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1. Introduction

Copyright © 2025 Jones Gyamerah et al. BioMed Research International published by John Wiley & Sons Ltd. This is an open
access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction
in any medium, provided the original work is properly cited.

Introduction:Aloe vera has a long history as a medicinal plant with numerous therapeutic uses. Methicillin-resistant
Staphylococcus aureus (MRSA) is a type of bacteria resistant to commonly used antibiotics such as penicillin. Hospital-acquired
methicillin-resistant Staphylococcus aureus (Ha-MRSA) refers to MRSA infections that arise in healthcare settings, usually 48 h
or longer after hospital admission or in individuals with recent hospitalization. This research is aimed at investigating the
effectiveness of Aloe vera gel extract against Ha-MRSA.

Methods: The agar well boring diffusion and the broth dilution test methods were employed, respectively, to assess the
susceptibility of Ha-MRSA to Aloe vera gel extract in ethanol and DMSO medium. These extraction media were compared for
their effectiveness as the solvent of extraction for the susceptibility test.

Results: A minimum inhibitory concentration of 0.2mg/L of Aloe vera gel extract in the ethanolic extraction medium was
achieved, indicating susceptibility of the Ha-MRSA strain as recommended by EUCAST/ESCMID.

Conclusion:Aloe vera gel ethanol extract was sensitive against Ha-MRSA strains but was resistant in the DMSO extraction
method. It is recommended that further research be carried out to ascertain the bioactive compounds responsible for
antimicrobial activity.

microbial, antitumor and antifungal properties [1, 3]. The
use of Aloe vera in traditional medicine in India, parts of

Aloe vera (Aloe barbadensis) has been of scientific interest
for centuries due to its diverse cosmetic and medicinal ben-
efits of the leaves and other parts [1]. Research indicates tha-
t,Aloe vera and its derivatives positively impact human
health when applied topically or consumed as juice or
extract [2]. Several scientific studies have highlighted its
wide range of biological activities, including antiviral, anti-

South America, and Africa to treat various wounds and skin
diseases suggests the potential efficacy of its gel extract phy-
tochemical constituents as a potential antidote to
methicillin-resistant  Staphylococcus aureus (MRSA) [4].
The overuse of antibiotics elevates the risk of antimicrobial
resistance in microorganisms, presenting a significant global
public health issue. Moreover, various antibiotics have


https://orcid.org/0009-0009-3698-8958
https://orcid.org/0000-0002-5929-2322
https://orcid.org/0000-0002-3757-2569
https://orcid.org/0000-0003-1341-4029
https://orcid.org/0009-0003-0780-3914
https://orcid.org/0000-0001-7072-2947
https://creativecommons.org/licenses/by/4.0/

proved ineffective due to bacteria resistance [5]. Several
studies have investigated the potential of Aloe vera gel
extract to inhibit Staphylococcus aureus growth [6-8]. MRSA
is one of the most challenging antibiotic-resistant bacteria in
the world. It can cause severe infections such as bones,
joints, central nervous system and serious respiratory infec-
tions [9-11]. A research conducted on molecular character-
ization of MRSA isolates from a hospital in Ghana reported
47% prevalence of hospital-acquired methicillin-resistant
Staphylococcus aureus (Ha-MRSA) among tested isolates
and highlighted multiple resistance to multiple antibiotics
[12]. Ha-MRSA refers to MRSA infections that occur in
healthcare settings, typically 48h or more after hospital
admission or in patients with recent hospitalization, surgery,
or medical procedures [13]. Ha-MRSA is a significant cause
of nosocomial infections, often leading to bloodstream infec-
tions, pneumonia, and surgical site infections [13]. It is asso-
ciated with higher morbidity and mortality rates due to its
resistance to multiple antibiotics, making treatment chal-
lenging [10, 14]. The economic impact of antibiotic admin-
istration and resistance on individuals, healthcare systems,
and governments cannot be overstated. According to [15],
patients infected with antimicrobial-resistant pathogens
have greater expenses than patients infected with
antimicrobial-susceptible pathogens [15]. Antimicrobial
resistance is a serious public health concern in Ghana,
because it is complicated to treat infections caused by resis-
tant bacterial strains, which could quickly spread across the
population to endemic and epidemic levels [16]. Assessing
the efficacy of plant-based medicines in traditional medicine
applications is critical because these treatments have few
adverse effects, are inexpensive, and are widely available
[17]. The growth and spread of multidrug-resistant patho-
genic bacteria have motivated research into new sources of
antimicrobial drugs, such as plant metabolites [18]. A variety
of plants have undergone pharmacological testing, resulting
in the development of novel antibiotics [19]. Plants have
advantageous multipurpose effects derived from their dis-
tinct bioactive ingredients [19]. Aloe vera is a promising
plant with a wide range of medicinal benefits. Although Aloe
vera has long been known for its antimicrobial properties,
information on its susceptibility to Ha-MRSA, which has
become more resistant to many antibiotics, is not readily
available. The findings of this research could provide prelim-
inary data that could guide and explore the discovery of bio-
logically active compounds that may prove effective in the
treatment of Ha-MRSA infections [11]. The present study
is aimed at determining the antimicrobial activity of Aloe
vera gel extract on Ha-MRSA bacteria strain.

2. Materials and Methods

2.1. Collection and Preparation of Aloe vera Samples. The
Aloe vera plants were gathered and procured from a special-
ized Aloe vera farm located in Kasoa (GPS-latitude 5°33' 27"
, longitude 0°24'51") in the Central region of Ghana. Subse-
quently, the plants were presented to the Pharmacognosy
Department of the Entrance University of Health Sciences
for authentication.
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2.2. Sample Preparation. The fresh leaves of fully grown and
healthy Aloe vera plants were thoroughly washed in tap
water for 5 min. Subsequently, the leaves were cleaned using
sterile distilled water. Then, a sterile knife was employed to
dissect the leaves longitudinally, ensuring the removal of
the colorless Aloe gel (parenchymatous tissue) while exclud-
ing the fibers. The extracted gel was then allowed to dry air
in an oven set at 60 C for 72 h. Once the gel was completely
dry, it was ground into a fine powder using a mortar and
pestle.

2.3. Dimethyl Sulfoxide Extraction. Aloe vera (20g) powder
was soaked in 200 mL of DMSO for 4 days at room temper-
ature to facilitate extraction of the active components pres-
ent in the Aloe vera gel. Dimethyl sulfoxide is utilized in
Aloe vera extraction owing to its capacity to dissolve a
diverse array of chemicals, including both polar and nonpo-
lar molecules, hence facilitating the extraction of various
bioactive constituents from Aloe vera. Additionally, DMSO
is regarded as relatively safe for biological systems and com-
patible with numerous assay techniques, rendering it a flex-
ible solvent for research applications. Following the
extraction, the solution was suction filtered using Whatman
filter paper No. 1, and the resulting filtrate was evaporated to
dryness using a rotary evaporator, from a speed of 120 RPM
and increasing up to 150 RPM within 2 h. The filtrate further
underwent freeze-drying with a lyophilizer to ensure that all
moisture was removed from it. The supernatant, or the
remaining liquid, was then collected and stored in a refriger-
ator at a temperature of 4 C [20]. DMSO and sterile distilled
water were used as negative controls. Before being utilized
for antimicrobial susceptibility testing, the batch of extracts
was dissolved in sterile distilled water. This step ensures
the suitability of the extracts for the intended testing pur-
poses [20].

2.4. Ethanolic Extraction. Aloe vera powder (20g) was
soaked in 200 mL of ethanol for 4 days at room temperature.
Ethanol is extensively utilized in plant extraction due to its
capacity to dissolve a diverse array of chemicals, encompass-
ing both polar and nonpolar components. Following the
extraction, the solution was suction-filtered using Whatman
filter paper No. 1, and the resulting filtrate was evaporated to
dryness using a rotary evaporator. The filtrate further under-
went freeze-drying to ensure that all moisture was removed
from it. The supernatant, or the remaining liquid, was then
collected and stored in a refrigerator at a temperature of
4°C. Before being utilized for antimicrobial susceptibility
testing, the batch of extracts was dissolved in sterile water.
This step ensures the suitability of the extracts for the
intended testing purposes [21].

2.5. Preparation of Agar Plate. Mueller-Hinton agar (Oxoid,
CMO0337) was prepared according to the manufacturer’s
instructions. Briefly, 19g of dehydrated Mueller-Hinton
agar powder was weighed and dissolved in 500 mL of dis-
tilled water in a clean media bottle. The mixture was thor-
oughly mixed by swirling and then heated on a hot plate
until the agar was completely dissolved. The medium was
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sterilized by autoclaving at 121°C for 15 min. After autoclav-
ing, the agar was cooled to approximately 60°C, then asepti-
cally poured into sterile Petri dishes (20 mL per plate) inside
a laminar flow clean hood. The plates were allowed to solid-
ify at room temperature, inverted and checked for sterility
after 24 h of incubation at 37°C before use [22].

2.6. Preparation of Inoculum. A fresh pure culture of Ha-
MSRA was obtained by subculturing a single colony onto
nutrient agar, followed by incubation at 37°C for 24 h. Sub-
sequently, about 3-5 single colonies of Ha-MSRA were
transferred into a test tube containing 5-mL sterile Muel-
ler-Hinton broth medium (Oxoid, CM0337B) prepared
based on the manufacturer’s instructions. Thorough mixing
was conducted to disperse the bacteria. The inoculated broth
culture was then vortexed to mix and incubated at a temper-
ature of 37°C for 24 h to facilitate bacterial growth. The tur-
bidity of the optical density was then assessed and adjusted
to 0.5 McFarland standard (approximately 1 -2 x 108 CFU/
mL) using a Nephelometer (BD PheonixSpec, 440910,
United States) to ensure a consistent inoculum density [23].

3. Susceptibility Test

3.1. Inoculation of Agar Plate. Staphylococcus aureus subsp.
aureus ATCC 25923 strain was used as a control strain for
susceptibility testing to Aloe vera gel extract [24]. A sterile
swab was immersed in the inoculum container, making sure
that the swab was not excessively wet. The dry surface of the
Mueller-Hinton agar plate was then inoculated by streaking
the swab three times across the entire agar surface. The plate
was then rotated around 60 degrees after each streak to
ensure uniform distribution of the inoculum. Following the
disposal of the swab into a proper container, the inoculated
agar plate was allowed to air dry at room temperature for
5min before proceeding to the next stage [24].

3.2. Boring of Wells for the Plant Extract. A cork borer with a
diameter of 6 mm was utilized to create wells on the agar
plate that had been inoculated. For each of the Ha-MRSA
strains, a total of seven wells were bored on the surface of
the agar. Among these wells, five contain varying concentra-
tions of the plant extract of 20%, 40%, 60%, 80%, and 100%,
respectively. One well contained a concentration of the pos-
itive control (oxacillin), and the remaining well contained
the negative control (sterile distilled water). It was ensured
that the wells were not bored closer than 24 mm from each
other, measured from center to center. Following that, the
petri dishes were appropriately marked and labeled. Subse-
quently, 4 mL of each sample was pipetted into their respec-
tive wells [24]. The plates were placed in an incubator at a
temperature of 37°C for 24 h. Following that, the plates were
removed from the incubator, and the zones of inhibition
were measured [23].

3.3. Incubation of Agar Plates

3.3.1. Measurement of Zone of Inhibition. Following the
incubation period, the zone of inhibition was assessed visu-
ally utilizing a ruler to determine the measurement to the

closest millimeter (mm). The measurements were conducted
on the lower surface of the plates, specifically gauging the
diameter of the zones surrounding the plant extracts and
the positive control, respectively [23].

3.3.2. Broth Culture. Following the inoculation of the colo-
nies with a loop, the growth was moved to Mueller-Hinton
broth which was prepared with manufactures instructions.
The broth was incubated at a temperature of 37°C until it
reached a turbidity corresponding to 0.5 McFarland. The
prepared inoculum was subsequently diluted in broth to
achieve a final organism concentration of 5 x 10> CFU/mL.
The dilution process ensured that the desired density of
microorganisms was attained for further experimentation.
From the stock extract solution (100%; 100mg/L), 1mL
was combined with 1mL of the 0.5 McFarland standard,
resulting in a concentration of 0.1 mg/L for the first series
of dilutions and measurements. Subsequently, Dilutions
were also made for 20%, 40%, 60%, 70%, 80%, and 100%,
respectively [25].

4. Results

4.1. Susceptibility Test of Aloe vera Gel Extract on Ha-MRSA.
Tables 1 and 2 shows the broth dilution test of Aloe vera gel
extract in DMSO, while Tables 3 and 4 shows results from
the ethanol medium extraction. The minimum inhibitory
concentration (MIC) of the Aloe vera gel extract was
expressed in milligrams per liter as a standard reporting sys-
tem stated by [26]. The Aloe vera gel extract in DMSO was
resistant to Ha-MRSA in the broth dilution testing method
(Tables 1 and 2). Ethanolic Aloe vera gel extract inhibited
Ha-MRSA with an MIC from 0.02, 0.04, 0.05, 0.06, and
0.07mg/L (Table 3) until complete inhibition occurred at
0.2, from 0.08, 0.09, 0.1, and 0.12mg/mL (Table 4).
Tables 5 and 6 show results of zones of inhibition of Aloe
vera gel extract in DMSO and ethanol in the agar diffusion
method. Aloe vera gel extract in both the DMSO and ethanol
medium were resistant against Ha-MRSA bacteria strain at a
concentration up to 100%. However, the antibiotic standard
drug use was resistant to Ha-MRSA in both the broth and
the agar medium.

4.2. Evaluation of the Antimicrobial Activity of the Aloe vera
Gel Extract. Various MICS were determined against the Aloe
vera gel extract concentrations. It also shows that microbial
sensitivity to the extract varies significantly among bacterial
strains in the intermediate MICs and the final MIC. These
differences are unlikely due to random chance, as the F
-test and p value of 0.01 against a standard p value of 0.05
indicate statistical significance. This shows that the Aloe vera
gel extract was effective against the bacterial strains.

4.3. Statistical Analysis. The data obtained in this study were
analyzed using one-way ANOVA. Significant differences
were determined at 95% (p < 0.05), with a p < 0.05 being sta-
tistically significant. A p value of 0.016, which was obtained,
indicates a significant difference between the intermediate
and final MICS Aloe vera gel extract’s effect on Ha-MRSA
strains as measured by MIC is statistically significant.
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TABLE 1: MICS of Aloe vera gel extract in DMSO (20%-70%) against Ha-MRSA with the broth dilution method.

Bacterial strains/antimicrobial agent 20% 40% 50% 60% 70% Standard antibiotic:

MICS 320 mg/L 300 mg/L 280 mg/L 250 mg/L 240 mg/L 4 mg/L

Ha-MRSA Resistance ~ Resistance  Resistance  Resistance  Resistance Oxacillin-resistant

Note: Aloe vera gel extract in DMSO was resistant to Ha-MRSA in the broth dilution testing method.

TABLE 2: MICS of Aloe vera gel extract in DMSO (80%-200%) against Ha-MRSA with the broth dilution method.

Bacterial strains/antimicrobial agent 80%- 90%- 100%- 120%- 200%- Standard antibiotic
MICS 220 mg/L 200 mg/L 190 mg/L 170 mg/L 140 mg/L 4mg/L
Ha-MRSA Resistance  Resistance Resistance Resistance Resistance Oxacillin-resistant

Note: Aloe vera gel extract in DMSO was resistant to Ha-MRSA in the broth dilution testing method.

TABLE 3: Intermediate MICS of Aloe vera gel extract in ethanol (20%-70%) against Ha-MRSA with the broth dilution method.

Bacterial strains/antimicrobial

20%-0.02mg/ 40%-0.04mg/ 50%-0.05mg/ 60%-0.06mg/ 70%-0.07mg/ Standard antibiotic:

agent MICS L L L L L 4mg/L
) Sensitivity Sensitivity Sensitivity Sensitivity Sensitivity e
Ha-MRSA (partial) (partial) (partial) (partial) (partial) Oxacillin-resistant

Note: The ethanolic Aloe vera gel extract inhibited Ha-MRSA in the broth dilution testing method.

TABLE 4: FINAL MICS of Aloe vera gel extract in ethanol (80%-200%) against Ha-MRSA with the broth dilution method.

Bacterial strains/antimicrobial ~ 80%-0.08 mg/ 90%-0.09 mg/ 100%-0.1 mg/ 120%- 200%- Standard antibiotic:

agent MICS L L L 0.12 mg/L 0.2 mg/L 4 mg/L
Sensitivity Sensitivity Sensitivity Sensitivity Sensitivity - .

Ha-MRSA (partial) (partial) (partial) (partial) (full) Oxacillin-resistant

Note: The ethanolic Aloe vera gel extract inhibited Ha-MRSA in the broth dilution testing method.

TABLE 5: Zones of inhibition by Aloe vera gel extract in DMSO against Ha-MRSA with the agar well diffusion method.

Bacterial strains/zones of inhibition 20%-6 mm 40%-6mm 60%-6 mm 80%-6 mm

100%-6 mm Standard antibiotic: 6 mm

Ha-MRSA Resistance  Resistance

Resistance

Resistance  Resistance Oxacillin-resistant

Note: Aloe vera gel extract in DMSO medium was resistant against Ha-MRSA.

TABLE 6: Zones of inhibition by Aloe vera extract in ethanol against Ha-MRSA with the agar well diffusion method.

Bacterial strains/zones of inhibition 20%-6mm 40%-6 mm 60%-6 mm 80%-6 mm

100%-6 mm Standard antibiotic: 6 mm

Ha-MRSA Resistance  Resistance

Resistance

Resistance Resistance Oxacillin-resistant

Note: Aloe vera gel extract in ethanol medium was resistant against Ha-MRSA.

5. Discussion

Ha-MRSA is a kind of MRSA infection that develops in
healthcare facilities such as hospitals and nursing homes. It
is frequently connected with invasive surgeries, extended
hospital stays, and compromised immune systems [27].
Ha-MRSA infections can lead to severe consequences,
including bloodstream infections, pneumonia, and sepsis
[28]. The current study is aimed at investigating the effec-
tiveness of Aloe vera gel extract against the Ha-MRSA (more
virulent strain). Ha-MRSA strains were susceptible to the
Aloe vera gel ethanolic extract at an MIC of 0.2 mg/L (com-
plete inhibition) (Table 4), starting from 0.02mg/L

(Table 3), using the broth dilution method. The Aloe vera
gel extract suppressed Ha-MRSA at a lower concentration;
this renders it more effective than the findings of [29]. In a
study by [29] “Synergistic Potential of Antimicrobial Combi-
nations against MRSA”, Ha-MRSA (clinical strain) showed
resistance to oxacillin at MICs of 4 and 128 mg/L, respec-
tively. Again, research work conducted by [28] on “Synergis-
tic Bactericidal Activity of a Novel S-Lactam Combination
against MRSA,” MICS of amoxicillin ranged from 32 mg/L
X1024 mg/L and 1 mg/LX256 mg/L for cefdinir. In the cur-
rent study, the standard antibiotic, oxacillin, failed at 4 mg/
L to show activity against the Ha-MRSA strains. Ha-MRSA
strains were, however, resistant to the Aloe vera gel extract
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when the agar well diffusion method was used for suscepti-
bility testing. According to [30], this could be due to the agar
well diffusion assay method that could be affected by the dif-
ferential diffusion of extract components in the aqueous
media.

Ha-MRSA strains were resistant to the DMSO Aloe vera
gel extract (Tables 1 and 2). This can be compared to the
research done by [31]. They found that DMSO extracts of
three selected plants (Calendula officinalis, Hypericum per-
foratum, and Glycyrrhiza glabra) had lower MICS than the
standard ampicillin, contrary to what was anticipated. They
attributed that occurrence to the physiology of the type of
plant involved, the part of the plant being used, and the
quantity of extract. They also found interactions between
plant phytochemicals and DMSO to be responsible [31].
According to [32], this could be due to the interaction
between the Aloe vera gel phytochemical constituents and
the DMSO. Aloe vera gel extract contains a wide range of
bioactive compounds, including polysaccharides, enzymes,
and other substances. These components can interact with
other molecules in DMSO, in an antagonistic manner [20],
potentially affecting their activity [31]. This led to an antag-
onistic effect between the molecules; hence, neither the Aloe
vera gel phytochemical constituents nor the DMSO were
released to inhibit the Ha-MRSA strains [32].

6. Conclusion

From the study, Ha-MRSA strains were susceptible to the
ethanolic Aloe vera gel extract at the intermediate and final
MIC, inhibiting the growth of the Ha-MRSA strains using
the broth dilution method. However, Ha-MRSA strains were
resistant to Aloe vera gel extract in DMSO medium. Further
research is required to establish the bioactive agents respon-
sible for the activity.

Nomenclature

MIC
Ha-MRSA

minimum inhibitory concentration
hospital-acquired methicillin-resistant
Staphylococcus aureus

means Ha-MRSA strain is neither fully
resistant nor fully susceptible
Intermediate MIC refers to an MIC that falls between sus-
ceptibility and resistance

Partial sensitivity
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