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Abstract

Cannabis sativa L. is one well-known medicinal plant that has attracted interest recently and throughout the years. Our
research aimed to highlight the antimicrobial activity of hemp seed oil, the Mara variety cultivated under the conditions
of the University of Life Sciences in Timisoara, on 12 microbial strains. The results demonstrated antimicrobial efficacy
dependent from one species to another, as follows: an upward trend, positively correlated with the concentration
increase tested in the case of: Streptococcus pyogenes, Staphylococcus aureus, Shigella flexneri, Pseudomonas
aeruginosa, Salmonella typhimurium and Candida albicans with MIC between 0.2 mg/mL-8 mg/mL. As well as a
downward trend, negatively correlated with concentration in the case of strains of Escherichia coli, Listeria
monocytogenes, Haemophilus influenzae, Bacillus cereus and Candida parapsilopsis, where MIC was present starting
with the concentration of 0.2 mg/mL. In the case of certain strains (Clostridium perfringens), Cannabis sativa L. oil
showed a pronounced strain-boosting effect, with significant stimulation of bacterial growth. The results support
further research into the effect of Cannabis sativa L. vegetable oil as a potential antimicrobial agent for microbial

strains.
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INTRODUCTION

The recent concern of researchers is to find
active Dbiological compounds to replace
synthetic chemical compounds, considering
that nature can represent a potential source of
new therapeutic options, including
antimicrobial therapy. Worldwide, in the last
decades, the emergence of multidrug-resistant
bacteria was observed in most antibiotics used
(Mancuso et al., 2021; World Health
Organization, 2023), so phytochemical
products could represent an alternative method
of treatment with a great advantage considering
that they do not create resistance.

Cannabis sativa L., a species of the genus
Cannabis, family Cannabaceae (Hillig, 2005.),
is a herbaceous plant originally from Central
and Northeast Asia and nowadays spread
through the world due to its medicinal
properties (Baldini et al., 2018, Balant et al.,
2021; BarCauskaité et al., 2022). The
pharmacological properties of hemp include
anti-anxiety, pain relief, anti-psychotic, anti-
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nausea, immunomodulatory, antivirals (Sea et
al., 2023) anti-inflammatory, and antimicrobial
activity (Andre et al., 2016; Aqawi et al., 2021;
Chen et al., 2021). These properties are due to
the chemical composition of cannabinoids,
polyphenols, flavonoids and terpenes. The
variability of the active biological compounds
in hemp-based products is due to the
geographical area, the weather and climate
conditions in which the plant was grown, the
portion of the plant used and the method of
harvesting, storing, and extracting the
compounds (Alonso-Esteban et al.,, 2022;
Motiejauskaité et al., 2023).

Of all the compounds, flavonoids, phenolic
acids, and lignans of hemp are the most
important for antimicrobial activity (Izzo et al.,
2020; Albuquerque et al., 2021). The
mechanism of action is not fully elucidated, but
it is considered that the antimicrobial activity is
due to the action of the molecules on the
membrane permeability of the bacteria (Schofs
et al., 2021). Regardless of the mechanism of
action, studies show that hemp has both activity



against Gram-positive and Gram-negative
bacteria, as well as antifungal effects. Ali et al.
(2012), demonstrated that the seeds oil of
Cannabis  sativa L. had  pronounced
antibacterial activity against B. subtilis and
S. aureus, Pseudomonas and moderate activity
against E. coli. The author demonstrated no
atifungal activity against Aspergillus niger and
low activity against Candida albicans (Ali et
al., 2012). Khan and Javaid, 2020, highlighted
the antifungal effect of Cannabis sativa L. leaf
extracts against Aspergillus flavipes (Khan and
Javaid, 2020). Moreover, recently, Al Khoury
et al., 2021, demonstrated anti-aflatoxigenic
properties and fungal growth partial inhibition
of cannabis extracts (Al Khoury et al., 2021).
The minimum inhibitory concentrations vary
according to the studies, on the one hand, due
to the chemical composition of the hemp-based
products, and on the other hand, depending on
the bacterial or fungal strain studied (Schofs et
al., 2021; Karas et al., 2020; Ali et al., 2012;
Khan & Javaid, 2020 ).

The present study aimed to highlight the
antimicrobial activity of Cannabis sativa L. oil
against some ATTC strains, such as
Streptococcus  pyogenes (ATCC  19615),
Staphylococcus aureus (ATCC 25923), Listeria
monocytogenes (ATCC 19114), Clostridium
perfringens (ATCC 13124), Bacillus cereus

(ATCC 10876), Shigella flexneri (ATCC
12022), Pseudomonas aeruginosa (ATCC
27853), Escherichia coli (ATCC 25922),
Salmonella  typhimurium (ATCC 14028),

Haemophilus influenzae tip B (ATCC 10211),
Candida albicans (ATCC 10231) si Candida
parapsilopsis (ATCC 22019).

MATERIALS AND METHODS

1. Field experiences

The monoecious hemp variety Mara 21 was
cultivated in the farm of the Young Naturalists'
Resort, which belongs to the University of Life
Sciences "King Mihai [" from Timigoara
(Figure 1).

The experiment was arranged in the field with
different distances: 12.5 cm, 100 cm and 150
cm between rows.

Hemp seeds were harvested when the seeds
ripened in the BBCH 87-70% ripe fruits
phenophase. The seed samples were labelled in
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paper bags and transported to the laboratory for
specific tests.

The hemp seeds were subjected to Shoxlet
extraction by continuous washing with ether,
the oil obtained was subsequently used for
microbiological assay.

Figure 1. Research location (processing after Geospatial,
2023; ANCPI, 2023)

2. Laboratory tests

The microdilution assay was performed to
demonstrate the antimicrobial activity of the
Cannabis sativa L. oil (CSO). The method is
similar to the one described in our previous
study (Obistioiu et al., 2023; Hulea et al.,
2022).

The concentrations of the hemp seeds oil tested
were 0.2 pl, 0.4 pl, 0.8, 1.6 pl, 2 ul, 4 pl, 8 pl,
and 16 pl.

The ATCC strains used in the present study are
a part of the culture collection of the
Microbiology Laboratory of the
Interdisciplinary Research Platform within the
University of Life Sciences “King Mihai I of
Timisoara. The tested ATTC stains were
S. pyogenes (ATCC 19615), S. aureus (ATCC
25923), L. monocytogenes (ATCC 19114),
Cl. perfringens (ATCC 13124), B. cereus
(ATCC 10876), S. flexneri (ATCC 12022),
P. aeruginosa (ATCC 27853), E. coli (ATCC
25922), S. typhimurium (ATCC 14028),
H. influenzae tip B (ATCC 10211), C. albicans
(ATCC 10231) si C. parapsilopsis (ATCC
22019).

2.1. Bacterial culture
The ATTC strains were revived by overnight
growth in Brain Heart Infusion (BHI) broth



(Oxoid, CM1135), subsequently passed to BHI
Agar (Oxoid, CM1136). The samples were
incubated in aerobic conditions, for 24 hours at
37°C.

The bacterial culture used for the microdilution
assay consisted of a dilution of 10~ of the fresh
culture, equivalent to a 0.5 McFarland
standard, which was spotted (100 puL) in each
well of the 96 microdilution's well plate, using
a Calibra digital 852 multichannel pipette. The
tested hemp seed oil was added to the bacterial
suspension, and then the plates were covered
and incubated for 24 hours under aerobic
conditions at 37°C. After 24 hours, the OD was
measured at 540 nm using an ELISA reader
(BIORAD PR 1100, Hercules, CA, USA).
Triplicate tests were performed.

The negative control consisted of suspensions
of strain and BHI.

To interpret the results, BIR (bacterial
inhibition rate) % was calculated by the
following formulas (formulas 1 and 2):

oD

BGR < sample

x100 (%) (1
oD (%) (1)

negative control

BIR%= 100 - BGR (%) 2
where:

BGR - bacterial growth rate;

OD sample - optical density at 540 nm as the
mean value of triplicate readings for EOs in the
presence of the selected bacteria;

OD negative control - optical density at 540 nm
as the mean value of triplicate readings for the
selected bacteria in BHI.

BIR - bacterial inhibition rate.

2.2. Fungal culture

The fungal ATTC strain was revived in Brain
Heart Infusion (BHI) broth (Oxoid, CM1135)
and subsequently passed on BHI Agar (Oxoid,
CM1136).

The samples were incubated for 48 hours in
aerobic conditions at 37°C. A 1072 dilution of
the fresh culture was performed to obtain an
inoculum equivalent to 0.5 McFarland
standard. 100 pL of fungal suspension was
spotted in each well of the 96 microdilution
wells plate, and the hemp seeds oil was added
in different concentrations.
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The plates were covered and incubated for 48
hours at 37°C, in aerobic conditions. After 48
hours, the OD was measured at 540 nm.
Triplicate tests were performed for all samples.
To interpret the results it was used MIR
(mycelial inhibition rate)%. The values of this
indicator were calculated by following
formulas (formulas 3 and 4):

ODsample

MGR = x100 (%) (3)

ODnegative control

MIR%=100 — MGR (%) “4)
where:

MGR - mycelial growth rate;

OD sample - optical density at 540 nm as the
mean value of triplicate readings for EOs in the
presence of the selected fungi;

OD negative control - optical density at 540 nm
as the mean value of triplicate readings for the
selected fungi in BHI;

MIR - mycelial inhibition rate.

BIR and MIR are the indicators that show the
inhibition of microbial growth. If their values
are positive, the tested oil has antimicrobial

efficacy. The minimum  concentration
necessary for their value to be positive
represents the minimum inhibitory
concentration.

RESULTS AND DISCUSSIONS

In our study, we studied the antimicrobial
activity of hemp oil against gram-positive
bacteria: S. pyogenes, S. aureus,
L. monocytogenes, B. cereus and
Cl. perfringens.

As can be seen in Figure 2, the BIR values
varied from one strain to another, depending on
the concentration of CSO used.

For S. pyogenes, the BIR% value varied
between -59.94% and 6.83%, becoming
positive at a concentration of 4 pl,
corresponding to MIC. In the case of S. aureus,
the values of BIR% were positive, starting with
the lowest concentration tested, respectively the
concentration of 0.2 pl. Thus, the BIR% values
for this bacterial strain were between 25.49%
and 79.97%. Regarding the L. monocytogenes



and B. cereus ATTC strains, the growth of both
strains was inhibited in the presence of 0.2 pl
CSO. However, increasing the oil
concentration caused a decrease in the BIR%
value, demonstrating the potentiating effect at a
higher concentration. Thus, the BIR% values
for L. monocytogenes were 75.45-6.14%, while
for B. cereus, between 53.83-7.37%. For

C. perfringens, the BIR% values were negative
for all tested concentrations, respectively,
between -26.22% and -168.90%.

Briefly, the MIC (minimum inhibitory
concentration) values for each strain were 4 pl
for S pyogenes, 0.2 for S. aureus,
L. monocytogenes, and B. cereus. CSO has no
antimicrobial activity against C. perfringens.

BIR% of CSO against Gram-positive bacteria
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Figure 2. The BIR% of CSO against Gram-positive ATTC strains tested

Similar to Gram-positive strains, the BIR%
values for Gram-negative bacteria varied from
one strain to another (Figure 3), being between
-257.39% and 63.17%. For S. flexneri, BIR%
values varied between -1.34% and 63.17%,
with a positive value starting with the
concentration of 0.4 pl. In the case of
P. aeruginosa strains, the BIR% value was
negative until the last concentration tested,
respectively of 16 pl. Thus, for this strain, this

indicator varied between -257.38% and
20.22%. For E. coli, S. typhimurium, and
H. influenzae, the values of BIR% were
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positive, starting with the first concentration of
CSO tested. Although the BIR% for values
S. typhimurium falls on an upward slope with
maximum effectiveness at the concentration of
16 pl, in the case of strains of E. coli and
H. influenzae, the values follow a downward
slope. The values of BIR% were between 60.50
and 3.42% for E. coli, 48.45-12.41% for
H.  influenzae, and 18.74-60.80%  for
S. typhimurium.

In terms of MIC, this is 0.4 pl for S. flexneri,
16 pl for P. aeruginosa, and 0.2 pl for E. coli,
S, typhimurium, and H.  influenzae.



BIR% of CSO against Gram-negative bacteria
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Figure 3. The BIR% of CSO against Gram-negative ATTC strains tested

The antifungal activity of CSO against Candida
spp. is presented in Figure 4. Against C.
albicans, the CSO determined values of BIR%
between -22.15% and 69.03%, with positive
values starting from the concentration of 0.8 pl.
For C. parapsilopsis, the BIR% values fell on a

downward slope, being 44.92% at a
concentration of 0.2 ul and reaching the
negative value of -27.38% at a concentration of
16 pl. This descending curve demonstrates the
boosting effect of CSO as the concentration
increases on the C. parapsilosis strain.

MIR% of CSO against fungal strains
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Figure 4. The MIR% of CSO against C. albicans and C. parapsilosis

Many studies have focused on the antibacterial
properties of Cannabis sativa L. species and
derived products, which were subsequently
tested to discover new anti-infective agents.
Following the research of Blaskovich et al.
(2021), they report that hemp cannabinoids
exhibit a surprisingly consistent MIC of 1-4 pg
mL! against a diverse range of over 20 types of
Gram-positive bacteria. The MIC did not
change appreciably against highly resistant
strains such as S. aureus.
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Lone T.A. and Lone R.A. (2012), following
research on hemp leaf extract, concretises that
the minimum inhibitory  concentrations,
between 5 pg/ml and 10 pg/ml, show an
antibacterial and antifungal action.

CONCLUSIONS
The findings of the present study showed that

antibacterial effectiveness varies depending on
the species:



An upward trend that had a positive correlation
with the concentration increase was observed in
the cases of S. typhimurium, C. albicans, P.
aeruginosa, S. aureus, S. flexneri, and S.
pyogenes, with MICs ranging from 0.2 mg/mL
to 8 mg/mL. In the case of strains of E. coli, L.
monocytogenes, H. influenzae, B. cereus, and
C. parapsilopsis, where MIC was present
starting with the concentration of 0.2 mg/mL,
there was also a downward trend that
negatively correlated with concentration.
Cannabis sativa L. oil has shown a strong
strain-boosting effect in the case of specific
strains (Cl.  perfringens), with a notable
enhancement of bacterial growth. The findings
encourage additional investigation into the
possible benefits of Cannabis sativa L.
vegetable oil.
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