
INTRODUCTION 
Antimicrobial resistance (AMR) has become a major challenge 
to the health sector in Sub-Saharan African countries, 
including Kenya. Lower and middle-income countries are 
already threatened due to high level of AMR compared to 
higher-income countries.1 The situation of AMR in these 
countries is on an upward trend due to the indiscriminative 
use of antibiotics, over-the-counter acquisition without 
prescriptions, and readily available substandard drugs.2,3 
Inadequate provision of clean water, high population density, 
lack of proper sanitation and poor infrastructure in developing 
countries promotes rapid spread of infectious diseases leading 
to high demand of antibiotics. Similarly, poor governance 
and reduced expenditure in public health sector increase the 
prevalence of AMR bacteria.4 Resistance to antibiotics by 
bacteria caused hundreds of thousands of death in Sub-Sahara 
Africa especially in countries with weak health systems. 
According to Urban-Chmiel et al.,5 antibiotic resistance is 
growing very fast on commonly used antibiotics and last 
resort drugs. 

Resistance of bacteria to antibiotics can be natural, where 
the species or strains of certain bacteria lack susceptibility to 
drugs. This can be due to the impermeability of the cell wall, 
absence of appropriate receptors, low affinity to the antibiotic 
or production of antibiotic-inactivating enzymes.5 Lack of 
susceptibility of bacteria to antibiotics can be classified as 
primary or secondary. Primary resistance occurs due to 
spontaneous mutation which takes place without exposure 
to antibiotics. Resistance is embedded in the chromosome 
of the bacteria and cannot be transmitted to other species of 
bacteria.5,6 Once the bacteria acquire resistance genes due 
to mutation, they are able to survive and outnumber other 
susceptible bacteria in the population. Secondary resistance 
occurs when the bacteria species come in contact with the 
antibacterial agent or drug. This type of resistance is extra-
chromosomal as the genes involved are located in a plasmid.7 
The plasmid may contain a few or many genes that confer 
resistance to several antibiotics. These resistant genes can be 
transferred from one species to another through conjugation 
or transduction.5

ABSTRACT
This study screened the variation of phytochemicals in Terminalia brownii leaves, bark and root extracts and evaluated their 
microbial activity against Escherichia coli and Staphylococcus aureus. Preliminary phytochemical screening showed the 
presence of tannins, alkaloids, saponins and steroids in leaves, bark and roots; terpenoids in barks and roots, while flavonoids 
were absent. Leaf, bark and root extracts significantly (p ˂ 0.05) inhibited E. coli and S. aureus growth. Root extracts (methanol 
and ethanol) had significantly higher zones of inhibition (18.0 and 14.6 mm) against E. coli compared to the other plant parts. 
Similarly, leaf and root extracts produced higher zones of inhibition of 12.3 and 17.4 mm against S. aureus, respectively. Data 
from this study shows that T. brownii is a good candidate for further pharmaceutical investigations and could be exploited for 
the development of natural bioactive agents to improve human health.
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Increased antimicrobial resistance has resulted in fewer 
options for treating patients, leading to high morbidity and 
mortality. Antibiotic resistance by strains of Staphylococcus 
aureus and Escherichia coli has become rampant8 hence the 
need for new sources of antimicrobial agents. Plants harbor 
natural products that enable them to resist microbial pathogens 
which can be used as antimicrobial sources but have been 
neglected in favor of synthetic antimicrobials. Currently, 
plants are receiving more attention as a source of antimicrobial 
compounds as they are readily available, safe to humans and 
environmentally friendly as their products are easily broken 
down.9,10 They synthesize a variety of biologically active 
metabolites such as terpenoids, tannins, iridoids, alkaloids, 
coumarins, saponins, lignans, f lavonoids, steroidal and 
xanthones which have antimicrobial properties.9,11 Extracts 
from some medicinal plants such as orchids,12 Tamarindus 
indica13 and roselle (Hibiscus sabdariffa)14 have therapeutic 
and antimicrobial activity against bacterial pathogens such 
as E. coli and Shigella species. Similarly, Psidium guajava L. 
have shown an inhibitory effect against clinical isolates Proteus 
spp., Staphylococcus spp. and Pseudomonas aeruginosa.3 
Terminalia brownii plant belonging to the combretaceae family 
is used traditionally in the management of different human 
illness such as yellow fever, ulcers, hepatitis and diabetes. The 
species colonizes a wide range of ecological zones where it has 
been used in traditional medicine.15 T. brownii extracts have 
shown antimicrobial activity against a variety of bacteria and 
fungi in different ecological zones15,16 but the antimicrobial 
activity of the species growing in western Kenya against E. coli 
and S. aureus is still unknown. This study was carried out to 
determine the phytochemical and susceptibility of E. coli and 
S. aureus on T. brownii leaf, bark and root extracts. 

MATERIALS AND METHODS

Sample Collection and Processing
Fresh healthy leaves, bark and roots of T. brownii plant were 
collected around Jaramogi Oginga University of Science and 
Technology in ziplock bags and taken to the microbiology 
laboratory. They were thoroughly washed with running water 
to remove debris and dust particles, rinsed using distilled water, 
and left to dry at room temperature in the shade. Dried plant 
parts were separately ground into fine powder using mortar 
and pestle and stored in a cool and dry place. Total extraction 
of each plant part was done in ethanol and methanol solvent 
in the ratio of 1: 10 (plant material/solvents). Twenty grams 
of each plant part powder was separately soaked in 200 mL 
solvent in conical flasks for at least 24 hours. The extracts were 
filtered using Whatman No. 1 filter paper and concentrated 
under a vacuum in a rotary evaporator at 40oC. The crude 
extracts were further dried by evaporation by placing a beaker 
containing the extract on open place for several days until the 
extracts were completely dry. The plant extracts that were not 
used immediately were stored at 4oC.17

Sterility Test of the Plant Extracts

Each methanol and ethanol extract was tested for its sterility 
from microbes by inoculating 0.5 mL of extract on Mueller 
Hinton Agar and incubated at 37oC for 24 hours. Absence 
of any growth from the extract after incubation indicated 
sterility.18

Phytochemical screening 
Phytochemicals of interest in the plant’s leaves, roots and bark 
were screened using standard protocols. 
Tannins
The presence of tannins was determined by boiling 0.5 gm 
of the extract with 5 mL of ethanol for 5 minutes. The filtrate 
(1-mL) was diluted with distilled water and two drops of ferric 
chloride were added dropwise. A color change from greenish 
to black indicated the presence of tannins.19

Flavonoids
This was done by dissolving 0.5 mg of the extracts in 0.2 NaOH 
and a color change from yellow to colorless after the addition 
of drops of H2SO4 indicated that flavonoids were present.20

Alkaloids
Alkaloids were determined by dissolving 0.5 gm of extracts in 
warmed 2% H2SO4 for two minutes before filtering. Few drops 
of Mayer reagent were added. The appearance of a creamy 
white precipitate indicated the presence of alkaloids.19

Saponins
Using the method previously described by Gul et al.,20 0.5 
gm of each extract was dissolved in 1-mL of methanol then 
filtered. Distilled water was added, shaken for a few minutes 
and a persistent frothing indicated presence of saponins.
Steroids
The presence of steroids was determined by dissolving 0.5 gm 
of each extract in chloroform plus anhydrous acetic acid and 
heating then cooled. Concentrated H2SO4 was added through 
the walls of the tube dropwise. The formation of brown ring 
indicated the presence of steroids.21

Terpenoids
A 0.5 gm extract was mixed with a few drops of acetic 
anhydride then boiled and cooled. Drops of concentration 
H2SO4 were added from the sides of the tube. Formation of 
red colour in the lower region indicated that terpenoids are 
present.18

Antimicrobial Assay

Culture media and test microorganisms
Culture media Muller Hinton Agar (MHA) and Muller Hinton 
Broth as well test bacteria, E. coli (ATCC25922) and S. aureus 
(ATCC 25923) were obtained from the Microbiology laboratory 
of Jaramogi Oginga University of Science and Technology. 
Culture media was prepared according to the manufacturer’s 
instructions.
Antimicrobial Activity Evaluation by disc diffusion
Colonies (3-4) of previously cultured bacterial pathogens were 
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inoculated separately in 4 mL peptone broth. The individual 
bacteria suspension density was adjusted to 0.5 McFarland 
turbidity standard, resulting in a 1.5 × 108 CFU concentration. 
Discs were prepared by punching 2mm discs from Whatman’s 
No 3 filter paper and then sterilized. Extracts from plant parts 
were reconstituted in DMSO and used to make 100 mg/mL 
concentrations, 50 and 25 mg/mL. The discs were soaked in 
the extracts before being used.18

Mueller Hinton agar plates were seeded with bacteria 
suspension using sterile cotton swabs and left in lamina flow 
for 5 minutes. Discs were transferred from the extracts using 
sterile forceps and placed on the surface of the plates with 
bacteria and plates sealed with laboratory film. Plated with 
discs containing DMSO only were used as negative control. 
They were incubated at 37oC for 24 hours in a completely 
randomized design and zone of inhibition was measured.3

Data Analysis
Triplicate data was subjected to analysis of variance 
(ANOVA) in SAS software (SAS Institute, version 9.1) and 
where significant, means were separated using Fisher’s Least 
Significant Difference at p ≤ 0.05.

RESULTS 

Phytochemical Screening:
Tannins and alkaloids were present in all the plant parts in 
high and moderate concentrations respectively (Table 1 and 
Figure 1). The bark had a higher concentration of saponins 
(leaves), steroids (roots) and terpenoids. A moderate 
concentration of saponins was present in the roots and 
bark, steroids (leaves and bark) and terpernoids in the roots. 
Flavonoids were absent in all three plant parts compared to 
terpernoids that was only present in the barks and roots.
Evaluation of Antimicrobial Activity  
The mean growth inhibition of ethanol extracts against E. 
coli and S. aureus ranged from 11.6 to 18.0 mm and 12.3 to 
17.4 mm compared methanol extracts ranged between 10.6 
to 14.6 mm and 10.7 to 12.3 mm, respectively (Table 2). Root 

Table 1: Phytochemical profiles in T. brownii plant extracts

Plant parts Tannins Flavonoids Alkaloids Saponins Steroids Terpenoids

Leaves ++ - + ++ + -

Bark ++ - + + + ++

Root ++ - + + ++ +

Key: indicates absence of phytochemicals; + indicates presence with moderate concentration; ++ indicates presence with high concentration.

Figure 1: Phytochemical screening of bark

Key: (A) Tannins present; (B) Flavonoids absent; (C) Alkaloids present; 
(D) Steroids present; (E) Terpenoids absent

ethanol extracts had significantly higher zone of inhibition (p 
<0.05) against E. coli and S. aureus compared to methanol 
extracts. Mean zone of inhibition of leaves and stem ethanol 
and methanol extracts were not significantly (p ˃0.05) 
different against E. coli. Leaves ethanol and methanol extracts 
significantly (p <0.05) inhibited the growth of S. aureus while 
there were no significant differences between stem ethanol and 
methanol extracts.

The mean zones of inhibition of different concentrations 
of both methanol and ethanol extracts against E. coli and 
S. aureus were significantly (p <0.05) different (Table 3). 
Mean zone of inhibition of methanol extracts against E. coli 
and S. aureus ranged from 8.3 to 12.3 mm and 7.3 to 10.0 
mm, while for ethanol extracts, it ranged between 9.0 to 14.7 
mm, respectively at 25 mg/mL. The highest concentration 
(75 mg/mL) of extracts from the three plant parts produced 
higher mean zones of inhibition against E. coli and S. aureus 
compared to other concentrations in both solvents. At 75 mg/
mL methanol extracts, the mean zone of inhibition of E.coli 
and S. aureus ranged between 14.0 to 17.0 mm and 13.0 to 

Table 2: Overall effect of plant parts and solvent extracts on growth inhibition of E. coli and S. aureus

E. coli S. aureus

Plant parts Ethanol Methanol p-value Ethanol Methanol p-value

Leaves 11.6a 10.6a 0.12 12.3a 10.7b 0.02

Bark 12.3a 13.3a 0.14 9.6a 10.3a 0.08

Root 18.0a 14.6b 0.01 17.4a 12.3b <.0001

Means followed by the same letters across the rows are not significantly different at P = 0.05
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15.0 mm, respectively. For ethanol extracts the mean zone of 
inhibition ranged from 14.0  to 21.3 mm and 12.0 to 19.7 mm 
for E. coli and S. aureus respectively. The highest zones of 
inhibition on E. coli (21.3 mm) and S. aureus (19.7 mm) were 
recorded in root ethanol extracts. 

DISCUSSION 
Leaves, bark and roots of T. brownii contained tannins, 
alkaloids, saponins and steroids while terpenoids were 
present in the bark and roots. Flavonoids were absent in all 
the three plant parts. These results are in agreement with a 
previous study by Ikikii et al.15 that reported the presence of 
flavonoids in the flowers of flowers of T. brownii. However, 
Periasamy, Alemayehu22 recoded the presence of flavonoids in 
methanolic leaf extracts. The difference could be attributed to 
differences ecological and geographical locations where plants 
were collected that affected the presence of phytochemicals. 
Environmental conditions such as drought and altitude 
influences the type and quantity of phytochemical present 
in the plant.23,24 In addition, other factors such as acidity or 
salinity have also been reported to contribute to variation in 
the concentrations of phytochemicals across different regions 
in Kenya.25 The presence of Phytoconstituents in plants have 
received a lot of interest in the recent past in the advancement 
of modern medicine by exploring new sources of therapeutic 
compounds.26 Terpenoids are useful in treatment and 
prevention of diseases as they have antibacterial, antifungal, 
antiparasitic, antiviral and anti-inflamatory activities. Steroids 
are well known for soothing inflamed airway in asthma 
as well as reducing cholesterol.27 Plants are reservoirs of 
phytochemicals with therapeutic properties that are active 
against a wide range of microbes at low concentration. 
Similarly, phytochemicals display antioxidant properties which 
is of great value in lowering oxidative stress which is a major 
contributor to development of high risk diseases in human.27,28 
Extracts from T. brownii demonstrated antibacterial activity 
against S. aureus and E. coli. The wider zones of inhibition 
observed in root extracts (methanol and ethanol) against the 
two bacteria could be due to the high concentration of steroids 
and tannins compared to other parts. The results are consistent 

with those reported by Ikikii et al.,15 in which methanolic 
extracts from T. brownii exhibited inhibitory effects against 
E. coli, P. aeroginosa and S. aureus. Tannins are comprised of 
polyphenolic compounds which inhibit microbial proliferation 
by binding and precipitating proteins,29 as well as directly 
attacking cellular organelles and cell membranes.30 Steroids 
function as antiviral, antifungal, antibacterial and antioxidant 
with high efficacy against S. aureus and Acinetobacter 
baumannii.31 Ethanol extracts exhibited greater efficacy 
compared to methanol extract and this could be attributed to 
the fact that ethanol is less polar compared to methanol which 
extracted more of non polar compounds with antimicrobial 
activity. The results are in agreement with the report of15,32  

that ethanol extracts are active against S. aureus. Antimicrobial 
properties of plant extracts are due to their ability to bind to 
membrane proteins through hydrophobic and hydrogen bonds. 
The binding of proteins alters membrane permeability thus 
affecting the exchange of important material between the 
environment and the cell.32 Methanol and ethanol extracts 
inhibited E. coli more compared to S. aureus in both methanol 
and ethanol extracts. This could be attributed to the presence 
of high content of peptidoglycan layer S. aureus which 
hindered the penetration of the extracts into the cell to arrest 
metabolic processes. Plant extracts can inhibit normal cell 
communication; quorum sensing (QS) vital in responding to 
environmental changes. Some plant compounds modifies or 
completely inhibit protein-protein interactions thus lowering 
or altering vital cell metabolic functions.33 They also inhibit 
bacterial growth through interference with intermediary 
metabolism, coagulation of cytoplasmic constituents and 
inhibition of biofilm formation that protects the pathogen 
during infection.33,34

CONCLUSION
The three parts of T. brownii contained tannins, alkaloids, 
saponins, steroids and terpenoids while flavonoids were absent 
in all the three plant parts. The leaves, bark and roots extracts 
inhibited the growth of E. coli and S. aureus with root extracts 
being more active than other parts. Thus medicinal plants 
including T. brownii are potential sources of new antimicrobial 

Table 3: Mean zone of inhibition (mm) of T. brownii extracts on growth of E. coli and S. aureus

Treatment and solvent

Methanol extracts Ethanol extracts

Plant parts Organism DMSO 25 mg/mL 50 mg/mL 75 mg/mL p-value DMSO 25 mg/mL 50 mg/mL 75 mg/mL p-value

Leaves E. coli 0.0c 8.3b 9.7b 14.0a 0.003 0.0d 9.3c 11.7b 14.0a 0.0062

S. aureus 0.0c 8.3b 11.0a 13.0a 0.015 0.0d 7.3c 9.6b 12.0a 0.0005

Bark E. coli 0.0d 10.3c 13.3b 16.3a 0.002 0.0d 9.0c 12.3b 15.7a 0.0046

S. aureus 0.0d 7.3c 10.7b 13.0a 0.014 0.0d 10.3c 12.3b 14.3a 0.0008

Root E. coli 0.0d 12.3c 14.7b 17.0a 0.003 0.0c 14.7b 18.0ab 21.3a 0.0246

S. aureus 0.0d 10.0c 12.0b 15.0a 0.003 0.0d 15.3c 17.3b 19.7a 0.0003

Means followed by the same letters across the rows are not significantly different at P = 0.05
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