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Abstract

Microflora composition and antibacterial effect against Escherichia coli of plant extracts from
different parts of Lavandula angustifolia and with different solvents were analyzed to determine
variants to be used as microbial additives for enrichment with beneficial microflora, decontami-
nation and deodorization of composts contaminated with E. coli. The highest total quantity of
microorganisms was found in the decoction variant (whole plant and roots), and the lowest in the
tincture variant (whole plant). The quantity of non-sporulating bacteria predominates in most
variants. A significant increase of actinomycetes was found in the tincture and medical vinegar
variants. The acidification of the environment leads to an increase in the quantity of mold fungi in
the medicinal vinegar. Antibacterial effect against Esherichia coli for three tested strains (NMIM-
CC 3397 (WDCM 00012; ATCC 8739), NMIMCC 3398 T (WDCM 00090; ATCC 11775), NMIMCC 8905
(ATCC 35218)) was similar for the individual plant parts and the same for variants with whole
plants. Lavender extracts, medicinal vinegar variant (individual plant parts and whole plant),
as well as a decoction variant with a whole plant, showed stronger antibacterial activity against
Escherichia coli. The concentration of all parts of the plant in “whole plant” extracts increased
antibacterial activity compared to extracts with a concentration from a single specific part of the
plant (roots, leaves, stems). Antibacterial activity against Escherichia coli remained lower even
when whole plant was used for medicinal wine and medicinal oil variants. The choice of solvent
probably has some effect on the diameter of the growth inhibition zone. The addition of Laven-
der extract (decoction variant, whole plant) to compost variants increased the quantity of non-
pathogenic microflora in them. At the same time, the composts were decontaminated from the
presence of Escherichia coli. The composts smelled of soil and lavender. The antibacterial effect
of the lavender extract (decoction variant) against Escherichia coli strongly positively depends
on the quantity of non-pathogenic microflora in it and in the composts after its application. The
studied lavender plant extracts (best variant decoction, whole plant) can be applied as microbial
additives, disinfectants against Escherichia coli and deodorizers of composts.

© 2024 by the authors. Licensee Soil Science Society of Poland. This article is an open
access article distributed under the terms and conditions of the Creative Commons
Attribution (CC BY NC ND 4.0) license (https://creativecommons.org/licenses/by-nc-nd/4.0/). 1
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1. Introduction

Essential extracts and oils are concentrated natural extracts
from plants that have been shown to be good sources of bioac-
tive compounds with antibacterial, antifungal and antioxidant
properties. They contain a whole range of pharmacologically ac-
tive compounds with pronounced antimicrobial action. Analysis
of medicinal essential oil cultures as biological agents possessing
antimicrobial activity is essential to determine their qualities
as bhiocides against pathogenic microorganisms. Chemical sub-
stances extracted from them attack and inactivate microbes
usually by some of the following mechanisms: disruption of the
homeostasis of the bacterial cell, lysis followed by leakage of
the internal contents of the cell, inhibition of the catalytic func-
tion of bacterial enzymes, disruption of electron transport and
oxidation processes, negative interaction with macromolecules
and biosynthetic processes of bacteria (McDonnell and Russell,
1999).

Lavender flowers (Lavandula angustifolia) are commonly
used for decoration and fresh fragrance. Lavender essential
oil is used cosmetically and therapeutically, but whether it has
significant clinical potential on its own or as additive to other
products is still being debated (Cavanagh and Wilkinson, 2002).
According to these authors, there is considerable variation in the
antimicrobial properties of different lavender cultivars and spe-
cies, ranging from excellent antibacterial/antifungal activity to
no antibacterial/antifungal activity at all. The antimicrobial ac-
tivity of lavender oil is affected not only by the types of lavender
used, but also by the methods of preparing the extracts and the
methods of reporting the antimicrobial activity — the use of dif-
ferent methods makes direct comparison between published re-
sults practically impossible according to Cavanagh and Wilkin-
son (2002). Future research should investigate the mechanism
of individual components of essential oils, along with initiating
a systematic investigation of synergistic mechanisms between
different components (Chouhan et al., 2017).

Lavender has been found to have antimicrobial activity
against pathogenic species: Staphylococcus aureus, Enterococ-
cus faecalis, Escherichia coli, Klebsiella pneumoniae and Pseu-
domonas aeruginosa, with aqueous extracts showing generally
lower bacteriostatic and bactericidal activity than micellar sus-
pension (Man et al,, 2019). The minimum inhibitory concentra-
tion of lavender essential oil against Escherichia coli is 2000 ppm
and 1000-1200 ppm against Staphylococcus aureus, and mixing
with oregano essential oil (50:50) is recommended, which has
lower MIC values (1600-1800 ppm against E. coli; 800-900 ppm
against S. aureus), due to its higher content of phenolic com-
pounds (Martucci et al., 2015).

Antimicrobial (Gende et al., 2010; Martucci et al., 2015;
Kacaniova et al., 2017; Man et al., 2019), antibacterial (Canillac
and Mourey, 2001; Burt, 2004; Teixeira et al., 2013; Martucci et
al,, 2015; Man et al., 2019), antifungal (Blazhekovikj-Dimovska et
al.,, 2012; Bona et al., 2016; Blazhekovikj-Dimovska et al., 2019;
Othman et al, 2020; Tian et al., 2022) and antioxidant proper-
ties (Kulevanova and Panovska, 2001; Danh et al., 2012; Teixeira
et al., 2013; Hamad et al., 2013; Martucci et al., 2015; Kacaniova
et al., 2017; Kozics et al., 2017) of the essential extracts and oils
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can be attributed to the high content of terpene compounds
(a-pinene, B-pinene, 1,8-cineole, menthol, linalool) or phenolic
compounds such as carvacrol, eugenol and thymol (Burt, 2004).
Lavender oil (mainly L. angustifolia) has been found to have
antibacterial and antifungal effects against many types of bac-
teria and fungi (Nelson, 1997; Lis-Balchin et al., 1998; Hammer
et al.,, 1999; Martucci et al., 2015; Man et al., 2019), as well as
antioxidant activity (Hamad et al., 2013; Kozics et al., 2017). The
main constituents of lavender oil are linalool and linalyl-acetate,
which are more than 50% of the total composition, followed by
smaller quantities of sesquiterpenes and terpenes (Umezu et
al., 2006). The high content of linalyl-butyrate (26.5%) explains
the good antibacterial activity of the micellar form of lavender,
while linalool (25%) and its solubility in water can explain the
good inhibitory effect of its aqueous extract (Man et al., 2019).
Ciorcarlan et al. (2021) found 41 constituents in lavender oil, the
main constituents being monoterpenes (84.08-92.55%), followed
by sesquiterpenes (3.30-13.45%) and some aliphatic compounds
(1.42-3.90%). Other authors found no correlation between lina-
lool or linalyl acetate content in lavender oil and antibacterial or
antifungal activity (Lis-Balchin et al., 1998).

The cited published results regarding the antimicrobial ac-
tivity of lavender oil are somewhat contradictory and its anti-
microbial effect is not sufficiently well studied. The aim of the
study was to analyze the the composition of microflora and an-
tibacterial activity against Escherichia coli of plant extracts from
different parts of Lavandula angustifolia and with different sol-
vents to determine variants to be used as microbial additives en-
riching with beneficial microflora, disinfectants and deodoriz-
ers of compost-like mixtures contaminated with Escherichia coli
as a possible method of obtaining safe organic soil improvers to
be used for fertilization and increasing soil fertility. The main
method found in literature about decontaminating substrates
with Escherichia coli is liming. The positive side of the content of
beneficial microorganisms in the extracts is not considered. We
describe groups of microorganisms contained in the extracts,
which, falling into the soil or compost, have a positive influence
on increasing soil fertility and compost quality. In addition, the
strong aroma of Lavandula angustifolia Mill. allows the lavender
extracts to be used to deodorize compost-like mixtures that have
an unpleasant odor in the composting phases.

2. Materials and methods

The experiment was carried out under controlled condi-
tions in the greenhouse of the educational and experimental
field of the Department of Plant Breeding at the Technical Uni-
versity — Varna. The experiment was carried out with Lavandula
angustifolia in two replicates.

The total extracts and oils from roots, stems, leaves and
whole plant were prepared by 5 methods (Table 1).

Variant decoction was used for Escherichia coli decon-
tamination of two compost variants (prepared in composters),
in which the presence of Escherichia coli was detected (species
identity confirmed with Erba Scan — 99%). Composts (compost 1
and compost 2) contain residues of lemons, potatoes, cucum-
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Table 1
Variants of extracts and oils

Variants Method of preparation Solvent
Decoct boiling the crumbled plant material; hot filtration water
Tincture soaking the crumbled plant material for 8-10 days; 30% ethyl alcohol

periodic shaking; filtering

Medicinal vinegar soaking the crumbled plant material for 7-10 days;
periodic shaking; filtering

Medicinal wine soaking the crumbled plant material for 7-10 days;
periodic shaking; filtering

good quality wine vinegar

good quality and well
stabilized wine

Medicinal oil soaking the crumbled plant material for 4-6 weeks; good quality olive oil
storage in closed glass containers in the dark and cool

place; filtering

bers, tomatoes, zucchini, wheat, leaves of fruit trees; starter
— soil. A microbial additive (solution concentration 1:100, 25 1
per 1 m?) containing lactic acid and photosynthetic bacteria, ni-
trogen-fixing bacteria and and yeast from genus Saccharomyces,
was added to compost 2. In pots with part of the finished com-
posts, lavender extract was added as an improver and to decon-
taminate the composts from Escherichia coli (100% concentrate,
25 mL per 500 g of compost), every 15 days, for a period of two
months. The organoleptic properties of the composts were de-
termined. The assessment is visual, by smell (before and after
adding lavender extract) and touch.

For the microbiological analysis of plant extracts and com-
post variants (after dilution), we applied the triplicate inocula-
tion of solid nutrient media method with subsequent count-
ing and calculation of colony-forming units (CFU) in 1 mL (g)
substrate (Mishustin and Emtsev, 1989; Malcheva and Naskova,
2018; Nustorova and Malcheva, 2020). Systematic and physiolog-
ical groups of aerobic microbes were determined - bacilli and
non-spore-forming bacteria (on Nutrient (meat peptone) agar),
micromycetes (mold fungi) — on Chapek-Dox agar, actinomycetes
(on Actinomycetes isolation agar). The total microflora was cal-
culated as the sum of the studied groups of microorganisms. The
following solid food media were used to isolate the pathogenic
microflora: Desoxycholate Citrate Agar (Salmonella sp.), Chromo-
Bio Listeria Agar (Listeria sp.), Endo Agar (Escherichia coli and
coliforms), ChromoBio Enterococcus Agar (Enterococcus).

The agar diffusion method was applied to determine the
antibacterial effect against Escherichia coli of plant extracts
(Nustorova and Malcheva, 2020). Three strains of Escherichia
coli were used (Certified Reference Materials: NMIMCC 3397
(WDCM 00012; ATCC 8739), NMIMCC 3398 T (WDCM 00090; ATCC
11775), NMIMCC 8905 (ATCC 35218)). After dense surface inocu-
lations for Escherichia coli (0.5 MFU — McFarland Unit) the wells
were inoculated with plant extracts in a volume of 60 pl. Inocu-
lations were incubated in a thermostat at 37 °C for 24h. After
cultivation, the growth inhibition zone is measured with a ruler,
in mm or cm.

The statistical processing of the results of the studied indica-
tors includes the calculation of the average value of three repeti-
tions and the determination of the coefficient of variation (CV).

A correlation and regression analyses was applied to establish
the relationships between some of the studied indicators. The
software product Microsoft Excel 2010 was used for the statisti-
cal analysis.

3. Results and discussion

The composition of the microflora in lavender plant ex-
tracts is presented by examining non-spore-forming bacteria,
spore-forming bacteria (bacilli), actinomycetes and micromyc-
etes (mold fungi) (Table 2).

The variants are intended to be used as additives to im-
prove the quality of compost-like products. In all variants of the
study, the presence of pathogenic microflora was not detected:
Escherichia coli and coliforms, Salmonella sp., Listeria sp., Ente-
rococcus. In the Ordinance on separate collection of biowaste
and biodegradable waste treatment (2017) are specified norms
for Escherichia coli and Salmonella, but there are no norms for
other pathogenic species and for the indicator “total quantity of
microorganisms” in compost and organic soil improver. These
results show that the addition of the extracts in compost-like mix-
tures will not lead to violation of the quality requirements of the
final product by microbiological criteria. The highest quantity
of total microflora was established in the water solvent variant,
decreasing in the order: whole plant > roots > stems > leaves. Ob-
viously, this solvent creates the best conditions suitable for the
reproduction of aerobic groups of microorganisms, regardless
of the fact that only in this variant there is boiling and some of
the microorganisms die. Getting into compost mixtures and the
soil, these microorganisms play a major role in the destruction
of organic substances. Therefore, in terms of microflora useful
for soil fertility and vegetation development, the decoction vari-
ant is most suitable for use as a microbial additive to organic
fertilizers and soils. The total quantity of microorganisms is at
its highest when using roots for the tincture, medicinal wine,
medicinal oil and medicinal vinegar variants, and second high-
est in the decoction. Epiphytic microorganisms from the rhizo-
plane of the roots best continue to grow in the solvents used in
the preparation of the extracts. The lowest total microflora is
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Table 2
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Quantity and composition of the microflora of lavender plant extracts and oils (cfu/mL)

Variants Plant parts Non-spore-forming Bacilli Actinomycetes Micromycetes Total microflora
bacteria
Decoct Roots 6980 700 100 20 7800
Stems 6760 680 20 20 7480
Leaves 6420 380 0 0 6800
Whole plant 10060 1160 200 240 11660
Tincture Roots 1350 660 660 40 2710
Stems 300 260 300 20 880
Leaves 320 280 320 40 960
Whole plant 20 20 300 20 360
Medicinal Roots 50 40 800 80 970
vinegar Stems 20 40 780 60 900
Leaves 0 0 180 60 240
Whole plant 40 280 540 80 940
Medicinal wine Roots 940 340 280 40 1600
Stems 90 280 200 20 590
Leaves 180 340 20 0 540
Whole plant 400 280 240 20 940
Medicinal oil Roots 660 260 200 40 1160
Stems 120 220 140 20 500
Leaves 160 240 160 0 560
Whole plant 240 200 200 40 680

* CV up to 10% for all variants (low dispersion)

found in the tincture variant with a whole plant, which is influ-
enced by the suppression of the development of microorganisms
by the ethyl alcohol solvent. However, the concentrated extracts
from the individual parts of the plants showed high total quan-
tity of microorganisms also with the solvent ethanol. Of course,
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the lower concentration of ethyl alcohol used — 30% — has an
influence on this.

The percentage distribution of microorganisms in the com-
position of the total microflora is different for the individual
variants (Fig. 1).
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In the decoction variant, for all parts of the plant, as well
as the whole plant, the highest percentage is of the non-spore-
forming bacteria (between 86% and 94%), followed by bacilli
(between 6% and 10%), and less represented are actinomyc-
etes and micromycetes — up to 2%. Non-spore forming bacte-
ria remained the highest quantity also when using roots for
the tincture, medicinal wine and medicinal oil variants. In
general, a significant increase in the quantity of actinomyec-
etes (up to 87% in stems, medicinal vinegar) was found in the
tincture, medicinal vinegar, medicinal wine and medicinal oil
variants, and in the tincture and medicinal vinegar variants,
their quantity reached higher values than that of bacilli and
non-spore-forming bacteria (except for roots, tincture variant).
Except for the decoction, whole plant, the quantity of mold
fungi was the highest in the medicinal vinegar variant for all
plant parts and whole plant used. This is probably due to the
vinegar solvent used, which lowers the pH and creates acidic
environmental conditions that are most favorable for mold
and acetic acid bacteria growth. The strongest reduction in the
quantity of non-spore-forming bacteria and bacilli was found
when using medicinal vinegar. According to a study by Cior-
carlan et al. (2021) lavender essential oil shows good antibacte-
rial activity against Bacillus subtilis, Pseudomonas fluorescens,
Xanthomonas campestris, Erwinia carotovora at a concentra-
tion of 300 pyg/mL and Erwinia amylovora, Candida utilis at
a concentration of 150 pug/mL, respectively. According to these
authors, the lavender plant material, as well as residual wa-
ter and ethanol extracts from the solid waste residue, showed
high antimicrobial activity against strains of Aspergillus niger,
Alternaria alternata, Penicillium chrysogenum, Bacillus sp. and

Table 3

Lavender extracts for the preparation of quality and safe organic soil improvers

Pseudomonas aeroginosa, at 0.75-6.0 ug/mL, 0.08-0.125 pg/mL,
and 0.05-4.0 pg/mL, respectively. These tendencies indicate
that lavender plant extracts may have antimicrobial activity
against bacilli and molds and therefore reduce their quantity,
noted when determining their total microflora.

The antibacterial activity of lavender plant extracts against
Escherichia coli is presented in the following table 3.

Antibacterial effect against Esherichia coli for the three
tested strains was similar for the variants with individual plant
parts and the same for variants with whole plants. The data
show that with medicinal vinegar, the retention zone is the larg-
est, decreasing in the following descending order: whole plant >
leaves > stems = roots. The following are the decoction and tinc-
ture options with the whole plant. It becomes obvious that the
solvent affects the growth inhibition zone for different plants.
Medicinal vinegar reduces the pH of the medium, which also
influences the higher effect of this variant against Escherichia
coli. To colonize the human gastrointestinal tract, the intestinal
bacterium Escherichia coli must be able to grow between pH 4.5
and pH 9. In this wide pH range, E. coli retains enzyme activity
as well as protein and nucleic acid stability. by maintaining the
cytoplasmic pH in the range of pH 7.2 to 7.8. E. coli responds rap-
idly to a change in intracellular pH; after acidification of the ex-
ternal medium, E. coli intracellular pH begins to recover within
1 min, and complete recovery occurs within 5 min (Wilks and
Slonczewski, 2007).

Decoction with lavender stems has a larger growth inhibi-
tion zone than the same variant with roots and leaves. Medicinal
vinegar with stems has a weaker antibacterial effect compared
to the leaves and the same compared to the roots. Medicinal oil

Antibacterial activity against Escherichia coli of lavender plant extracts and oils

Variants Decoct Tincture Medicinal Medicinal Medicinal
vinegar wine oil
Plant part Growth inhibition zone, cm
Escherichia coli NMIMCC 3397
Roots 0,5 0,6 1,0 0,5 0,6
Stems 0,6 0,4 1,0 0,4 0,6
Leaves 0,5 0,3 1,3 0,5 0,4
Whole plant 1,3 0,8 1,4 0,6 0,6
Escherichia coli NMIMCC 3398 T
Roots 0,5 0,6 0,9 0,5 0,6
Stems 0,6 0,4 0,9 0,3 0,5
Leaves 0,4 0,3 1,3 0,5 0,4
Whole plant 1,3 0,8 1,4 0,6 0,6
Escherichia coli NMIMCC 8905
Roots 0,4 0,6 1,0 0,5 0,6
Stems 0,6 0,3 1,0 0,4 0,5
Leaves 0,5 0,3 1,2 0,5 0,4
Whole plant 1,3 0,8 1,4 0,6 0,6

* CV up to 10% for all variants (low dispersion)
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with lavender stems has a stronger antibacterial effect com-
pared to the leaves and the same compared to the roots. Medici-
nal wine with stems has a lower growth inhibition zone value
than the same variant with roots and leaves. The tincture with
lavender stems has a stronger antibacterial effect compared to
the leaves and a weaker one compared to the roots. In terms of
variants, the growth inhibition zone decreases in the following
order: medicinal vinegar > medicinal oil = decoction > tincture
= medicinal wine.

Data about leaf extracts show better results than the me-
dicinal vinegar variant. Regarding stemmed variants, the
growth inhibition zone decreases in the following order: me-
dicinal vinegar > decoction = medicinal wine > medicinal oil >
tincture.

The tincture and medicinal oil of lavender root extracts are
more effective against Escherichia coli compared to the leaves
and stems of the plant. While lavender leaf medicinal vinegar
has a higher antibacterial effect than lavender roots and stems
medicinal vinegar.

In general, all whole-plant variants have a stronger anti-
bacterial effect against Escherichia coli than the same variants
with roots, stems and leaves (except for medicinal lavender oil
- stems, roots and whole plant have the same effect). Regarding
the whole plant variants, the growth inhibition zone decreases
in the following order: medicinal vinegar > decoction > tincture
> medicinal oil = medicinal wine.

The antimicrobial activity of lavender and oregano extracts
against Escherichia coli has been also found by other authors,
indicating a lower minimum inhibitory concentration for oreg-
ano (Man et al., 2019; Martucci et al., 2015). According to our re-
search, extracts with lavender reached a higher antibacterial ac-
tivity against Escherichia coli compared to those with coriander
(Naskova et al., 2023), caraway (Malcheva et al., 2023a), thyme
and basil (Malcheva et al., 2023b), and lower than oregano (Mal-
cheva et al., 2023c). Similar to our results against Escherichia coli
were obtained in the study of antibacterial activity of Satureja
hortensis L. essential oil - 7 mm growth inhibition zone at an oil
concentration of 600 pg/mL (BlaZekovi¢ et al., 2010). Lavender
extracts have been found to have antimicrobial and antifun-
gal activity against many species of bacteria and fungi (Nelson,
1997; Lis-Balchin et al., 1998; Hammer et al., 1999; Martucci et
al., 2015; Man et al., 2019 ).

It is likely that additional conditions such as reducing the
pH of the medium when using medicinal vinegar, the inclusion
of additional plants — grapes (wine), vinegar (apples, grapes), ol-
ives (solvent olive oil for the medicinal oil), the time of action of
the extracts also affect the the detention area. In the medicinal
vinegar variants, a common growth inhibition zone is formed
around the wells.

Lavandula angustifolia extracts can be used to decon-
taminate and deodorize compost-like products containing Es-
cherichia coli. The most favorable variants for Escherichia coli
decontamination and enrichment with beneficial microflora are
medicinal vinegar and a decoction with a whole plant. Their sol-
vents — respectively water for decoction and vinegar for medici-
nal vinegar - also make these variants the most suitable to use
in the preparation of organic soil improvers.
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The antimicrobial activity of plant extracts and oils has
been shown to be due to their chemical composition (Burt,
2004; Umezu et al., 2006; Ciorcarlan et al., 2021). Essential oils
are characterized by changes in their chemical composition de-
pending on the development and condition of the plant, the part
used for extraction, the geographical location and the physical
and chemical characteristics of the soil and climate (Gende et
al,, 2010).

We chose to apply a decoction variant (whole plant) as a mi-
crobial additive and decontaminating agent of E. coli, because
of the relatively neutral solvent (water), the highest quantity of
beneficial microflora for fertility and a high antibacterial effect
against E. coli when using a whole lavender plant. We investi-
gated the use of lavender extract (decoction variant) to increase
the quantity of non-pathogenic microflora and reduce the quan-
tity of Escherichia coli in two compost variants. The quantity of
microorganisms was higher in the compost with microbial addi-
tion (Compost 2) compared to that without addition (Compost 1).
Actinomycetes make up the majority of the total microflora in
both composts, followed by non-spore-forming bacteria, bacilli,
and micromycetes (mold fungi) are the least represented. The
addition of Lavender extract (decoction variant, whole plant) to
both compost variants increased the quantity of the tested mi-
croorganisms over a period of two months. At the same time, the
composts were decontaminated from the presence of Escherichia
coli, which confirmed the antibacterial effect of the Lavender
extract against Escherichia coli during its application. Lavender
extract was added to the finished composts every 15 days and
the enrichment of the composts with beneficial microflora and
their decontamination were being monitored over for a period
of two months (Table 4).

Both composts are dark brown, loose, soft, with a uniform
structure without lumps, and with an earthy smell, and after
adding lavender extract and with a lavender scent. There is no
smell of ammonia. The lavender aroma is due to linalool mol-
ecules. Lavender extracts have aromatic properties with strong
herbal, clove and floral odors (Guo and Wang, 2020).

The change in the antibacterial activity against E. coli and
the total microflora of the extract decoction (whole plant) was
also monitored while the extract was being cultivated for the
same period of time (two months, determination of the effect
every 15 days, before adding the composts). Over a period of
two months, the growth inhibition zone slightly varied from
1.3 to 1.5 cm, the quantity of non-pathogenic microflora from
11660 cfu/mL to 12380 cfu/mL. Correlation coefficients are pre-
sented to determine the relationship between the total quan-
tity of microorganisms in an extract decoction and the antibac-
terial activity of the extract against Escherichia coli, between
the total quantity of microorganisms in the composts and the
presence of Escherichia coli in them, as well as between the
antibacterial activity of the extract inserted in the composts
and the presence of Escherichia coli in composts. A correlation
matrix was constructed to test for factor independence. The
presence of correlation coefficients greater than 0.7 (even if it
is only one in the matrix) indicates that there is multicollinear-
ity between the factor variables and regression analysis can be
applied (Table 5).
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Table 4
Quantity and composition of the microflora in the compost variants (cfu/g)

Variants Non-spore- Bacilli Actino- Micro- Escherichia Total
forming bacteria mycetes mycetes coli microflora

Before adding Lavender extract

Compost 1 1360000 304000 1600000 272000 595 3536595
Compost 2 1508800 393600 1738400 328000 574 3969374

15th day after adding Lavender extract (extract reapplication)

Compost 1 1440000 334000 1728000 320000 500 3822500
Compost 2 1590800 403000 1869600 393600 470 4257470

30th day after adding of Lavender extract (extract reapplication)

Compost 1 1536000 428000 1888000 416000 330 4268330
Compost 2 1656400 493200 2017200 475600 300 4642700

45th day after adding Lavender extract (extract reapplication)

Compost 1 1632000 575400 2096000 560000 158 4863558
Compost 2 2017200 645000 2296000 623200 136 5581536

60th day after adding Lavender extract (extract reapplication)

Compost 1 1760000 620200 2240000 608000 0 5228200
Compost 2 2132000 693200 2443600 672400 0 5941200

* CV up to 10% for all variants (low dispersion)

Table 5
Correlation and regression analyses

Correlation coefficients Antibacterial Total microflora- Total microflora- E. coli-
activity-extract extract compost compost

Compost 1

Antibacterial activity-extract 1

Total microflora-extract 0,943420833 1

Total microflora-compost 0,939531441 0,99632628 1

E. coli-compost -0,956124415 -0,99732292 -0,9984499 1

Compost 2

Antibacterial activity-extract 1

Total microflora-extract 0,943420833 1

Total microflora-compost 0,911253816 0,98499432 1

E. coli-compost -0,951329393 -0,99815515 -0,9872201 1

Regression Statistic

Compost 1 Compost 2
Multiple R 0,999984821 0,99916905
R Square 0,999969643 0,99833879
Adjusted R Square 0,999878571 0,99335517
Standard Error 2,680650937 19,1515291
Observations 5 5
Significance F 0,007015179 0,00518802
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The antibacterial effect of the extract against Escherichia
coli strongly positively depends on the quantity of non-patho-
genic microflora in it (R=0.94) and in the composts (R=0,94
(compost 1); R=0,91 (compost 2)) after its application, i.e. as the
quantity of non-pathogenic microflora increases, the antibacte-
rial effect against Escherichia coli increases. There is a strong
negative correlation between the antibacterial effect and the
presence of Escherichia coli in the composts (R=-0.96 (compost
1); R=-0,95 (compost 2)) — as the strength of the antibacterial ef-
fect of the added extract increases, the content of Escherichia
coli in the composts decreases. The correlation between the
quantity of non-pathogenic microflora in the extract and in the
composts and the quantity of Escherichia coli in the composts is
also strongly negative. The regression model is adequate. It is
proved by the level of significance of the F test, denoted as Sig. F.
It has a value less than the error a = 0.05.

5. Conclusions

The quantity and composition of the microflora in the stud-
ied lavender extracts indicates that they can be used as a micro-
bial additive for the enrichment of compost mixtures and organ-
ic soil improvers and accordingly be used as a possible method
to improve soil fertility in fertilization. The highest total quan-
tity of microorganisms was found in the decoction variant with
whole plant and roots, and the lowest in the tincture variant
with whole plant. The type of solvent has an influence on these
tendencies — water for decoction and ethyl alcohol for tincture.
The quantity of non-sporulating bacteria predominates in most
variants. A significant increase of actinomycetes was found in
the tincture and medicinal vinegar variants, where their quan-
tity reached higher values than that of bacilli and non-sporulat-
ing bacteria. The acidification of the environment leads to an
increase in the quantity of mold fungi in the medicinal vinegar
variant compared to the variants: tincture, medicinal wine and
medicinal oil.

Antibacterial effect against Esherichia coli for the three
tested strains (NMIMCC 3397 (WDCM 00012; ATCC 8739), NMIM-
CC 3398 T (WDCM 00090; ATCC 11775), NMIMCC 8905 (ATCC
35218)) was similar for the individual plant parts and the same
for variants with whole plants. Lavandula angustifolia extracts,
medicinal vinegar variant, showed stronger antibacterial activ-
ity against Escherichia coli, characteristic of all plant parts and
whole plant. In general, all whole-plant variants had a stronger
antibacterial effect against Escherichia coli than the same vari-
ants individually with roots, stems and leaves. Therefore, the
concentration of all parts of the plant in “whole plant” extracts
increases the antibacterial activity against Escherichia coli com-
pared to extracts with concentration from a specific part of the
plant (roots, leaves, stems).

Antibacterial activity against Escherichia coli remains per-
sistently lower in all variants with medicinal wine. While in the
decoction (solvent water) and tincture (solvent ethanol) vari-
ants, the effect is lower in the extracts with separate plant parts
and higher in the variants with the whole plant. Medicinal oil
with lavender stems and roots ranks second in antibacterial
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effect against Escherichia coli compared to the use of the same
plant parts in the other variants. Therefore, the choice of solvent
probably has some influence on the diameter of the growth in-
hibition zone.

Lavender extracts (best decoction, whole plant) can be used
as anti-E. coli agents and microbial additives, enriching, disin-
fecting and deodorizing agents for organic soil improvers. The
addition of Lavender extract (decoction variant, whole plant)
to compost variants increased the quantity of non-pathogenic
microflora in them. At the same time, the composts were decon-
taminated of Escherichia coli. The composts smelled of soil and
lavender. The use of natural sources with microbiological and
antibacterial activity could simultaneously solve two essential
agricultural and environmental problems: to increase soil fertil-
ity and remove pathogenic microflora from organic soil improv-
ers and soils.

The antibacterial effect of the lavender extract (decoction
variant) against Escherichia coli strongly positively depends on
the quantity of non-pathogenic microflora in it and in the com-
posts after its application. There is a strong negative correlation
between the antibacterial effect and the presence of Escherichia
coli, as well as between the quantity of non-pathogenic micro-
flora in the extract applied to the composts and the quantity of
Escherichia coli in the composts.

Acknowledgments

The analyzes were carried out thanks to the support of the
national project KP-06-H66/10/15.12.2022 ,Investigation of in-
terrelationships in different variations of composting organic
waste, by creating dynamic compost mixtures with the addition
of ameliorants and tracking microbiological and enzyme activ-
ity — options for applying a quality compost-based organo-min-
eral improver in agricultural practice”, financed by the Scien-
tific Research Fund.

References

Bona, E., Cantamessa, S., Pavan, M., Novello, G., Massa, N., Rocchetti,
A., Berta, G., Gamalero, E., 2016. Sensitivity of Candida albicans to
essential oils: are they an alternative to antifungal agents? Journal
of Applied Microbiology 121(6), 1530-1545. https://doi.org/10.1111/
jam.13282

Burt, S., 2004. Essential oils: their antibacterial properties and potential
applications in foods—a review. International Journal of Food Micro-
biology 94, 223-253. https://doi.org/10.1016/j.ijjfoodmicro.2004.03.022

Blazekovi¢, D., Kakurinov, V., Stojanovski, S., 2010. Antibacterial proper-
ties of essential oil of Satureja hortensis L. (Lamiaceae) from Pelago-
nian region. Acta Biologica, 5-18.

Blazhekovikj-Dimovska, D., Kakurinov, V., Hristovski, N., Stojanovski,
S.,2012. Antifungal and anti-yeast activity of Satureja hortensis L.
(Lamiaceae) essential oil from Pelagonian region. EHEDG. World
Congress on Hygienic Engineering & Design. Journal of Hygienic En-
gineering and Design 1, 113-117.

Blazhekovikj-Dimovska, D., Kakurinov, V., Rafajlovska, V., 2019. Antifun-
gal and anti-yeast activity of Thymus tosevii Vel. subsp. tosevii var. de-
genii (Lamiaceae) essential oil from Pelister, Baba Mountain (Bitola,
Macedonia). Acta Scientific Microbiology 2(5), 7-10.



SOIL SCIENCE ANNUAL

Canillac, N., Mourey, A., 2001. Antibacterial activity of the essential oil
of Picea excelsa on Listeria, Staphylococcus aureus and Coliform
bacteria. Food Microbiology 18, 261-268. https://doi.org/10.1006/
fmic.2000.0397

Cavanagh, H.M.A., Wilkinson, J.M., 2002. Biological activities of laven-
der essential oil. Phytotherapy Research 16, 301-308. https://doi.
0rg/10.1002/ptr.1103

Ciocarlan, A., Lupascu, L., Aricu, A., Dragalin, I, Popescu, V., Geana, E-I,
Ionete, R.E., Vornicu, N., Duliu, O., Hristozova, G., Zinicovscaia, I.,
2021. Chemical composition and assessment of antimicrobial activity
of Lavender essential oil and some by-products. Plants (Basel) 10(9),
1829. https://doi.org/10.3390/plants10091829

Chouhan, S., Sharma, K., Guleria, S., 2017. Antimicrobial activity of some
essential oils—present status and future perspectives. Medicines (Ba-
sel) 4(3), 58. https://doi.org/10.3390/medicines4030058

Danh, L.T,, Triet, N.D.A., Han, L.T.N., Zhao, J., Mammucari, R., Foster, N.,
2012. Antioxidant activity, yield and chemical composition of laven-
der essential oil extracted by supercritical CO,. The Journal of Super-
critical Fluids 70, 27-34. https://doi.org/10.1016/j.supflu.2012.06.008

Gende, L.B., Maggi, M., van Baren, C., di Leo Lira, A., Bandoni, A,, Fritz, R.,
Eguaras, M., 2010. Antimicrobial and miticide activities of Eucalyp-
tus globulus essential oils obtained from different Argentine regions.
Spanish Journal of Agricultural Ressearch 8(3), 642-650. https://doi.
org/10.5424/sjar/2010083-1260

Guo, X., Wang, P.,, 2020. Aroma Characteristics of Lavender Extract and
Essential Oil from Lavandula angustifolia Mill. Molecules 25, 5541.
http://doi.org/10.3390/molecules25235541

Hamad, KJ., Al-Shaheen, S.J.A., Kaskoos, R.A., Ahamad, J., Jameel, M.,
Mir, S.R., 2013. Essential oil composition and antioxidant activity of
Lavandula angustifolia from Iraq. International Research Journal of
Pharmacy 4(4), 117-120. https://doi.org/10.7897/2230-8407.04421

Hammer, K., Carson, C., Riley, T,, 1999. Antimicrobial activity of essen-
tial oil and other plant extracts. Journal of Applied Microbiology 86,
985-990. https://doi.org/10.1046/j.1365-2672.1999.00780.x

Kacéaniova, M., Terentjeva, M., Vukovic, N., Puchalski, C., Roychoudhury, S.,
Kunovd, S., Klliga, A., Tokér, M., Kluz, M., Ivani$ové, E., 2017. The
antioxidant and antimicrobial activity of essential oils against Pseu-
domonas spp. isolated from fish. Saudi Pharmaceutical Journal 25(8),
1108-1116. https://doi.org/10.1016/j.jsps.2017.07.005

Kozics, K., Srancikova, A., Sedlackova, E., Horvathova, E., Melusova, M.,
Melus, V., Krajcovicova, Z., Sramkova, M., 2017. Antioxidant potential
of essential oil from Lavandula angustifolia in in vitro and ex vivo
cultured liver cells. Neoplasma 64(4), 485-493. https://doi.org/10.4149/
neo_2017_401

Kulevanova, S., Panovska, T.K., 2001. Antioxidant activity of essential oils
of different wild Thymus L. species. BullChem Technol Macedonia
20(1), 61-66.

Lis-Balchin, M., Deans, S.G., Eaglesham, E., 1998. Relationship between
bioactivity and chemical composition of commercial essential oils.
Flavour and Fragrance Journal 13, 98-104. https://doi.org/10.1002/
(SICD1099-1026(199803/04)13:2<98::AID-FF]705>3.0.CO;2-B

Malcheva, B., Naskova, P., 2018. Manual for laboratory exercises of micro-
biology. University Publishing House at TU-Varna, Varna, Bulgaria,
70 p. (in Bulgarian)

Lavender extracts for the preparation of quality and safe organic soil improvers

Malcheva, B., Naskova, P., Plamenov, D., Nikolov, D., 2023. Influence of
essential oil spearmint (Mentha spicata L.) culture on soil biogenic-
ity of its antimicrobial activity against Escherichia coli. The Interna-
tional Conference ,Agriculture for life, life for agriculture”, Section
Horticulture, 8-10 June 2023, Bucharest, Romania. Book of Abstract,
163 p.

Man, A., Santacroce, L., Jacob, R., Mare, A., Man, L., 2019. Antimicrobial
activity of six essential oils against a group of human pathogens:
a comparative study. Pathogens 8(1), 15. https://doi.org/10.3390/path-
0gens8010015

Martucci, J.F., Gende, L.B., Neira, L.M., Ruseckaite, R.A., 2015. Oregano and
lavender essential oils as antioxidant and antimicrobial additives of
biogenic gelatin films. Industrial Crops and Products 71, 205-213.
https://doi.org/10.1016/j.indcrop.2015.03.079

McDonnell, G., Russell., A,, 1999. Antiseptics and disinfectants: activity,
action, and resistance. Clinical Microbiology Reviews 12(1), 147-179.
https://doi.org/10.1128/cmr.12.1.147

Mishustin, F., Emtsev, N., 1989. Microbiology. Kolos, Moscow, 367 p.
(in Russian).

Naskova, P, Malcheva, B., Plamenov, D., Nikolov, D., 2023. Effect of corian-
der (Coriandrum sativum L.) essential oil culture on soil biogenesity
and determination of its antimicrobial activity against Escherichia
coli. The International Conference ,Agriculture for life, life for ag-
riculture”, Section Agronomy, 8-10 June 2023, Bucharest, Romania.
Book of Abstract, 124 p.

Nelson, R.R.S., 1997. In vitro activities of five plant essential oil against
methicillin-resistant Staphylococcus aureus and vancomycin-resist-
ant Enterococcus faecium. Journal of Antimicrobial Chemotherapy 40,
305-306. https://doi.org/10.1093/jac/40.2.305

Nustorova, M., Malcheva, B., 2020. Manual for laboratory exercises of
microbiology. University Publishing House at TU-Varna, Varna, Bul-
garia, 118 p. (in Bulgarian).

Ordinance on the separate collection of biowaste and treatment of biode-
gradable waste. 2017. State Gazette, 11/31.01.2017. (in Bulgarian).
Othman, M., Saada, H., and Matsuda, Y., 2020. Antifungal activity of
some plant extracts and essential oils against fungi-infested organ-
ic archaeological artefacts. Archaeometry 62, 187-199. https://doi.

org/10.1111/arcm.12500

Teixeira, B., Marques, A.,Ramos, C., Neng, N.R., Nogueira, ].M., Saraiva, J.A.,
Nunes, M.L., 2013. Chemical composition and antibacterial and anti-
oxidant properties of commercial essential oils. Industrial Crops and
Products 43, 587-595. https://doi.org/10.1016/j.indcrop.2012.07.069

Tian, F., Woo, S.Y,, Lee, S.Y,, Park, S.B., Zheng, Y., Chun, H.S., 2022. Anti-
fungal activity of essential oil and plant-derived natural compounds
against Aspergillus flavus. Antibiotics (Basel) 11(12), 1727. https://doi.
org/10.3390/antibiotics11121727

Umezu, T, Nagano, K, Ito, H., Kosakali, K., Sakaniwa, M., Morita, M., 2006.
Anticonflict effects of lavender oil and identification of its active
constituents. Pharmacology Biochemistry & Behavior 85, 713-721.
https://doi.org/10.1016/j.pbb.2006.10.026

Wilks, J., Slonczewski, J., 2007. pH of the Cytoplasm and Periplasm of
Escherichia coli: Rapid Measurement by Green Fluorescent Protein
Fluorimetry. Journal of Bacteriology 189(15), 5601-5607. https://doi.
org/10.1128/JB.00615-07

186455




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


