes, cell
envelope, adhesions, and transport proteins. Their high
affinity for iron in microbial cell membranes inactivates
membrane-bound proteins, making extracts of gallotannin-
rich plants exhibit antibacterial activities [114]. The observed
antibacterial activities also correlate with the quantities of
the secondary metabolites identified in the extracts. For
example, ethanolic extracts had higher quantities of phenols
and saponins compared to ethyl acetate and aqueous extracts
(Table 2). Ethanol extract of leaves from Mbarara which had
the highest bioactivity had the highest concentration of
phenols, saponins, and tannins, in addition to alkaloids that
were not detected in other ethanolic extracts.

3.4.2. Minimum Inhibitory Concentration (MIC) and Min-
imum Bactericidal Concentration (MBC) of Ethanol Extracts
of A. coriaria Leaves. Ethanolic extracts were the most
active and were thus considered for further tests for MIC

and MBC against S. aureus, P. aeruginosa, and S. typhi.
Ethanol extract of Mbarara leaves had the lowest MIC of
62.5ug/mL on P. aeruginosa followed by S. aureus with
MIC of 125 ug/mL (Table 7). This showed that the extract
was more effective against P. aeruginosa compared to
S. typhi and S. aureus. A previous study utilizing ethyl
acetate extract of A. coriaria stem bark indicated a higher
MIC of 125 mg/mL (125,000 ug/mL) for E. coli and 250 mg/
mL (250,000 pug/mL) for P. aeruginosa [58]. In another
investigation, ethanolic extracts of A. coriaria stem bark
had MIC greater than 256 uyg/mL for P. aeruginosa AH-71
[11]. The authors further reported that ethanol and ethyl
acetate extracts of A. coriaria stem bark had MIC of 250,
500, and>500pug/mL against S. aureus ATCC 25923,
E. coli K12 ATCC 23716, and Listeria innocua ATCC 33090
[61] which are comparable to the values obtained in this
study.

The MBC of 125ug/mL of the extracts against
P. aeruginosa showed that the extract has a stronger activity
towards P. aeruginosa than the rest of the bacteria. A
contrastingly higher MBC of 125mg/mL for E. coli was
reported for ethyl acetate extract of A. coriaria stem bark
extract, while P. aeruginosa was not affected at the tested
concentrations of 62.5, 125, 250, and 500 mg/mL [58].
Overall, previous studies using single-solvent extraction
systems reported higher MIC and MBC values than those
obtained in this study. For example, Luvonga [63] reported
MIC of 12.5 mg/mL (1,250 ug/mL) for S. aureus and 25.0 mg/
mL (25000 pg/mL) for P. aeruginosa when they were treated
with aqueous extracts of A. coriaria stem bark. The corre-
sponding MBC values were 12.5 mg/mL (12,500 yg/mL) and
50.0 mg/mL (50,000 yg/mL). Nalubega et al. [62] reported
MIC of 0.5 g/mL (500,000 ug/mL) for aqueous A. coriaria
stem bark extracts on S. aureus. It should be emphasized that
high MIC and MBC values are indicative that higher doses of
the plant extracts are required for effective treatment. These
results could explain why the posology of 3-4 cups per day of
A. coriaria extracts is reccommended by Ugandan traditional
healers for adults [77].
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TaBLE 7: Minimum inhibitory and minimum bactericidal concentrations of the ethanol extracts of A. coriaria leaves against the susceptible

tested bacteria.

MIC (pug/mL)

MBC (ug/mL)

District . . . .
S. aureus P. aeruginosa S. typhi S. aureus P. aeruginosa S. typhi
Jinja ND* 125 ND ND 250 ND
Kole ND 250 250 ND 250 250
Mbarara 125 62.5 ND 250 125 ND

*ND: not determined as bacteria were not susceptible to the extract. Values reported are from assays performed in triplicate.

4. Conclusion

This study for the first time established that A. coriaria
leaves possess therapeutic phytochemicals with significant
antioxidant and antibacterial activities, which lends cre-
dence to its use in traditional management of oxidative
stress-induced conditions and bacterial diseases in
Uganda. Ethanol was the best extraction solvent and
should be used for further studies on the leaves of this
species. The leaves of A. coriaria displayed intraspecific
variation of secondary metabolites, total phenolic content,
total flavonoid content, and antioxidant and antibacterial
activities for the same solvent extracts of samples taken
from different agroecological zones of Uganda. These
variations could be due to differences in soil chemistry,
rainfall, topography, and climate of the different agro-
ecological zones which affected the interaction between the
plants and the environment and the quantity of bioactive
compounds in the A. coriaria leaves. The recorded phe-
nolic and flavonoid contents as well as antioxidant and
antibacterial bioactivities of the leaves are probably due to
the secondary metabolites (alkaloids, phenols, saponins,
flavonoids, cardiac glycosides, tannins, and terpenes)
identified in the extracts. Toxicity studies of the leaf ex-
tracts are recommended, so as to establish their safety
when utilized as crude extracts in traditional medicine. An
extension of this study is characterizing the specific
compounds in the ethanolic extracts of leaves from the
different districts using a combination of chromatographic
and spectroscopic analytical techniques.

Data Availability

The datasets supporting the conclusions of this study are
available from the corresponding author upon request.

Ethical Approval

This study was approved by the Department of Chemistry
and Biochemistry, Moi University (Kenya), for Timothy
Omara (MS/ACH/4316/20).

Disclosure

The funders did not participate in the study design, exe-
cution of experiments, and preparation of the manuscript.
The species used in this study has a stable population trend
and is of Least Concern according to IUCN Red List
Categories.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this study.

Authors’ Contributions

Timothy Omara and Ambrose K. Kiprop designed the study.
Timothy Omara collected the samples and performed the
analytical work. Ambrose K. Kiprop and Viola J. Kosgei
supervised the research work and provided technical sup-
port. Timothy Omara analyzed the collected data and wrote
the first draft of the manuscript. All authors revised and
approved the final manuscript.

Acknowledgments

The authors are grateful to the World Bank and the Inter-
University Council of East Africa for the fellowship awarded
to Timothy Omara through the Africa Center of Excellence
IT in Phytochemicals, Textile and Renewable Energy at Moi
University, Kenya, which led to this communication.
Timothy Omara is grateful to the Directors of AgroWays
Uganda Limited, Uganda, for the leave granted which made
this research a success. The technical assistance of Florence
Atieno Opondo, Paul Kipkorir, and Peter Biwott (Moi
University Chemistry and Biological Sciences Laboratories,
respectively) in the execution of the research activities is
acknowledged. This study was financially supported by the
World Bank and the Inter-University Council of East Africa
(IUCEA) through the Africa Center of Excellence II in
Phytochemicals, Textile and Renewable Energy (ACE II
PTRE) hosted at Moi University, Kenya (Credit no. 5798-
KE). The funding was awarded to Timothy Omara.

References

[1] S. Shrivastava, P. Shrivastava, and J. Ramasamy, “World
health organization releases global priority list of antibiotic-
resistant bacteria to guide research, discovery, and devel-
opment of new antibiotics,” Journal of Medical Society,
vol. 32, no. 1, p. 76, 2018.

L. Zakaria Nabti, F. Sahli, H. Laouar, A. Olowo-okere,
J. G. Nkuimi Wandjou, and F. Maggi, “Chemical compo-
sition and antibacterial activity of essential oils from the
Algerian endemic Origanum glandulosum Desf. against
multidrug-resistant Uropathogenic E. coli isolates,” Antibi-
otics, vol. 9, no. 1, p. 29, 2020.

WHO, Infectious Diseases Kill over 17 Million People a Year:
WHO Warns on Global Crisis, WHO, Geneva, Switzerland,



Evidence-Based Complementary and Alternative Medicine

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

2020, https://www.who.int/whr/1996/media_centre/press_
release/en/.

K. K. Holmes, S. Bertozzi, B. R. Bloom et al., “Major in-
fectious diseases: key messages from disease control prior-
ities,” in The International Bank for Reconstruction and
Development/The World Bank, K. K. Holmes, S. Bertozzi,
B. R. Bloom et al.,, Eds., Washington, DC, USA, 2017.

N. Madhav, B. Oppenheim, M. Galivan et al., “Pandemics:
risks, impacts, and mitigation,” in Disease Control Priorities,
Disease Control Priorities: Improving Health and Reducing
Poverty, D. T. Jamison et al., Ed., World Bank, Washington,
DC, USA, 3rd edition, 2018.

J.F.-W. Chan, S. Yuan, K.-H. Kok et al., “A familial cluster of
pneumonia associated with the 2019 novel coronavirus in-
dicating person-to-person transmission: a study of a family
cluster,” The Lancet, vol. 395, no. 10223, pp. 514-523, 2020.
T. Omara, A. K. Kiprop, P. Wangila et al., “The scourge of
aflatoxins in Kenya: a 60-year review (1960 to 2020),” Journal
of Food Quality, vol. 2021, Article ID 8899839, 31 pages, 2021.
WHO, World Health Report: Infectious Diseases and Cancer,
World Health Organization, Geneva, Switzerland, 2020.

C. de Martel, D. Georges, F. Bray, J. Ferlay, and
G. M. Clifford, “Global burden of cancer attributable to
infections in 2018: a worldwide incidence analysis,” The
Lancet Global Health, vol. 8, no. 2, pp. e180-e190, 2020.
G. Anywar, E. Kakudidi, R. Byamukama, J. Mukonzo,
A. Schubert, and H. Oryem-Origa, “Indigenous traditional
knowledge of medicinal plants used by herbalists in treating
opportunistic infections among people living with HIV/
AIDS in Uganda,” Journal of Ethnopharmacology, vol. 246,
Article ID 112205, 13 pages, 2020.

F. Schultz, G. Anywar, H. Tang et al., “Targeting ESKAPE
pathogens with anti-infective medicinal plants from the
greater Mpigi region in Uganda,” Scientific Reports, vol. 10,
Article ID 11935, 19 pages, 2020.

A. Vila Dominguez, R. Ayerbe Algaba, A. Mir6 Canturri,
A. Rodriguez Villodres, and Y. Smani, “Antibacterial activity
of colloidal silver against gram-negative and gram-positive
bacteria,” Antibiotics, vol. 9, no. 1, p. 36, 2020.

S. A. Khan, M. A. Imtiaz, M. A. Sayeed, A. H. Shaikat, and
M. M. Hassan, “Antimicrobial resistance pattern in domestic
animal - wildlife - environmental niche via the food chain to
humans with a Bangladesh perspective; a systematic review,”
BMC Veterinary Research, vol. 16, no. 1, p. 302, 2020.

J. Plenkowska, M. Gabig-Ciminska, and P. Mozolewski,
“Oxidative stress as an important contributor to the path-
ogenesis of psoriasis,” International Journal of Molecular
Sciences, vol. 21, p. 6206, 2020.

A. Garcia-Sanchez, A. G. Miranda-Diaz, and E. G. Cardona-
Muiioz, “The role of oxidative stress in physiopathology and
pharmacological treatment with pro- and antioxidant
properties in chronic diseases,” Oxidative Medicine and
Cellular Longevity, vol. 2020, Article ID 2082145, 16 pages,
2020.

S. S. AlNeyadi, N. Amer, T. G. Thomas, R. A. Ajeil,
P. Breitener, and N. Munawar, “Synthesis, characterization,
and antioxidant activity of some 2-methoxyphenols deriv-
atives,” Heterocyclic Communications, vol. 26, no. 1,
pp. 112-122, 2020.

M. Dziurka, P. Kubica, I. Kwiecien et al., “In vitro cultures of
some medicinal plant species (Cistusx incanus, Verbena
officinalis, Scutellaria lateriflora, and Scutellaria baicalensis)
as a rich potential source of antioxidants-evaluation by

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

11

CUPRAC and QUENCHER-CUPRAC assays,” Plants,
vol. 10, no. 3, p. 454, 2021.

WHO, WHO Global Report on Traditional and Complementary
Medicine, WHO, Geneva, Switzerland, 2019, https://www.who.
int/traditional-complementary-integrative-medicine/ WhoGloba
IReportOnTraditional AndComplementaryMedicine2019.pdf?ua
=1

F. Schultz, G. Anywar, B. Wack, C. L. Quave, and L. A. Garbe,
“Ethnobotanical study of selected medicinal plants tradi-
tionally used in the rural Greater Mpigi region of Uganda,”
Journal of Ethnopharmacology, vol. 256, Article ID 112742,
18 pages, 2020.

S. Manandhar, S. Luitel, and R. K. Dahal, “In vitro anti-
microbial activity of some medicinal plants against human
pathogenic bacteria,” Journal of Tropical Medicine, vol. 2019,
Article ID 1895340, 5 pages, 2019.

G. Kigen, Z. Kamuren, E. Njiru, B. Wanjohi, and W. Kipkore,
“Ethnomedical survey of the plants used by traditional
healers in Narok County, Kenya,” Evidence-based Comple-
mentary and Alternative Medicine, vol. 2019, Article ID
8976937, 8 pages, 2019.

L. Othman, A. Sleiman, and R. M. Abdel-Massih, “Anti-
microbial activity of polyphenols and alkaloids in middle
eastern plants,” Frontiers in Microbiology, vol. 10, p. 911,
2019.

T. Omara, S. Kagoya, A. Openy et al., “Antivenin plants used
for treatment of snakebites in Uganda: ethnobotanical re-
ports and pharmacological evidences,” Tropical Medicine
and Health, vol. 48, no. 1, pp. 1-16, 2020.

J. Namukobe, J. M. Kasenene, B. T. Kiremire et al., “Tra-
ditional plants used for medicinal purposes by local com-
munities around the Northern sector of Kibale National
Park, Uganda,” Journal of Ethnopharmacology, vol. 136, no. 1,
pp. 236-245, 2011.

T. Omara, A. K. Kiprop, R. C. Cherutoi et al., “Medicinal
plants used in traditional management of cancer in Uganda:
a review of ethnobotanical surveys, phytochemistry, and
anticancer studies,” Evidence-Based Complementary and
Alternative Medicine, vol. 2020, no. 1, Article ID 3529081,
26 pages, 2020.

D. Olila, R. Bukenya-Ziraba, and D. Kamoga, “Bio-pro-
spective studies on medicinal plants used in the treatment of
poultry diseases in Uganda,” Research Journal of Pharma-
cology, vol. 1, pp. 56-60, 2007.

J. A. Orodho, C. Kirimuhuzya, J. N. Otieno, J. J. Magadula,
and P. Okemo, “Local management of tuberculosis by tra-
ditional medicine practitioners in lake Victoria region,” The
Open Complementary Medicine Journal, vol. 3, no. 1, pp. 1-9,
2011.

P. Tugume, E. K. Kakudidi, M. Buyinza et al., “Ethnobo-
tanical survey of medicinal plant species used by commu-
nities around Mabira central forest reserve, Uganda,” Journal
of Ethnobiology and Ethnomedicine, vol. 12, no. 1, p. 5, 2016.
L. Bunalema, S. Obakiro, J. R. S. Tabuti, and P. Waako,
“Knowledge on plants used traditionally in the treatment of
tuberculosis in Uganda,” Journal of Ethnopharmacology,
vol. 151, no. 2, pp. 999-1004, 2014.

K. R. Nanyunja, “Indigenous knowledge of the abundance of
medicinal and food plants in Mount Moroto forest reserve,”
in Proceedings of the 11th World Forestry Congress, Antalya,
Turkey, October 2003.

J. Namukobe, A. Lutaaya, S. Asiimwe, and R. Byamukama,
“An ethnobotanical study of medicinal plants used in the
management of dermatological disorders in buyende and


https://www.who.int/whr/1996/media_centre/press_release/en/
https://www.who.int/whr/1996/media_centre/press_release/en/
https://www.who.int/traditional-complementary-integrative-medicine/WhoGlobalReportOnTraditionalAndComplementaryMedicine2019.pdf?ua=1
https://www.who.int/traditional-complementary-integrative-medicine/WhoGlobalReportOnTraditionalAndComplementaryMedicine2019.pdf?ua=1
https://www.who.int/traditional-complementary-integrative-medicine/WhoGlobalReportOnTraditionalAndComplementaryMedicine2019.pdf?ua=1
https://www.who.int/traditional-complementary-integrative-medicine/WhoGlobalReportOnTraditionalAndComplementaryMedicine2019.pdf?ua=1

12

Kayunga districts, Uganda,” European Journal of Medicinal
Plants, vol. 32, no. 2, pp. 15-40, 2021.

[32] D. O. Ochwang’i, C. N. Kimwele, J. A. Oduma et al.,
“Medicinal plants used in treatment and management of
cancer in Kakamega County, Kenya,” Journal of Ethno-
pharmacology, vol. 151, no. 3, pp. 1040-1055, 2014.

[33] C. N. Olala, “Identification of plants used for treatment of
malaria and factors influencing their use in Boro division,
Siaya county, Kenya,” M. Sc. thesis, Kenyatta University,
Nairobi, Kenya, 2014.

[34] T. Omara, “Antimalarial plants used across Kenyan com-
munities,” Evidence-Based Complementary and Alternative
Medicine, vol. 2020, Article ID 4538602, 31 pages, 2020.

[35] N. Shiracko, B. O. Owuor, M. M. Gakuubi, and W. Wanzala,
“A survey of ethnobotany of the AbaWanga people in
Kakamega county, Western province of Kenya,” Indian
Journal of Traditional Knowledge, vol. 15, pp. 93-102, 2016.

[36] S.B. Obakiro, A. Kiprop, I. Kigondu, M. P. Odero, T. Omara,
and L. Bunalema, “Ethnobotany, ethnopharmacology, and
phytochemistry of traditional medicinal plants used in the
management of symptoms of tuberculosis in East Africa: a
systematic review,” Tropical Medicine and Health, vol. 48,
no. 1, p. 68, 2020.

[37] P. W. Geissler, S. A. Harris, R. J. Prince et al., “Medicinal
plants used by Luo mothers and children in Bondo district,
Kenya,” Journal of Ethnopharmacology, vol. 83, no. 1-2,
pp. 39-54, 2002.

[38] P. Jeruto, C. Mutai, G. Ouma et al., “Ethnobotanical survey

and propagation of some endangered medicinal plants from

south Nandi district of Kenya,” Journal of Animal & Plant

Sciences, vol. 8, pp. 1016-1043, 2010.

T. Johns, G. M. Faubert, J. O. Kokwaro, R. L. A. Mahunnah,

and E. K. Kimanani, “Anti-giardial activity of gastrointestinal

remedies of the Luo of East Africa,” Journal of Ethno-

pharmacology, vol. 46, no. 1, pp. 17-23, 1995.

[40] J. A. Orwa, P. G. Mwitari, E. N. Matu, and G. M. Rukunga,
“Traditional healers and the management of malaria in
Kisumu District, Kenya,” East African Medical Journal,
vol. 84, pp. 51-55, 2007.

[41] Y. N. Araya, “Contribution of trees for oral hygiene in East
Africa,” Ethnobotanical Leaflets, vol. 11, pp. 38-44, 2007.

[42] ICRAF, A Selection of Useful Trees and Shrubs for Kenya,
International Centre for Research in Agroforestry, Nairobi,
Kenya, 1992.

[43] T. Johns, J. O. Kokwaro, and E. K. Kimanani, “Herbal
remedies of the Luo of siaya district, Kenya: establishing
quantitative Criteria for consensus,” Economic Botany,
vol. 44, no. 3, pp. 369-381, 1990.

[44] Leiderer, La médécine traditionnelle chez les Bekpak (Bafia)
du Cameroun, Haus Volker und kulturen, St. Augustin,
Germany, 1982.

[45] N. Dharani, A. Yenesew, E. Aynekulu, B. Tuei, and
R. Jamnadass, Traditional Ethnoveterinary Medicine in East
Africa: A Manual on the Use of Medicinal Plants,
I. K. Dawson, Ed., The World Agroforestry Centre (ICRAF),
Nairobi, Kenya, 2015.

[46] E.Bossard, “Angolan medicinal plants used also as piscicides
and/or soaps,” Journal of Ethnopharmacology, vol. 40, no. 1,
pp. 1-19, 1993.

[47] N. Tsabang, C. G. Yedjou, and P. B. Tchounwou, “Phyto-
therapy of high blood pressure in three phytogeographic
regions of Cameroon,” Pharmaceutica Analytica Acta, vol. 7,
p- 530, 2017.

(39

Evidence-Based Complementary and Alternative Medicine

[48] V. O. Sirama, “Ethnobotanical, bioactivity and phyto-
chemical evaluation of anthelmintic herbal remedies of
migori county, Kenya,” M. Sc. thesis, University of Nairobi,
Nairobi, Kenya, 2014.

[49] F. Schultz, G. Anywar, C. L. Quave, and L. A. Garbe, “A
bibliographic assessment using the degrees of publication
method: medicinal plants from the rural greater mpigi region
(Uganda),” Evidence-Based Complementary and Alternative
Medicine, vol. 2021, Article ID 6661565, 18 pages, 2021.

[50] P. A. G. Wanyama, B. T. Kiremire, J. E. S. Murumu, and
O. Kamoga, “Textile dyeing and phytochemical character-
ization of crude plant extracts derived from selected dye-
yielding plants in Uganda,” International Journal of Natural
Products Research, vol. 1, pp. 26-31, 2011.

[51] P. K. Langat, “Ethnobotanical study, toxicity and phyto-
chemical screening of selected medicinal plants of Tinderet
district, Nandi county, Kenya,” M. Sc. thesis, University of
Nairobi, Nairobi, Kenya, 2013.

[52] H. Mengesha, H. Birrie, and G. Gundersen, “The mollus-
cicidal effect of the bark of “Bitza” tree: a local discovery
towards the control of schistosomiasis in the Abay river
valley of Western Ethiopia,” Ethiopian Journal of Health
Development, vol. 11, pp. 89-92, 1997.

[53] J. O. Akanga, “Screening of antidiarrhoea medicinal plants
for in vitro antimicrobial activity against clinical and envi-
ronmental enteropathogens,” M. Sc. thesis, Jomo Kenyatta
University of Agriculture and Technology, Nairobi, Kenya,
2008.

[54] C. Orwa, A. Mutua, R. Kindt, R. Jamnadass, and A. Simons,
“Agroforestree Database: a tree reference and selection guide
version 4.0, M. Sc. thesis, World Agroforestry Centre,
Nairobi, Kenya, 2009.

[55] J. India, “Efficacy of some medicinal plants used in various
parts of Kenya in treating selected bacterial and fungal
pathogens,” M. Sc. thesis, Kenyatta University, Nairobi,
Kenya, 2015.

[56] O. P. Noté, A.-C. Mitaine-Offer, T. Miyamoto et al., “Cy-
totoxic acacic acid glycosides from the roots of Albizia
coriaria,” Journal of Natural Products, vol. 72, no. 10,
pp. 1725-1730, 2009.

[57] O. P. Not’e, P. Chabert, D. E. Pegnyemb, B. Weniger,
M.-A. Lacaille-Dubois, and A. Lobstein, “Structure eluci-
dation of new acacic acid-type saponins from Albizia cor-
iaria,” Magnetic Resonance in Chemistry, vol. 48, no. 10,
pp. 829-836, 2010.

[58] R. Byamukama, G. Barbara, J. Namukobe, M. Heydenreich,
and B. Kiremire, “Bioactive compounds in the stem bark of
Albizia coriaria (Welw. ex Oliver),” International Journal of
Biological and Chemical Sciences, vol. 9, no. 2, pp. 1013-1024,
2015.

[59] C. N. Muthaura, J. M. Keriko, C. Mutai et al., “Anti-
plasmodial potential of traditional phytotherapy of some
remedies used in treatment of malaria in Meru-Tharaka
Nithi county of Kenya,” Journal of Ethnopharmacology,
vol. 175, pp. 315-323, 2015.

[60] F. Kama-Kama, J. Midiwo, J. Nganga et al., “Selected ethno-
medicinal plants from Kenya with in vitro activity against
major African livestock pathogens belonging to the “My-
coplasma mycoides cluster”,” Journal of Ethnopharmacology,
vol. 192, pp. 524-534, 2016.

[61] F.Schultz, O. F. Osuji, B. Wack, G. Anywar, and L.-A. Garbe,
“Antiinflammatory medicinal plants from the Ugandan
greater mpigi region act as potent inhibitors in the COX-2/
PGH2 pathway,” Plants, vol. 10, no. 2, p. 351, 2021.



Evidence-Based Complementary and Alternative Medicine

[62]

(64]

[65]

(68]

[69]

[70]

(71]

(72]

(73]

(74]

[75]

R. Nalubega, J. David Kaba, D. Olila, and J. Kateregga,
“Antibacterial activity and phytochemical screening of
eleven plants used as poultry ethnomedicines in Southern
Uganda,” Agricultural Journal, vol. 6, no. 6, pp. 303-309,
2011.

M. W. Luvonga, “Evaluation of antimicrobial activity of
some plants used by traditional healers for treatment of
microbial infections in Kakamega district: Kenya,” M. Sc.
thesis, Kenyatta University, Nairobi, Kenya, 2007.

C. Nambejja, P. Tugume, C. Nyakoojo, and M. Kamatenesi-
Mugisha, “Medicinal plant species used in the treatment of
skin diseases in Katabi Sub- County, Wakiso District,
Uganda,” Ethnobotany Research & Applications, vol. 18,
pp. 1-20, 2019.

D. Musinguzi, A. Tumushabe, K. Sekabira, T. A. Basamba,
and D. Byarugaba, “Medicinal plants use in and around
Kalinzu central forest reserve, Western Uganda,” Journal of
Medicinal Plants Studies, vol. 5, no. 6, pp. 44-49, 2017.

I. Mbabazi, P. Wangila, and I. O. K’Owino, “Antimicrobial
activity of Euclea divinorum hern (ebenaceae) leaves, tender
stems, root bark and an herbal toothpaste formulated from
its ethanolic root bark extract,” International Journal of
Research and Reports in Dentistry, vol. 3, no. 3, pp. 8-16,
2020.

H. Nawaz, M. A. Shad, N. Rehman, H. Andaleeb, and
N. Ullah, “Effect of solvent polarity on extraction yield and
antioxidant properties of phytochemicals from bean (Pha-
seolus vulgaris) seeds,” Brazilian Journal of Pharmaceutical
Sciences, vol. 56, Article ID e17129, 2020.

G. E. Trease and W. C. Evans, “Phenols and phenolic gly-
cosides,” in Textbook of Pharmacognosy, pp. 343-383, Bal-
liese, Tindall and Co Publishers, London, UK, 1989.

R. Gul, S. U. Jan, S. Faridullah, S. Sherani, and N. Jahan,
“Preliminary phytochemical screening, quantitative analysis
of alkaloids, and antioxidant activity of crude plant extracts
from Ephedra intermedia indigenous to balochistan,” The
Scientific World Journal, vol. 2017, Article ID 5873648,
7 pages, 2017.

M. H. A. Suleiman and A. A. Ateeg, “Antimicrobial and
antioxidant activities of different extracts from different parts
of Zilla spinosa (L.) prantl.,” Evidence-Based Complementary
and Alternative Medicine, vol. 2020, Article ID 6690433,
10 pages, 2020.

Y. S. Velioglu, G. Mazza, L. Gao, and B. D. Oomah, “An-
tioxidant activity and total phenolics in selected fruits,
vegetables, and grain products,” Journal of Agricultural and
Food Chemistry, vol. 46, no. 10, pp. 4113-4117, 1998.

A. Pekal and K. Pyrzynska, “Evaluation of aluminium
complexation reaction for flavonoid content assay,” Food
Analysis Methods, vol. 7, pp. 1776-1782, 2014.

S. Chandra, S. Khan, B. Avula et al., “Assessment of total
phenolic and flavonoid content, antioxidant properties, and
yield of aeroponically and conventionally grown leafy veg-
etables and fruit crops: a comparative study,” Evidence-Based
Complementary and Alternative Medicine, vol. 2014, Article
ID 253875, 9 pages, 2014.

Z. Khiya, Y. Oualcadi, A. Gamar et al., “Correlation of total
polyphenolic content with antioxidant activity of hydro-
methanolic extract and their fractions of the Salvia officinalis
leaves from different regions of Morocco,” Journal of
Chemistry, vol. 2021, Article ID 8585313, 11 pages, 2021.
WHO, Global Priority List of Antibiotic-Resistant Bacteria to
Guide Research, Discovery, and Development of New Anti-
biotics, WHO, Geneva, Switzerland, 2017, https://www.who.

[76]

(77]

(78]

(79]

(80]

(81]

(82]

(83]

(84]

(85]

(86]

(87]

(88]

(89]

13

int/medicines/publications/WHO-PPL-Short_Summary_
25Feb-ET_NM_WHO.pdftua=1.

P. Malaba Makoye, I. John Daniel, M. Enos Masota,
J. Sempombe, and V. Mugoyela, “Phytochemical screening,
antibacterial activity and bioautography of Sorindeia
madagascariensis, mucuna stans, and Albizia harveyi,”
Journal of Diseases and Medicinal Plants, vol. 6, no. 3,
pp. 65-71, 2020.

B. Ganza, “Isolation and Characterization of the bioactive
compounds in the stem bark of Albizia coriaria,” M. Sc.
thesis, Makerere University, Kampala, Uganda, 2014.

A. Altemimi, N. Lakhssassi, A. Baharlouei, D. Watson, and
D. Lightfoot, “Phytochemicals: extraction, isolation, and
identification of bioactive compounds from plant extracts,”
Plants, vol. 6, no. 4, p. 42, 2017.

N. A. Abd Aziz, R. Hasham, M. R. Sarmidi, S. H. Suhaimi,
and M. K. H. Idris, “A review on extraction techniques and
therapeutic value of polar bioactives from Asian medicinal
herbs: case study on Orthosiphon aristatus, Eurycoma
longifolia and Andrographis paniculata,” Saudi Pharma-
ceutical Journal, vol. 29, no. 2, pp. 143-165, 2021.

R. Abarca-Vargas, C. Pefia Malacara, and V. Petricevich,
“Characterization of chemical compounds with antioxidant
and cytotoxic activities in bougainvillea x buttiana holttum
and standl, (var. Rose) extracts,” Antioxidants, vol. 5, no. 4,
p. 45, 2016.

I. A. Muraina, A. O. Adaudi, M. Mamman, H. M. Kazeem,
and J. N. Eloff, “Effects of geographical location on the yield
and bioactivity of Anoigeissus leiocarpus,” Journal of Phar-
macy & Bioresources, vol. 5, no. 2, pp. 68-72, 2008.

Z. Zargoosh, M. Ghavam, G. Bacchetta, and A. Tavili, “Effects
of ecological factors on the antioxidant potential and total
phenol content of Scrophularia striata Boiss,” Scientific
Reports, vol. 9, 16021 pages, 2019.

M. Ghavam, “Relationships of irrigation water and soil
physical and chemical characteristics with yield, chemical
composition and antimicrobial activity of Damask rose es-
sential oil,” PLoS One, vol. 16, no. 4, Article ID e0249363,
2021.

S. C. Chepkwony, S. Dumargay, H. Chapuis, A. Kiprop,
P. Gerardin, and C. Gerardin-Charbonnier, “Geographic and
intraspecific variability of mesquitol amounts in Prosopis
juliflora trees from Kenya,” European Journal of Wood and
Wood Products, vol. 78, no. 4, pp. 801-809, 2020.

Mbarara District Local Government, Mbarara district. Facts
and  figures.  https://www.mbarara.go.ug/district/facts-
andfigures#:~:text=Climate%20and%20landscape,range%
200f%2080%2D90%25.

N. Namuhani and K. Cyrus, “Soil contamination with heavy
metals around Jinja steel rolling mills in Jinja municipality,
Uganda,” Journal of Health and Pollution, vol. 5, no. 9,
pp. 61-67, 2015.

Weather atlas, Weather forecast Kole, Uganda, 2021, https://
www.weatheratlas.com/en/uganda/kole.

The New Vision, Museveni Hailed for New District, The New
Vision, Kampala, Uganda, 2010, https://web.archive.org/
web/20140416043723/http://www.newvision.co.ug/D/8/16/
724804.

F. Atube, G. M. Malinga, M. Nyeko et al., “Determinants of
smallholder farmers™ adaptation strategies to the effects of
climate change: evidence from northern Uganda,” Agricul-
ture & Food Security, vol. 10, no. 6, p. 14, 2021.


https://www.who.int/medicines/publications/WHO-PPL-Short_Summary_25Feb-ET_NM_WHO.pdf?ua=1
https://www.who.int/medicines/publications/WHO-PPL-Short_Summary_25Feb-ET_NM_WHO.pdf?ua=1
https://www.who.int/medicines/publications/WHO-PPL-Short_Summary_25Feb-ET_NM_WHO.pdf?ua=1
https://www.mbarara.go.ug/district/facts-andfigures#:~:text=Climate%20and%20landscape,range%20of%2080%2D90%25
https://www.mbarara.go.ug/district/facts-andfigures#:~:text=Climate%20and%20landscape,range%20of%2080%2D90%25
https://www.mbarara.go.ug/district/facts-andfigures#:~:text=Climate%20and%20landscape,range%20of%2080%2D90%25
https://www.weatheratlas.com/en/uganda/kole
https://www.weatheratlas.com/en/uganda/kole
https://web.archive.org/web/20140416043723/http://www.newvision.co.ug/D/8/16/724804
https://web.archive.org/web/20140416043723/http://www.newvision.co.ug/D/8/16/724804
https://web.archive.org/web/20140416043723/http://www.newvision.co.ug/D/8/16/724804

14

[90]

[91]

[95]

[99

—

[100

(101

[102]

(103]

[104]

J. O. Minai, “Assessing the spatial variability of soils in
Uganda,” M. Sc. dissertation, Purdue University, West
Lafayette, Indiana, 2015.

S. B. Obakiro, A. Kiprop, E. Kigondu et al., “Traditional
medicinal Uses, phytoconstituents, bioactivities, and toxic-
ities of Erythrina abyssinica Lam. ex DC. (fabaceae): a sys-
tematic review,” Evidence-Based Complementary and
Alternative Medicine, vol. 2021, Article ID 5513484, 43 pages,
2021.

T. Omara, “Plants used in antivenom therapy in rural Kenya:
ethnobotany and future perspectives,” Journal of Toxicology,
vol. 2020, Article ID 1828521, 9 pages, 2020.

S. A. Lawan, A. Saleh, B. G. Sani, A. M. Fa’iza, and
A. Z. Sadiya, “Preliminary phytochemical constituents and
phytotoxic effect of Albizia lebbeck (L.) Benth on Sorghum
bicolor,” Bayero Journal of Pure and Applied Sciences, vol. 10,
pp. 405-408, 2017.

C. Rahul, P. Pankaj, S. K. Sarwan, and J. K. Mahesh,
“Phytochemical screening and antimicrobial activity of
Albizzia lebbeck,” Journal of Chemical and Pharmaceutical
Research, vol. 2, pp. 476-484, 2010.

J. O. Uwaya, L. O. Okunrobo, and P. O. Igbinaduwa, “Albizia
zygia (D.C.) macbr (fabaceae): a comparative investigation
of phytochemical composition, proximate analysis and
anti-seizure properties of methanol extracts of its leaves
and stem-bark,” Nigerian Journal of Pharmaceutical and
Applied Science Research, vol. 6, pp. 76-80, 2017.

S. Kumar, A. Yadav, M. Yadav, and J. P. Yadav, “Effect of
climate change on phytochemical diversity, total phenolic
content and in vitro antioxidant activity of Aloe vera (L.)
Burm.f.,” BMC Research Notes, vol. 10, no. 60, p. 60, 2017.
J. K. Holopainen, V. Virjamo, R. P. Ghimire, J. D. Blande,
R. Julkunen-Tiitto, and M. Kiviméenpéd, “Climate change
effects on secondary compounds of forest trees in the
northern hemisphere,” Frontiers in Plant Science, vol. 9,
p. 1445, 2018.

A. Cansev, H. Gulen, G. Celik, and A. Eris, “Alterations in
total phenolic content and antioxidant capacity in response
to low temperatures in olive (Olea europaea L. “Gemlik”),”
Plant Archives, vol. 12, no. 1, pp. 489-494, 2012.

A. Krél, R. Amarowicz, and S. Weidner, “The effects of cold
stress on the phenolic compounds and antioxidant capacity
of grapevine (Vitis vinifera L.) leaves,” Journal of Plant
Physiology, vol. 189, pp. 97-104, 2015.

G. Sripad, V. Prakash, and M. S. N. Rao, “Extractability of
polyphenols of sunflower seed in various solvents,” Journal of
Biosciences, vol. 4, no. 2, pp. 145-152, 1982.

S. Felhi, A. Daoud, H. Hajlaoui, K. Mnafgui, N. Gharsallah,
and A. Kadri, “Solvent extraction effects on phytochemical
constituents profiles, antioxidant and antimicrobial activities
and functional group analysis of Ecballium elaterium seeds
and peels fruits,” Food Science and Technology, vol. 37, no. 3,
pp. 483-492, 2017.

C. C. Chang, M. H. Yang, H. M. Wen, and J. C. Chern,
“Estimation of total flavonoid content in propolis by two
complementary colorimetric methods,” Journal of Food and
Drug Analysis, vol. 10, pp. 178-182, 2002.

S. Bouderias, P. Teszldk, G. Jakab, and L. Kérosi, “Age- and
season-dependent pattern of flavonol glycosides in Cabernet
Sauvignon grapevine leaves,” Scientific Reports, vol. 10, no. 1,
p. 14241, 2020.

D. Ahmed, M. Khan, and R. Saeed, “Comparative analysis of
phenolics, flavonoids, and antioxidant and antibacterial
potential of methanolic, hexanic and aqueous extracts from

Evidence-Based Complementary and Alternative Medicine

Adiantum caudatum leaves,” Antioxidants, vol. 4, no. 2,
pp. 394-409, 2015.

[105] J. Flieger and M. Flieger, “The [DPPH-/DPPH-H]-HPLC-
DAD method on tracking the antioxidant activity of pure
antioxidants and goutweed (Aegopodium podagraria L.)
hydroalcoholic extracts,” Molecules, vol. 25, no. 24, p. 6005,
2020.

[106] P. S. Widyawati, T. Dwi, W. Budianta, and F. A. Kusuma,
“Difference of solvent polarity to phytochemical content and
antioxidant activity of Pluchea indicia Less leaves extracts,”
International Journal of Pharmacognosy and Phytochemistry
Research, vol. 6, pp. 850-855, 2014.

[107] Q.D. Do, A. E. Angkawijaya, P. L. Tran-Nguyen et al., “Effect
of extraction solvent on total phenol content, total flavonoid
content, and antioxidant activity of Limnophila aromatica,”
Journal of Food and Drug Analysis, vol. 22, no. 3, pp. 296—
302, 2014.

[108] J.-S. Kim and J.-H. Lee, “Correlation between solid content
and antioxidant activities in Umbelliferae salad plants,”
Preventive Nutrition and Food Science, vol. 25, no. 1,
pp. 84-92, 2020.

[109] Clinical and Laboratory Standards Institute, “Performance
standards for antimicrobial susceptibility testing,” in CLSI
Supplement M100, Clinical and Laboratory Standards In-
stitute, Wayne, PA, USA, 2017.

[110] A.O. Adeeyo, J. N. Edokpayi, M. A. Alabi, T. A. M. Msagati,
and J. O. Odiyo, “Plant active products and emerging in-
terventions in water potabilisation: disinfection and multi-
drug resistant pathogen treatment,” Clinical Phytoscience,
vol. 7, no. 1, p. 31, 2021.

[111] M. Daglia, “Polyphenols as antimicrobial agents,” Current
Opinion in Biotechnology, vol. 23, no. 2, pp. 174-181, 2012.

[112] Z.-B. Yi, Y. Yan Yu, Y.-Z. Liang, and B. Bao Zeng, “Eval-
uation of the antimicrobial mode of berberine by LC/ESI-MS
combined with principal component analysis,” Journal of
Pharmaceutical and Biomedical Analysis, vol. 44, no. 1,
pp. 301-304, 2007.

[113] P. Panda and G. Tripathy, “Wound healing activity of

aqueous and methanolic bark extract of Vernonia arborea in

Wistar rats,” Natural Products Radiance, vol. 8, pp. 6-11,

2009.

C. Engels, A. Schieber, and M. G. Génzle, “Inhibitory spectra

and modes of antimicrobial action of gallotannins from

mango Kernels (Mangifera indica L.),” Applied and Envi-

ronmental Microbiology, vol. 77, no. 7, pp. 2215-2223, 2011.

(114



