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ABSTRACT

Background: The proliferation of antimicrobial resistance against synthetic pharmaceutical compounds high-
lights an exigent need to explore natural reservoirs to discover novel antimicrobial therapeutic agents. This study
investigates the antimicrobial effectiveness of methanolic extracts obtained from Psidium guajava and Gongro-
nema latifolium leaves.

Methods: The coarse powder of dried leaves from Psidium guajava and Gongronema latifolium was subjected
to cold maceration using 95% and 70% methanol to extract their phytonutrients. Utilizing the agar-well diffusion
method, the antimicrobial susceptibilities of each distinct organism to the leaf extracts and their combinations
were assessed. Methanol (5%) served as the negative control, while Levofloxacin (6.25ug/mL - 50pug/mL) for
bacteria and Ketoconazole (20pg/mL - 160pug/mL) for fungi were employed as standard. Evaluation of Mini-
mum Inhibitory Concentrations (MICs) for leaf extracts was conducted utilizing the agar well dilution technique,
using a range of concentrations (Smg/mL — 15mg/mL). The concentrations tested ranged from the highest per-
mitting growth to the lowest inhibiting growth across diverse microorganisms.

Results: Psidium guajava exhibited significant antibacterial activity against all tested bacterial pathogens, in-
cluding P. aeruginosa, S. aureus, E. coli, and B. subtilis. Conversely, Gongronema latifolium specifically inhib-
ited the growth of B. subtilis and S. aureus, with no observable antimicrobial effect against E. coli and P. aeru-
ginosa. None of the extracts demonstrated antimicrobial effects on fungal growth in this study.

Conclusion: The Psidium guajava leaf emerges as a potent broad-spectrum antibacterial agent, surpassing the
activity of the Gongronema latifolium leaf. Both leaves, from Psidium guajava and Gongronema latifolium, hold
significant promise as rich sources of bioactive antibacterials.
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1.0 INTRODUCTION

The decreasing efficacy of synthetic drugs and the in-
creasing contraindications in their uses make the search
for drugs of natural origin a necessity [1]. Traditional and
alternative medical practices in developed and developing
regions prominently feature herbal therapy as a pivotal
component of traditional and alternative medicine frame-
works [2, 3]. The World Health Organization asserts that
medicinal plants offer an optimal substitute source for a
spectrum of medications owing to their assortment of
phytochemicals with bioactive properties [4, 5, 6]. Nu-
merous plant-derived chemical constituents exhibiting
antimicrobial properties include phenolic compounds [7,
8] like terpenes, aliphatic alcohols, aldehydes, ketones,
acids, and iso-flavonoids [9, 10]. Antimicrobial resistance
(AMR) is one of the principal public health problems of
the 21st century that threaten the effective prevention and
treatment of an ever-increasing range of infections [11,
12, 13, 14].

Surveys have shown that almost no antibiotic group has
been introduced to which resistance has not been ob-
served [15, 16]. Besides this problem, synthetic drugs are
expensive. They can disrupt normal cellular functions or
activate alternative pathways, leading to physiological
imbalances and adverse effects [17, 18], including height-
ened or suppressed immune response and microbial
dysbiosis [19]. There is a compelling need to innovate
and formulate cost-effective, productive, and safe thera-
peutic alternatives to manage infectious diseases.

In Africa, medicinal plants are used extensively [20, 21].
Medicinal plants have some advantages, such as often
fewer side effects, improved patient tolerance, relatively
affordable treatment, significant therapeutic benefits, val-
idated records of past use, and the potential for renewable
applications [22]. This study aimed to assess the antibac-
terial efficacy of methanol extracts derived from the Psid-
ium guajava leaves and Gongronema latifolium.

Psidium guajava Linn and Gongronema latifolium Benth
are indigenous botanical species employed in southeast-
ern Nigeria's traditional medicine to alleviate diverse ail-
ments, including cough, anorexia, malaria, and gastroin-
testinal disorders. The knowledge of the extracts' mini-
mum inhibitory concentrations and the organisms' sus-
ceptibility patterns to the extracts provided insight into
the antimicrobial spectrum of the leaf extracts.
Knowledge of the minimum inhibitory formulation also

guides the dosage formulation of antimicrobial drugs in-
volving Psidium guajava and Gongronema latifolium
leaf.

2.0 METHODOLOGY
2.1 Plant material collection and authentication

A fresh leaf of Psidium guajava (Figure 1) was collected
from lkorodu, while a Gongronema latifolium leaf
(Figure 2) was collected from Bariga. Leaf specimens
were taxonomically identified and authenticated by a tax-
onomist at the Herbarium of the Department of Botany
and Microbiology, University of Lagos. The voucher
specimens (LUH 6545 for Psidium guajava and LUH
6549 for Gongronema latifolium) were archived at the
Herbarium to serve as reference materials.

Figure 1. Psidum guajava leaf

Source: https://osupa.wordpress.com/2014/03/30/the-groovy-guava/
(wordpress.com)

Figure 2. Gongronema latifolium leaf .

Source: https://surextdeal.blogspot.com/2017/09/utazi-gongronema-
latifolium.html

2.2 Collection of microorganisms

Clinical isolates of Pseudomonas aeruginosa, Staphylo-
coccus aureus, Escherichia coli, Bacillus subtilis, Can-
dida albicans, Aspergillus niger, and Trichophyton sp.
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were sourced from the Department of Pharmaceutical Mi-
crobiology and Biotechnology Laboratory, Faculty of
Pharmacy of the University of Lagos, Nigeria

2.3 Extraction of Psidium guajava and Gongronema
latifolium leaves

Fresh leaves sourced from Psidium guajava and Gongro-
nema latifolium were rinsed with distilled water, desic-
cated under room conditions (25 °C), and comminuted
into coarse powder particles using a laboratory mill
(Christy and Norris Ltd, Chelmsford, England).

The coarsely powdered leaves of Psidium guajava and
Gongronema latifolium were extracted with 95% and
70% methanol, respectively, using the cold maceration
method [23, 24].

The dried coarse powdered leaves (1,500g) each of Psidi-
um guajava and Gongronema latifolium were subjected to
extraction using 3 liters of 95% and 70% methanol, re-
spectively, by maceration for four days. A three-day mac-
eration regimen was repeated to achieve exhaustive ex-
traction and elucidation of phytonutrient constituents. The
extracts were clarified through filtration with Whatman
No.1 filter paper, followed by concentration using a rota-
ry evaporator (Buchi V-801) maintained at 40°C [25, 26].
Concentrated extracts of Psidium guajava (greenish-
brown appearance) and Gongronema latifolium (dark-
green appearance) were aseptically transferred into sealed
vials and refrigerated at 4°C for further experimentation.

2.4 Determination of the antimicrobial potential of the
extracts

The agar well diffusion method [27] evaluated the anti-
bacterial efficacy of the leaf extracts derived from Psidi-
um guajava and Gongronema latifolium. Sterile Mueller-
Hinton agar (MHA) plates containing 25 mL each were
inoculated with 0.1 mL of a 24-hour culture of each bac-
terial isolate (Escherichia coli, Staphylococcus aureus,
Bacillus subtilis, Pseudomonas aeruginosa) and fungal
species (Candida albicans, Aspergillus niger, Tri-
chophyton) adjusted to a 0.5 McFarland standard. Sab-
oraud dextrose agar (SDA) was used for fungi. Following
seeding, the plates were allowed to solidify, after which
wells of 10 mm diameter were aseptically created in the
agar using a sterile cork borer. Each well was loaded with
0.5 mL of leaf extract (single and combined formulations)
prepared in 5% methanol, at graded concentrations rang-
ing from 5 mg/mL to 50 mg/mL. Separate wells were
loaded with standard controls: ketoconazole at concentra-
tions from 20 pg/mL to 160 pg/mL for fungi and
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levofloxacin at concentrations from 6.25 pg/mL to 50 pg/
mL for bacteria. Incubation of bacterial plates occurred at
37 °C for 24 hours, with fungal plates kept at ambient
temperature (25 °C) and assessed throughout 24 to 72
hours. The assay was replicated in triplicate, and the mean
inhibition zones were documented [28].

2.5 Assessment of the minimum inhibitory concentra-
tions (MICs) of the leaf extracts

The agar dilution technique, utilizing the protocol de-
scribed by Wiegand et al. in 2008, was employed to as-
certain the minimum inhibitory concentration of the ex-
tract. [29]. The extracts were diluted to different concen-
trations with sterile water as the diluent to give final con-
centrations [4] of (0.625mg/mL—15mg/mL) for both Psid-
ium guajava and Gongronema latifolium leaf extracts,
starting from the highest concentration permitting growth
to the lowest concentration indicating no growth. After
incubation at 37 °C for 24 hours, a 1 mL broth culture of
bacterial isolates, containing 1 x 106cfu/mL, was seeded
in 25 mL of Mueller-Hinton agar.

A 1 mL volume of leaf extract was added to 25 mL of
Mueller-Hinton agar inoculated with the microorganism.
Post-mixing, the resultant composite experienced swirling
and solidification and was subsequently subjected to incu-
bation at 37°C for 24 hours. The concentration devoid of
microbial growth for each microorganism was noted as
the Minimum Inhibitory Concentration (MIC) for the or-
ganism.

2.6 Statistical analysis

Each measurement was conducted in triplicate, and the
data was reported as the mean + standard deviation. Sta-
tistical comparisons between mean values were conducted
using one-way analysis of variance (ANOVA) with
GraphPad® Prism 7 software (GraphPad Software, La
Jolla, CA), employing a significance threshold of P <
0.05.

3.0 RESULTS

3.1 Antimicrobial activity of methanol extract of
Psidum guajava and Gongronema latifolium

The methanol extract of Psidum guajava had a concentra-
tion-dependent inhibitory activity effect on the bacterial
organisms tested (Escherichia coli, Staphylococcus aure-
Pseudomonas aeruginosa) but
showed no observable antimicrobial effect against the
fungal organisms (Candida albican ,Aspergillus niger and

us, Bacillus subtilis,
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Table 1: Antimicrobial activity of methanol extract of Psidum guajava leaf extract

Extract  Type 9f M. organism Extract concentration/Zones of inhibition mm
orgamism Methanol Smg/ 10mg/ 20mg/ 30mg/ 40mg/ 50mg/
5% mL mL mL mL mL mL
Psidium Bacteria E. coli 6£1.10 11£0.90 16£1.65 1942.55 2240.59 2542.45
guajava
S. aureus - 7+0.65 10£2.30 14+1 .22 17+1.58 20+0.42 28+2.65
P. aerug - 9+0.75 1242.05 16+1.35 20+0.95 24+1.65 27+1.88
B. subtilis - 10+2.15 13+1.60 18+1.20 23+1.75 26+1.00 32+1.11
Fungi C. Albicans - - - - - - -
A. niger - - - - - - -
Trichophyton sp - - - - - - -
- =no zone of inhibition
Table 2: Antimicrobial activity of the methanol extract of Gongronema latifolium leaf extract
Extract Type of M. organ- Extract concentration/Zones of inhibition mm
organism 1sm Methanol Smg/ 10mg/ 20mg/ 30mg/ 40mg/mL  50mg/mL
5% mL mL mL mL
Gongronema Bacteria E. coli - - - - - - -
latifolium leaf
S. aureus - 7+0.65 10+£2.30  14£1.22  17£1.58 20+0.42 22+1.95
P. aerug - - - - - - -
B. subtilis - 9+1.56 11+£0.72  17£1.32  20+0.75 22+1.00 23+2.15
Fungi C. Albicans - - - - - - -
A. niger - - - - - - -
- =no zone of inhibition
Table 3. Minimum inhibitory concentrations of Psidum guajava and Gongronema latifolium
Extract Organism Extract concentration (mg/mL)/activity
1 2 3 4 5 6 7 8 9 10 11 12 13 14
E. coli + + + + + + + + + - - - - -
Psidum guajava S. aureus ot . | | | ) ) ) ) ) ) ) )
P. aerug + + + + + + + - - - - - - -
B. subtilis + o+ - - - - - - - - - - - -
E. coli + o+ + + + o+ + + + + + + + +
o1 S. aureus + o+ + + + o+ + + + - - - - -
Gongronema latifolium P. acrug + + + + + + + + + + + + + +
B. subtilis + + + + + o+ + - - - - - - -

+ = bacterial growth, - = No bacterial growth

3.2 Antimicrobial activity of methanol extract of Gon-
grenema latifolium on the microorganisms.

Gongronema latifolium was active against Bacillus sub-
tilis and Staphylococcus aureus but had no antibacterial
effect on E. coli and P. aeruginosa as shown in Table 2.
The antibacterial activity was higher against Bacillus
subtilis with a minimum inhibitory concentration of
7.5mg/mL than Staphylococcus aureus with a minimum
inhibitory concentration of 10mg/mL (Table 3). It had no
activity against any of the fungal organisms used.

3.3 Minimum inhibitory concentrations of Psidum
guajava and Gongronema latifolium.

Psidum guajava recorded same minimum inhibitory con-
centration (2.5mg/mL) against Bacillus subtilis and
Staphylococcus aureus. This concentration (2.5mg/mL)
is lower than the minimum inhibitory concentration
(7.5mg/mL and 10mg/mL) recorded by Gongronema
latifolium against same organisms (Bacillus subtilis and

Staphylococcus aureus) respectively as shown in Table
3.
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Table 4: Antimicrobial activity of the combined methanol extract of Psidum guajava and Gongronema latifolium

Extract Type of M. organ- Extract concentration. /Zones of inhibition (mm)
ethano mg/m mg/m mg/m mg/m mg/m mg/m
orgamism - im Mecthanol Smg/mL__ 10mg/mL _ 20mg/mL_ 30mg/mL__ 40mg/mL__ 50mg/mL
5%
Combination of ~ Bacteria E. coli - - 10+2.04 19+1.40 2241.33 23+1.21 25+0.27
Psidum guajava S. aureus - 8+1.65  12£140  15£0.72 1740.25 244142 294195
and Gongrone-
Inaflatiff)lium P. aerug - - 114225 17+2.4 2142.00 244082  28+0.85
ea
B. subtilis - 9+1.77 13+0.95 16+0.52 23+£1.27 27+2.13 33 +2.00
Fungi C. Albicans - - - - - -
A. niger - - - - - -
Trichophyton - - - - - -
sp
Table 5. Antibacterial activity of levofloxacin (positive control)
. Levofloxacin Concentrations/ Zones of inhibition (mm)
Organisms
6.25ug/mL 12.5pg/mL 25ug/mL 50pg/mL
Escherichia coli 17+1.23 19+1.49 21+£1.40 26 +£0.75
Staphylococcus aureus 14+0.26 18+2.20 23+0.25 28 +2.10
Pseudomonas aeruginosa 16 +£2.15 20 +£0.239 22+£0.20 25+1.45
Bacillus subtilis 15+£1.42 19+£0.32 21 +£2.00 23+1.25

Table 6. Antifungal activity of ketoconazole

Ketoconazole concentration/Zones of inhibi-

Organisms tion

20ug/ml  40pg/ml  80pg/ml 160pg/ml
Aspergillus niger 21+£230 22+£1.70 25+0.25 27145
Candida albicans 16+£1.85 18+£0.83 20+1.55 23+0.27
Trichophyton spp. 17+0.60 18+0.95 19+£225 21+£1.15

3.4 Antimicrobial efficacy of the combined methanol
extract from Psidium guajava and Gongronema latifo-
lium against test organisms.

The combined extract of Psidium guajava and Gongro-
nema latifolium exhibited antibacterial activity resem-
bling that of Psidium guajava, which demonstrated inhi-
bition against all tested bacterial organisms but showed
no activity against fungal organisms (Table 4).

3.5 Antibacterial activity of Levofloxacin (positive
antibacterial control) and Ketoconazole (positive anti-
fungal control).

Levofloxacin demonstrated concentration-dependent an-
tibacterial efficacy against the bacterial species: Pseudo-
monas aeruginosa, Staphylococcus aureus, Escherichia
coli, and Bacillus subtilis as documented in Table 5. Ke-
toconazole was also potent against all the tested fungal
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isolates (Candida albicans, Aspergillus niger, and Tri-
chophyton sp) as shown in Table 6.

4.0 DISCUSSION

The leaf extracts of Psidium guajava and Gongronema
latifolium were evaluated for antibacterial and antifungal
activities against selected organisms. Psidum guajava
exhibited broad spectrum antibacterial activity. It exhibit-
ed antibacterial activity against both Gram-positive bac-
teria (Staphylococcus aureus, Bacillus subtilis) and Gram
-negative bacteria (Escherichia coli, Pseudomonas aeru-
ginosa). Psidum guajava has been found to be rich in
Phytochemicals including tannins, saponins, flavonoids
and terpenes which have been reported to exhibit anti-
bacterial and antioxidants activities by Kunle and Egha-
revba [30] and Ayoola et al. [31].

The broad-spectrum antibacterial activity of Psidium
guajava observed could be attributed to its rich content of
phytonutrients [30]. The Gongronema latifolium, which
was  active  against Gram-positive  organisms
(Staphylococcus aureus and Bacillus subtilis) only, was
not as active as Psidium guajava, as seen from the zones
of inhibition (Tables 1 and 2). This research noted that
Psidium guajava had no inhibitory activity against Can-
dida albicans and Aspergillus niger. This report does not
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correspond with the report of Dhiman et al.,[33] who
noted that Psidium guajava had inhibitory activity against
Candida albicans and Aspergillus niger [31].

The zones of inhibition of Psidum guajava on the bacte-
ria were slightly higher than that of the standard drug
(Levofloxacin). The broad-spectrum antibacterial activity
of Psidium guajava against Gram-negative and Gram-
positive bacteria and the antibacterial effect of Gongro-
nema latifolium on Staphylococcus aureus and Bacillus
subtilis, which are evident from this study validate the
extensive traditional utilization of these plant parts in
folklore treatment of various infections and ailments. The
efficacy of the aggregate extract exhibited concentration-
dependent behavior with reduced zones of inhibition on
the organisms when compared with the activity of
Psidum guajava. The combined extract had the highest
zone of inhibition on Escherichia coli. 1t is therefore not
necessary combining Psidium guajava and Gongronema
latifolium in management or treatment of infections since
the combined result appeared inhibitory. However, the
combination of the two extracts gave significant zones of
inhibition on more bacterial organisms compared to the
use of Gongronema latifolium leaf extract alone, which
only inhibited the growth of Bacillus subtilis and Staphy-
lococcus aureus at the same concentrations in this study.
Psidum guajava recorded same minimum inhibitory con-
centration (2.5mg/ml) against Bacillus subtilis and Staph-
vlococcus aureus. This concentration (2.5mg/ml) is low-
er than the minimum inhibitory concentration (7.5mg/mL
and 10mg/mL) recorded of Gongronema latifolium
against same organisms (Bacillus subtilis and Staphylo-
coccus aureus) respectively as indicated in The reduced
MIC values of Psidum guajava on Bacillus subtilis
(2.5mg/ml) and Staphylococcus aureus (2.5mg/ml) corre-
sponds to the result of the high values of zones of inhibi-
tion of on the same organisms. Gongronema latifolium,
which was active against Bacillus subtilis and Staphylo-
coccus aureus with reduced zones of inhibition, had a
corresponding increased MIC (7.5mg/mL and 10mg/mL)
for the respective microorganisms.

The methanol extract from Psidium guajava leaves ex-
hibited significant antibacterial activity across a spectrum
inclusive of Escherichia coli, Bacillus subtilis, Pseudo-
monas aeruginosa, and Staphylococcus aureus, substan-
tiating its traditional medicinal application for treating
infections caused by these pathogens. It can also be con-
cluded that the methanolic extract of Gongronema latifo-
lium has a narrow spectrum of antibacterial activity, be-

ing only active on Gram-positive bacteria and that the
combination of guava and Gongronema leaf extract of-
fers no better advantage over using guava leaf extract
alone as there was instead inhibition in their combined
activity. Also, since none of the extracts inhibited fungal
growth either singly or in combination, it can be conclud-
ed that both P. guajava and G. latifolium possess the ca-
pabilities of being good candidates in the search for natu-
ral antimicrobial agents against infections caused by bac-
terial organisms rather than the fungal organisms.
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