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Abstract
Introduction: Herbs of the lavender genus are widely used today as anti-bacterial drugs in traditional
medicine. Lavandula angustifolia (LA) is endemic in the Iberian Peninsula and common in Iran that
belongs to the Lamiaceae family. Lavandula oils, well known for their scent and aroma, have been used
in the perfumery and food industry for many years, therefore the aim of this study is the assessment of
the anti-bacterial effect of LA extracts against pathogens and non-pathogen bacteria.

Methods: 96-well microplates MICs were determined by the broth microdilution method. Five Serial
dilutions from 50 to 1 μg/mL concentrations were admitted for all bacteria which include: Escherichia
Coli ATCC 25922, Enterococcus faecalis ATCC 29212, Pseudomonas aeruginosa ATCC 27853 and
Staphylococcus aureus ATCC 25923, and Probiotics complex.

Results: LA watery extract demonstrate the statically inhibitory effect in just 50 g/L concentration against
E.Coli, E. Faecalis, Pu, and Probiotic p= 0.024, 0.025, 0.004, and 0.012 respectively, whereas this
concentration was 1g/L for Staph. aureus p=0.026. LA alcohol extracts display the same effect in 1g/L
for all bacteria p= 0.000.

Conclusion: Our results showed that LA in both watery and Alcohol extractions can inhibit both
pathogenic and non-pathogen bacteria whereas active compounds are alcohol soluble. Long-time
consumption of LA in the herbal product could disrupt normal bacteria of the gastrointestinal system.  

Introduction
Now a day's, by an increase in nonstandard intake of antibiotics, antimicrobial resistance bacteria
creation (AMR) changed to one the most global health hazard, which, rate of resistance bacteria species
are in growth while a new generation of antibiotic compounds encounters limitation in production. The
point of using these antibacterial compounds is May disrupt both pathogen and non-pathogen �ora(1) (2,
3) (4, 5). Probiotic bacteria as the most non-pathogen bacteria are live microorganisms that have a
curative effect on the host immune or gastrointestinal system which are normally present in the
gastrointestinal tract and include species such as Lactobacillus gasseri, Lactobacillus acidophilus,
Lactobacillus Plantarum, Lactobacillus johnsonii, Lactobacillus casei(2, 4, 6). One of the alternative
treatments for AMR infections is the use of natural bactericidal compounds, which commonly are
extracted from herbs(7).

Herbs of the lavender genus are widely used today as anti-bacterial drugs in traditional medicine.
Lavandula (LA) belongs to a diverse genus of the Lamiaceae family, which contains more than 39
species(8, 9).The two main known species of LA are: Lavandulla angustifolia and
Lavandullastoechas(10, 11). This plant is cultivated for various purposes around the world, moreover,
they have advanced antioxidant, anti-in�ammatory, antifungal, antibacterial, and insecticidal activities,
whereas, between the two species, L. Angustifolia is more cultivated and is often used in the
pharmaceutical and perfume industries(12, 13) (8). This plant usually well grows in Mediterranean
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climates area such as Turkey and Iran (8, 14, 15). Traditionally LA extracts are more commonly used in
the food industry as a �avoring or as a natural resource in the perfume and cosmetics industry (8, 9, 16).
Base on the antifungal, antibacterial, and anti-in�ammatory effects of these plants, they could use in
traditional medicine for the treatment of infectious and in�ammatory diseases (8, 9, 14). The main active
substances of LA are some volatile compounds such as Linalool, Linalyl acetate, trance-ocimene, which
produce a good proportion for aromatherapy and anti-bacterial treatment(17) (8, 16). Recently, an
increase in synthetic chemical drug consumption brings some unexpected side effects such as immune
system suppression and produce a wide range of antibiotic resistance bacteria. As a result, the use of
medicinal herbs extracts is more commonly interest for treatments instead of chemical drugs(18, 19) (9).
While, base on some reports the herbal treatment side effects are seems to be neglected, therefore the
aim of this study is the assessment of the anti-bacterial effect of LA extracts against pathogen and non-
pathogen bacteria.

Material And Method
Plant material

Herbal samples were randomly collected during March2021from the Northeast of Iran and were identi�ed
by naturalist botanists. The collected samples were screen for speci�c Lavandula angustifolia and then
for about one week were naturally air-dried be stored on a low moisture place, protected from direct
sunlight. Those dried plants were kept in plastic vials up to extraction time.

Preparation of plant extract

Plant materials were dried and grind into powder form by the manual mechanical grinder. Planet
powdered samples (50 g) were soaked with 500 mL of 99.8% ethanol (Merck, Germany, EC num: 200-578-
6) and were mixed continually be placed on a rotary shaker (Hitech, Germany) for 24 h at room
temperature- protected from light. The same procedure was applied by distilled water for watery extract.
Ethanol alcohol has been chosen as a solvent because of its use in form of oil for traditional medicines.
Both Extracts were subsequently �ltered. Rotary vacuum evaporator RV 8 V-C (IKA, Staufen Germany)
was used for reconcentration of alcohol extract by low-level heating at38-40°C. The dried powder was
resolved in PBS buffer at the original concentration afterward were stored at4°C until tested.

Microorganisms and media

Three common entheogenic gram-negative bacterial, one of the most gram-positive cocci and probiotics
complex were collected in this study. Microorganism base on their American Type Culture Collection
(ATCC) from Baharafshan Co-Iran purchased in the form of lyophilized strains, which contain:
Escherichia Coli ATCC 25922, Enterococcus faecalis ATCC 29212, Pseudomonas aeruginosa ATCC
27853, and Staphylococcus aureus ATCC 25923.
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Probiotic was obtained from standard mixture formula. Femilacte ® is a synbiotic combination (probiotic 
+ prebiotic) suitable for all family members and contains high amounts (around 10^9 CFU) of nine
bene�cial and safe bacterial strains such as Lactobacillus rhamnosus, Bi�dobacterium lactis,
Lactobacillus casei, Bi�dobacterium bruh, Lactobacillus acidophilus, Bi�dobacterium langue,
Lactobacillus Plantarum, Bi�dobacterium bi�dum, Streptococcus thermophilus, along with
fructooligosaccharide as a Prebiotic. The strains and Probiotics used in this product include the following
Microorganisms that were recovered in Mueller-Hinton broth (MHB) (QUELAB, Montreal, Canada) at 37°C
for 24h. Cultured bacteria adjusted for inoculum concentration by MHB, the turbidity of the
microorganism suspension was obtained to a 0.5 McFarland standard (1.5 × 108 CFU/mL). Optical
density was calculated by spectrophotometer Tajhizat Sanjesh (Esfahan-Iran) at 600nm.

Minimum inhibitory concentration (MIC) assay

96-well microplates MICs were determined by the broth microdilution method. Five Serial dilutions (100
µL) of all herbal extract (Watery and Alcohol) were dispersed into the plate and diluted in the MHB provide
ranging from 50 to 1 µg/mL concentrations. Thereafter, maintained microorganism suspensions were
added to the microplates then were inoculated with the �nal concentration 5 × 105 CFU/mL for bacteria
and Probiotics complex. Each dilution was examined triple for each bacterium. Plates were then
incubated at 37°C for 24 h. Microorganism expansion was calculated in terms of turbidity recorded by OD
measurements at 405 nm BioTek ELX 800 microplate reader, (Winooski, VT). The MIC was calculated as
the lowest concentration that showed ≥ 80% inhibition of microbial growth compared to extract-free
growth control. All-optical densities were measured base on blank bacteria medium and herbal extracts.
The bacterial suspension with an equal volume of MHB was used as positive controls for microorganism
growth. The herbal extract Added to MHB without bacteria suspension used as a negative control. All
data in this study were reported in the median/mode of MICs obtained from three independent
experiments that were assayed in triplicate.

Statistical Analysis
All replicates were calculated for standard deviations and the mean values by using SPSS version 16.
The means differential values between groups were examined by independent sample T-test and Mann-
Whitney U test followed by normal distributional analysis. The signi�cant statistical differences were
considered p values < 0.05.

Results
LA watery extract results: 

Normal test statically analysis was done for all bacterial growth values in �ve concentration groups of
watery LA extractions.  One-Sample Kolmogorov-Smirnov Test showed that E.Coli and Enterococcus
faecalis have nonparametric growth values p= 0.05 and 0.004 respectively.   Mann-Whitney U test results
declared that LA extract has a statically inhibitory effect on E.Coli and Enterococcus faecalis in just 50
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g/L concentration, mean of bacterial OD= 0.196± 0.0014 and 0.196± 0.041(p= 0.024 and 0.025
respectively). These data were shown in graphs 1and 2.

Base on the Independent Samples Test, MIC microplate analysis data demonstrate that LA watery extract
has an inhibitory effect on pseudomonas aeruginosa and Probiotics in just 50 g/L concentration by
mean 0.157± 0.019 and 0.118±0.008 p=0.004 and p=0.012 respectively. Staphylococcus aureus growth
got stopped in 1 g/L mean 0.621± 0.03 p=0.026.  

LA Alcohol extracts results: 

All bacterial growth values in the �ve concentration groups of alcohol LA extractions were analyzed by
Normal test One-Sample Kolmogorov-Smirnov, which showed that just pseudomonas aeruginosa have
non-parametric growth values p= 0.031. Mann-Whitney U test results declared that LA extract has a
statically inhibitory effect on pseudomonas aeruginosa in all concentrations (50-1 g/L), the mean of
bacterial OD= 0.133± 0.01 p=0.036. These data were shown in graph 3.

Independent Samples Test for MIC microplate analysis data demonstrate that LA alcohol extract has an
inhibitory effect on staphylococcus aureus, E.Coli, Enterococcus faecalis, and Probiotics in all
concentration groups (p=0.000, 0.000, 0.000, and 0.001 respectively). 

Conclusion
Herbs of the lavender genus are widely used today as anti-bacterial drugs in traditional medicine.
Lavandula oils, well known for their scent and aroma, have been used in the perfumery and food industry
for many years (17, 20, 21). As our data demonstrate above LA extract have a proper antibacterial activity,
where 50 g/L concentration of LA watery extract can inhibit all examined bacteria while for
staphylococcus aureus this amount was 1 g/L. this data suggests that LA watery extract have dose
depended on antibacterial activity, which lower LA concentration have not stopped the bacterial growth or
can prompt their division. The 1g/L concentration of LA alcohol extract displayed the same inhibitory
activity therefore it seems LA alcohol extract has the strongest anti-bacterial effect than watery form.
This data suggest that LA's main anti-bacterial compounds may be alcohol soluble.  Furthermore,
Probiotics as non-pathogenic microorganisms can inhibit such as pathogenic ones, therefore long-time
consumption of LA in the herbal product could disrupt normal bacteria of the gastrointestinal system.  

Our results showed that LA in both watery and Alcohol extractions can inhibit both pathogenic and non-
pathogen bacteria in 50 g/L concentration whereas 1 g/L of alcoholic extraction demonstrates the same
effect.   
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Figures

Figure 1

E.Coli growth values in LA extract showed that just 50g/L concentration can signi�cantly inhibit bacterial
growth.
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Figure 2

Enterococcus faecalis growth values in LA extract showed that just 50g/L concentration can signi�cantly
inhibit bacterial growth.
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Figure 3

Pseudomonas aeruginosa growth values in LA extract showed that at least 1g/L concentration can
signi�cantly inhibit bacterial growth.


