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ABSTRACT

Background: Cassia abbreviata Oliv is believed to possess many
pharmacological activities and has been used traditionally to treat many
ailments. In Zambia, it is used by traditional healers and the locals to treat
various bacterial infections especially in rural areas where traditional
medicine is the first or only line of treatment. However, it’s phytochemical
content and activity on Escherichia coli (E. coli) and Staphylococcus aureus
(S. aureus) has not been documented in Zambia.

Obijective: To investigate the phytochemical composition and antibacterial
activity of Cassia abbreviata Oliv stem bark extract against Escherichia coli
and Staphylococcus aureus.

Materials and Methods: Ethanol and aqueous crude extracts were derived
from Cassia abbreviata Oliv stem bark and subjected to qualitative
phytochemical screening using standard procedures. The extracts were then
used to test for antibacterial activity against standard cultures of E. coli
ATCC 25922 and S. ATCC 25923. Ciprofloxacin (5ug) was used as a
positive control. The agar disc diffusion was used to determine the
antibacterial activity of C. abbreviata at different concentrations (20, 15,
10, 5 and 1mg/mL). The minimum inhibitory concentration (MIC) and zones
of inhibition were measured against the tested microorganisms.

Results: The phytochemical screening revealed the presence of alkaloids,
tannins, flavonoids, saponins, terpenoids, sterols, and phenols. The
ethanolic extract was found to have antibacterial activity against S. aureus
but not E. coli, while the aqueous extract had no effect on either pathogen.
A minimum inhibitory concentration of 5mg/mL was observed with the
ethanolic extract. Ciprofloxacin showed better antibacterial activity against
both S. aureus and E. coli compared to the extracts.

Conclusion: The ethanolic extract showed a concentration-dependent
antibacterial activity against S. aureus while the aqueous extract showed no
antibacterial activity.

Keywords: Cassia  abbreviata;
Staphylococcus aureus; Escherichia coli

Phytochemical; Antibacterial;
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Introduction

Herbal antimicrobials have contributed to the control of
various diseases caused by microorganisms [1-4]. The
World Health Organization (WHOQO) encourages,
recommends, and promotes the inclusion of herbal
medicines in national health care systems [5]. This is
due to the fact that they are easily available at low rates
and are thought to be safer than modern synthetic
medications [6].

It has been estimated that 80% of the world's population
uses traditional plant medicines to meet their primary
health care needs [7]. In Africa, herbal medicines have
been found to be effective against various
microorganisms that cause infections [8]. In Zambia,
traditional medicine and traditional medicinal practices
are used by about 70% of the population for primary
health care [9-11].

One such plant of vast medicinal value is Cassia
abbreviata. Cassia is a genus of the family
Caesalpiniacea and comprises about 600 species [12].
It is well known for its diverse biological and
pharmacological properties [13]. C. abbreviata is a
shrub that grows up to 10 min height, has a light brown
bark, a rounded crown, and yellowish leaves [14]. It is
widespread in Africa and occurs mostly at low to
medium altitudes (between 220 and 1520 m above sea
level), in open bushed, woodland or wooded grasslands,
along rivers, on hillsides, and frequently on termite
mounds [15].

C. abbreviata has been used in many parts of Africa as
a traditional medicine for the treatment of various
illnesses, including diabetes mellitus, constipation,
headache, diarrhea, skin diseases, fever, infertility,
cough, bilharzia, syphilis, malaria and jaundice [16,17].
In Tanzania, a decoction of the root is used for
abdominal pains, dysentery, fever, malaria, hernia,
wounds, syphilis, impotency, and snake bites [18]. In
Mozambique, a decoction of root bark may be taken
orally to treat diarrhea and malaria [19].

According to Van Wyk and Gericke, the root of C.
abbreviata is also used as an aphrodisiac and as an
abortifacient [20]. In Zimbabwe, C. abbreviata is
commonly known as "Muremberembe”, and the roots
may be crushed, mixed with hot water, and the extract
may be drunk to treat disorders like constipation,
diarrhoea, venereal diseases, and as an aphrodisiac [21].
A decoction of the stem bark is taken orally to treat
stomach aches and malaria, while an infusion of roots,
leaves, and stem bark mixed together is taken orally to
treat stomachaches [19]. The bark and roots can also be

used to treat a mother's stomach aches during
pregnancy, newborn babies' close fontanelle, dysentery,
blood vomits, venereal diseases, bilharzia, hernia, snake
bites, post-partum pains, and menstrual cycle problems
[22]. Furthermore, the bark and roots may be used as
general blood cleansers and in the treatment of
abdominal pains [23]. From the foregoing, C.
abbreviata could be seen to have antibacterial
properties.

C. abbreviata Oliv is also an indigenous plant found in
Zambia's forest and is locally called Mululwe by the lla
tribe [24] and has been traditionally used in Zambia in
the treatment of leprosy, syphilis, and toothache through
the use of an aqueous decoction made from roots or
stem barks. The leaves are also smoked as a remedy for
haematuria [25].

This study was conducted to investigate the
phytochemical composition and antibacterial activity of
C. abbreviata Oliv stem bark extract against
Escherichia coli and Staphylococcus aureus.

Materials And Methods
Collection of plant material

The stem bark of C. abbreviata Oliv was collected from
fresh live trees in Chilanga, Zambia in April 2021. The
plant was botanically identified and authenticated at the
University of Zambia, Department of Biological
Sciences.

Preparation of plant extract

The C. abbreviata Oliv stem barks were washed, then
chopped into small pieces and dried for about 7 days in
the shade. The dried barks were pounded into a coarse
powder using a motor and pestle. The bark powder was
collected and stored in an amber container before being
employed in the extraction process.

The solvents used for maceration were 95% ethanol and
distilled water. To achieve thorough extraction, 50 g of
dried bark powder was placed in two clean empty
containers, and 400 ml of solvent (ethanol or water) was
added, stirred, closed, and stored for roughly 3 days
with occasional stirring. The sample was filtered using
Whatman No. 1 filter paper, and the filtrate was
evaporated in a water bath at 60°C until a dry extract
was obtained. The dry crude extracts were weighed,
sealed in an airtight container, and kept at 4°C in the
refrigerator.

77


https://doi.org/10.31531/jprst.1000161

Citation: Hikaambo CN, Chisanga T, Kampamba M, et al. Antibacterial Activity of Cassia abbreviata Oliv
Bark Extract against Escherichia coli and Staphylococcus aureus. J Pharm Res Sci Technol 2022; 6(1): 161.

doi: 10.31531/jprst.1000161

The percentage yield was calculated as shown in the
formula below:

The percentage (%) yield = (weight of final extract) /
(weight of stem bark powder) x 100

Phytochemical analysis

The qualitative analysis of C. abbreviata stem bark
extracts was carried out using standard techniques
[11,26]. Simple chemical assays were used to determine
the presence of secondary plant elements such as
alkaloids, tannins, flavonoids, saponins, terpenoids,
sterols, and phenols in the basic phytochemical
screening.

Test for Alkaloids

5 mL of 1% aqueous HCI was mixed and agitated with
0.5 g of the ethanolic and aqueous extract on a water
bath, then filtered. 2 drops of Wagner's reagent were
added to 1mL of filtrate in a test tube and shaken. The
presence of alkaloids was indicated by the formation of
a reddish-brown precipitate.

Test for Saponins

5 mL distilled water was used to dissolve 0.5 g of the
ethanolic and aqueous extract, which was rapidly
agitated for 5 minutes. The presence of saponins was
determined by persistent frothing that lasted after heat.

Test for Tannins

0.25 g of the ethanolic and aqueous extract was mixed
with 5 mL of distilled water before being filtered. 2
drops of 1% ferric chloride solution were added to 5 mL
of the filtrate, and the presence of a blue-black, green,
or blue-green precipitate confirmed the presence of
tannins.

Test for Phenolics

2 mL of 5 % aqueous ferric chloride was added to 2 mL
of crude extracts, and the production of violet color
indicated the presence of phenols in the sample extract.

Test for Flavonoids

A test tube was filled with 2 mL of each of the ethanolic
and aqueous extracts. Then 2 drops of a 10% ferric
chloride solution were added. The presence of a
phenolic hydroxy! group was identified by a green-blue
or violet coloration.

Test for Steroids

2 mL acetic acid was added to 0.2 g of the ethanolic and
aqueous extracts; the solution was then chilled
thoroughly in ice before carefully adding conc.
sulphuric acid. The presence of steroidal ring was
indicated by a change in color from violet to blue or
bluish green.

Test for terpenoids

In 5 mL ethanol, 0.5 g of extract was dissolved. 1 mL
acetic anhydride was added to it, followed by 1 mL
conc. sulphuric acid. The presence of terpenoids was
indicated by a change in color from pink to violet.

Culturing and collection of the bacteria

Standard bacteria S. aureus ATCC 25923 and E. coli
ATCC 25922 were cultured in the microbiology
laboratory at the University Teaching Hospital (UTH)
in Lusaka, Zambia. Resuscitating the organism in
buffered peptone broth and then agar medium and
incubating at 37°C for 24 hours brought the cultures to
laboratory conditions. Until they were used in the
experiment, the bacteria were stored in circumstances
that ensured their development and proliferation.

Preparation of bacteria inoculum

4-5 colonies were collected with a wire loop from a pure
24-hour old bacterial isolate culture and transferred to
5mL 0.9% saline (normal saline). The test suspension's
turbidity was then virtually compared to 0.5 McFarland
turbidity criteria. Under acceptable lighting, the
comparison was made against a white background with
a contrasting black line. The test suspension's turbidity
was adjusted with sterile saline until it reached the 0.5
McFarland standard; equal distortion of the black line
indicated turbidity match [27]..

Inoculation

The medium used was Muller-Hinton agar (MHA), and
the plates were dried in an incubator at 30-37°C to
ensure that any excess moisture was removed before
use. A sterile cotton swab was dipped into the
standardized bacterial suspension (inoculum), and then
pressed against the test tube wall to remove excess
inoculum. The agar was then inoculated by streaking it
from the middle outwards with the swab holding the
inoculum, then rotating it 90 degrees and repeating the
rubbing procedure for even distribution of inoculum.
Before applying plant extracts, the surface of the
medium was allowed to dry for 3-5 minutes to allow
excess moisture to be absorbed [27].
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Antimicrobial Activity and Minimum Inhibitory
Concentration (MIC) Determination

The antibacterial activity and MIC of crude plant
extracts against S. aureus and E. coli bacteria were
determined using the disc diffusion method. The
positive control was the standard medication
Ciprofloxacin (5 g standard disc), while the negative
control was 0.5 percent dimethylsulphoxide. The agar
plates were stored under sterile conditions for 24 hours
after inoculation. To prepare a stock solution, the dried
plant extracts were reconstituted in dimethyl sulphoxide
to a concentration of 20 mg/mL. After that, the stock
solution was diluted to four different concentrations (15,
10, 5, and 1 mg/mL). 50 pl (0.005 mL) of the plant
extract was measured using a micropipette, and sterile
filter paper discs measuring 5 mm in diameter were
soaked in the measured extract. After that, the agar
plates were separated into sections and labeled. After
that, the agar plates were sectioned and labeled. The
discs were spaced apart on the seeded agar plates by at
least 24 mm from center to center. For maximum
contact with the agar, each disc was pressed down and
evenly spread out. The agar discs were then incubated
at 37 ° C. for around 24 hours before being examined
and the diameter of the zones of inhibition measured in
mm with a ruler. Both the aqueous and ethanol extracts
were tested against S. aureus and E. coli during the

procedure. The MIC was determined to be the least
concentration among the five that inhibited bacterial
growth in a zone.

Data analysis

Collected data was analysed using Microsoft Excel
2019. The phytochemical content and antibacterial
activity of C. abbreviata at different concentrations
were recorded, captured and presented in tables. The
mean and standard deviations of the zones of inhibition
were also obtained using Microsoft Excel 2019.

Ethical consideration

Ethical approval to conduct the study was obtained from
the University of Zambia, School of Health Sciences
Research and Ethics Committee (UNZAHSREC)
through the Department of Pharmacy. The protocol ID
was 202112030026.  All procedures were done
according to the stipulated laboratory guidelines.

Results
Extraction yields

Following the ethanolic and aqueous extractions of the
stem bark, the percentage extraction value of C.
abbreviata extracts were 5.48% and 10.96%
respectively. See Table 1.

Table 1: Extraction yields obtained and calculated percentage yield.

Solvent type Weight of sample weight of crude extract | Percentage yield
before extraction (g) (9) (%)

Ethanol 50 2.74 5.48

Water 50 5.48 10.96

Phytochemical analysis of C. abbreviata

Alkaloids, saponins, tannins, phenols, flavonoids,
terpenoids, and steroids were found in aqueous extracts

of C. abbreviata stem bark, while only tannins, phenols,
flavonoids, terpenoids, and steroids were found in the
ethanolic extract.

Table 2: Phytochemical analysis of aqueous and ethanolic stem bark extracts of C. abbreviate.

Phytochemicals

Results

Aqueous extract

Ethanol extract

Alkaloids

+ -

Saponins

Tannins

Phenols

Flavonoids

Terpenoids

Sterols

||+ |+ ]+
|||+

Key: presence (+); absence (-)

79


https://doi.org/10.31531/jprst.1000161

Citation: Hikaambo CN, Chisanga T, Kampamba M, et al. Antibacterial Activity of Cassia abbreviata Oliv
Bark Extract against Escherichia coli and Staphylococcus aureus. J Pharm Res Sci Technol 2022; 6(1): 161.

doi: 10.31531/jprst.1000161

Antibacterial activity of aqueous and ethanolic
extracts of C. abbreviata against S. aureus and E. coli

The ethanolic extract of C. abbreviata stem bark
showed antibacterial activity against S. aureus with a

minimum inhibitory concentration of 5 mg/mL
however, no activity against E. coli was observed. The
aqueous extract did not show any antibacterial activity.
Ciprofloxacin had the highest antibacterial activity as
shown by the zones of inhibition. See Tables 3 and 4.

Table 3: Mean zone of inhibition of the C. abbreviata ethanolic extract.

Concentration of extract, mg/mL | 1 | 5 10 15 20 ciprofloxacin
Bacteria E. coli 0|0 0 0 0 34.7£0.58
S. aureus 0| 6.7+/-0.58 | 10.7+/-0.58 | 11.7+/- 0.58 | 13.3+/- 0.58 | 26.2 + 0.29

Table 4: Mean Zone of inhibition of the C. abbreviata aqueous extract.

Concentration of extract, 1 5 10 15 20 Ciprofloxacin
mg/ml
Bacteria E. coli 0 0 0 0 0 34.7 £ 0.58
S. aureus 0 0 0 0 0 26.2+0.29
concentration of extract vs zone of inhibition of
cassia against E.coli and S. aureus
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Figure 1: Concentration of extracts versus zone of inhibition of C. abbreviata against E. coli and S. aureus.

Discussion

This study was conducted to investigate the
phytochemical composition and antibacterial activity of
cassia abbreviata stem bark against E. coli and S.
aureus. The phytochemical screening showed that the
extracts contained different classes of compounds. The
aqueous extract contained all the screened metabolites,
which included alkaloids, tannins, flavonoids, saponins,
terpenoids, steroids, and phenols, while the ethanolic

extract contained the same except alkaloids and
saponins. The extracts exhibited several secondary
metabolites which may contribute to their antibacterial
activity. In a study conducted in Kenya, it was found
that the aqueous root bark extract of C. abbreviata
contained flavonoids, saponins, phenolics, and tannins.
However, alkaloids were absent [28]. The variation
could be related to the plant's exposure to different
geographical and environmental conditions [11]. In a
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study reported in Zambia, although a phytochemical
analysis was not done, the calculated extractive values
showed that water was the solvent that yielded the most
guantity of extract [29]. A study by Madureira et al.
showed varying compositions of phytochemicals
depending on the organic solvent used for extraction. In
the said study, the phytochemicals under study were
alkaloids, flavonoids, phenols, and terpenoids [30].
Differences in the polarity of the solvents can explain
the observed variation in phytochemical presence [11].

In this study, the highest zones of inhibition were shown
by the ciprofloxacin standard in both bacteria, 26.2 mm
for S. aureus and 34.7 mm for E. coli. The ethanolic
extract showed antibacterial activity against S. aureus
but showed no activity against E. coli. This suggests an
increased activity of the extract against gram-positive
bacteria compared to gram-negative bacteria. Similarly,
a study conducted in Tanzania on the ethanolic extract
of C. abbreviata revealed that it had minimal
antibacterial activity against both S. aureus and E. coli
[12]. However, a study conducted on a similar plant
species, Cassia fistula, growing in Zambia, indicated
activity against E. coli, P. aeruginosa, and non-
typhoidal salmonella [29], while a study in India
indicated that the plant Cassia fistula had activity
against both gram positive and gram negative bacteria,
although there was superior activity against the gram
negative bacteria [31]. Further, in a study done in
Zimbabwe, ethanolic pod extract showed antibacterial
activity against E. coli [32]. The observed differences
could be as a result of the use of different plant parts,
e.g., the use of pods while this study used leaves, as well
as different sources of the plant collected. Most plant
extracts are believed to be more active against gram-
positive bacteria because the cell wall is easier to
penetrate than gram-negative ones, which contain an
outer membrane with a lipopolysaccharide layer that is
impermeable to certain antibiotics and antibacterial
compounds [33].

The ethanolic extract had better activity than the
aqueous extract, which showed no antibacterial activity
in both S. aureus and E. coli. This suggests that ethanol
is a better extraction solvent than water due to the lower
extraction of antimicrobial compounds into the aqueous
extract. The current findings also suggest that ethanolic
extracts are rich in flavonoids which are responsible for
antimicrobial activities [34].

Similarly, Seyyednejad et al., reported that the ethanolic
extract had superior activity in comparison to the
methanolic extract [31]. Further, in the study reported
by Muyenga et al., the aqueous extract did not show any

superiority over the methanolic extract [29]. However,
there was no statistically significant difference in the
antibacterial activity of either solvent used. It was
reported that this was due to the lower extraction of
antimicrobial compounds into the aqueous extract or to
minimum availability of the aqueous extract to the
microorganism.

These study findings revealed that C. abbreviata's
antibacterial activity is due to the presence of secondary
metabolites. Plant phytochemical compounds such as
alkaloids, saponins, tannins, flavonoids, and steroids,
which have been known to be biologically active and
thus partially responsible for the antimicrobial activities
of plants, hence their use in traditional medicine [35].
Herbal antibiotics must be used prudently for they may
be the solution to tackle antibiotic-resistant
microorganisms [8,36-40].

Conclusion

The ethanolic extract of Cassia abbreviata stem bark
extract was found to have antibacterial activity against
S. aureus but not against E. coli. The zone of inhibition
increased as the concentration of the extract increased,
demonstrating that the extract's antibacterial activity
was proportional to its concentration. The aqueous
extract, on the other hand, had no effect on the bacteria.
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