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A comparative microbiological study of the essential oils from
the genus Rosa L.

The medicinal plant raw material containing essential oils always attract the attention of scientists from various
countries worldwide. The search for new sources of the plant raw material rich in biologically active substances, par-
ticularly volatile compounds, remains a relevant task in modern pharmaceutical science. Our focus has been drawn
to Rosa damascena Mill. of the “Veselka” (“Rainbow”) variety grown in the natural environment of Zaporizhzhia; its
essential oil exhibits anti-inflammatory, antimicrobial, and antiseptic effects. To obtain a valuable medicinal plant raw
material from Rosa damascena with a high content of essential oil, it was introduced into in vitro culture to produce
aseptic regenerants, followed by their reintroduction into the natural environment.

Aim. To conduct a comparative microbiological study of essential oils from Rosa damascena of the “Veselka” va-
riety grown via clonal micropropagation in in vitro culture and in the natural environment of Zaporizhzhia.

Materials and methods. The study objects were essential oils obtained by water distillation from rose petals culti-
vated using the method of clonal micropropagation in in vitro culture (at the premises of the Educational and Scientific
Medical Laboratory Center with a vivarium) and the natural environment of Zaporizhzhia. The study of the antimicrobial
activity was conducted in the microbiological laboratory of the Department of Microbiology, Virology, and Immunology
at Zaporizhzhia State Medical and Pharmaceutical University.

Results and discussion. The essential oils from Rosa damascena grown via clonal micropropagation in in vitro
culture and under natural conditions in Zaporizhzhia effectively inhibited the growth of E. coli (21.3 mm and 12.0 mm,
respectively) and S. aureus (11.3 mm and 10.2 mm, respectively). The results of the study on C. albicans indicate a
high antifungal activity in both essential oils; the mean inhibition zone diameter in the experiments using the oil from
Rosa damascena cultivated in in vitro culture is less: 33.3 mm compared to 40 mm in the experiments with the oil from
roses grown in the natural environment of Zaporizhzhia.

Conclusions. The method of clonal micropropagation of Rosa damascena of the “Veselka” variety is effective for
obtaining a large amount of planting material in a short time with the subsequent reintroduction into the natural environ-
ment to expand the raw material base of valuable medicinal plants with a high content of essential oils. The results of
the study of the antimicrobial activity of the essential oil of Rosa damascena of the “Veselka” variety cultivated through
clonal micropropagation in in vitro culture have exhibited a high antimicrobial activity and moderate antifungal activity
compared to the essential oil from Rosa damascena grown in the natural environment of Zaporizhzhia. Therefore,
Rosa damascena Mill. of the “Veselka” variety cultivated under in vitro conditions is a promising source of essential oil
with a high antibacterial effect in order to create new herbal formulations.

Keywords: Rosa damascena Mill. “Veselka” variety; clonal micropropagation in in vitro culture; essential oil;
antimicrobial activity
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' 3anopisbknin Aep>xaBHUN Meguko-chapMaLeBTUYHNIA YHIBEpCUTET, YkpaiHa

2 HaujioHanbHui hbapmaLeBTU4HUIA yHiBepcuTeT MiHiCTepcTBa OXOPOHM 300pOB’S YKpaiHu

MopiBHANBLHE MikpobGionoriyHe aocnigXxeHHsA ecipHOI onil NnpeacTaBHUKIB

poay Rosa L.

Jlikapcbka pocrMHHa CUpOoBUHA, Sika MICTUTb edpipHi onii, 3aBXau NpMBeEpTaE yBary HayKoOBLiB 3 Pi3HMX KpaiH CBITY.
MoLuyK HOBMX [Kepen pOCINHHOT CUPOBUHM 3 BUCOKMM BMICTOM 6iONOrYHO aKTUBHUX PEYOBUH, 30KPEMA NETKMX CMo-
NyK, € akTyanbHUM 3aBAaHHAM CydacHol dhapmaueBTUYHOI Hayku. Haly yeary npusepHyna Rosa damascena Mill.
copTy Becernka, BupoLleHa B NpMpoaHOMY cepenoBuLLi M. 3anopixoks, edipHa onist SKoi Bornogie npotm3ananbHoH,
AHTUMIKPOOHO Ta aHTUCENTUYHOIO Aieto. 3aana ogepKaHHS LiHHOT NIKapCbKOi POCIMHHOIT CUPOBUHU Rosa damascena
3 BMCOKMM BMIiCTOM ecpipHOi onii 6yno BBeAeHO i B KynbTypYy in Vitro AN OTPUMaHHS acenTUYHUX PEereHepaHTiB i3 no-
[anbLUO0 peiHTPOAYKLIE B NpUpoaHe cepenoBuLLe.

MeTtoto po6oTu 6yno nopiBHsANbLHE MikpobionoriyHe JocnigKeHHs edipHMX Oni TPOSIHAM AaMacbkoi copTy Be-
cerka, BUPOLLIEHOI METOAOM KIOHarNbHOro MiKpOPO3MHOXEHHS B KynbTYpi in vitro Ta B NPUPOAHOMY CEPEAOBULLI B YMO-
Bax M. 3anopioks.

MaTtepianu Ta metogn. O6’ekTamun gocnimxkeHHsa 6ynu edipHi onii, OTpMMaHi MeTogoM rigpoancTmnAuiii 3 nentoc-
TOK TPOSIHA, BUPOLLEHMUX METOAOM KITOHaINbHOrO MiKPOPO3MHOXEHHS B KYNbTYpi in vitro (Ha 6a3i HaB4anbsHo-HaykoBoro
Meanko-nabopaTopHOro LEHTPyY 3 BiBapiem) Ta B NpMpOAHOMY cepefoBuLLi B yMoBax M. 3anopixoks. [JocnigkeHHs
NpoTMMIKPOOHOI aKkTUBHOCTI NpoBeaeHo Ha b6asi mikpobionoriyHoi nabopatopii kadenpu Mikpobionorii, Bipyconorii Ta
imyHonorii 3anopisbkoro Aep>xaBHOro Meanko-chapMaLeBTUYHOIO YHIBEPCUTETY.



NEWS OF PHARMACY 2 (108) 2024

ISSN 2415-8844 (Online) 103

PesynkraTy Ta ix o6roBopeHHs. EdipHi onii TposiHan gamachKoi, BUPOLLEHOT METOAOM KIMOHAMNbHOMO MIKPOPO3MHO-
XKEHHs1 B KyNnbTypi in vitro Ta B NPUpOAHOMY CepefoBMyLL B yMOBaxX M. 3anopiioks, 4OCUTb e(PEKTUBHO NpUrHiYyBanu 3poc-
TaHHsa E. coli (BignosigHo 19,7 Ta 12,0 mm) Ta S. aureus (BignosigHo 11,3 Ta 10,2 mm). Pesynsratu gocnigxenHs 3 C. al-
bicans cBigyaTb NPO BMCOKY NPOTUrPUOKOBY aKTUBHICTb 060X edDipHMX OMil, CepeaHe 3Ha4YeHHs AiaMeTpa 30HN 3aTPUMKN
3POCTaHHs B EKCIEPUMEHTAX 3 OfiEt0 TPOSIHAM AAaMachkKOi, BUPOLLEHOI B KymnbTypi in vitro, € MeHwmnm: 33,3 Mm npoTtv 40 Mm
B eKcnepumMmeHTax 3 eqpipHO0 OMielo TPOSIHAW, BUPOLLIEHOT B NPUPOAHOMY CepeAOoBMLLI B YMOBaX M. 3anopiks.

BucHoBok. MeToa KnoHanbHOro MikpOpO3MHOXEHHSA TPOSIHAW AaMacbkkol copTy Becernka edpekTuBHUI ANg ogep-
XKaHHs1 BENUKOI KiflbKOCTi MOCaAKOBOro Matepiany B KOPOTKi CTPOKU 3 NOAAnbLUOK PEiHTPOAYKLIED B NpUpodHe cepeno-
BULLE ANS PO3LUMPEHHSA CUPOBUMHHOI 6a3uM LIHHUX TMiKapCbKMX POCHNH 3 BUCOKMM BMICTOM edipHux onin. Pesynbsratu
[OCNioXEHHsT MPOTUMIKPOOHOT akTMBHOCTI edipHOi onii TposHAan copTy Becernka, BUPOLLEHOT METOAOM KITOHaNbHOIO
MIKPOPO3MHOXEHHS B KynbTypi in vitro, NpoTn edipHoi onii TpPOsAHAM AaMackbKoi, BUPOLLEHOT B NMPUPOAHOMY Cepefo-
BUMLLI B ymOBax M. 3anopixeksi, 3acBig4mnu BUCOKY aHTUbOakTepianbHy Ta NOMipHY NpOTUrpuOKOBY akTUBHICTb. Rosa
damascena Mill. copTy Becenka, BupolieHa B yMOBax in vitro, € NnepCcnekTUBHUM S)KeperioM OTpUMaHHs edipHoi onil
3 BMCOKOI aHTubaKTepianbHOK BNacTUBICTIO 3 METOK CTBOPEHHS HOBMX (hiTonpenaparis.

Knrouoei cnosa: Rosa damascene Mill. copmy Becerika; KIoHaribHe MiKpOPO3MHOXEHHS 8 Kyribmypi in Vitro;

eqipHa onis; npomuMikpobHa akmueHicmb

Introduction. In modern medical practice, signifi-
cant attention is paid to identifying additional sources
of the medicinal plant material with antimicrobial and
anti-inflammatory properties.

The Damask rose (Rosa damascena Mill.) from the
Rosaceae family widely used in medicine and cosme-
tology is of particular interest.

There are approximately several thousand garden
varieties and hybrids of roses globally [2].

The Damask rose, Rosa damascena Mill., is a pe-
rennial branched shrub up to 1.5 meters high, with its
raw material being petals (Rosae petales), which con-
tain the essential oil in exogenous formations — oil
glands [3].

A significant portion of the chemical composition
of the Damask rose is represented by components of
the essential oil, which is one of the primary biologi-
cally active compounds of this plant. The essential oil
of Rosa damascena has a complex chemical nature and
contains several dozen different components. Accord-
ing to studies by French and Bulgarian scientists, the
main components of the essential oil from the Damask
rose petals are citronellol (35-46 %), geraniol (10-26 %),
nerol (9-18 %), and their acetates, which give it a cha-
racteristic fragrance [4-8].

Rose petals also contain such flavonoids as kaemp-
ferol, quercetin, apigenin, myricetin, rutin, roxyloside
(kaempferol-3-O-B-D-glucopyranosyl (1-4)-f-D-xylo-
pyranoside), afzelin, isoquercitrin, quercetin 3-O-galac-
toside, and quercetin 3-O-xyloside, cyanidin-3-O-beta-
glucoside, quercetin gentiobioside; hydroxycinnamic
acids — gallic, caffeic, chlorogenic; carotenoids — beta-
carotene, rubixanthin; triterpenoids — ursolic acid, olea-
nolic acid, and quinic acids; vitamins (A, C, E, K), and
minerals (potassium, calcium, sodium, phosphorus, mag-
nesium) [1, 4, 9-11].

The antibacterial activity of the rose methanolic ex-
tract against Pseudomonas aeruginosa, Mycobacterium
bovis, and Salmonella typhimurium, as well as its anti-
fungal activity, are associated with phenolic compounds
and terpenes [12-15].

The literature sources suggest that acetone extracts
have more pronounced antibacterial activity compared
to methanolic extracts [14]. Rosa damascena has long

been used in traditional medicine as an anti-inflamma-
tory, antispasmodic, antipyretic, tonic, and sedative agent
for bronchitis, ulcers, depression, and skin damage [1,
7, 13, 14, 16], as well as for kidney, liver, and biliary
tract diseases [17].

Inhalations with the rose oil are used for allergies,
headaches, and migraines [7, 18], and the effectiveness
of the oil in treating periodontitis and pulpitis has also
been proven [19].

The results of the previous studies on the essential
oil of Rosa damascena grown in in vitro conditions indi-
cate its antibacterial effectiveness against enterobacte-
ria (Escherichia coli ATCC 25922), gram-negative bac-
teria that do not ferment glucose (Pseudomonas aeru-
ginosa ATCC 27853), gram-positive cocci (Staphylococ-
cus aureus ATCC 25923), and Candida (Candida albi-
cans ATCC 885-653) [20].

The antimicrobial action of the alcoholic extract of
rose petals against E. coli (ATCC 25922) and S. aureus
(ATCC 25923) has been demonstrated [21, 22].

The state of war presents a complex and dangerous
situation, requiring the search for new approaches to
ensure public safety and health. As part of this research,
we focused on the comparative assessment of the mic-
robiological properties (microbiological purity, anti-
microbial activity) of two essential oils from the genus
Rosa L., one of which was produced from the raw mate-
rial grown in the natural environment of Zaporizhzhia,
while the other was obtained through water distillation
of rose petals grown in in vitro culture via clonal micro-
propagation.

These oils can also be used to produce medicinal
products and be applied in the treatment and preven-
tion of diseases, particularly in conditions of limited re-
sources and insufficient access to medical care. Through
clonal micropropagation, it is possible to rapidly obtain
a significant amount of the raw material base from the
medicinal plant, which will enable the production of suf-
ficient quantities of an essential oil in a short time.

Therefore, a comparative microbiological study of
essential oils from representatives of the Rosa L. genus
obtained using different methods is highly relevant in
the context of the potential development of medicinal
products based on them.
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The aim of this work was to conduct a compara-
tive microbiological study of the essential oils from Rosa
damascena of the “Veselka” (“Rainbow”) variety grown
via clonal micropropagation in in vitro culture and in
the natural environment of Zaporizhzhia, to further sub-
stantiate their potential use in medical practice and de-
velop new medicinal products based on them.

Materials and methods. The study was carried out
as part of the research project No. 0120U102600 “The
search and study of new sources of the medical plant
raw material, and creation of substances and medicines
based on them” of the Department of Pharmacognosy,
Pharmacology, and Botany of Zaporizhzhia State Me-
dical University.

The study objects were essential oils obtained by
water distillation [2] from rose petals grown using the
method of clonal micropropagation in in vitro culture
(hereafter referred to as Sample 1) at the Educational
and Scientific Medical Laboratory Center with a vi-
varium, and under natural conditions in Zaporizhzhia
(hereafter referred to as Sample 2).

For the introduction into in vitro culture, stem parts
with buds of the “Veselka” rose variety were used.
Explants were introduced into in vitro culture from March
to May, and they were cultivated on a modified Mu-
rashige and Skoog nutrient medium with the addition of
2.0 mg/L 6-benzylaminopurine (6-BAP), 0.2 mg/L in-
dole-3-acetic acid (IAA), and 25.0 mg/L ascorbic acid
at an air temperature of 22-24 °C, relative humidity of
65-70 %, and lighting of 2500-3000 1x with a photope-
riod of 16 hours. The nutrient medium was sterilized in
an autoclave under 0.11 MPa pressure for 25 minutes.
The passage duration was 28-30 days. Explants, 0.8-1.2 cm
in size with one node, were planted. The clonal micro-
propagation method for the Rosa damascena “Veselka”
variety in in vitro conditions and its advantages were
described in previous works [20].

The study of the antimicrobial activity was conduct-
ed at the Microbiological Laboratory of the Department
of Microbiology, Virology, and Immunology at Zapo-
rizhzhia State Medical and Pharmaceutical University.
The study of the microbiological purity and antimicro-
bial activity of the rose essential oils (Sample 1 and
Sample 2) was carried out in vitro in accordance with
the existing standards of the 2nd edition of the State
Pharmacopoeia of Ukraine and taking into account the
existing requirements of the European Committee on
Antimicrobial Susceptibility Testing (EUCAST) [23].
The microbiological purity (MP) was studied based on
such indicators as the total viable aerobic microbial
count (TAMC), the total viable yeast and mold count
(TYMC), the presence/absence of S. aureus, P. aerugi-
nosa, E. coli, and anaerobic microorganisms. The TAMC
and TYMC were determined using the pour plate and
double-layer methods. For the pour plate method, dilu-
tions of samples 1:100 and 1:1000 were prepared, and
1 ml was placed into sterile Petri dishes, followed by
the addition of 20 ml of molten and cooled (to 45 °C) soy-
casein agar (to detect bacteria) or Sabouraud-dextrose
agar (to detect yeasts and molds). In the double-layer

method, 1 ml of samples from 1:100 and 1:1000 dilu-
tions were added to tubes containing 4 ml of molten and
cooled (to 45 °C) soy-casein agar or Sabouraud-dextrose
agar. The contents of each tube were quickly mixed and
poured over the surface of the corresponding agar in
Petri dishes. After the agar solidified, the plates were
incubated at 35 °C for 5 days to detect bacteria and at
25 °C for 7 days to detect fungi. The presence/absence
of S. aureus, P. aeruginosa, and E. coli was determined
by inoculating 0.1 ml from each dilution of the samples
onto the dried surface of the respective nutrient media
(egg-yolk salt agar for staphylococcus, Endo medium
for E. coli and pseudomonads). The thioglycolate me-
dium was used to detect anaerobes and facultative an-
aerobes, in which 0.1 ml from each sample dilution was
inoculated into the medium. The cultures for the detec-
tion of staphylococci and anaerobic microorganisms were
incubated at 36 °C for 48 hours, while the cultures for
enterobacteria and pseudomonads were incubated for
24 hours.

The study of the antimicrobial activity of the oils
was conducted using the disk diffusion method. Paper
disks (6 mm in diameter) were soaked separately with
the essential oil from Sample 1 and Sample 2. The tests
used 24-hour cultures of reference test strains from dif-
ferent groups of microorganisms: E. coli ATCC 25922
(a gram-negative rod, representative of the Enterobac-
teriaceae family), P. aeruginosa ATCC 27853 (a gram-
negative rod that does not ferment glucose), S. aureus
ATCC 25923 (a gram-positive coccus), and C. albicans
ATCC 885-653 (a yeast-like fungus from the Candida
genus). A bacterial suspension with a density of 0.5 McFar-
land units (using a DEN 1B densitometer, SIA “Biosan”,
Latvia) was prepared from each culture in physiological
saline and evenly inoculated over the Mueller-Hinton
agar surface using a sterile cotton swab. The surface of
the nutrient medium was dried for 5 minutes, after which
the soaked disks were placed on the agar, and the cul-
tures were immediately transferred to an incubator.
The cultures were incubated at 35+1 °C with E. colli,
P aeruginosa, and S. aureus for 18 hours, and with
C. albicans for 48 hours. The sensitivity/resistance to the
essential oils was determined by the presence/absence
of the growth inhibition zones around the disk with the
oil. The activity was assessed based on the diameter of
the growth inhibition zones around the disk: 0-2 mm —
no antimicrobial effect, 3-10 mm — weak antimicrobial
effect, 10-20 mm — moderate antimicrobial effect, more
than 21 mm — high antimicrobial effect. The experiments
were conducted in triplicate. The HiMedia (India) nu-
trient media were used in the study.

Results and discussion. Testing of the microbio-
logical purity of both essential oil samples showed no
microbial growth on the surface or within the nutrient
media, indicating the absence of any bacteria (S. aureus,
P. aeruginosa, E. coli, and anaerobic microorganisms),
as well as yeasts and molds in the samples studied.

The results of the comparative study of the antimic-
robial activity demonstrated that the oils tested exhibit-
ed the antibacterial and antifungal activity although the
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Table

The study of the antimicrobial activity of essential oils

The sample | The name of the test The diameter of the growth retardation zone, mm The average
name strain Study 1 Study 2 Study 3 value, mm
E. coli 21 23 20 21,7
S | S. aureus 11 11 12 11,3
ample 1 P. aeruginosa 13 14 15 14
C. albicans 35 32 33 333
E. coli 11 12 13 12
Sample 2 S.aureus 9,5 10 11 10,2
P. aeruginosa 0 0 0 0
C. albicans 50 35 35 40

level and spectrum of this activity varied in different
experiments. For example, the analysis of the mean di-
ameters of the growth inhibition zones showed that the
essential oil of rose (Sample 1) more effectively inhi-
bited the growth of E. coli compared to the essential oil
from Sample 2 (21.3 mm vs. 12.0 mm, respectively).
In experiments with S. aureus, both samples exhibited
nearly identical bactericidal activity: the mean diame-
ter of the growth inhibition zones in experiments with
Sample 1 was 11.3 mm, and with Sample 2, it was 10.2 mm.
It was also found that the second sample of the essential
oil, unlike the first one obtained by clonal micropropa-
gation, did not inhibit the growth of P. aeruginosa (the
diameters of the growth inhibition zones were 0 mm and
14 mm, respectively). In the studies with C. albicans,
the results indicated a high antifungal activity for both
essential oils although the mean diameter of the growth
inhibition zone in experiments with the first sample of
damask rose oil (Sample 1) was less — 33.3 mm com-
pared to 40 mm in experiments with Sample 2 of the
essential oil.

According to the results of the study of essential oils
obtained from petals of Rosa damascena “Veselka” va-
riety (Sample 1 and Sample 2), Rosa damascena (Sam-
ple 1) can be recommended for further research as a pro-
mising plant with the antimicrobial activity.

The analysis of scientific literature shows that re-
cent studies have focused on investigating the antimi-
crobial and wound-healing properties of plants, parti-
cularly Rosa damascena, and their potential in treating
bacterial infections and accelerating wound healing.

For example, researchers from Ghana have actively
studied the antimicrobial activity of essential oils and
extracts from several plants cultivated in that country,
including Rosa damascena [24].

The literature provides data on the antimicrobial pro-
perties of an ethanol extract from rose petals against food-
borne bacteria [25].

A randomized controlled study demonstrated the ef-
fectiveness of the Rosa damascena extract in accelerat-
ing wound healing [26].

The studies using rat models have shown that the
essential oil and extracts of Rosa damascena have wound-
healing and rapid skin recovery properties, confirming
their potential utility in clinical practice [27-30].

Similar results were obtained in experiments on wound
treatment using the aqueous extract of Rosa damascena
in rats [31].

These studies highlight the potential efficacy of rose ex-
tracts and oils in combating pathogens of purulent-inflam-
matory wound infections, which could be significant for
the development of new treatments and methods of care.

The results of our study have revealed that the es-
sential oils of Rosa damascena “Veselka” variety ob-
tained through clonal micropropagation from the raw
material cultivated in natural conditions in Zaporizhzhia
possess antimicrobial properties. Both samples have
demonstrated a high antifungal activity, which justifies
their potential use in treating wounds in patients with
candidal infections. Additionally, the samples showed a
moderate antistaphylococcal activity. Furthermore, the
essential oil obtained through clonal micropropagation
exhibited a high antibacterial activity against Escheri-
chia coli and a moderate activity against Pseudomonas
aeruginosa. In contrast, the essential oil obtained from
the raw material grown in natural conditions showed
a moderate activity against E. coli, but lacked bacteri-
cidal effects against P. aeruginosa. Therefore, we can con-
fidently conclude that the essential oil of Rosa dama-
scena obtained through clonal micropropagation pos-
sesses a broader spectrum of the antimicrobial activity
than the oil from the raw material naturally cultivated.
The high content of citronellol, geraniol, as well as the
presence of nerol and eugenol [20], contribute to the
antimicrobial activity of the essential oil from rose pe-
tals grown through clonal micropropagation in vitro
(Sample 1), particularly against P. aeruginosa.

The results of the microbiological purity studies
of both samples showed that the essential oils of Rosa
damascena “Veselka” variety obtained through clonal
micropropagation and from the raw material grown in
natural conditions in Zaporizhzhia fully complied with
the existing standards of the State Pharmacopoeia of
Ukraine, 2nd edition.

The results of the study indicate the potential of us-
ing the essential oil of Rosa damascena “Veselka” va-
riety grown through clonal micropropagation in vitro in
medicine and pharmacy for developing new drugs against
various infectious diseases, particularly for treating
purulent-inflammatory wound infections.
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Conclusions

1. The essential oil obtained by water distillation of
petals from the Rosa damascena ““Veselka” variety grown
through clonal micropropagation in vitro exhibits a high
antimicrobial activity against . coli and C. albicans, and
a moderate activity against S. aureus and P. aeruginosa.

2. The essential oil of Rosa damascena from the raw
material grown in the natural environment in Zapo-
rizhzhia shows a high antimicrobial activity against
C. albicans, while a moderate activity against E. coli
and S. aureus. P. aeruginosa has been found to be com-
pletely resistant to the action of this oil.

3. Rosa damascena Mill. “Veselka” variety grown
in vitro is a promising source of essential oil with the

antimicrobial activity, it is suitable for creating new
herbal formulations.

The prospects for further research. The results of
this study can serve as a scientific basis for develop-
ing medicinal formulations based on the essential oil of
Rosa damascena Mill. “Veselka” variety grown through
clonal micropropagation in vitro.
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