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Abstract

Citrus aurantifolia is a nutrient-rich plant that is
beneficial as an antibacterial agent as well as in
the treatment of diverse ailments. In this study,
the antimicrobial activity of the crude extract
(juice) of C. aurantifolia was compared against
Ciprofloxacin on two bacterial isolates (S.
aureus and E. coli). The activity patterns of the
extract and the standard antibiotics
(Ciprofloxacin) on the isolates were determined
using standard microbiological techniques.
Highly significant activity (sensitivity) of the
extract (juice) was observed on both isolates;
with S. aureus recording a greater susceptibility;
while E. coli responded moderately at the same
concentrations (1/32, 1/16, 1/8, 1/4, 1/2 serial
dilutions and undiluted form). The susceptibility
of these organisms of different gram reactions to
the extract is proof of the plant's potential to be
used as a source of broad-spectrum drug against
these bacteria. C. aurantifolia crude extract
particularly the juice, therefore, may be
employed as potential source of novel
antibacterial agent to prevent the present
antibiotic resistance perceived threat.

Keywords: Antimicrobial, Extract, Citrus
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Introduction

Plant resources have remained an integral part of
human society throughout history. Besides
fulfilling the primary needs like food and shelter,
man has sought for a suitable remedy among
plants for curing various diseases. Traditional
medicine is defined as indigenous medicine that
is used to maintain health and to prevent,

diagnose, and treat physical and mental illnesses
differently from allopathic medicine based on
theories, beliefs, and experiences (Tilahun and
Moa, 2018). Human health has been inextricably
linked to the use of herbal medicines for
millennia, making natural medicinal resources
one of the oldest contributions of nature to
human wellbeing (Hardy, 2019). According to
reports, med-icinal plants have been the basis of
treatment of various diseases in African tradition
and other forms of treatment from diverse
cultures of the world; both communicable and
non-communicable diseases; as they can
biosynthesize voluminous of bioactive
phytochemicals (Kunene et al., 2020).

Results from several publications in the last two
decades show that compounds (bioactive
phytochemicals) derived from plants and their
antimicrobial and antioxidant capacity tested
both in vitro and in vivo gave positive results and
are a viable alternative to the use of synthetic
drugs or chemicals (Ncama et al., 2018). Hence,
understanding the action mechanisms of these
complex plant extracts and isolated plant-
derived compounds is needed as they may help to
pave the way towards combating life-threatening
diseases (Lietal, 2021).

Generally, citrus fruits (the family Rutaceae) exert
health-beneficial effects by stimulating the
immune, cardiovascular, and digestive systems.
They also have anti-inflammatory, antibacterial,
and anticancer properties (Rafiq et al., 2018).
These properties result in part from the presence of
numerous bioactive compounds, such as ascorbic
acid, tocopherols, carotenoids, dietary fibre,
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minerals, and a number of other compounds, such
as flavonoids, phenolic acids, and tannins, which
can and should be an integral part of a balanced
diet (Czech, et al., 2020). Citrus aurantifolia (C.
aurantifolia), also known as key lime, is one of the
widely consumed citrus fruits in many cultural
cuisines and juice production. /t has widely been
cultivated throughout the world and mostly used
as a raw material for cosmetics, food flavoring,
flavor enhancers in beverages, and as an ingredient
in traditional medicine (Swandiny et al., 2021).
The plant is loaded with various bioactive
compounds rich in biological activities; including
antimicrobial, antiviral, antifungal, anti-
inflammatory, and analgesic, appetite stimulant,
constipation remedy, etc. as a result of many
Secondary metabolites found in it (Julacha et al.,
2022). Based on research, C. aurantifolia contains
among other alkaloids, coumarins, flavonoids,
carotenoids, phenolics, terpenes, limonoids, and
essential oils (Ramadaini ez al., 2020).

Materials and Methods

Plant Collection and Authentication.

Citrus aurantifolia (Lime) fruits were purchased
from Gawon Nama market, Sokoto. The plant
branch alongside fruits was identified and
authenticated at the herbarium unit of the
Department of Pharmacognosy and
Ethnopharmacy, Usmanu Danfodiyo University,
Sokoto. It was assigned a voucher number:
PCG/UDUS/RUTA/0001, and ethical clearance
for the work was also obtained from Sokoto state
Ministry of Health with reference number:
SMH/1580/V.IV.

Selection and Preparation of Plant Material

C. aurantifolia fruits that were free of decay and
mold were taken and washed with distilled water
severally to remove soil and other extraneous
matter so that any dirt or bacteria residing on the
surfaces would not be transferred to the interiors
of the fruits and sterilized with 70 % ethanol.
Then fruits were cut in halves with a sterilized
knife. Juice was extracted using juice extractor
and placed in a sterile bottle with screw cap (Bala
and Kaushal, 2017).

Preliminary Screening for Phytochemicals
Presentin the Juice of C. aurantiflia.
The preliminary phytochemical screening

(qualitative) of the fresh juice was carried out to
determine the presence of different bioactive
compounds (flavonoids, alkaloids, tannins,
phenols, saponins, terpenoids, steroids).

Test for Flavonoids (Shibita's Test).

One milliliter (1 mL) of sodium hydroxide
(NaOH) was mixed with ImL of the extract (Juice)
in a test tube. The formation of a yellowish
coloration indicative of presence of flavonoids in
the plant extract (Kumaresan et al.,2019).

Test for Saponins (Honeycomb or Frothing Test)

One milliliter (1 mL) of the juice was mixed with
two milliliters (2ml) of distilled water in a test
tube. The mixture was agitated vigorously for 5
min, and then allowed to stand for 25 minutes and
observed for honeycomb froth, which indicated
the presence of saponins (Ezeonu et al, 2016).

Test for Alkaloids (Mayer's Test)

One milliliter (1 mL) of Mayer's reagents was
added to a test tube containing one milliliter
(1ml) of the juice. The formation of an orange red
precipitate was an indicative of presence of

alkaloids (Ezeonu et al, 2016).

Test for Terpenoids (Sulphuric Test)

One (1ml) of the juice was added to 3 ml of
chloroform; then 2 ml of concentrated sulphuric
acid (H SO4) was added and heated for about 3
minutes. A reddish-brown color indicated the
presence of terpenoids (Nata'ala et al., 2018).

Test for Tannins (Ferric Chloride Test)

A few drops of a 10% ferric chloride solution
were added to 1 ml of the juice. The occurrence
of blackish green coloration indicates the
presence of tannins (Jain et al., 2020).

Test for Phenol (Ferric Chloride Test)

One milliliter (1ml) of the juice was added to 1ml of
distilled water. Thereafter, 10% of ferric chloride
solution was added in drops to the mixture. The

presence of phenols is indicated by a formation of a
bluish black color (Ayodele et al., 2020).

Test for Steroids (Test for Salkowski)

Two milliliters of the juice were added to 1ml of
chloroform, then 1ml of sulfuric acid (H2 SO4)
was carefully added to the mixture to form a
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lower layer. The mixture was then observed for a
reddish-brown color which indicates the
presence of steroids (Khader et al., 2018).

Culture Media
Nutrient agar and nutrient broth were used and
prepared according to the manufacturers' protocols.

Source of test organisms

Clinical Isolates of Staphylococcus aureus and
Escherichia coli were obtained from the Medical
Microbiology Laboratory unit of Usmanu
Danfodiyo University Teaching Hospital,
Sokoto. Following their isolation, the organisms
were sub cultured on nutrient agar, incubated for
24 hours at 37°C; in order to obtain discrete
colonies of the isolates. The colonies were
identified by their cultural characteristics
(colonial appearances), their gram and
biochemical reactions (Aminetal.,2021).

Purification and Confirmation of Isolates
Gram Stain Procedure

Smears of the test organisms were aseptically
made each, on clean grease free glass slides and
allowed to air dry. The smears were heat fixed by
passing over a Bunsen flame, smears were
flooded with crystal violet dye, allowed to stain
for one minute and rinsed with clean tap water;
covered with Lugos's iodine for one minute and
rinsed with water; briefly decolorized with
acetone and rinsed with water. Smears were then
counterstained with 0.5% aqueous solution of
neutral red for one minute, rinsed with water and
kept vertically to air dry. Smears were examined
microscopically under oil immersion (X100)
objective (Gharbi et al., 2019). Gram positive
bacteria appeared purple, cocci and clustered;
while gram negative bacteria appeared pinkish
red and bacilli or rod shaped.

Catalase Test

Adrop of 3% H,0O, was placed on a clean, grease-
free and dried glass slide, using a sterile wooden
stick, a small amount of colony of the test
organisms was transferred to the H,O, solution
on the glass slide, emulsified and observed for
evolution of oxygen bubbles, which was an

indicative of the presence of catalase enzyme
(Motseetal.,2019).

Coagulase Test

A drop of physiological saline was placed on each
end of a glass slide, using a sterile wire loop, a
portion of the test organism was transferred to each
drop and emulsified. A drop of human plasma
was added to one of the suspensions while the
other served as control, it was mixed gently and
observed for clumping. The presence of clumps
(agglutination) showed that the organism was
coagulase positive (Sakrezal.,2018).

Motility Test

Aloopful of the broth culture of the test organism
was placed on a clean glass slide, covered with a
cover slip, viewed microscopically under X10
and X40 objectives and examined for a zigzag
moving organisms which showed that the
organism was motile (Amin et al.,2021).

Urease Utilization test

The entire slant surface was aseptically streaked
with the test organism (while avoiding stabbing
the butt as it served as a color control), tube was
incubated at 37°C overnight; Slant was observed
for reddish- pink color formation. Indicating
positive Urease test while absence of reddish-
pink coloration showed urease negative test
(Naucléretal.,2021).

Citrate Utilization Test

The medium (both butt and slant) was aseptically
stabbed and streaked with a light inoculum of the
test organism, incubated overnight at 37 C. It was
observed for a color change from green to blue
color. Formation of blue color was indicative of
positive Citrate test while absence of color change
showed Citrate negative test (Seifu et al.,2018).

Kligler's Iron Agar (KIA) Test

Using a sterile straight wire loop to inoculate the
medium, first, the butt was stabbed to the bottom
of the tube and then the slope was streaked in a
zig-zag pattern, it was incubated at 37°C
overnight with the tube tops loosely closed so
that there will be an aeration in the medium.
Lactose fermenter [Acid Slant/Acid Butt
(yellow/yellow)]: Complete permanent
acidification of both the deep and the slant of the
tube by lactose-fermenting bacteria. Glucose and
lactose both are fermented. This is characteristic
of lactose-fermenting coliforms, such as
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Escherichia coli and the Klebsiella— enterobacter
species; and gas production within the space at the
bottom of the tube and the split in the agar in the
middle indicated positive KIA test while absence
of acid/acid (yellow slant/yellow butts) showed a
negative KIA test (Czajkowskietal.,2021).

Indole Test

Peptone broth was inoculated with the test
organism, incubated at 37°C for 24h; 5 drops of
Kovac's reagent were added and shook gently.
The top layer was observed to form a red ring
after some minutes. Formation of a red ring was
an indicative of positive Indole test while
absence of it indicated negative Indole test
(Angeretal.,2019).

Preparation of the Inoculum

Direct colony suspensions of the test organisms
were employed in the preparation of the working
inocula as recommended by CLSI, (2019).

After overnight subculture, selected colonies of
the isolates were aseptically picked with a sterile
inoculating wire loop and suspended in 2mL
sterile normal saline to make a suspension of the
bacteria whose turbidity was adjusted to that of
0.5 McFarland standard (10"8 CFU/ml); against
a white background under an illuminated
surface. These were used within 30 minutes of
preparation (CLSI, 2019).

Antimicrobial Sensitivity Testing (AST) of the
Extract (Juice)

Agar well diffusion method was used to evaluate
the antibacterial activity of the juice extract as
described by Prinzi et al. (2022); in comparison
with a standard broad-spectrum antibiotic,
Ciprofloxacin which belongs to the class of
drugs known as Fluoroquinolone.

Nutrient agar plates were prepared aseptically
and allowed to set and dry. The plates were
seeded with the standardized test inoculum by
using sterile cotton swabs as follows: The swab
sticks were dipped each in the separate bacterial
suspension, excess fluids were drained from the
swabs by pressing and rotating the swab sticks
severally against the walls of the containers
above the fluid levels; the swabs were streaked
evenly over the entire surface of the medium

while the plates were being rotated at
approximately 60 degrees (CLSI, 2023). With
the aid of standard cork borers (6mm in
diameter), Six (6) wells were punched
aseptically at different sites on the medium and
labeled according to the concentration (dilution)
of the extract, wells were aseptically filled each
with a drop of the different concentrations (1/32,
1/16, 1/8, V4, Y5, and pure form) of the extract
(Juice) while discs of the standard antibiotic,
Ciprofloxacin (5ug/disc) was placed each at the
centre of the media (positive controls).

The plates were allowed on a flat surface for
about 30 minutes undisturbed; for pre-diffusion
and then incubated at 37°C overnight. The
resulting zones of inhibition (ZOI) were
measured in millimeters using meter rule at
every concentration of the agent against each
bacterial isolate and recorded. Hence the
susceptibility of each organism to the extract was
identified by the zones of inhibition which were
indicated by clear areas around the wells to
which the different concentrations of the extract
were added (Mostafaetal.,2018).

Determination of Minimum Inhibitory
Concentration (MIC)

The minimum inhibition concentration (MIC)
gives the lowest concentration (highest dilution)
of the extract that can inhibit the visible growth
of the test organisms. This was determined by
using the broth tube (11 test tubes) dilution
method. Iml of freshly prepared nutrient broth
was aseptically dispensed into the sterile test
tubes number 2 to 11; Iml of the extract was put
each in test tubes number 1, 2 and 9; and two-fold
serial dilutions were carried out from number 2
to 8 test tubes. The content of tube 2 was evenly
mixed and 1ml was transferred to tube number 3;
this continued till the 8" test tube (i.e tubes were
diluted 1:2, 1:4, 1:8, 1:16, 1:32, 1:64 and 1:128).
Iml of the bacterial suspension was then added to
all the tubes except tubes 9 and 11; this was done
for each test organism. Test tubes 9, 10 and 11
served as controls (extract, inoculum and
broth).The tubes were thoroughly mixed and
incubated at 37°C for 24 hours. Thereafter, tubes
were visually observed for turbidity by
comparing with the controls (Chikezie, 2017)
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Determination of Minimum Bactericidal
Concentration (MBC)

The minimum bactericidal concentration of the
extract was determined by sub culturing on
freshly prepared nutrient agar (solid medium) a
loopful from all the tubes that showed no visible
growth in the MIC determination. These were
inoculated at 37°C for 24h, the plates were
observed for the growth of bacteria. The
concentration of the extract that showed no
growth was taken as the MBC (CLSI, 2019).

Results

The result of the preliminary screening for
phytochemicals in the crude juice extract of
Citrus aurantifolia (C. aurantifolia) is shown in
Table 1. Alkaloids, Flavonoids, Saponins,

Tannins, Seroids, Phenols and Terpenoids were
present in the juice extract.

The antimicrobial susceptibility pattern of the isolates
to the different dilution or concentration (1/32ml,
1/16ml, 1/8ml, Yml, Y2ml, pure (v/v)) of the juice
extractof C. aurantifoliais givenin Table 2.

The antimicrobial activity (sensitivity) of
Ciprofloxacin (5ug) on the test organisms is
depicted in Table 3, with S. aureus recording
sensitivity while E. coli was intermediate.

Table 4 shows the result of minimum inhibitory
concentration (MIC) and minimum bactericidal
concentration (MBC) of the extract on the test
organisms.

Table 1: Preliminary Screening for Phytochemicals in the Juice Extract of C. aurantifolia

Phytochemicals Types of Test Extract (C. aurantifolia
Juice)
Alkaloids Mayer’s Present
Saponins Frothing (Honeycomb) Present
Flavonoids Shibita’s (NaOH test) Present
Phenols Ferric Chloride Present
Sterols Salkowski’s (Chloroform Present
test)
Tannins Ferric Chloride Present
Terpenoids Sulfuric acid test Present

Table 2: Antimicrobial activities (sensitivity) of Extract (C. aurantifolia juice) on the test organisms.

Test Organisms
Inhibition (mm)

Concentration of Extract (V/V) and Diameter of Zones of

1/32 1/16
Staphylococcus. aureus 7 10
Escherichia. coli 9 11

1/8 1/4 1/2 100
11 13 15 22
12 14 15 20
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Table 3: Antimicrobial activity (sensitivity) of Ciprofloxacin (Sug) on the isolates.

Isolates Zone of Inhibition (Mm) Interpretation
S. aureus 18 Sensitivity
E. coli 7.5 Intermediate

Table 4: Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration

(MBC) of the extract on the test organisms

Test Organisms MIC (v/v) MBC (v/v)
Staphylococcus aureus 1/64 ml 1/2 ml
Escherichia coli 1/32 ml 1/2ml

Discussion

In recent years, herbal medicines have received
considerable attention as an alternative way to
compensate for perceived deficiencies in orthodox
pharmacotherapy worldwide. Despite a lack of
medical evidence to support their therapeutic
efficacy and toxicological effects, the use ofherbal
medicine has increased considerably (Arika et al.,
2015). According to the World Health
Organization (WHO), up to 80% of the world's
population in underdeveloped and developing
countries rely on traditional medicine practices for
their primary health care needs (WHO, 2002).
Traditional medicines have been accorded greater
acceptance in Africa because of the unavailability,
unwanted side effects and high costs associated
with orthodox medicines, inadequate health
facilities and healthcare professionals, coupled
with inadequate training of health workers (Piero
et al., 2012). The therapeutic effects of medicinal
plants can justifiably be attributed to, among
others, the phytochemicals (bioactive
compounds) in them especially the flavonoids,
alkaloids, sterols, terpenoids, phenolic acids,
lignans, tannins and saponins.

In this research, the preliminary phytochemical
screening of the crude extract (juice) of C.
aurantifolia revealed that the plant contains
saponins, flavonoids, alkaloids, terpenoids,
phenols, sterols and tannins, among others. These
phytochemical compounds have been known to
play roles in bioactivity of medicinal plants in
general. For example, Flavonoids and some other
phenolic components have been reported on their

effective antioxidants, anticancer, antibacterial,
cardioprotective agents, anti-inflammation,
immune system promoting. Skin protection from
UV radiation, and interesting candidate for
pharmaceutical and medical application (Andreu
et al, 2018). Flavonoids are also known to
improve cardiac function, decrease anginas and
lowers cholesterol levels. These compounds act by
regulation of inflammation mediators (Sanchez et
al., 2008). While terpenoids, one of the abundant
components besides flavonoids, have been
reported to exert antimicrobial activities against
both the antibiotic-susceptible and antibiotic-
resistant bacteria, mainly via their abilities to
promote cell rupture and inhibition of protein and
DNA synthesis. In addition, terpenoids have been
shown as one of secondary metabolites produced
by aromatic and medicinal plants that played a key
role in disease resistance. For example,
monoterpenoids are antibacterial in nature,
causing disruption in microbe multiplication and
development, as well as interfering with their
physiological and metabolic activities (Alvarez et
al., 2021). Alkaloids are known to have blood
glucose lowering activity. They have also been
reported to demonstrate antioxidant activity
responsible for various biological activities
including anti-diabetic activity (Yang et al.,2001).
Alkaloids are also known to be anti-arrhythmic
effects, antihypertensive effects, anticancer and
antimalarial activity (Abdirahman et al., 2015).
Alkaloids are believed to have neuro-protective,
memory and cognitive-enhancing effects,
cholinergic and antioxidant activities in
Alzheimer's disease (Speisky et al.,2006).
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This study revealed a significant antibacterial
activity of C. aurantifolia juice to the tested
organisms at varying concentrations. A highly
significant difference was observed between the
inhibitory zone diameter of the extract compared
with the standard antibiotic on both isolates. The
susceptibility of these organisms of different
gram reactions to the extract is a proof of the
plant's potential to be used as a source of broad-
spectrum drug against these test bacteria and
other bacterial strains, which justifies the
traditional use of the plant for therapeutic
purposes (Castillo et al., 2000).

On the other hand, this in vitro study showed
some level of biochemical resistance of these
bacteria strains to Ciprofloxacin antibiotic; of
which E. coli showed a greater resistance
compared to S. aureus as observed from their
inhibitory zone diameter supported by studies
done by Ena et al. (1995) and Gilbert et al.
(2001). However, the diameter of zone of
inhibition produced by the bacteria depends on
several factors broadly classified as extrinsic and
intrinsic parameters. Extrinsic parameters like
pH of the medium, nutritional requirement,
period and temperature of incubation, volume of
well, size of inoculum etc. (Mata et al. (1994).

Hence, in vitro antimicrobial screening methods
provide the required preliminary observation to
select among the crude plants' products, those
with potentially useful properties for further
chemical and pharmacological studies. This
study disclosed the need to use lime (C.
aurantifolia) juice in reducing infections
associated with S. aureus and E. coli as well as
their disease risks.

Conclusion

The findings obtained from this research
revealed that Citrus aurantifolia (lime) juice
possesses phytochemicals of antibacterial
significance. This antibacterial activity of C,
aurantifolia was evident from the zones of
inhibition (22mm and 20mm) recorded in both
bacterial isolates compared to their
susceptibilities to the standard antibiotic
(Ciprofloxacin) as obtained from MIC and MBC
results of the extract.

References

Abdirahman, Y.A., Juma, K.K., Mukundi, M.J.,
Gitahi, S.M., Agyirifo, D.S. (2015). The
Hypoglycemic  Activity a n d
Safety of Aqueous Stem Bark Extracts of
Acacianilotica. Journal of Drug
Metabolism and  Toxicology; 6:189-198.

Alvarez-Martinez, E.J., Barrajon-Catalén, E.,
Herranz-Loépez, M., Micol, V. (2021).
Antibacterial plant compounds, extracts and
essential oils: An updated review on their
effects and putative mechanisms of action.
Phytomedicine; 90:153626.

Mir, M.A., Ashraf, M.W., Tripathi, V. etal. (2021).
Isolation, characterization and prevention of
various microbial strains in NIC unit and PIC
unit. Science Report; 11:647.

Andreu, L., Nuncio-Jauregui, N., Carbonell-
Barrachina, A.A., Legua, P., Hernandez, F.
(2018). Antioxidant properties and chemical
characterization of Spanish Opuntia ficus-
indica Mill. Cladodes and fruits. Journal of
Science, Food and Agriculture;
98:1566—1573.

Anger, J., Lee, U., Ackerman, A.L., Chou, R,
Chughtai, B., Clemens, J.Q., Hickling, D.,
Kapoor, A., Kenton, K.S., Kaufman, M.R.,
Rondanina, M.A., Stapleton, A., Stothers,
L., Chai, T.C. (2019). Recurrent
Uncomplicated Urinary Tract Infections in
Women: AUA/CUA/SUFU Guideline.
Journal of Urology;202(2):282-2809.

Arika, W.M., Abdirahman, Y.A., Mawia, M.A.,
Wambua, K.F., Nyamai, D.W. (2015). In
Vivo Antidiabetic Activity of the Aqueous
Leaf Extract of Croton macrostachyus in
Alloxan Induced Diabetic Mice.
Pharmaceutical Analytica Acta; 6: 447.

Ayodele, M.; Chikodiri, V.; Adebayo-Tayo, B.C.
(2020). Green synthesis and cream
formulations of silver nanoparticles of
Nauclea latifolia (African peach) fruit
extracts and evaluation of antimicrobial and
antioxidant activities. Sustain. Chemistry
and Pharmacy,; 15: 100197.

Bala A., Kaushal B.B.L. (2017). Comparison of
juice extraction methods, determination of
bittering principles and standardization of
debittering of lime juice Indian Journal of
Natural Products and Resources; 8(3): 263-
268.

SIMLS Volume 9, Number 4 December, 2024 Page 307



Castillo, M.C., Allori, G.G., Gutierrez, R.C.,
Saan, O.A., Fernande, N.P., Ruiz, C.S.,
Holgado, A.P. and Nader, O.M. (2000).
Bactericidal activity of lime juice and lemon
derivatives against Vibrio cholera.
Biological and Pharmaceutical Bulletin;10:
1235-1238.

Chikezie, 1.0. (2017). Determination of
minimum inhibitory concentration (MIC)
and minimum bactericidal concentration
(MBC) using a novel dilution tube method.
African Journal of Microbiology Research;
11(23):977-980.

CLSI; (2023). Clinical implications of revised
piperacillin-tazobactam breakpoints in
CLSI M-Indian Journal of Medicine and
Microbiology;100: S32.

CLSI. (2019). M100 Performance Standars for
Antimicrobial Susceptibility Testing, 29th
ed.; Clinical and Laboratory Standards
Institute: Wayne, PA, USA.

Czajkowski, K., Bros-Konopielko, M., Teliga-
Czajkowska, J. (2021). Urinary tract
infection in women. Prz
Menopauzalny;20(1):40-47.

Czech A., E. Zarycka, D. Yanovych, Z. Zasadna,
I. Grzegorczyk, and S. Ktys, (2020.)
“Mineral content of the pulp and peel of
various citrus fruit cultivars,” Biological
Trace Element Research;193(2): 555-563.

Ena, J., Amador, C., Martinez, C., Ortiz, De La,
Tabla, V. (1995). Risk factors for acquisition
of urinary tract infections caused by
ciprofloxacin-resistant Escherichia coli.
Journal of Urology, 153:117-120.

Ezeonu, C.S.; Ejikeme, C.M. (2016). Qualitative
and Quantitative Determination of
Phytochemical Contents of Indigenous
Nigerian Softwoods. New Journal of
Science: 5601327.

Gharbi, M., Drysdale, J.H., Lishman, H.,
Goudie, R., Molokhia, M., Johnson, A.P.,
Holmes, A.H., Aylin, P. (2019). Antibiotic
management of urinary tract infection in
elderly patients in primary care and its
association with bloodstream infections and
all-cause mortality: population-based cohort
study. British Medical Journal;364:1525.

Gilbert, D. N., S. J. Kohlhepp, K. A. Slama, G.
Gurnkemeier, G. Lewis, R. J. Dworkin, S. E.
Slaughter, and J. E. Legett. (2001).
Phenotypic resistance of Staphylococcus
aureus, selected Enterobacteriaceae, and
Pseudomonas aeruginosa after single and

multiple in vitro exposures to ciprofloxacin,
levofloxacin, and trovafloxacin.
Antimicrobial Agents Chemotherapy;
45:883-892.

Hardy K. (2019). Paleomedicine and the use of
plant secondary compounds in the
Paleolithic and early Neolithic. Evolution
Anthropology;28: 60-71

Jain, A.S.; Arora, P.; Popli, H. A. (2020).
Comprehensive review on Citrus
aurantifolia essential oil: Its phytochemistry
and pharmacological aspects. Brazilian
Journal of Nature Science; 3: 354-364.

Julacha, E.; Nurzaman, M.; Wahyudi, T.;
Nurjanah, S.; Permadi, N.; Al Anshori, J.
(2022). The Development of the
Antibacterial Microcapsules of Citrus
Essential Oil for the Cosmetotextile
Application: A Review. Molecules;, 27:
8090.

Khader, S.Z.A.; Syed Zameer Ahmed, S.;
Sathyan, J.; Mahboob, M.R.; Venkatesh, K.;
Ramesh, K. A. (2018). Comparative study
on larvicidal potential of selected medicinal
plants over green synthesized silver nano
particles. Egypt. Journal of Basic and
Applied Science; 5: 54—62.

Kumaresan, M.; Kannan, M.; Sankari, A.;
Chandrasekhar, C.N. (2019). Phytochemical
screening and antioxidant activity of
Jasminum multiflorum (pink Kakada) leaves
and flowers. Journal of Pharmacognosy and
Phytochemistry; 8: 1168—1173.

Kunene, E.N.; Nxumalo, K.A.; Ngwenya, M.P.;
Masarirambi, M.T. (2020). Domesticating
and Commercialisation of Indigenous Fruit
and NutTree Crops for Food Security and
Income Generationinthe Kingdom o f
Eswatini. Current Journal of Applied
Science and Technology, 39: 37-52.

Li, S., Cheng, C.S., Zhang, C., Tang, G.Y., Tan,
H.Y., Chen, H.Y.,, Wang, N., Lai, AY.,
Feng,Y. (2021). Edible and Herbal Plants for
the Prevention and Management of COVID-
19. Frontiers of Pharmacology; 12:656103.
doi: 10.3389/fphar.2021.656103.

Mata, L., Vargas, C., Saborio, D. and Vices, M.
(1994). Extinction o Vibrio cholerae in
acidic  substrata: Contaminated cabbage
and Lettuce treated with lime juice. Session
delnfection- Nutrition Universidad de Costa
Rica, San Pedro. Revista Biological Tropica
42(3): 487-492.

Mostafa, A. A., Al-Askar, A. A., Almaary, K. S.,

SIMLS Volume 9, Number 4 December, 2024 Page 308



Dawoud, T. M., Sholkamy, E. N., and Bakri,
M. (2018). Antimicrobial activity of some
plant extracts against bacterial strains
causing food poisoning diseases. Saudi
Journal of Biological Science;25:361-366.

Motse, D.F.K., Ngaba, G.P., Foko, L.P.K., et al.,
(2019). Etiologic profile and sensitivity
pattern of germs responsible for urinary tract
infection among underfive children in
Douala, Cameroon: a Hospital-Based Study.
Avicenna Journal of Clinical Microbiology
and Infection;6(2):49-56.

Nata'ala, M.; Dalhat, M.; Omoye, B.; Isah, A.;
Kabiru, S.; Bashiru, I.; Umar, F. (2018).
Phytochemical Screening and Antibacterial
Activity of Citrus sinensis (L.) Osbeck
[Orange] and Citrus aurantifolia
(Cristm.) Swingle [Lime] Stem from
Bacteria Associated with Dental Caries.
Journal of Advanced Microbiology; 8: 1-9.

Nauclér, P., Huttner, A., van Werkhoven, C.H.,
Singer, M., Tattevin, P., Einav, S., Tdngdén,
T. (2021). Impact of time to antibiotic
therapy on clinical outcome in patients with
bacterial infections in the emergency
department: implications for antimicrobial
stewardship. Clinical Microbiology and
Infections;27(2):175-181.

Ncama, K.; Magwaza, L.S.; Mditshwa, A.; Tesfay,
S.Z. (2018). Plant- based edible coatings for
managing post-harvest quality of fresh
horticultural produce: A review. Food
Packaging and Shelf Life; 16: 157-167.

Piero, N.M., Njagi, M.J., Kibiti, M.C.,
Ngeranwa, J.J.N., Njagi, N.M., etal. (2012).
Herbal management of diabetes mellitus: A
rapidly expanding research avenue.
International Journal of Current
Pharmaceutical Research; 4:1-4.

Prinzi, A., Hunt, L.N., Goff, D., Rohde, D.R.
(2022). Antimicrobial Resistance: A Review of
a Broad-Spectrum Problem and Future Needs.
Infection Control Tips. Published April 27,
2022. Accessed September 22,2022.

Ramadaini, K.; Azizah, Z.; Zulharmita; Rivai, H.

(2020). Overview of Pharmacology and Product
Development of Lime (Citrus aurantifolia)
Rind. International Journal of Pharmaceutical
Science and Medicine; 5:35-45.

Sakr, A., Brégeon, F., Meége, J.-L., Rolain, J.-M.,
& Blin, O. J. F. 1. m. (2018). Staphylococcus
aureus nasal colonization: an update on
mechanisms, epidemiology, risk factors, and
subsequent infections. Frontiers of
Microbiology;9:2419.

Sanchez Y, Amran D, Fernandez C, de Blas E,
Aller P. (2008). Genistein selectively
potentiates arsenic trioxide-induced
apoptosis in human leukemia cells via
reactive oxygen species generation and
activation of reactive oxygen species-
inducible protein kinases (p38-MAPK,
AMPK). International Journal of Cancer;
123:1205-1214.

Seifu, W. D., & Gebissa, A. D. J. B.i. d. (2018).
Prevalence and antibiotic susceptibility of
Uropathogens from cases of urinary tract
infections (UTI) in Shashemene referral
hospital, Ethiopia, BMC Infectious
Diseases;18:1-9.

Speisky, H., O'Brien, P., Carrasco-Pozo, C.
(2006). Boldine and its antioxidant or
health- promoting  properties. Chemico-
Biological Interactions; 159: 1-17.

Swandiny, G.F.; Nafisa, S.; Gangga, E. (2021).
Standardization of 70% Ethanol Extract and
96% Lime Leaves as Antioxidants with
DPPH and FRAP. Journal of Pharmacognosy
and Phytochemistry, 10:47-52.

Tilahun Tolossa Jimal and Moa Megersa.
(2018). Ethnobotanical Study of Medicinal
Plants Used to Treat Human Diseases in
Berbere District, Bale Zone of Oromia
Regional State, South East Ethiopia.

World Health Organization (2002) WHO
traditional medicine strategy 2002-2005.
Yang CS, Landau JM, Huang MT, Newmark HL.
(2001). Inhibition of carcinogenesis by
dietary polyphenolic compounds. Annual

Review of Nutrition; 21: 381-406.

Citation: Umar Asiya Imam and Okeh Grace Susan. Determination of Antimicrobial Activities of
Crude Extract (Juice) of Citrus Aurantifolia (Lemun Tsami) on Some Selected Bacteria of Different
Gram Reaction (Staphylococcus aureus and Escherichia coli). Sokoto Journal of Medical
Laboratory Science; 9(4):301—309. https://dx.doi.org/10.4314/sokjmls.v9i4.32

Copyright: This is an open-access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.

SIMLS Volume 9, Number 4 December, 2024 Page 309



	Page 301
	Page 302
	Page 303
	Page 304
	Page 305
	Page 306
	Page 307
	Page 308
	Page 309

