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ABSTRACT

This study was designed to evaluate the effect of Aloe barbadensis Miller (Aloe vera) and
Cymbopogon citratus (Lemongrass) extracts on pathogenic bacteria isolated from surface and
ground water samples in Port Harcourt Metropolis. Samples of Aloe vera and Lemon grass were
collected, pre-treated and extracted using n-hexane and ethanol respectively. The plant extracts
were qualitatively and quantitatively assessed for their phytochemical properties using standard
methods. Surface and ground water samples were collected and characterized for their physico-
chemical and microbiological properties using standard methods. The pathogenic bacteria isolated
from the water samples were subjected to antibacterial susceptibility tests using selected
commercial antibiotics and the plant extracts respectively. Result revealed the presence of eight
phytochemicals namely alkaloid, flavonoid, saponnin, tannin, glycoside, steroid, phenol and terpene
in both hexane and ethanol extracts of the Lemongrass and Aloe vera with varying degrees. Four
bacterial pathogens namely Streptococcus spp., Shigella spp., Pseudomonas spp. and
Staphylococcus spp. were identified in the water samples. All of them were susceptible to both
hexane and ethanol extracts of the Lemongrass and Aloe vera plants with zones of inhibition
ranging from 10.2 mm to 14.5 mm and 16.7 mm to 20.9 mm and 4.2 mm to 9.5 mm and 6.7 mm to
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11.2 mm, respectively. Commercial antibiotics such as Ciproflox, Streptomycin, Chloramphenicol
and Cuntamycin were active against all the bacteria pathogens, with zones of inhibition ranging
from 15.7 mm to 21.2 mm, 13.2 mm to 21.3 mm, 3.1 mm to 14.5 mm and 3.3 mm to 14.7 mm,
respectively. The antibacterial action of ethanol extract of the Lemongrass on all four pathogens
was comparable to that of commercial antibiotics such as Ciproflox, Streptomycin and Ofloxacin
which also demonstrated higher antibacterial action on the pathogens. This study has revealed the
usefulness of Aloe vera and Lemongrass plants in phyto-antibiotics and phyto-medicine.

Keywords: Aloe vera; lemongrass; surface and ground water; phyto-antibiotic.

1. INTRODUCTION

Worldwide, infectious diseases are still a major
health challenge and responsible for around 41%
of the global disease burden [1]. Nigeria is
characterized by speedy growth in population
dynamics, inadequate access to electrical power
and clean water supply together with an
unfettered suburbanization. The loss of human
lives due to waterborne infections in Nigeria is
becoming a threat to public health safety within
the country [2,3]. The liability of ailments linked to
drinking contaminated water in Nigeria is
massive, predominantly in rural populations
where the systematized source of drinkable
water is inadequate. Common waterborne
illnesses in Nigeria include dysentery, diarrhea,
cholera, typhoid fever and schistosomiasis
among others. Diseases such as these are
usually associated with bacteria, protozoans,
viruses and helminthes [4,5].

Despite governmental hard work towards
reducing these types of diseases, the problem
seemed to be progressively persistent. The
spread of developed microbial resistance to
antibiotics is one of the major reasons for this
problem. This is making not only Nigeria but the
world at large to face a serious threat to the
balance of public health in the form of both
epidemics and pandemics of antibiotics
resistance [6].

This problem has led attention to be shifted to
bioactive compounds found in plant species used
in herbal medicine because they have been
demonstrated to possess potent antifungal, anti-
viral, antibacterial, anti-helminthic and anti-
protozoal properties [7,8]. The antibiotics
properties of these types of plants are directly
correlated with their ability to produce various
kinds of secondary metabolites which seem to
act against bacteria, fungi, viruses, helminths
and protozoans [9,10].

Generally, plant extracts epitomize a constant
effort to find new bioactive compounds which act
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against both economic and healthcare
significance [9,11]. Nowadays, a significant
amount of new antibiotics introduced to the
global market are acquired from natural sources
such as medicinal plants [12,13]. Aloe Vera is a
resilient, perpetual, tropical, drought-resistant,
cactus-like succulent plant which belongs to the
Liliaceae family. Traditionally, the plant has been
used for a wide range of therapeutic purposes
[12,13]. Among the 400 species of this genus,
Aloe barbadensis Miller was found to be the most
bioactive [14]. Many of the health benefits
connected to Aloe Vera have been credited to
the bioactive secondary metabolites found in the
gel of the leaves. These bioactive compounds
which  mainly include anthraquinones and
polysaccharides, may act alone or in synergy
with one another [15-17].

Aloe vera is a miracle plant with an abundance of
health profits. This plant is likely to cure various
types of skin burns, trivial cuts, and possibly
cancer of the skin. Its peripheral application
within the cosmetic ecosystem predominantly
makes it to act as a skin healer, preventing
epithelial tissue injury, a treatment for acne and
provides a young-looking radiance to the skin.
Aloe vera juice is anabolic and a potential
detoxifier in action, taken internally, it works
against various kinds of ill-health conditions such
as cirrhosis, hepatitis, urinary tract infections,
prostate complications, congestion, indigestion,
stomach ulcers, colitis and hemorrhoids [12,17]
The pharmaceutical importance of this plant is in
its gel-like pulp acquired by peeling its leaves.
Commercially, Aloe can be found in drugs,
sprays, ointments, lotions, liquids, drinks, jellies,
soaps and creams [16].

Popularly known as citronella grass, Lemongrass
is a plant that is classified under the family of
Poaceae and the genus Cymbopogon due to the
flowery organization of its grass. There are
approximately 140 species classified under
genus Cymbopogon, spread across the tropical
and semi-temperate regions of Asian, African,
American, Australian and European continents
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[18]. The members of this genus are known as
aromatic grasses because they produce volatile
oils with a robust lemon scent which results from
the high citral content of the oils [19]. The high
content of citral makes the oil a useful source for
the production of beta carotene and vitamin A
[20]. Lemongrass oil is primarily derived from
three different species namely Cymbopogan
flexuosus, C. citratus, and C. pendulus. The
fragrance of these oils enables their use in
cosmetics, perfumery and food industries [18,20].
Several studies suggest that Lemongrass owns
several pharmacological properties which include

pesticidal, insecticidal, herbicidal, anti-
depressant, analgesic, anti-pyretic, anti-septic,
astringent,  fungicidal, bactericidal, aroma
therapeutic, anti-amoebic, antidiarrheal, anti-

helminthic, anti-inflammatory, antimalarial, anti-
mutagenicity, antiviral, anti-cancer, anti-oxidant,
hypoglycemic and neuro-behavioral properties
[21-23].

Bioactive compounds found in medicinal plant
species Aloe Vera and Lemongrass may provide
a potential solution for combating and alleviating
the problem waterborne diseases.Therefore, this
study aimed to determine the effect of Aloe Vera
and Lemongrass extracts on pathogenic bacteria
isolated from both surface and ground water
samples.

2. MATERIALS AND METHODS

2.1 Collection and Pretreatment of Plant
Samples

Whole plant of Aloe barbadensis Miller (Aloe
vera) and Cymbopogon citratus (Lemon grass)
were collected from within Choba Campus
located at the University of Port Harcourt in River
State, Nigeria. After collection, the plants were
cut into smaller pieces, sun-dried, powdered and
extracted using n-hexane and ethanol
respectively [24,25].

2.2 Preparation of Plant Extracts

Five hundred grams (500 g) of each of the
pulverized plants were weigh up using a
weighing balance into 1500ml capacity conical
flask. One litre (1 L) each of the solvent (n-
hexane and ethanol) was added to each of the
pretreated plant samples inside the 1500 ml
capacity conical flasks respectively. The flasks
holding the blends were positioned on a shaker
for 72 hours. After shacking and mixing for 72
hours, the contents of the flasks were strained
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using muslin cloth and then re-strained with a
tripled muslin  cloth. The filtrates were
concentrated using a rotary evaporator and then
dried on evaporating dishes at a temperature
which ranged from 50°C to 60°C to viscous fluid
forms. The extracts were then stored in well-
corked universal bottles [24,25].

2.3 Phytochemical Screening of
Lemongrass and Aloe Vera Extracts

Phytochemical analyses of the lemongrass and

Aloe vera extracts for phenols, flavonoids,
tannins, saponins, cardiac glycosides,
terpenoids, steroids and alkaloids were

conducted using the methods described by
Ezeonu and Ejikeme [26] and Ewansiha et al.
[25].

2.4 Quantitative Determination of
Phytochemical Constituents

The phytochemicals found to be present in the
Lemongrass and Aloe vera extracts were
guantified using the analytical methods for
guantitative determination of phytochemicals
found in plants in accordance with the description
laid out by Ezeonu and Ejikeme [26].

2.5 Collection of the Water Samples

Composite samples of surface water were
aseptically collected into sterile 500 mL Duran
Schott glass bottles from various sampling points
at River Eliozu and Iwofe waterfront by directly
sinking the bottles into the surface of the water
bodies. Furthermore, midstream ground water
composite samples were collected directly into
the same type of sterile bottles from the borehole
taps located at King Jaja hostel (block A and D)
in Delta Campus and Amina Kano hostel (Block
A and B) in Choba Campus of the University of
Port Harcourt. The samples were properly
labelled and conveyed on ice to the laboratory for
both  physicochemical and microbiological
analyses.

2.6 Determination of Physicochemical
Parameters of the Water Samples

The water samples were analyzed for their
physicochemical parameters by using standard
methods as described by Jannat et al. [27] and
Onyegeme-Okerenta et al. [28]. Parameters
monitored were pH, temperature, turbidity,
electrical conductivity, nitrate, phosphate and
biochemical oxygen demand (BODy).
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2.7 Isolation and Characterization of

Bacteria in the Water Samples

The culture media used for the enumeration of
bacteria in the water samples included Eosin
Methylene Blue (EMB) Agar, Mannitol Salt Agar
(MSA), MacConkey (MAC) Agar, Salmonella
Shigella Agar (SSA) and Cetrimide Agar Base
(CAB) respectively. Each of the culture media
was aseptically prepared and plated according to
the manufacturers (HiMedia Laboratories)
instructions. After the agar plates were prepared,
ImL of the respective water samples was
aseptically and serially diluted with sterile distilled
water up t010®. From each dilution, 1ml of the
samples was aseptically inoculated on the agar
plates in duplicates using the spread plate
technique. The plates were incubated at 37°C for
24 h. After the 24 h period, the colonies which
appeared on the agar plates were enumerated
and recorded in colony forming unit per milliliter
of the water sample [29].

Following aseptic techniques, ten-fold serial
dilution of the water samples up to 10®° was
conducted from which 1ml was spread onto agar
plates which were prepared according to the
manufacturers (HiMedia Laboratories) direction.
The plates were subsequently incubated at 37°C
for 24 hours. Isolated colonies were noted and
purified to obtain pure culture by repeated sub-
culturing on fresh agar media used for the
primary isolation as described by Adamu et al.
[29]. Pure stock cultures acquired were
inoculated on slants containing the respective
media and preserved in the refrigerator at 4°C
until needed for further characterization and
identification.

To characterize and identify the bacteria isolated
from the water samples, each of the isolates
were subjected to morphological assessment
and biochemical analyses such as Gram
staining, Catalase, Oxidase, Citrate, Glucose,
Lactose, Indole, Mannitol, Methyl red, Voges
Proskauer, H,S production, Gas production,
Hemolysis and Motility tests as described by
Begum et al. [30] and Sirisha et al. [31]. After
characterization, the bacterial isolates which
demonstrated  hemolytic  properties  were
considered to be potential pathogens and further
subjected to antibiotic, MIC and MBC reaction
tests.

2.8 Antibacterial the Crude

Extracts

Assay of

Antibacterial screening of the plant extracts was
conducted as described by Unachukwu et al. [24]
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and Ewansiha et al. [25] with minor
modifications. Zero point six grams (0.6 g) of the
n-hexane and ethanol extracts of the Aloe vera
and Lemongrass were weighed and dissolved in
30ml each of sterile distilled water. This gave a
concentration of 20 mg/ml each. Mueller Hinton
Agar plates were prepared according to the

manufacturer’s (HiMedia Laboratories)
directions, streaked uniformly and labelled
appropriately according to the number of
suspected pathogenic bacteria isolated and

identified from the water samples. Sterile cup
borer (6 mm) was employed to bore holes inside
the culture media. The bottom of each of the
wells were sealed with a drop of molten agar so
as to avoid unwelcome dispersion of the plant
extracts. In a drop-wise manner, 1ml of the
ready-made plant extracts was added into each
of the wells in droplets and the cultures were
permitted to stand for 30 minutes before they
were relocated to the incubator. The cultures
were incubated for 24 — 48 hours at 37°C. Control
plates were also arranged according to the
number of the suspected pathogens isolated
minus the extracts and the zones of inhibition
were measured to the nearest millimeter.

2.9 Standard
Test

Antibiotic  Susceptibility

Disc diffusion method was used in this test as
described by Ewansiha et al. [25]. Six millimeter
(6mm) of commercially prepared antibiotic paper
discs were used. The antibiotic discs used and
their concentrations where Ofloxacin (10 mg),
Peflacine (10 mg), Ciproflox (10 mg), Augmentin
(30 mg), Cuntamycin (10 mg), Streptomycin (30
mg), Septrin (30 mg), Ampicilin (30 mg),
Norfloxacin (10 mg), Amoxil (20 mg), Rifampicin
(20 mg), Erythromycin (30 mg), Chloramphenicol
(30 mg), Ampiclox (20 mg) and Levofloxacin (20
mg) for both Gram-negative and Gram-positive
bacterial isolates which were suspected to be
potential pathogens. The discs were applied in
accordance to the National committee for clinical
laboratory standard. The antibiotics used in the
test were chosen after a preliminary survey and
to reflect the range of drugs commonly
prescribed for the treatment of waterborne
bacterial pathogens.

Sterile swab sticks were used to transfer the
bacteria  isolates into tubes containing
physiological normal saline to form a suspension.
Already prepared Mueller Hinton Agar plates
were inoculated appropriately with the bacterial
isolates by dipping the sterile swab sticks into the
suspension and removing excess inoculum by
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pressing and rotating the swab firmly against the
side of the tube. The inocula were streaked all
over the surface of the media, rotating the plates
through an angle of 60° after each application
[25]. The inoculated plates were allowed to dry
for a few minutes at room temperature with the
lid closed. The antibiotic discs were then placed
aseptically on the inoculated plates using sterile
forceps. Each disc was gently pressed down to
ensure even contact with the culture media. The
plates were incubated at 37°C for 24 hours. At
the end of the incubation period, the results were
recorded as sensitive or resistance based on the
occurrence of zone of inhibition.

Minimum
Bactericidal

of
and

2.10 Determination
Inhibitory
Concentrations

Assessment of both minimum inhibitory and
bactericidal concentrations of the plant extracts
was conducted as described by Unachukwu et
al. [24] and Ewansiha et al. [25] with minor
modifications. Zero point six grams (0.6 g) of
each of the plant extracts were dissolved in 100
ml w/v of distilled water to give 600 mg/100mi
which is equivalent to 6000 pg/ml. From the
solution above, the desired concentrations such
as 3000 pg/ml, 1500 pg/ml, 750 pg/ml, 375
pg/ml, 187.5 pg/ml, 93.75 pg/ml, 46.88 ug/mi,
23.45 pg/ml and 11.72 pg/ml were prepared by
serial dilution in distilled water. A chain of test
tubes containing Mueller Hinton broth was
prepared in duplicates according to the number
of the test concentrations for each of the plant
extracts mentioned above and number of
potential pathogenic bacterial isolates. One
milliliter (1 ml) of each of the different
concentrations of crude n-hexane and ethanol
extracts of the plants was mixed with the culture
medium inside the test tubes. Serial dilutions of
overnight cultures of the pathogenic bacterial
isolates were made and each dilution was
compared to a McFarland tube (0.5) equivalent
to 1x10° cfu/ml. Following this, the broth/extract
mixtures were inoculated with the test bacteria.
The inoculated broths were incubated at 37°C for
24 hours. After 24 hours, the tubes were
observed for growth and recorded as the
minimum inhibitory concentration (MIC). The
tubes with no growth after 24 hours were sub-
cultured on freshly prepared Mueller Hinton Agar
plates by the streaking method for the growth of
potential bacteria pathogens. The culture media
were incubated at 37°C for 24 hours and then
observed for growth. After 24 hours, the lowest
concentration from which the microorganisms did
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not recover and grow when transferred to the
fresh media was recorded as the minimum
bactericidal concentration (MBC).

2.11 Statistical Analysis of Research Data

Descriptive  statistics, 2-way ANOVA and
correlation analysis were used to statistically
analyze the data generated from the laboratory
investigations.

3. RESULTS
of

3.1 Phytochemical Composition
Lemongrass and Aloe vera

After phytochemical analysis of hexane and
ethanol extracts of Lemongrass and Aloe vera
plants, the phytochemical constituents identified
and quantified in the extracts were alkaloid,
flavonoid, saponin, tannin, glycoside, steroid,
phenol and terpenes as shown in Fig. 1. The
concentration of alkaloid recorded was higher in
hexane and ethanol extracts of Aloe vera at 7.35
mg/100g and 6.87 mg/100 g compared to the
amount of alkaloid recorded for hexane and
ethanol extracts of Lemongrass at 4.18 mg/100g
and 5.74 mg/100 g respectively. Flavonoid was
higher in ethanol and hexane extracts of
Lemongrass at 7.83 mg/100g and 5.94 mg/100g
compared to the amount recorded for ethanol
and hexane extracts of Aloe vera at 4.50 mg/100
g and 3.51 mg/100 g respectively. Saponin was
higher in hexane and ethanol extracts of Aloe
vera at 2.75 mg/100g and 2.24 mg/100 g than
that recorded for hexane and ethanol extracts of
Lemongrass at 1.85 mg/100 g and 1.41mg/100g
respectively. Tannin was higher in hexane and
ethanol extracts of Aloe vera at 10.23 mg/100 g
and 8.59 mg/100 g compared to the amount of
tannin recorded in hexane and ethanol extracts
of Lemongrass at 5.39mg/100g and 3.05
mg/100g respectively.

Furthermore, higher concentration of glycoside
was observed in ethanol and hexane extracts of
Lemongrass at 3.68 mg/100g and 2.52 mg/100g
compared to the amount of glycoside recorded in
hexane and ethanol extracts of Aloe vera at 1.43
mg/100g and 1.28 mg/100g respectively. Higher
concentration of steroid was found to be present
in hexane and ethanol extracts of Lemongrass at
5.13 mg/100g and 3.89 mg/100g compared to
the concentration of steroid recorded in hexane
and ethanol extracts of Aloe vera at 2.91
mg/100g and 2.34 mg/100g respectively.
Similarly, higher concentration of phenol was
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recorded to be present in ethanol and hexane
extracts of Lemongrass at 24.54 mg/100g and
29.9 mg/100g compared to that recorded for
ethanol and hexane extracts of Aloe vera at
17.36mg/100g and 13.52 mg/100g respectively.
Likewise, higher concentration of terpene was
recorded in ethanol and hexane extracts of
Lemongrass at 5.66 mg/100g and 3.74 mg/100g
respectively.

3.2 Physicochemical
Water Samples

Properties of the

Result of physicochemical properties of the
surface and ground water samples analyzed are
presented in Fig. 2. Surface water samples
collected from River Eliozu and Iwofe waterfront
showed higher electrical conductivities of 164.3
ps/cm and 138.3 ps/cm compared to the ground
water samples collected from Amino Kano (block
A), Amino Kano (black B), King Jaja (block D)
and King Jaja (block A), with electrical
conductivities of 27.4 us/cm, 26.8 ps/cm, 23.1
ps/cm and 22.8 ps/cm respectively (Fig. 2).
Similarly, surface water samples obtained from
River Eliozu and Iwofe waterfront showed higher

jaja (block D), King jaja (block A), Amino Kano
(block A) and Amino Kano (block B), with
turbidity of 1.55 NTU, 1.50 NTU, 0.89 NTU and
0.88 NTU respectively.

Likewise, the concentration of nitrate was higher
in samples of water collected from River Eliozu
(17.45 mg/l) followed by Iwofe waterfront (14.6
mg/l), King Jaja block D (12.11 mg/l), King jaja
block A (10.47 mg/l), Amino Kano block B (10.20
mg/l) and Amino kano block A (10.13 mg/l)
respectively as shown in Fig. 2. Furthermore, the
concentration of phosphate in Iwofe waterfront,
River Eliozu, Amino kano block B, Amino Kano
block A, King Jaja block D and King Jaja block
was 0.11 mg/l, 0.049 mg/l, 0.033 mg/l, 0.031
mg/l, 0.018 mg/l and 0.016 mg/l respectively. The
surface water samples obtained from River
Eliozu and Iwofe waterfront had higher BODs of
6.78 mg/l and 5.92 mg/l compared to the ground
water samples obtained from Amino Kano block
A (3.18 mg/l), Amino Kano bloc B (3.16 mgl/l,
King Jaja block D (2.20 mg/l and King Jaja block
A (2.12 mg/l) as shown in Fig. 2. The pH of the
surface water and ground water samples
ranged from 6.60 to 6.36, while temperature of

turbidity of 3.35 NTU and 2.7 NTU compared to the samples ranged from 32.1°C to
. . 0
the ground water samples obtained from King 30.0°C.
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Fig. 1. Concentration of phytochemicals detected in Lemongrass and Aloe vera extracts
(Where; HELG = Hexane extract of Lemongrass; EELG = Ethanol extract of Lemongrass;
HEAV = Hexane extract of Aloe vera; EEAV = Ethanol extract of Aloe vera)
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Fig. 2. Physicochemical properties of water collected from the sample locations

3.3 Microbiology of the Water Samples Streptococcus spp., Shigella spp.,
Staphylococcus spp. and Pseudomonas spp. is
presented in Fig. 5. All suspected bacterial
pathogens were observed to be susceptible to
hexane extract of the Lemongrass, with zones of
inhibition which ranged from 10.2 mm to 14.5
mm. The result also showed that all suspected
bacterial pathogens were susceptible to ethanol
extract of the Lemongrass, with zones of
inhibition which ranged from 16.7 mm to 20.9
mm. Hexane extract and ethanol extract of the
Aloe vera plant were also observed to be slightly
active against all suspected pathogenic bacteria,
with zones of inhibition which ranged from 4.2
mm to 95 mm and 6.7 mm to 11.2 mm
respectively.  Furthermore, some of the
commercial antibiotics such as Ciproflox (CPX)
and Streptomycin (STP) were observed to be
active against all the suspected bacterial
pathogens, with zones of inhibition ranging

Bacterial counts (conducted on different types of
agar media) for both surface and ground water
samples obtained from the sample locations are
presented in Fig. 3. Surface water samples
collected from River Eliozu and Iwofe waterfront
had bacteria counts of 131.4 x 10° CFU/ml and
132.3 x 10° CFU/mI, 40.2 x 10° CFU/ml and
159.9 x 10° CFU/mI, 175.1 x 10° CFU/ml and
1.80 x 10° CFU/mI, 131.25 x 10° CFU/ml and 0
CFU/ml and 0 CFU/ml and 89.75 x 10° CFU/ml
when incubated on the EMBA, MSA, MACA,
SSA and CAB media respectively (Fig. 3).
Bacteria counts for the ground water samples
collected from King Jaja block A and D and
Amino Kano block A were mostly absent or
negligible. However, ground water samples
obtained from Amino Kano block B had bacteria
counts of 7.5 x 10° CFU/mI, 12 x 10° CFU/mlI,

and 68.5 x 10° CFU/ml when incubated on
- from 15.7 mm to 21.2 mm and 13.2 mm to 21.3
EMBA, MACA and SSA respectively. mm, respectively. Other antibiotics such as

Fig. 4 shows the bacteria isolated from the water ~ Chloramphenicol (CHP) and Cuntamycin (CNT)
samples were Streptococcus spp., Shigella spp., Showed slight activity against the suspected
Staphyk)coccus spp. and Pseudomonas spp., bacteria pathogens, with zones of inhibition
which were considered potentially pathogenic ~Which ranged from 3.1 mm to 14.5 and 3.3
and species of Micrococcus, Bacillus, Seretia, mMm to 14.7 mm, respectively. Ofloxacin (OFX)
Citrobacter, Providencia and Enterobacter which ~and Augmentin (AUG) were observed to active

were considered nonpathogenic. against three of the four suspected
bacterial pathogens namely Shigella spp.,

3.4 Antibiotics Susc_:eptibility of the  staphylococcus spp. and Pseudomonas spp.,
Suspected Bacterial Pathogens with zones of inhibition which ranged from 11.8
mm to 19.9 mm and 54 mm to 12.2 mm

Result of the antibiotic susceptibility test for the respectively. Antibiotics such as Norfloxacin

suspected bacterial pathogens namely
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(NFX), Amoxil (AML), Rifampicin (RFC),
Erythromycin  (ERT), Ampiclox (APX) and
Levofloxacin (LEV) showed activity against only
one of the suspected bacterial pathogens
(Streptococcus spp.), with zones of inhibition
which ranged from 5.1 mm to 17.2 mm. Shigella
spp. and Pseudomonas spp. were observed to
be slightly susceptible to Peflacine (PEF), with
zones of inhibition of 15.6 mm and 3.4 mm
respectively. Ampicillin (AMP) showed weak and
significant activity against Staphylococcus spp.
and Pseudomonas spp., with zones of inhibition
of 3.1 mm and 18.0 mm, respectively. Finally,
Septrin (SEP) showed slight activity against the
Staphylococcus spp., with a zone of inhibition of
8.4 mm.

3.5MIC and MBC of Lemongrass and
Aloe Vera Extracts

The MIC of hexane and ethanol extracts of
lemongrass against the suspected bacterial
pathogens namely Streptococcus spp., Shigella
spp., Staphylococcus spp. and Pseudomonas

spp., was 187.50 ug/ml and 93.75 ug/ml, 187.50
ug/ml and 93.75 ug/ml, 93.75 ug/ml and 93.75
ug/ml and 375.0 ug/ml and 187.50 ug/ml
respectively (Fig. 6). The MIC of hexane and
ethanol extracts of Aloe vera against the
Streptococcus spp., Shigella spp.,
Staphylococcus spp. and Pseudomonas spp.
was 750.0 ug/ml and 375.0 ug/ml, 1500 ug/ml
and 750 ug/ml, 1500 ug/ml and 1500 ug/ml and
3000 ug/ml and 1500 ug/ml respectively (Fig. 6).

Furthermore, the MBC of hexane and ethanol
extracts  of Lemongrass  against  the
Streptococcus spp., Shigella spp.,
Staphylococcus spp. and Pseudomonas spp.
was 750 ug/ml and 375 ug/ml, 750 ug/ml and
375 ug/ml, 375 ug/ml and 187.5 ug/ml and 1500
ug/ml and 750 ug/ml respectively. The MBC of
hexane and ethanol extracts against the
Streptococcus spp. Shigella spp.,
Staphylococcus spp. and Pseudomonas spp.
was 6000 ug/ml and 1500 ug/ml, 6000 ug/ml and
3000 ug/ml, 6000 ug/ml and 6000 ug/ml and
6000 ug/ml and 6000 ug/ml respectively (Fig. 7).
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Fig. 5. Antibiogram of suspected pathogenic bacteria isolated from the surface and ground water samples
(OFX = Ofloxacin (10 mg); PEF = Peflacine (10 mg); CPX = Ciproflox (10 mg); AUG = Augmentin (30 mg); CNT = Cuntamycin (10 mg); STP = Streptomycin (30 mg);
SEP = Septrin (30 mg); AMP = Ampicillin (30 mg); NFX = Norfloxacin (10 mg); AML = Amoxil (20 mg); RFC = Rifampicin (20 mg); ERT = Erythromycin (30 mg);
CHP = Chloramphenicol (30 mg); APX = Ampiclox (20 mg); LEV = Levofloxacin (20 mg); HELG = Hexane extract of Lemongrass;
EELG = Ethanol extract of Lemongrass; HEAV = Hexane extract of Aloe vera; EEAV = Ethanol extract of Aloe vera; R (0) = Resistant)
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Fig. 6. Minimum inhibitory concentration (MIC) of the Lemongrass and Aloe vera extracts
(Where; HELG = Hexane extract of Lemongrass; EELG = Ethanol extract of Lemongrass; HEAV = Hexane extract of Aloe vera; EEAV = Ethanol extract of Aloe vera)
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There was a strong negative correlation between
some of the phytochemicals (such as terpene,
phenol, glycoside, flavonoid and steroid) and the
MIC of the Lemongrass and Aloe vera extracts
with respect to all four suspected bacterial
pathogens. However, a strong positive
correlation was observed between some of the
other phytochemicals (such as tannin, saponin
and alkaloid) and the MIC of the Lemongrass
and Aloe vera extracts with regard to all four
suspected bacterial pathogens (Fig. 8). Similarly,
there was a strong negative correlation between
some of the phytochemicals (such as terpene,
phenol, glycoside, flavonoid and steroid) and the
MBC of the Lemongrass and Aloe vera extracts
with respect to all four suspected bacterial
pathogens. However, a strong positive
correlation was observed between some of the
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other phytochemicals (such as tannin, saponin
and alkaloid) and the MBC of the Lemongrass
and Aloe vera extracts with regard to all four
suspected bacterial pathogens (Fig. 9).

4. DISCUSSION

Plants contain phytochemicals believed to be
responsible for their numerous therapeutic
functions. In the present study, phytochemicals
such as terpene, phenol, glycoside, flavonoid,
tannin, saponin and alkaloid and steroid were
identified in hexane and ethanol extracts of
Lemongrass and Aloe vera plants. The result
above agrees with the findings of Ewansiha et al.
[25], Salome et al. [32], Mukherjee et al. [33],
Dey et al. [34], kar and Bera [35] and Jha et al.
[36], who have also demonstrated the presence
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of these phytochemicals is both hexane and
ethanol extracts of Lemongrass and Aloe vera
respectively.

Two-Way ANOVA showed that there was no
significant difference (at p > 0.05) between the
concentrations of the phytochemicals detected in
the Lemongrass and Aloe vera with respect to
the method of extraction. However, there was a
significant difference (at p < 0.05) in the
concentrations of the phytochemicals extracted
from both plants with respect to the nature of the
phytochemicals themselves. This means that the
type of extraction method did not significantly
affect the quantity of phytochemicals extracted
from the Lemongrass and Aloe vera plants. On
the other hand, evidence from the 2-Way
ANOVA result suggested that it was the nature of
the phytochemicals which significantly affected
the quantity of their extraction from both plants.
This may be due to their individual ability to
dissolve in the extraction solvents used in the
present study [33-35].

The results for the physicochemical parameters
of water samples showed some variations across
location. For instance, electrical conductivities
(ECs) of the surface water samples collected
from River Eliozu and Iwofe waterfront were
significantly higher than the ECs of the ground
water samples obtained from King jaja and
Amino Kano hostels respectively. This indicates
that higher amounts of impurities might have
been present in the surface water samples
compared to the ground water samples because
water conductivity provides a measure of how
much substances, chemicals and minerals are
dissolved in the water samples. The higher
turbidity of the surface water samples also
appears to emphasis the fact that they may have
contained higher amount of impurities compared
to the ground water samples because it is an
indication of the presence of higher amount
suspended particles in the water bodies.
Furthermore, the higher BOD recorded in the
surface water samples when compared to the
ground water samples indicated the presence of
higher amount of putrescible organic matter in
the surface water bodies. The amount of nitrate
recorded in the surface water samples were also
higher than those recorded in the ground water
samples. Nevertheless, the amount of nitrate in
the ground water samples was still a little high for
human consumption. Higher concentrations of
nitrates in drinking water can cause some
serious health effects like weakness, excess
heart rate fatigue and dizziness [37]. Finally, the
result above showed that the ground water
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samples obtained from both King Jaja and Amino
Kano hostels were cleaner than the surface
water samples collected from River Eliozu and
Iwofe waterfront.

Bacterial counts for surface water samples
collected from River Eliozu and Iwofe waterfront
ranged from 0 CFU/ml - 1.75 x 10’ CFU/ml.
Bacteria counts for the ground water samples
collected from King Jaja block A and D and
Amino Kano block A were mostly absent or
negligible. However, ground water samples
obtained from Amino Kano ranged from 7.5 x 10°
CFU/ml — 6.85 x 10° CFU/ml. This result clearly
showed that the bacterial load in the surface
water samples obtained from River Eliozu and
Iwofe waterfront was significantly higher than the
bacterial load in the ground water samples that
were collected from both King Jaja and Amino
Kano hostels respectively. This may have
resulted from that fact surface waters are more
prone to all kinds of contamination from various
sources (including faecal sources) because they
are more exposed to the environment compared
to ground waters, which can also be
contaminated from same sources [38,39].
Furthermore, the higher turbidity, nitrate content
and BOD recorded in the surface water samples
indicated a possible contamination which might
have contributed to their higher bacterial load
compared to that of the ground water samples
[40].

In the present study, a total of 16 bacteria
species belonging to genera Streptococcus,
Enterococcus, Shigella, Citrobacter,
Pseudomonas, Staphylococcus, Bacillus,
Micrococcus, Seretia, and Providence were
isolated from the water samples as shown in Fig.
5. Out of these bacteria isolates, four species
namely Streptococcus spp., Shigella spp.,
Pseudomonas spp. and Staphylococcus spp.
were identified to be potentially pathogenic due
to their positive hemolytic reaction. Pathogens
such as these have been isolated from both
surface and underground water samples in
previous studies and most of them can be
conveyed through the water route [3,41,42].

The result above showed that all four suspected
bacterial pathogens (namely Streptococcus spp.,
Shigella spp., Staphylococcus spp. and
Pseudomonas spp.) were susceptible to the
crude hexane and ethanol extracts of the
Lemongrass and Aloe vera plants with varying
degrees. These results are in line with the
observations made by Begum et al. [30], Nyarko
et al. [43] and Kumar et al. [44], who also
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revealed the susceptibility of similar bacteria
species to both hexane and ethanol extracts of
Lemongrass and Aloe vera plants respectively.

Nevertheless, the suspected bacterial pathogens
in the present study appeared to have shown
higher susceptibility to the hexane and ethanol
extracts of Lemongrass compared to the hexane
and ethanol extracts of the Aloe vera. The
antibacterial action of the crude ethanol extract of
the Lemongrass on all four suspected pathogens
was comparable to that of commercial antibiotics
such as Ciproflox, Streptomycin and Ofloxacin
which also demonstrated higher antibacterial
action against the potential pathogens.

The antimicrobial activity results showed that
both hexane and ethanol extracts of the
Lemongrass and Aloe vera plants exhibited
antibacterial activities against all four suspected
bacterial pathogens (such as Streptococcus spp.,
Shigella  spp., Staphylococcus spp. and
Pseudomonas spp.) at various concentrations
similar to the findings of Ewansiha et al. [25],
Nyarko et al. [43] and Kumar et al. [44].

Two-way ANOVA showed that there was a
significant difference (p < 0.05) in the
susceptibility profile of the potential bacterial
pathogens due to the variation in the type of
antibiotics treatments they were exposed to.
However, there was no significant difference (p >
0.05) in the susceptibility profile of the bacterial
pathogens with respect to the variation in the
nature of the bacteria species. This suggests that
the variation observed in the rate of susceptibility
of the potential bacterial pathogens was as a
result of the different type of antibiotics they were
exposed to and not significantly from the
differences in the type bacteria species.

The MIC of hexane and ethanol extracts of the
plants against the suspected bacterial pathogens
ranged 93.75 ug/ml to 3000 ug/ml while the MBC
of ranged from 375 ug/ml, 6000 ug/ml. In other
studies, the MIC and MBC of both hexane and
ethanol extracts of Lemongrass and Aloe vera
plants against similar bacterial species ranged
from 4 ug/ml to 6 ug/ml and 8 ug/ml to 10 ug/ml
[45], 14 ug/ml to 32 ug/ml and 16 ug/ml to 38
ug/ml [25], 100 ug/ml to 2000 ug/ml and 200
ug/ml to 2,500 ug/ml [45], 1,000 ug/ml to 4,000
ug/ml and 4,000 ug/ml [24], 100 ug/ml to 200
ug/ml and 200 ug/ml to 4,000 ug/ml [46] and
1,000 ug/ml to 8,000 ug/ml and 3,000 ug/ml to
10,000 ug/ml [47] respectively. Some of these
values are comparable while others vary greatly.
Nevertheless, in the present study, the results
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above showed that both hexane and ethanol
extracts of the Lemongrass exhibited lower MICs
and MBCs compared to the MICs and MBCs of
hexane and ethanol extracts of the Aloe vera
plant. This indicates that extracts of the
Lemongrass plant performed better than extracts
of the Aloe vera plant with regard to their
antibacterial properties. Moreover, the ethanol
extract of the Aloe vera exhibited a better
performance than the hexane extract of the Aloe
vera with respect to their antibacterial properties.

There was a strong negative correlation between
some of the phytochemicals (such as terpene,
phenol, glycoside, flavonoid and steroid) and the
MIC of the Lemongrass and Aloe vera extracts
with respect to all four suspected bacterial
pathogens. However, a strong positive
correlation was observed between some of the
other phytochemicals (such as tannin, saponin
and alkaloid) and the MIC of the Lemongrass
and Aloe vera extracts with regard to all four
suspected bacterial pathogens. Similarly, there
was a strong negative correlation between some
of the phytochemicals (such as terpene, phenal,
glycoside, flavonoid and steroid) and the MBC of
the Lemongrass and Aloe vera extracts with
respect to all four suspected bacterial pathogens.
However, a strong positive correlation was
observed between some of the other
phytochemicals (such as tannin, saponin and
alkaloid) and the MBC of the Lemongrass and
Aloe vera extracts with regard to all four
suspected bacterial pathogens.

This suggests that some of the phytochemicals
(such as terpene, phenol, glycoside, flavonoid
and steroid) identified in hexane and ethanol
extracts of Lemongrass and Aloe vera may have
significantly contributed more to the antibacterial
properties of both plants compared to the other
phytochemicals such as tannin, saponin and
alkaloid respectively. This result seems to agree
with the findings of other studies which showed
that these phytochemicals identified in both
plants in the current study, possess antibacterial
properties to a varying degree [25,32,36,45].

Two-Way ANOVA showed that there was a
significant difference (at p < 0.05) between the
MICs of the Lemongrass and Aloe vera extracts
due to the variation in the method of extraction of
their respective phytochemicals. However, no
significant difference (at p > 0.05) was observed
between the MICs of the Lemongrass and Aloe
vera extracts with respect to the variation in the
suspected  pathogenic  bacteria  species.
Likewise, 2-Way ANOVA showed that there was
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a significant difference (at p < 0.05) between the
MBCs of the Lemongrass and Aloe vera extracts
due to the variation in the method of extraction of
their respective phytochemicals. However, no
significant difference was observed between the
MBCs of the Lemongrass and Aloe vera extracts
with respect to the variation in the pathogenic
bacteria species.

These results suggest that the difference in the
method of extraction significantly affected the
antibacterial properties of the extracts of both
plants irrespective of the type of bacterial species
treated and the type of plants the phytochemicals
were extracted from. These findings appear
correlate with the results of Yi et al. [48] who also
showed that the antibacterial properties of
phytochemical extracts are largely dependent on
the method of extraction from their parent plant if
other factors were kept constant.

5. CONCLUSION

Phytochemicals such as terpene, phenol,
glycoside, flavonoid, tannin, saponin and alkaloid
and steroid identified in hexane and ethanol
extracts of the Lemongrass and Aloe vera plants
appeared to have contributed to the antibacterial
properties of both plants against test organisms.
The extracts of the Lemongrass plant performed
better than extracts of the Aloe vera plant with
regard to their antibacterial properties.

COMPETING INTERESTS

Authors have declared that

interests exist.
REFERENCES

1. Ojah EO, Oladele EO Chukwuemeka P.
Phytochemical and antibacterial properties
of root extracts from Portulaca oleracea
Linn.  (Purslane)  utilized in  the
management of diseases in Nigeria.
Journal of Medicinal Plants for Economic
Development.2021;5(1):a03.
Available:https://doi.org/10.4102/jomped.v
5i1.103

2. Nwaedozie IM, lbrahim DM, lbrahim AQ,
Onyenekwe PC. Prevalence of selected
waterborne diseases in Abuja Metropolis,
Nigeria: A retrospective survey (2009-
2010). International Journal of Advanced
Scientific and Technical Research. 2016;
6(1):438 — 448.

3. Ahmed AA, Kafayos Y. Prevalence of
waterborne diseases in Bade, Nguru and
Machina Local Government Area of Yobe

no competing

24

10.

11.

12.

Journal of
2020;

State Nigeria. International
Tropical Diseases and Health.
41(11):35 — 46.

Abdulkadir N, Afolabi RO, Usman HM,

Mustapha G, Abubakar UA.
Epidemiological studies of waterborne
diseases in relation to bacteriological

quality of water. Microbiology Research
Journal International. 2019;28(4):1-12.
Okpasuo OJ, Okafor FC, Aguzie |, lkele C,

Anunobi J. Spatiotemporal trend of
waterborne disease in Enugu urban,
Nigeria: A Retrospective Study.

International Journal of Tropical Disease
and Health. 2019;38(3):1 — 13.

Osman KM, Marouf SH, Samir A, Al-
Atfeehy N. The prevalence of multidrug
resistance of various numbers of
antimicrobial classes, multiple resistance
patterns and distribution of Salmonella
isolates from human and avian clinical
cases of diarrhea. Journal of
Chemotherapeutics. 2012;24(5):300 — 304.
Erfan AM, Marouf S. Cinnamon oil
downregulates virulence genes of poultry
respiratory bacterial agents and revealed
significant bacterial inhibition: An in vitro

perspective. Veterinary World. 2019;
12(11):1707 —-1715.
Hemeg HA, Moussa IM, Ilbrahim S,

Dawoud, TM, Al-haji JH, Mubarak AS,
Kabli SA, Alsubki RA, Tawfik AM, Marouf
AS.. Antimicrobial effect of different herbal
extracts against different  microbial
population. Saudi Journal of Biological
Sciences. 2020;27:3221 — 3227.

Okaba AE, Immanuel OM., Stow KM, Oku
IY. Evaluation of the antimicrobial activities
of selected plant extracts and honey
against clinical isolates. African Scientist.
2022;23(3):175-180.

Mutembei JK, Kareru PG, Madivoli ES,
Murigi MK, Karanja J, Cheruiyot K, Rechab
SO, Maina EG. Phytochemical and
antimicrobial  evaluation of selected
medicinal plants in Meru community of
Kenya. Journal of Medicinal Plants for
Economic Development. 2018;2(1):a44.
Available:https://doi.org/10.4102/jomped.v
2i1.44

Immanuel OM, Stanley HO, Abu GO, Teke
EC. The inhibitive effect of Gmelina
arborea fruit extract on biocorrosion
induced by sulphate-reducing bacteria.
African Scientist. 2022;23(2): 78-87.
Christaki EV, Florou-Paneri PC. Aloe vera:
A plant for many uses. Journal of Food,


https://doi.org/10.4102/jomped.v5i1.103
https://doi.org/10.4102/jomped.v5i1.103
https://doi.org/10.4102/jomped.v2i1.44
https://doi.org/10.4102/jomped.v2i1.44

13.

14,

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Eze et al.; Int. J. Path. Res., vol. 12, no. 4, pp. 11-26, 2023; Article no.lIJPR.95665

Agriculture and Environment. 2010;8(2):
245 — 249,

Sahu PK, Giri DD, Singh R, Pandey P,
Gupta PS, Shrivastava AK, Kumar A,
Pandey, KD. Therapeutic and Medicinal
Uses of Aloe vera: A Review.
Pharmacology & Pharmacy. 2013;24: 599
- 610.

Surjushe A, Vasani R, Saple DG. Aloe
vera: A short review. Indian Journal
of Dermatology. 2008;53(4):163-166.
Hamman JH. Composition
applications of Aloe vera leaf
Molecules. 2008;13: 1599 — 1616.
Nandal U, Bhardwaj RL. Aloe vera for
human nutrition, health and cosmetic use -
A review. International Research Journal of
Plant Science. 2012;3(3):38 —46.

Zadeh JB, Kor NM. Component and
application Aloe vera plant in medicine.
International  journal of  Advanced
Biological and Biomedical Research.
2014;2(5):1876 — 1882.

Ranade SS, Thiagarajan P. Lemon grass.
International Journal of Pharmaceutical
Science Review and Research. 2015;
35(2):162-167.

Baker PB, Grant JA. Lemongrass oil
profile: active ingredient eligible for
minimum risk pesticide use. Integrated
Pest Management. 2012; 6: 1 — 12.

Ullah MA, Rasheed M, Hyder SI. Medicinal
plant lemon grass (Cymbopogon citratus)
growth under salinity and sodicity. Korean
Journal of Food and Health Convergence.
2020;6(1):9 — 15.

Shah G, Shri R, Panchal V, Sharma N,
Singh B, Mann SA. Scientific basis for the
therapeutic use of Cymbopogon citratus,
Stapf (Lemon grass). Journal of Advanced
Pharmaceutical Technology and Research.
2011;2(1):3 -8.

Wifek M, Saeed A, Rehman R, Nisar S.
Lemongrass: a review on its botany,
properties, applications and active
components. International Journal of
Chemical and Biochemical Sciences.
2016;9:79 —84.

Mukarram M, Choudhary S, Khan MA,
Poltronieri P, Khan MMA, Ali J, Kurjak D,

and
gel.

Shahid M. Lemongrass essential oil
components  with  antimicrobial and
anticancer activities. antioxidants. 2022;11
(20):1 — 23.

Unachukwu MN, Kennedy 10, Irene O.
Antimicrobial activity of lemon grass
(Cymbopogon citratus) on clinical isolates

25

25.

26.

27.

28.

29.

30.

31.

32.

33.

of Pseudomonas aeruginosa, Salmonella
typhi,  Streptococcus pyogenes and
Candida albicans. International Journal of
Recent Scientific Research. 2017;8(6):
17450 — 17452.

Ewansiha JU, Garba SA, Mawak JD,
Oyewole OA. Antimicrobial activity of
Cymbopogon citratus (lemon grass) and its
phytochemical properties. Frontiers in
Science. 2012;2(6):214-220.

Ezeonu CS, Ejikeme CM. qualitative and
guantitative determination of
phytochemical contents of indigenous
Nigerian softwoods. New Journal of
Science. 2016; 27: 1 - 9.

Jannat N, Mottalib A, Alam MN.
Assessment of physicochemical properties
of surface water of Mokeshbeel, Gazipur,
Bangladesh. Journal of Environmental
Science and Current Research. 2019;2
(14):1 - 6.

Onyegeme-Okerenta BM, Obia C, Wegwu
MO. Physicochemical properties of water
quality of Imeh, Edegelem and Chokocho
communities located along Otamiri-oche
River in Etche Ethnic Nationality of Rivers
State, Nigeria. Journal of Applied Science
and Environmental Management. 2016;
20(1):113 - 119.

Adamu KM, Zhigun I, lloba IK, Babadoko
AM, Ikomi RB, Shuaibu R, Ayodapo KO,
Ibrahim AA. Prevalence of bacteria isolates
in water and some biota of Lapai-Agaie
Dam, Nigeria. Science World Journal.
2018;13(4):75 — 80.

Begum H, Shimmi SC, Rowshan MM,
Khanom S. Effect of ethanolic extract of
Aloe vera gel on certain common clinical
pathogens. Borneo Journal of Medical
Sciences. 2016;10(2):19 — 25.

Sirisha T, Basha PA, Kavitha B. Isolation
and characterization of pathogenic bacteria
from Kundu river water of Nandyal,
Kurnool, Andhra Pradesh, India. Journal of
Applied Science. 2017;17:475-481.
Salome AC, Emeka CUC, lkechukwu VO,

Sinye AB, Calister EU, Godswill CO.
Formulation and evaluation of
Cymbopogon citratus dried leaf-
powder tablets. African Journal of

Pharmacy and Pharmacology. 2012;6(48):
3274 — 3279.

Mukherjee PK, Nema NK, Maity N,
Mukherjee N, Harwansh RK.
Phytochemical and therapeutic profile of
Aloe vera. Journal of Natural Remedies.
2014;14 (1):1-26.



34.

35.

36.

37.

38.

39.

40.

41.

42.

Eze et al.; Int. J. Path. Res., vol. 12, no. 4, pp. 11-26, 2023; Article no.lIJPR.95665

Dey P, Dutta S, Chowdhury A, Das AP,
Chaudhuri TK. Variation in phytochemical
composition reveals distinct divergence of
Aloe vera (L.) Burm. f. From Other Aloe
Species: Rationale Behind Selective
Preference of Aloe vera in Nutritional and
Therapeutic Use. Journal of Evidence-
Based Complementary and Alternative
Medicine. 2017;22(4):624 — 631.

Kar SK, Bera TK. Phytochemical
constituents of Aloe vera and their
multifunctional properties: A

comprehensive review. International
Journal of Pharmaceutical Sciences and
Research. 2018; 9(4):1416 — 1423.

Jha A, Prakash D, Bisht D. A
Phytochemical Screening of the Ethanolic
Extract of Aloe vera Gel. International
Journal of Science and Research.
2019;7(426):1543 — 1545.

Ezeribe Al, Oshieke KC, Jauro A. Physico-
chemical properties of well water samples
from some villages in Nigeria with cases of
stained and motile teeth. Science World
Journal. 2012;7(1):1-3.

Yusuff AS, John W, Oloruntoba AC.
Review on Prevalence of Waterborne
Diseases in  Nigeria. Journal of
Advancement in Medical and Life
Sciences. 2014;1(2):1 - 3.

Abraham WR. Megacities as sources for
pathogenic bacteria in rivers and their fate
downstream. International Journal of
Microbiology. 2011;45:1 — 13.

Forstinus NO, lkechukwu NE, Emenike
MP, Christiana AO. Water and waterborne
diseases: a review. International Journal of
Tropical Disease and Health. 2016;12 (4):1
- 14,

Oguntoke O, Aboderin OJ, Bankole AM.
Association of water-borne diseases
morbidity pattern and water quality in parts
of Ibadan City, Nigeria. Tanzan Journal of
Health Research. 2009;11 (4):189 — 195.
Raji MIO, Oyeniyi YJ. Distribution and
types of water-borne bacterial pathogens

43.

44.

45.

46.

47.

48.

in River Sokoto, Nigeria and their health
implication. African Journal of Clinical and
Experimental Microbiology. 2017;18(4):198
—204.

Nyarko HD, Barku VAY, Batama J.
Antimicrobial examinations of
Cymbopogon citratus and  Adiatum
capillus-veneris used in Ghanaian folkloric
medicine. International Journal of Life
Science and Pharmaceutical Research.
2012;2(2):115 - 121.

Kumar HNK, Chandana E, Preethi SD,
Chauhan YB. In vitro antimicrobial activity
and phytochemical screening of Aloe vera
Linn. International Journal of Current
Pharmaceutical Research. 2012;4(3):45—
47,

Ibrahim A, Dan’azumi U, Ali S, Audu M,
Yakubu S, Umar AR, Dankoly MS, Misau
MI, Isma’il MS, Usman MA. phytochemical
evaluation and antimicrobial activity of leaf
extracts of Cymbopogon citratus (Lemon
Grass). International Journal of Research
and Innovation in Applied Science.
2019;1(1):29 — 32.

Goudarzi M, Fazeli M, Azad M,
Seyedjavadi SS, Mousavi R. Aloe vera gel:
Effective  Therapeutic agent against
multidrug-Resistant Pseudomonas

aeruginosa isolates recovered from burn
wound infections. Chemotherapy Research
and Practice. 2015;6:1 — 5.

Alzobaay AHH, Kadhim BH.
Phytochemical screening, chemical
composition and antibacterial activity of
lemongrass (Cymbopogon citratus) leaves
extracts. Indian Journal of Natural
Sciences. 2018;9(15):15306 — 15315.

Yi Y, Zhang QW, Li SL, Wang Y, Ye WC,

Zhao J, Wang YT. Simultaneous
quantification of major flavonoids in
“Bawanghua”, the edible flower of

Hylocereus undatus using pressurized
liquid extraction and high performance
liquid chromatography. Food Chemistry.
2012;135(2):528-533.

© 2023 Eze et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/95665

26


http://creativecommons.org/licenses/by/2.0

