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Abstract

Essential oils have been recognized for their antimicrobial properties, particularly as alternatives to combat antimicrobial
resistance (AMR). Bursera penicillata (Sessé & Moc. ex DC.) Engl. has traditional medicinal uses, but its antimicrobial
potential remains underexplored. This study the antimicrobial activity of B. penicillata essential oil against clinically relevant
microorganisms and compares its efficacy to standard antibiotics and antifungals. The essential oil was extracted via
hydrodistillation from bark resin. The agar well diffusion method was used against Staphylococcus aureus, Bacillus cereus,
Staphylococcus epidermidis, Escherichia coli, Enterobacter aerogenes, Candida albicans, and Aspergillus niger. Nutrient agar
and sabouraud dextrose agar were used for bacterial and fungal growth. Zones of inhibition were measured at two
concentrations (1:0.5 and 1:1 dilution in DMSO), with amoxicillin and fluconazole as positive controls. The oil exhibited
dose-dependent antimicrobial activity. Gram-positive bacteria (S. aureus, B. cereus, S. epidermidis) were more susceptible
than Gram-negative bacteria (E. coli, Enterobacter). The highest inhibition was observed for S. aureus (1.9 cm), while E. coli
showed the lowest (1.13 cm). Moderate antifungal activity was noted against C. albicans (1.3 cm) and A. niger (1.33 cm), but
lower than fluconazole. Bursera penicillata essential oil exhibits significant antimicrobial activity, particularly against Gram-
positive bacteria. While less potent than standard drugs, it presents a natural alternative requiring further research for clinical
applications.
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Introduction of these drugs have fueled resistance, rendering many
Essential oils have been used for centuries in traditional standard treatments ineffective (Chandra et al., 2017) Bl
medicine due to their diverse bioactive compounds, The lack of new antibiotics in the pharmaceutical pipeline
including terpenes and phenolics, which exhibit strong further exacerbates the crisis. In the case of antifungal
antimicrobial properties (Lahmar et al., 2017) 2%, Their drugs, biofilm formation by fungal pathogens makes
ability to target multiple microbial pathways makes them treatment even more challenging. Given these limitations,
promising alternatives to conventional antibiotics, alternative solutions, including plant-derived antimicrobial
particularly in the wake of antimicrobial resistance (AMR) agents, have gained significant attention (Sharma et al.,
(Chavez-Gonzalez et al., 2016) . Unlike synthetic 2020) 81,

antibiotics, which often lead to resistance, essential oils Herbal medicine has been a cornerstone of traditional
contain complex mixtures of bioactive molecules that act healing systems worldwide. Various plant extracts and
synergistically, making it difficult for pathogens to develop essential oils have demonstrated potent antimicrobial
resistance (Mittal et al., 2019) [*3], activity against drug-resistant pathogens (AlSheikh et al.,
Infectious diseases caused by bacterial and fungal pathogens 2020) @, Phytochemicals such as flavonoids, alkaloids, and
remain a major global health concern, contributing tannins exert their effects by disrupting microbial cell walls,
significantly to morbidity and mortality. Bacterial inhibiting biofilm formation, and interfering with metabolic
infections, including pneumonia, tuberculosis, and pathways. Essential oils, in particular, have shown
bloodstream infections, claim over 7.7 million lives promising results in combating bacterial and fungal
annually (Thakur et al., 2019) *°l. India bears a high burden, infections, offering a natural, multi-targeted approach to
with tuberculosis alone responsible for over 500,000 deaths microbial control (Angelini, 2024; Kokoska et al., 2019) [
each year. Hospital-acquired infections caused by 10,

multidrug-resistant bacteria, such as S. aureus and E. coli, B. penicillata, a resilient member of the Burseraceae family,
have further complicated treatment options. Similarly, is a deciduous tree valued for its essential oil rich in fatty
fungal infections, often underestimated, have surged in acids, monoterpenes, and sesquiterpenes, contributing to its
recent years, especially in immunocompromised patients. C. antioxidant, antimicrobial, and anti-inflammatory properties
albicans and A. niger are among the most common fungal (Pifia-Torres et al., 2018; Prabhakar Tirumani et al., 2016)
pathogens, with rising cases of antifungal resistance leading [14.16] Native to Mexico and Central America, it has adapted
to treatment failures (Gnat et al., 2021; Qadri et al., 2023) & well to arid regions like Bangalore, India, where it follows a
1, distinct growth cycle, producing fruit within 3-4 years and
Current therapies for bacterial infections rely on antibiotics, reaching peak oil yield at 13 years. Traditionally used for
while antifungal infections are managed using azoles, wound healing and treating respiratory and gastrointestinal
echinocandins, and polyenes. However, overuse and misuse ailments, its bioactive compounds, including a-pinene,
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limonene, and B-caryophyllene, hold significant
pharmacological promise (Tirumani et al., 2017) [,
Beyond its medicinal potential, B. penicillata supports
biodiversity and serves as a sustainable resource for
essential oil industries, particularly in soap and fragrance
manufacturing, highlighting its ecological and commercial
importance (Jayaveera et al., 2008) [,

Phytochemical studies have identified major compounds
such as a-pinene, limonene, and B-caryophyllene, which are
known for their antimicrobial efficacy. The essential oil has
demonstrated activity against Gram-positive bacteria like S.
aureus and B. cereus, as well as fungal pathogens like C.
albicans and A. niger. The oil’s ability to disrupt microbial
membranes and inhibit biofilm formation makes it a strong
candidate  for  alternative  antimicrobial  therapies
(Theagarajan Prabhu, 1983) 20,

The increasing prevalence of antimicrobial resistance and
the limitations of conventional antibiotics and antifungal
drugs highlight the urgent need for alternative therapeutic
strategies. While essential oils have shown promising
antimicrobial ~ properties, B.  penicillata  remains
underexplored for its potential in combating resistant
pathogens. This study hypothesizes that B. penicillata
essential oil exhibits significant antimicrobial activity
against bacterial and fungal pathogens due to its bioactive
compounds. The rationale lies in evaluating its efficacy
through scientific validation, addressing the research gap in
its pharmacological potential, and exploring its application
as a natural antimicrobial agent to mitigate the growing
threat of drug resistance.

Materials and methods

1. Plant material and collection of essential oil

Bursera penicillata (Sessé & Moc. ex DC.) Engl. tree was
located in the landscape garden of Osmania University and
authenticated by Dr. L. Rasingam, Scientist E & HoO,
Botanical Survey of India, Deccan Regional Center,
Hyderabad (BSI/DRC/2022-23/Identification/730. Dated
30.01.2023). The essential oil of B. penicillata (BPE) was
obtained through hydro-distillation from fresh bark resin
using a Clevenger-type apparatus for 2 h. The obtained
essential oil was separated, dried over anhydrous sodium
sulfate, and stored in sterile amber glass vials at 4°C until
further use (Allakonda et al., 2024) X1,

2. Antimicrobial activity using the agar well diffusion
method

2.1. Microbial strains and culture conditions

The antimicrobial activity of B. penicillata essential oil was
tested against both bacterial and fungal pathogens. The
bacterial strains included Staphylococcus aureus, Bacillus
cereus, Staphylococcus epidermidis, Escherichia coli, and
Enterobacter aerogenes, while the fungal strains comprised
Candida albicans and Aspergillus niger. All microbial
strains were obtained from a culture collection and
maintained at —80°C in glycerol stocks. Prior to
experimentation, bacteria were subcultured in Nutrient
Broth (NB) and incubated at 37°C for 18-24 h. For fungal
strains, Sabouraud Dextrose Broth (SDB) was used, with
incubation at 28°C for 48 h (Madhavi et al., 2025) [*2,

2.2. Preparation of culture media

The required quantities of peptone, beef extract, NaCl, and
agar were weighed and dissolved in 1 liter of distilled water.
The mixture was heated with continuous stirring until
complete dissolution of all components. The pH of the
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medium was adjusted to 7.2 £ 0.2 using IN NaOH or 1N
HCI, if necessary. The medium was then sterilized by
autoclaving at 121°C and 15 psi pressure for 15 min. After
autoclaving, the medium was allowed to cool to
approximately 45-50°C, and then 25 ml was poured into
each sterile Petri dish under aseptic conditions inside a
laminar airflow chamber. The plates were left to solidify
before use. Sabouraud Dextrose Agar was used for fungal
strains, particularly C. albicans and A. niger.

The required components were dissolved in 1 liter of
distilled water and stirred thoroughly. The pH was adjusted
to 5.6 £ 0.2 using 1IN HCI or 1IN NaOH if required. The
medium was sterilized by autoclaving at 121°C and 15 psi
pressure for 15 min. After sterilization, the medium was
cooled to 45-50°C, and 25 ml was poured into sterile Petri
dishes inside a laminar airflow chamber. The plates were
left to solidify before being used for fungal cultures
(Tripathy et al., 2023) %2,

2.3. Preparation of inoculum

For bacterial strains, a standardized inoculum was prepared
by adjusting the optical density of actively growing cultures
to match the 0.5 McFarland standard, corresponding to 1 x
10® CFU/ml. The turbidity was adjusted using a
spectrophotometer at 600 nm. Fungal suspensions were
prepared by harvesting spores from mature cultures of A.
niger grown on sabouraud dextrose agar (SDA). The spores
were suspended in sterile 0.85% NaCl containing 0.01%
Tween 80, and the suspension was adjusted to 1 x 10°
spores/ml for standardization (Dash et al., 2023) ["],

2.4. Agar well diffusion assay

The antimicrobial activity of BPE was determined using the
agar well diffusion method. Sterile mueller-hinton agar
(MHA) plates were used for bacterial strains, while
sabouraud dextrose agar (SDA) plates were utilized for
fungal strains. Each plate was uniformly inoculated with
100 pl of the standardized microbial suspension, ensuring
even distribution using a sterile cotton swab.

A sterile cork borer (6 mm diameter) was used to punch
wells into the agar. Each well was carefully filled with 100
pL of the test samples. The experimental groups included a
low-dose essential oil preparation (1:0.5 dilution in DMSO)
and a high-dose essential oil preparation (1:1 dilution in
DMSO). A negative control (DMSO alone) was included to
assess the solvent’s potential effect, and a positive control
(amoxicillin for bacteria and fluconazole for fungi) was
incorporated for comparison (Aswany et al., 2023) 4,

2.5. Incubation and measurement of inhibition zones

The inoculated plates were left at room temperature for 30
min to allow the essential oil to diffuse into the agar before
incubation. The bacterial plates were incubated at 37°C for
24 h, while fungal plates were incubated at 28°C for 48 h.
After incubation, the antimicrobial activity was assessed by
measuring the diameter of the inhibition zones around the
wells using a calibrated digital Vernier calliper. The
diameters were recorded in centimetres (cm), and all tests
were performed in triplicate to ensure reproducibility
(Poorniammal and Prabhu, 2022) 191,

Results

The antimicrobial activity of B. penicillata essential oil
(BPE) was evaluated against a panel of bacterial and fungal
pathogens using the agar well diffusion method. The results,
expressed as the diameter of the inhibition zones (in cm),



International Journal of Botany Studies

demonstrate a dose-dependent response where the inhibition
zones increased with a higher concentration of the essential
oil (Table 1). However, when compared to the positive
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control, the essential oil exhibited moderate activity,
suggesting its potential but limited efficacy against the
tested microorganisms (Figure 1-3).

Table 1: Antimicrobial activity of B. penicillata essential oil

Treatment Antibacterial Antifungal
S.aureus | B.cereus |S.epidermidis| E. coli E. aerogenes | C. albicans | A. niger
Low dose (1:0.50f DMSO and BPE) [1.27+0.12| 1.1+0 1.13+0.06 | 1.03+0.0 | 1.03+0.06 | 1.2+0.17 |1.17+0.15
High dose (1:1ml of DMSO and BPE) | 1.9+0.36 | 1.67+05 | 1.77+049 [1.13+0.06| 1.17+0.06 | 1.3+0.17 |1.33+0.12
Positive control 3.33+0.12|3.17+0.46| 3.27+047 |427+0.64| 423+0.15 |3.57+0.38| 3.7+0.36
Results are expressed as Mean+SD of triplicates
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H low dose (1:0.5 of DMSO and BPE) = High dose (1:1ml of DMSO and BPE) = Positive control

Fig 1: Antimicrobial activity of B. penicillata essential oil

A: S. aureus, B: B. cereus, C: S. epidermidis, D: E. coli, E: E. aerogenes

Fig 2: Zone of inhibition of the antibacterial studies
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F: C. albicans, G: A. niger

Fig 3: Zone of inhibition of the antifungal studies.

Discussion

A clear dose-dependent antimicrobial effect of BPE was
observed. At the low-dose concentration (1:0.5 dilution in
DMSO0), inhibition zones were relatively small across all
tested microorganisms, ranging between 1.03 cm and 1.27
cm. However, at the higher dose (1:1 dilution in DMSO),
the inhibition zones increased, ranging from 1.13 cm to 1.9
cm, indicating a stronger antimicrobial response. This
suggests that the essential oil exhibits a concentration-
dependent activity, where a higher concentration results in
greater microbial inhibition.

Among the tested bacterial species, Gram-positive bacteria
(S. aureus, B. cereus, and S. epidermidis) exhibited greater
susceptibility to BPE compared to Gram-negative bacteria
(E. coli and Enterobacter). At the high dose, S. aureus
showed the largest inhibition zone (1.9 cm), followed by S.
epidermidis (1.77 cm) and B. cereus (1.67 cm). This trend is
consistent with the general antimicrobial susceptibility
patterns, where essential oils tend to be more effective
against Gram-positive bacteria due to their simpler cell wall
structure, which allows for easier penetration of lipophilic
compounds. In contrast, the Gram-negative bacteria, E. coli
and Enterobacter, displayed the smallest inhibition zones,
1.13 cm and 1.17 cm, respectively, even at the higher dose.
The outer membrane of Gram-negative bacteria, rich in
lipopolysaccharides, acts as a permeability barrier,
restricting the penetration of hydrophobic essential oil
components. This suggests that BPE might be more
effective against Gram-positive bacterial infections rather
than Gram-negative pathogens.

The essential oil also exhibited antifungal activity against C.
albicans (yeast) and A. niger (filamentous fungus). At the
low-dose concentration, the inhibition zones for C. albicans
(1.2 cm) and A. niger (1.17 cm) were comparable to those
observed for bacterial strains. However, at the higher dose,
C. albicans showed slightly increased susceptibility (1.3
cm), while A. niger exhibited a zone of inhibition of 1.33
cm. Although the antifungal activity of BPE was lower than
the positive control, it indicates that the essential oil
possesses some degree of antifungal potential, which may
be attributed to bioactive terpenoid and phenolic compounds
present in the oil. The large difference in inhibition zones
suggests that either the concentration of active compounds
in BPE is relatively low, or the bioavailability and diffusion
properties of its constituents are limited in the agar medium.
However, this does not necessarily negate its therapeutic
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potential, as essential oils may act synergistically with other
antimicrobials or exert effects via mechanisms not solely
dependent on direct growth inhibition.

Conclusion

The antimicrobial evaluation of B. penicillata essential oil
demonstrated its potential as a natural alternative against
bacterial and fungal pathogens. The study revealed a dose-
dependent inhibition of microbial growth, with greater
efficacy observed against Gram-positive bacteria and
moderate activity against fungal strains. Although the
essential oil exhibited lower potency compared to standard
antibiotics, its broad-spectrum activity suggests the presence
of bioactive compounds capable of disrupting microbial cell
structures. Given the increasing threat of antimicrobial
resistance, B. penicillata essential oil presents a promising
candidate for further development as a complementary or
alternative antimicrobial agent. Future studies should focus
on its mechanism of action, toxicity profile, and formulation
strategies to enhance its therapeutic potential in clinical
applications.
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