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Abstract

Background and Aim: The hybrid Loganberry plant is not native to Iran and belongs to the Rosaceae family and the
Rubus subfamily. The present study aimed to evaluate the antimicrobial properties of the extract from hybrid
Loganberry (Rubus % loganobaccus) propagated via in vitro culture.

Materials and Methods: In this study, the antimicrobial activity of Loganberry plant extract (3.12% yield) was
assessed against the yeast Candida albicans and four pathogenic bacterial strains, including Escherichia coli,
Staphylococcus aureus, Bacillus subtilis, and Pseudomonas aeruginosa. Antimicrobial effectiveness was evaluated by
measuring the growth inhibition zone diameter, the minimum inhibitory concentration (MIC), and the minimum
bactericidal concentration (MBC).

Results: The strongest antibacterial effect was observed against E. coli, with an inhibition zone diameter of 20 mm.
The methanolic extract also demonstrated significant antibacterial activity against S. aureus and P. aeruginosa, with
MIC and MBC values of 1.25 mg/mL and 5 mg/mL, respectively. Furthermore, the highest antifungal activity was
observed against C. albicans, with MIC and MBC values of 2.5 mg/mL and 5 mg/mL, respectively.

Conclusion: Overall, the results indicate that the methanolic extract of Loganberry leaves has significant antimicrobial
potential and could be a promising natural source for developing antimicrobial agents.
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Introduction shown anti-cancer properties against colon

Loganberry, scientifically known as Rubus x
loganobaccus, is a hybrid plant from the
Rosaceae family and the genus Rubus. The plant
and fruit of Loganberry are similar to Raspberry
(Rubus idaeus) and Blackberry (Rubus ursinus)
[1]. This plant is not native to Iran and is currently
accessible through in vitro cultivation. The genus
Rubus includes the subgenus /dacobatus and has
over 750 species [2]. Raspberry fruit extract has
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cancer cells [3]. The factors contributing to its
anticancer activity include cyanidin and quercetin
compounds, as well as salicylic acid, coumaric
acid, ellagic acid, citric acid, and their
derivatives. This plant has also been reported to
contain numerous rare mineral compounds. [4].
For example, phenolic acids, such as gallic,
ellagic, caffeic acid, and p-coumaric acid, and
flavonoids, such as quercetin, catechin,
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epicatechin, epicatechin gallate, myricetin,
kaempferol, procyanidin hyperoside B1, and
quercetin-3-glucoside, have been identified in the
leaves of Rubus fruticosus [5,6]. Many triterpenes
and polycyclic compounds derived from squalene
have also been isolated and identified from the
leaves of R. fruticosus. Some of these triterpenes
include rubutic acid, rubinic acid, 2-o0-
Hydroxyursolic acid, and B-amyrin [1]. The
Romans used its leaves as tea to treat diseases,
and its soaked leaves and branches were used to
treat wounds and relieve problems during
childbirth [7]. Red raspberry leaf extract is used
to treat anemia, asthma, gum problems, and oral
thrush; as a diuretic and to prevent fungal
infections [8]. Aqueous and butanol extracts from
R. fruticosus leaves are effective in non-insulin-
dependent diabetes [9].

In our previous study, a flavanone, hesperidin
(hesperetin  7-rutinoside), was isolated from
loganberry leaves, and its structure was identified
using NMR spectroscopy [1]. The total flavonoid
content of the hydroalcoholic extract of
loganberry was measured following the method
of Zhishen et al., which resulted in a flavonoid
content of 37.36 + 0.027 mg catechin equivalent
(CE) per gram of extract. The results showed that
loganberry extract has high total flavonoid
content and, consequently, strong antioxidant
properties [10].

Recent studies indicate that Rubus species, such
as raspberry (R. idaeus), exhibit significant
antimicrobial activity, mainly due to their high
levels of phenolic compounds, such as flavonoids
and hydroxycinnamic acids [11]. For example,
there is a demonstrated correlation between the
total phenolic content and antibacterial effects in
R. idaeus plant parts [11]. Moreover, lipophilic
extracts of R. idaeus shoots, containing phenolic
carboxylic acids, such as vanillic and ferulic
acids, have shown strong antibacterial and
antifungal activity in vitro [12]. In addition, other
Rubus species, such as Rubus Hyrcanus, have
demonstrated antibacterial activity in leaf and
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root extracts, attributed to high phenolic and
flavonoid levels [13]. Given these bioactive
phenolic compounds, there is strong justification
to explore the antimicrobial potential of
Loganberry (Rubus % loganobaccus), which
may harbor similar or even more potent natural
antimicrobial agents.

No research has been conducted to date on the
antimicrobial properties of hybrid Loganberry
species propagated through in vitro culture. This
study aimed to investigate the antimicrobial
effects of the Loganberry leaf extract in Iran.
Despite extensive research on the genus Rubus,
including their phytochemical composition and
antimicrobial properties, there is limited
information on Loganberry (Rubus X
loganobaccus) propagated through tissue culture,
particularly in Iran. This study aims to fill this gap
by evaluating the antimicrobial effects of the
plant extract from in  vitro—propagated
Loganberry, providing novel insights into its
bioactive compounds and their efficacy against
clinically relevant bacterial and fungal strains.
The results may aid in the development of natural
antimicrobial agents and demonstrate the
potential of tissue culture propagation for
producing bioactive plant materials.

Material and Methods

Sample Preparation

Leaves from two-month-old Loganberry
(Rubus xLoganobaccus)  plants, produced
through tissue culture, were received from the
Cellular Technology Drug Technology Company
at Tehran University.

Chemicals

Organic solvents, including hexane, methanol,
ethyl acetate, diethyl ether, and silica gel, were
purchased from Merck.

Apparatus

A rotary device (EL 131, Germany) equipped
with a hot-water bath (BUCHI 461) was used to
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prepare the dry extract. A scale (A&D HR-200,
Japan) was used to weigh the materials.

Extraction

400 grams of the dried aerial parts of the
cultivated plant were completely crushed. Then,
to extract the plant compounds, they were soaked
in a methanol:diethyl ether:hexane mixture
(1:1:1) for 48 to 72 hours. These solvents were
selected for their different polarities—polar,

moderately polar, and nonpolar, respectively—to
ensure extraction of a wide range of
phytochemicals. The 1:1:1 solvent ratio

maximizes recovery of both polar and nonpolar
compounds, providing wider metabolite coverage
than using a single-solvent extraction. Then, the
resulting mixture was concentrated using a rotary
evaporator and defatted with hexane using a
separatory funnel (Figure 1).

Antimicrobial Effect

Initial investigation of the antimicrobial effects
of extracts using the well plate method

First, 17 g of Mueller-Hinton Agar powder was
weighed and dissolved in 500 mL of distilled
water. After boiling, it was autoclaved for 15
minutes at 121°C. Then, it was spread on the
plate. After sealing the culture medium, its
surface was inoculated with a sterile swab
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containing a  half-McFarland  microbial
suspension of each bacterial strain. Then, using a
sterile Pasteur pipette, four 6-mm wells were
created on the surface of the culture medium, and
100 pL of the prepared extracts at different
concentrations were poured into each well. The
plates were then incubated at 37°C for 24 hours.
After this period, the diameter of the growth
zones around the wells was measured (Figure 2).
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Fig. 2 Preliminary assessment of the antimicrobial activity of extracts using the well plate method

Positive and Negative Control

Disks impregnated with methanol, chloroform,
ethyl acetate, and 20% dimethyl sulfoxide were
used as negative controls, while ciprofloxacin
antibiotic disks were used as positive controls.
The results were reported based on the diameter
of the inhibition zone.

Investigation  of  Minimum  Inhibitory
Concentration (MIC) by Dilution Method in
Liquid Medium

The MIC was determined using the Broth Macro
Dilution method. Based on the agar well diffusion
results, the initial concentration in the first well
was set at 10 mg/mL. Chloroform, methanol, and
ethyl acetate extracts were prepared at 5 mg/mL
in 5% DMSO. A microbial suspension equivalent
to 0.5 McFarland was prepared in sterile Mueller-
Hinton Broth. For each well, 100 uL of broth and
100 pL of extract were added, followed by serial
dilution across the plate. Finally, 100 pL of
microbial suspension was added to all wells.
Positive controls contained broth with a microbial
suspension, and negative controls contained broth

Herbal Medicines Journal. 2025, 10(4)

with extract only. Plates were incubated for 18-24
hours, and bacterial growth was assessed by
turbidity. The highest dilution of the extract that
showed no turbidity (indicating no bacterial
growth) was considered the MIC.

Minimum Bactericidal Concentration (MBC)
Determination

MBC is the lowest antibiotic concentration that
kills 99% of bacteria. To determine the minimum
bactericidal concentration (MBC) of the extract,
100 pL was sampled from each well in which no
growth was observed and plated onto Mueller-
Hinton agar. Then, the inoculated culture media
were incubated for 24 hours at 37°C. The plate
with the lowest extract concentration showing no
bacterial growth was identified as the MBC
(Figure 3-9). The negative control, containing 5%
DMSO in Mueller-Hinton Broth without plant
extract, showed no microbial inhibition,
confirming that the antimicrobial activity
observed was solely due to the Loganberry
extract.
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Fig. 4 Determination of the MBC of the methanol extract against S. aureus

Fig. 5 Determination of the MBC of chloroformic extract against S. aureus
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Fig. 6 Determination of the MBC of chloroformic extract against P. aeruginosa

Fig. 7 Determination of the MBC of metanolic extract against E. coli

Fig. 8 Determination of the MBC of chloroformic extract against E. coli
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Fig. 9 Determination of the MBC of ethyl acetate extract against S. aureus

Results and Discussions

Extraction Yield

Extraction yield was calculated after the
extraction process, based on the amount of solids
obtained relative to the initial extract quantity.
The results are shown in the table below (Table

1.

Table 1 Extraction efficiency of loganberry leaf extract

Agar Well Diffusion

The diameter of the inhibition zones from
methanolic, chloroformic, and ethyl acetate
extracts of loganberry (Rubus x loganobaccus)
was measured with a ruler accurate to the
millimeter after three repetitions of the
experiment. The results are reported as the mean
inhibition zone diameter (mm) =+ standard
deviation in the tables below (Table 2-4).

Extract Initial amount (g) Solvent (mL) Yield (g) Yield (%)
Hexane, Chloroform, Diethyl ether 400 2000 0.0312 3.125
Table 2 Average diameter of the inhibition zones by the well diffusion method (n=3) for metanolic extract

Bacteria E. coli P. aeruginosa S. aureus B. subtilis

Concentration

5 mg/mL 20+ 1.00 18+£0.57 19.6 £ 0.00 14 +£0.00
2.5 mglml 19+0.57 16.3 £0.57 19+0.57 12+0.57
1.25 mg/mL 18.3+0.57 15+0.57 18 +£0.57 11.4+0.57
0.625 mg/mL 16 +0.00 14.5+0.57 17.6 £0.57 11£0.57
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Table 3 Average diameter of the inhibition zones by the well diffusion method (n=3) for chloroformic extract

Bacteria E. coli P. aeruginosa S. aureus B. subtilis
Concentration
5 mg/mL 11.6 £1.00 10.3 £1.00 11.3+1.00 11+1.00
2.5 mg/mL 10.6 £0.57 10 +£0.57 10.6 = 0.57 10.6 £0.57
1.25 mg/mL 10.3 £0.57 9.8+£0.57 9.7+0.57 10.3+£0.57
0.625 mg/mL 10 £ 00 9.5+£0.57 9.5+0.57 10.6 =00

Table 4 Average diameter of the inhibition zones by the well diffusion method (n=3) for ethyl acetate extract

Bacteria E. coli P. aeruginosa S. aureus B. subtilis
Concentration

5 mg/mL 10.5 £0.57 9+ 0.50 10+ 1.00 9+0.57

2.5 mg/mL 10.3 £0.57 8.6 £0.57 9.4+1.00 8.8+0.57

1.25 mg/mL 10£0.57 9.2+0.57 9.1+£0.57 8.3+0.57

0.625 mg/mL 9.3+00 8.7+0.57 8.6 £0.57 7.9+00
Minimum Inhibitory Concentration of Bacterial the MIC, and the minimum bactericidal
Growth and Minimum Bactericidal concentration of the extract was also measured.
Concentration The MIC and MBC results are presented in the
The minimum inhibitory concentration (MIC) of following tables (Table 5-10).

bacterial growth for methanolic, chloroformic,
and ethyl acetate extracts was determined using
the broth macrodilution method. After 24 hours
of incubation, the test wells were compared to the
negative control wells. The tests were repeated
three times; the highest dilution at which no
microbial turbidity was observed was reported as

Table 5 Results of MIC and MBC determinations for the methanol extract

Microorganism Concentration MIC MBC
(mg/mL) (mg/mL) (mg/mL)

S. aureus 5 1.25 5

E. coli 2.5 5 -

P. aeruginosa 1.25 1.25

B. subtilis 0.625 2.5

“~” Indicates that no inhibitory (MIC) or bactericidal (MBC) effect was observed at the tested concentrations.
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Table 6 Results of determining the MIC and MBC of the ethyl acetate extract

Microorganism Concentration MIC MBC
(mg/mL) (mg/mL) (mg/mL)

S. aureus 5 2.5 5

E. coli 2.5 2.5 -

P. aeruginosa 1.25 2.5 -

B. subtilis 0.625 2.5 -

“~” Indicates that no inhibitory (MIC) or bactericidal (MBC) effect was observed at the tested concentrations

Table 7 Results from determining the MIC and MBC of the chloroformic extract

Microorganism Concentration MIC
(mg/mL) (mg/mL) MBC
(mg/mL)
S. aureus 5 2.5 -
E. coli 2.5 5 -
P. aeruginosa 1.25 2.5 -
B. subtilis 0.625 2.5 -

“~ Indicates that no inhibitory (MIC) or bactericidal (MBC) effect was observed at the tested concentrations

Table 8 Results of determining the MIC and MBC of methanol extract on C. albicans

Microorganism Concentration MIC MBC
(mg/mL) (mg/mL) (mg/mL)
10

C. albicans 5

DMSO (3%) 2.5 2.5 5
1.25

Table 9 Results of determining the MIC and MBC of ethyl acetate extract on C. albicans

Microorganism Concentration MIC MBC
(mg/mL) (mg/mL) (mg/mL)
10

C. albicans 5 5 -

DMSO (3%) 2.5
1.25

“~ Indicates that no inhibitory (MIC) or bactericidal (MBC) effect was observed at the tested concentrations

Table 10 Results of determining the MIC and MBC of chloroform extract on C. albicans

Microorganism Concentration MIC MBC
(mg/mL) (mg/mL) (mg/mL)
10

C. albicans 5

DMSO (3%) 25 - -
1.25

“~ Indicates that no inhibitory (MIC) or bactericidal (MBC) effect was observed at the tested concentrations

According to the tables showing antibacterial
effects using the well diffusion method at
different concentrations, it can be concluded that
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as the extract concentration increased, the
antibacterial effects also increased. At a
concentration of 5 mg/mL, the methanol extract
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showed the highest antibacterial effect against E.
coli, with a growth inhibition zone of 20 mm in
diameter.

Also, based on MIC and MBC measurements of
the extracts, performed on bacteria using the
macrodilution method, the highest antibacterial
effect was observed with the methanol extract
against S. aureus and P. aeruginosa, with
MIC=1.25 mg/mL and MBC=5 mg/mL. The
highest antifungal effect of the methanol extract
was observed against the yeast C. albicans, with
MIC=2.5mg/mL and MBC=5mg/mL.

The antimicrobial activity of Loganberry leaf
extracts was strongly influenced by solvent
polarity. The methanolic extract, rich in polar
compounds, such as flavonoids and phenolic
acids, exhibited the strongest antibacterial
activity, particularly against P. aeruginosa, S.
aureus, B. subtilis, and E. coli (MIC 1.25-5
mg/mL, MBC 5 mg/mL). The chloroform extract,
containing moderately polar compounds, showed
moderate activity, while the ethyl acetate extract,
which mainly extracted moderately polar
compounds, showed the lowest activity. This
pattern shows that polar solvents efficiently
recover polar bioactive molecules, which are
often more potent antimicrobials. The antifungal
activity against C. albicans followed a similar
trend, with the methanol extract being the most
effective. These findings highlight the critical
role of solvent selection in maximizing the
extraction of bioactive phytochemicals and
optimizing antimicrobial efficacy in Loganberry
leaves.

Previously, a comparative investigation was
conducted on the different chemical potentials of
methanol extracts from Rubus loganobaccus L.
leaf parts cultured in a greenhouse and in an open
field. Biochemical activity of the extracts
obtained from the field-cultured leaves was
observed to be higher than that of greenhouse-
cultured plants. In the DPPH antioxidant assay,
field-cultured leaves showed greater radical
scavenging activity, with an IC50 of 1.08 + 0.75
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pg/mL, while in the reducing power assay, open-
field plants had higher EC50 values (2.82 + 0.70
and 241 £ 0.75 pg/mL, respectively).
Considerable antibacterial and antifungal activity
was observed in open-field plants and greenhouse
plants in MIC and MBC tests with a similar
pattern, in which the lowest MIC and MBC in
open-field and greenhouse plants were 5 mg/mL
and 20 mg/mL, respectively, against Bacillus
cereus and Pseudomonas aeruginosa [14]. This
experiment revealed that leaf parts of Rubus
loganobaccus cultured in a greenhouse and in the
field possess several biological properties,
including antioxidative and antimicrobial
activities, with the latter source demonstrating
greater potency, indicating the criticality of using
natural products to improve human health.

The phytochemical analysis of Rubus x
loganobaccus leaves shows a significant amount
of phenolic and flavonoid compounds, which are
strongly associated with antioxidant activity [15].
Ekbatan Hamadani et al. (2020) reported total
phenolic contents of approximately 65 mg GAE/g
and flavonoid contents reaching approximately
29 mg QE/g in methanolic leaf extracts, with
notable radical scavenging potential (ICso = 1.08
pg/mL in field-grown samples) [14]. Similarly,
Mirza et al. (2021) confirmed the antioxidant
capacity of loganberry leaves, though with higher
ICso values (~53 pg/mL), highlighting the impact
of extraction methods and growth environments
[16]. These findings are consistent with broader
studies on the genus Rubus, which emphasize the
prevalence of ellagitannins, flavonoids, and
phenolic acids in leaf tissues [17]. Overall,
loganberry leaves are a promising but still
underexplored source of bioactive
phytochemicals, warranting further detailed
investigation using advanced chromatographic
and spectroscopic techniques.

The potent antibacterial activity of Loganberry
(Rubus x loganobaccus) extract can be explained
by multiple complementary mechanisms driven
by its rich polyphenol content, particularly
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flavonoids and phenolic acids. These compounds
can integrate into bacterial ~membranes,
disrupting membrane fluidity and permeability,
which leads to leakage of intracellular
components [18]. In addition, phenolic
compounds may induce oxidative stress by
generating reactive oxygen species (ROS),
leading to lipid peroxidation, further weakening
membrane integrity, and facilitating deeper
penetration of bioactive molecules [19]. Some
flavonoids can inhibit key bacterial enzymes,
such as DNA gyrase, thereby interfering with
DNA replication and transcription, and disrupting
energy metabolism [20]. Finally, some
polyphenols can inhibit biofilm formation by
reducing bacterial adherence and downregulating
virulence factors [21]. These multitarget actions
likely act synergistically, explaining the potent
inhibitory effects observed in our MIC and MBC
assays. The methanolic extract of Loganberry
leaves showed measurable antimicrobial activity
against P. aeruginosa, S. aureus, B. subtilis, E.
coli, and C. albicans. Methanol extracts exhibited
lower MIC and MBC values than chloroformic
and ethyl acetate extracts, indicating greater
efficacy. These results suggest that Loganberry
leaves could be a source of bioactive
antimicrobial compounds, warranting further
investigation. In this study, the specific
antimicrobial compounds in Loganberry extracts
were not identified, and comparisons were
limited to ciprofloxacin. Future studies should
isolate active constituents and evaluate their
activity against a broader range of antibiotics.
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