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Abstract

This study evaluated the antimicrobial, cytotoxic and phytochemical properties of Faidherbia albida 
leaf and stem bark extracts. The methanolic extract of the plant parts was obtained and screened for phyto-
chemical properties according to standard techniques. The antibacterial activities of the plant extract were 
investigated against ten clinical isolates using the agar well diffusion method while its cytotoxic potentials 
were assessed in accordance with established procedures. Flavonoids, tannins, alkaloids, saponins, glyco-
sides, triterpenes, xanthoproteins, and anthraquinones were present in the leaf and stem bark extracts, and 
the extracts exerted antibacterial activities against the isolates with zones of inhibition showing no statisti-
cal difference from that of the positive control (p = 0.089). The minimum inhibitory concentrations of stem 
bark and leaf extracts ranged from 0.781 to 6.25 mg/ml and 0.472 to 6.43 mg/ml, respectively, while their 
minimum bactericidal concentrations ranged from 0.391 to 1.562 mg/ml and 0.290 to 1.782 mg/ml, respec-
tively. There was no statistical difference between the activities of stem bark and leaf extracts (p > 0.106). 
The cytotoxicity test against the human embryonic kidney (HEK) 293 cells showed that the leaf and stem 
bark extracts were toxic at 0.1059 and 0.1179 μg/ml, respectively. The relatively high therapeutic indexes 
(TI) of the plant extracts indicated their safety. This study revealed that the leaf and stem bark extracts of 
F. albida possess robust antibacterial and cytotoxic properties that could be exploited in the treatment of 
related diseases and curtail further spread of antimicrobial-resistant pathogens. 
Keywords: Bacteria, cytotoxic, Faidherbia albida, medicinal plant, MBC, MIC, phytochemical, 
therapeutic index.
Резюме

Това проучване оценява антимикробните, цитотоксичните и фитохимичните свойства 
на екстрактите от листа и кора на стъбла от Faidherbia albida. Получен е метанолов екстракт от 
растителните части на F. albida и са изследвани фитохимичните му свойства съгласно стандартни 
техники. Проучени са антибактериалните активности на екстракта срещу десет клинични изолата 
чрез метода на дифузия в агар, а неговите цитотоксични свойства са оценявани в съответствие с 
установени в лабораторната практика процедури. Резултатите показват, че в екстрактите от листата 
и кората на стъблото присъстват флавоноиди, танини, алкалоиди, сапонини, гликозиди, тритерпени, 
ксантопротеини и антрахинони. Екстрактите проявяват антибактериално действие срещу изолатите 
със зони на инхибиране, показващи недостоверна статистическа разлика от тази на положителната 
контрола (р = 0.089). Минималните инхибиторни концентрации на екстракти от кора и листа варират 
съответно от 0.781 до 6.25 mg/ml и 0.472 до 6.43 mg/ml, докато минималните им бактерицидни 
концентрации варират от 0.391 до 1.562 mg/ml и 0.290 до 1.290 mg/ml съответно. Няма статисти-
чески достоверна разлика между активността на екстрактит от кората на стъблото и екстрактите 
от листа (p > 0.106). Тестът за цитотоксичност срещу клетките от човешки ембрионален бъбрек 
(HEK 293) показа, че екстрактите от листата и кората на стъблото са токсични съответно при 0.1059 
и 0.1179 μg/ml. Относително високите терапевтични индекси (TI) на растителните екстракти по-
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Introduction
The use of medicinal plants is recognized 

globally for the treatment of diseases and disorders 
including bacterial infections. Bacteria, viruses, and 
fungi are the major cause of morbidity and mortality 
globally with bacteria contributing to the highest dis-
ease burden. Also, communicable diseases account 
for over 50% of the annual mortality in low-income 
countries (Ngemenya et al., 2019). However, the big-
gest challenge facing the chemotherapy of bacterial 
infection is the development of antibiotic resistance 
to conventional drugs. This has led to the emergence 
of drug-resistant and pan-drug resistant phenotypes 
in bacterial species (Bello et al., 2018). Science has 
been struggling to catch up with the emergence of 
new diseases; however, the process has been marred 
by the slow rate of new drug development. Sub-Sa-
haran Africa has the highest incidence of disease 
outbreak across all continents necessitating thigh 
use of antibiotics, which inadvertently will lead to 
high levels of antimicrobial resistance (Essack et al., 
2016). The need to develop new drugs, therefore, 
becomes imperative in order to combat the global 
challenge of antimicrobial resistance.

Faidherbia is a monotypic genus. It contains 
only one species: Faidherbia albida (Del.) A. Chev. 
F. albida belongs to the Acacieae family and it is 
used ethnomedicinally for the treatment of respirato-
ry, tooth, and eye infections (Wood, 2019). The bark 
and roots have been reportedly used for the treat-
ment of digestive disorders, malaria, and fever. It is 
a leguminous plant native to Africa and the Middle 
East which was later introduced to Pakistan and In-
dia. The use of F. albida in traditional agro forestry 
systems is associated with the inverse phenological 
rhythm of the species and which is important be-
cause of the lack of competition between trees and 
crops during the rainy season, while the persistent 
foliage during the dry season is an essential source 
of fodder (Bello et al. 2015). 

A number of indigenous plants in Nigeria have 
been studied and found to contain some tremendous 
therapeutic properties. Many of such plants have 
been successively screened for their phytochemical 
and biological constituents including their antibac-
terial activities; however, many more are yet to be 
documented for antibacterial activity; and where 
such activity is reported, toxicity and safety might 

not have been reported (Dlama et al., 2016). This 
study, therefore, evaluated the phytochemical and 
cytotoxic properties alongside the antibacterial ac-
tivities of the stem bark and leaf extracts of F. albi-
da against selected clinical pathogens in southwest 
Nigeria.
Materials and Methods
Collection of plant sample

Fresh samples of F. albida (leaf and stem bark) 
were collected from Ede in Osun State, Southwest 
Nigeria. The identification and authentication of the 
plant and plant parts were done at the Department of 
Botany (IFE Herbarium), Obafemi Awolowo Uni-
versity, Ile-Ife. 
Preparation of the plant samples

The investigated parts of the plant were sep-
arately rinsed in tap water, air dried and pulverized 
into fine powder. A 200 g portion of the powdered 
sample of each of the plant parts was extracted sep-
arately with 80% methanol for 72 h. These were fil-
tered and the filtrates concentrated in vacuo in order 
to obtain the crude methanol leaf and stem bark ex-
tracts (Akinpelu et al., 2018). 
Source of microorganisms

The bacteria investigated in this study were 
collected from National Collection of Industri-
al Bacteria (NCIB) and locally isolated organism 
(LIO). These include Bacillus subtilis (NCIB 3610), 
Bacillus cereus (NCIB 6349), Bacillus stearother-
mophilus (NCIB 8222), Enterococcus faecalis 
(NCIB 775), Escherichia coli (NCIB 86), Klebsiella 
pneumoniae (NCIB 418), Pseudomonas aerugino-
sa (NCIB 950), Proteus vulgaris (LIO), Shigella sp. 
(LIO), and Staphylococcus aureus (NCIB 8588). 
These organisms have been implicated in infectious 
diseases.  
Preparation of bacterial cultures

The method of Jorgensen et al. (1990) was 
adopted for the preparation of the bacterial cultures. 
Each pure bacterial culture was prepared freshly on 
nutrient agar and incubated at 37oC for 24 h. The 
fresh cultures were then transferred into freshly pre-
pared nutrient broth and standardized to 0.5 McFar-
land turbidity standards using the spectrophotometer 
to obtain the desired cell density of 1.5x108 cells/ml. 

казват тяхната безопасност. Следователно, това проучване установи, че екстрактите от листата и 
кората на стъблото на F. albida притежават силни антибактериални и цитотоксични свойства, които 
могат да бъдат използвани при лечението на свързани заболявания и да ограничат по-нататъшното 
разпространение на патогени, резистентни към антимикробни препарати.
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Antimicrobial activity of extracts of the plant’s leaf 
and stem bark

Dimethyl sulfoxide (DMSO) was used to 
separately prepare the crude extracts which were 
screened for antibacterial activity. A 0.1 ml propor-
tion of the test organism was aseptically and ho-
mogenously smeared on the surface of solidified 
nutrient agar medium inside the Petri plate and al-
lowed to stand for 5 minutes. A cork borer of 6 mm 
diameter in size was used to create five wells on the 
agar medium and few drops of the working solution 
were introduced into each of the wells and labeled. 
This was allowed a pre-diffusion time of 30 min 
and then incubated at 37oC for 24 h. The diameters 
of the zones of complete inhibition were measured 
with a metre rule and recorded. Ampicillin and 
streptomycin were used as positive controls and all 
tests were performed in triplicates (Jorgensen et al., 
1990).
Determination of the Minimum Inhibitory 
Concentration 

The minimum inhibitory concentrations 
(MICs) of the plant extracts that showed positive 
results in the disk diffusion assay by inhibiting the 
growth of the test organisms were determined us-
ing the microplate dilution method as described by 
Mishra et al. (2015). Using DMSO, serial dilutions 
of the plant extracts were prepared. The standard-
ized inoculum of test organisms with turbidity ad-
justed to 0.5 McFarland standard to prepare 1×108 
bacterial cell/ml. Then 150 μl of different concen-
trations of plant extracts were separately introduced 
to each well of the 96-well microplate and 50 μl 
proportion of the bacterial suspension added. Am-
picillin and streptomycin were used as the positive 
controls while 10% DMSO and plant extracts lack-
ing bacterial suspension were the negative controls. 
The incubation of the microtiter plates was at 37°C 
for 24 h. The lowest concentration of the plant ex-
tract that inhibited the visible growth of the test or-
ganism was taken as the MIC.
Determination of the Minimum Bactericidal 
Concentration (MBC) 

The wells of the microtiter plate showing 
growth at the lowest concentration of the plant ex-
tract and those with no growth in the MIC assay 
were considered for the determination of MBC. A 
100 μl proportion of the bacterial cells from the se-
lected wells were streaked on the surface of fresh-
ly-prepared nutrient agar medium and plates incu-
bated at 37°C for 24 h. The lowest concentration 
that showed no growth was taken as the MBC of 

the extract (Bello et al., 2019). 
Phytochemical screening of the aqueous extract

The extracts from the plant were screened for 
phytochemical constituents such as flavonoids, tan-
nins, alkaloids, saponins, glycosides, triterpenes, 
xanthoproteins, and anthraquinones of as described 
in the methods of Harbons (1973), Trease and Ev-
ans (2002), and Sofowora (2006).
Cytotoxicity assay

The cytotoxicity of the plant extracts was 
tested on human embryonic kidney (HEK) 293 
cells as reported by Zanariah et al. (2013). Exactly 
100 L of HEK cell suspension (1x105 cells/ml) was 
added to the inner walls of a 96-well plate and 200 
L of incomplete medium Dulbecco’s modified ea-
gle’s medium (DMEM) to the outer wells. In order 
to allow cell attachment to the bottom of the plate, 
incubation was done at 37oC for 24 h. The plant 
extracts, which had been dissolved in DMSO, were 
serially diluted to obtain dilution factor of up to 108. 
A 100L proportion of each concentration was intro-
duced to the 96-well plate in triplicates. A reference 
plate to account for the colour of the plant extracts 
was also prepared. This plate comprised the plant 
extracts and medium without bacterial cells, and 
was incubated at 37oC for 72 h. A 50L proportion of 
XTT reagent (ROCHE) was introduced to the wells 
of the microtitre plate and incubated at 37oC for 3 
h. After incubation, the plates were read using ELI-
SA with the KC junior software. Actinomycin D 
and DMSO were used as the positive and negative 
controls, respectively, while 10% fetal bovine se-
rum  Dulbecco’s Modified Eagle Medium (DMEM)  
Penicillin/Streptomycin was the complete medium. 
Data analyses

Data were collated and statistically analyzed 
using MedCalc statistical software, version 17.2. A 
Chi-square test was used to correlate the antibac-
terial activities exerted by different concentrations 
of the stem bark and leaf extracts. The difference 
between the activities exerted by the leaf and stem 
bark extracts was considered significant α ≤ 0.05 
(i.e. at 95% level of confidence).
Results and Discussion
Zone of inhibition

The antibacterial sensitivity of the test patho-
gens is shown in Table 1. The stem bark and leaf ex-
tracts demonstrated a high inhibitory effect against 
P. vulgaris, B. cereus, P. aeruginosa and S. aureus 
and competed favourably with the positive control. 

The stem bark extract inhibited P. vulgaris 
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(NCIB 67) with inhibition zone of 29 mm while 
the leaf extract equipotently inhibited B. subtilis 
(NCIB 3610) and K. pneumoniae (NCIB 418) with 
inhibition zone of 29 mm each, and S. aureus with 
25 mm. Therefore, there was no significant differ-
ence in the antibacterial sensitivity test between the 
stem bark extract and the leaf extract (Table 1).
MIC and MBC of the stem bark and leaf extracts 
of F. albida

The MIC and MBC of the stem bark and leaf 
extracts of F. albida are presented in Table 2. The 
stem bark and leaf extracts inhibited M. luteus at 
MICs of 0.781 and 0.472 mg/ml, respectively, while 
the MBCs were 0.391 and 0.290 mg/ml, respective-
ly. E. coli, P. aeruginosa and K. pneumoniae, how-
ever, required high extract concentrations of 6.25 
mg/ml. For all the bacterial pathogens tested, the 
MIC and MBC of the stem bark extract were low-
er than the leaf extract except for M. luteus (NCIB 

167). The difference, however, was not significant 
(p=1.07). This suggests that the stem bark extract 
had a better broad spectrum antibacterial activity 
than the leaf extract.
Cytotoxicity and Therapeutic Index (TI) of the 
stem bark and leaf extracts of F. albida

The result of cytotoxicity test against the 
HEK cells showed that the leaf and stem bark ex-
tracts were toxic at 0.1059 and 0.1179 μg/ml, re-
spectively. The TIs of the leaf extract were 0.067, 
0.38, 0.14, 0.49, and 0.89 for S. aureus, E. coli, K. 
oxytoca, S. enterica, and S. sonnei, respectively. 
The TIs of the stem extract were 0.057, 0.38, 0.17, 
0.38, and 0.64 for S. aureus, E. coli, K. oxytoca, S. 
enterica, and S. sonnei, respectively (Table 3). 
Phytochemical constituents of the stem bark and 
leaf extracts of F. albida

The phytochemical constituents of the stem 
bark and leaf extracts of F. albida are shown in 

Table 1. Antibacterial activities of F. albida stem and leaf extracts against selected pathogens

Bacterial strains
Zone of Inhibition (mm)

Stem Leaf Streptomycin Ampicillin

B. cereus (NCIB 6349) 23 22 22   20
P. vulgaris (NCIB 67) 29 20 20 17
E. coli (NCIB 86) 20 19 19 21
Serratia marcesens (NCIB 1377) 21 15 15 22
B. subtilis (NCIB 3610) 16 29 29 20
P. aeruginosa (NCIB 950) 23 20 20 15
S. aureus (NCIB 8588) 17 25 25 19
Micrococcus luteus (NCIB 167) 19 22 22 20
Vibrio fluvialis (LIO) 20 20 20 21
K. pneumoniae (NCIB 418) 16 29 29 20

Table 2. MIC and MBC of F. albida stem bark and leaf extracts 

Bacterial Strains
MIC (mg/ml) MBC (mg/ml)

Stem Leaf Stem Leaf
B. cereus (NCIB 6349) 3.125 3.590 1.562 1.762
P. vulgaris (NCIB 67) 3.125 3.145 0.781 0.871
E. coli (NCIB 86) 6.25 6.36 1.562 1.582
S. marcesens (NCIB 1377) 3.125 3.246 1.562 1.467
B. subtilis (NCIB 3610) 3.125 3.158 1.562 1.782
P. aeruginosa (NCIB 950) 6.25 6.34 1.562 1.642
S. aureus (NCIB 8588) 3.125 3.134 1.562 1.678
M. luteus (NCIB 167) 0.781 0.472 0.391 0.291
V. fluvialis (LIO) 1.562 1.633 0.391 0.290
K. pneumoniae (NCIB 418) 6.25 6.43 1.562 1.562

  p = 0.089
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Table 4. These showed that flavonoids, tannins, 
alkaloids, saponins, glycosides, triterpenes, xanth-
oproteins, and anthraquinones were present in both 
the stem bark and leaf extracts of plant. However, 
steroids were absent in both the stem bark and leaf 
extracts.

This study reflected the antibacterial and cy-
totoxicity potentials of F. albida leaf and stem bark 
extracts. The discovery of antibiotics resistance 
among bacterial pathogens necessitates the search 
for safe and effective broad-spectrum antibiotics 
from natural products. In spite of the medical ad-
vances in the chemotherapy of human infections, 
bacterial infections still remain one of the greatest 
challenges facing the medical sciences. 
Table 4. Phytochemical constituents of the stem 
bark and leaf extracts of F. albida

Phytochemical Stem bark Leaf extract
Flavonoids + +
Tannins + +
Alkaloids + +
Saponins + +
Sterioids - -
Glycosides + +
Triterpenes + +
Phlobatanins + -
Xanthoproteins + +
Anthraquinones + +

Key: (+) = Present; (-) = Absent

Both the stem bark and leaf extracts of F. 
albida inhibited all the bacterial pathogens tested 
with varying inhibition zones of diameter. No sig-
nificant difference in the antibacterial sensitivity 
of the bacterial species occurred between the stem 
bark extract and the leaf extract, although the leaf 
elicited relatively better activity. This implies that 
any of the plant parts could be used for treatment 
of bacterial infections caused by the investigated 
organisms in this study. 

Umar et al. (2017) reported that the combined 
stem bark extracts of F. albida and Psidium gua-
java elicited a better inhibition diameter (21 mm) 
against methicillin-resistant S. aureus than the indi-

vidual stem bark extracts (8-10 mm). This corrobo-
rates the finding in this study, where the leaf extract 
exhibited a better inhibitory activity (25 mm) than 
the stem bark extract (17 mm) against S. aureus. 
Therefore, for the treatment of S. aureus-mediated 
infections, such as diarrhea and urinary tract infec-
tions (UTIs), the leaf decoction of F. albida would 
be preferably recommended.

The lowest concentration of the plant extracts 
that completely inhibited the growth of microor-
ganisms was taken as the MBC. The absence of 
turbidity in the recovery medium used in MIC test 
was taken as a proof for bactericidal activity of F. 
albida extracts; and was considered as the lowest 
concentration from the MIC range, which resulted 
in no growth in the recovery medium of the MBC 
test. Both the leaf and stem bark extracts of F. al-
bida elicited potency against the tested isolates at 
different MIC and MBC, but the leaf extract was 
found to elicit higher inhibitory and bactericidal ef-
fects against Micrococcus luteus (NCIB 167). M. 
luteus was reported to be resistant to antimicrobial 
treatment with Lactobacillus casei and Lactoba-
cillus brevis (Amuche et al., 2019). Therefore, the 
use of F. albida extracts could serve as a cheap and 
effective alternative in combating Micrococcus lu-
teus-mediated infections. 

The leaf and stem bark extracts were toxic 
at concentrations of 0.1059 and 0.1179 μg/ml, re-
spectively. TI compares the blood concentration at 
which a drug is either toxic or safe to the end user. 
When the TI is large, the drug is considered safe. 
Therefore, the leaf and stem bark extracts of F. al-
bida are suitable for the treatment of S. sonnei, S. 
enterica, and E. coli-mediated infections.

The phytochemical analysis of F. albida re-
vealed the presence of flavonoids, tannins, alka-
loids, saponins, glycosides, triterpenes, xanthop-
roteins, and anthraquinones. Therefore, the broad 
spectrum antibacterial activity observed in this 
study could be attributed to the presence of these 
active ingredients. Tannins and alkaloids had been 
reported to possess excellent antibacterial activity 
(Umar et al., 2017). Tannins elicit their antibacteri-
al activity by binding to and precipitating proteins. 
Alkaloids act by affecting a wide range of cellular 

Table 3. Cytotoxicity and therapeutic index (TI) of the leaf and stem bark extracts

Extracts Cytotoxicity 
(μg/ml)

Therapeutic Index
S. aureus E. coli K. oxytoca S. enterica S. sonnei

Leaf 0.1059 0.067 0.38 0.14 0.49 0.89
Stem bark 0.1179 0.23 0.97 0.25 0.27 0.41

 p = 0.106
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molecular targets, such as biological membranes 
and nucleic acids (Roberts and Wink, 1998; Aki-
yama et al., 2001). 

Ohouko et al. (2020) reported that leaves, 
fruits and stem bark of F. albida revealed common 
chemicals groups, such as coumarins, leucoan-
thocyanins, mucilage, gallic tannins, and sapon-
ins. The authors reported only anthocyanins in the 
leaves and stem bark of the plant, and flavonoids 
found in the stem bark were absent in the leaves 
and fruits, which is contrary to the findings of the 
study. The study of Karoune et al. (2015) revealed 
the presence of phenolic acids and flavonoids in the 
leaves, fruits and stem bark of F. albida. Alkaloids 
were also reported to be present in the seeds of F. 
albida (Evans et al., 1977).

This study revealed that F. albida leaf and 
stem bark extracts possess robust antibacterial and 
cytotoxic properties. The plant parts could serve 
as good candidates for antibacterial and drug dis-
covery. The low MIC and MBC values of the plant 
extracts suggest strong antibacterial activity; while 
low therapeutic index recorded with the plant ex-
tract suggests possible toxic effects. More studies 
are required to assess the degree of toxicity of these 
plant parts. 
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