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Abstract

Purpose: The general goal of the article is to analyze air contamination of lecturer-halls by microorganisms
and to investigate antimicrobial activity of plant essential oils for improvement of ecological state of indoor
microflora. Methods: For determination of the total number of microorganisms and assessment of air
microflora contamination, Sedimentation method (Koch’s Pour Plate method) was used. The colonies of
microorganisms were calculated according to the V. Omelianskii rule. Statistical processing of data made on
the Microsoft Office Exel (with adequacy 95%). Indicators of standard deviations were calculated by
conventional procedures. The morphology of microorganisms was studied on microscope "Mikmed 2" (with
zoom x 1500). The impact of plant essential oils on chosen strains of microorganisms (Staphylococcus
aureus UCM B-904, Pseudomonas aeruginosa UCM B-907, Escherichia coli UCM B-906) was estimated
with the help of disc-diffusion method. Results: The round, white, yellow with a matte or shiny surface and
with a smooth edge of the colonies of microorganisms were identified during the investigation. By the
morphological features, microorganisms were gram-negative bacilli or gram-positive cocci. It has been
established that the efficiency of plant essential oils appears in small concentrations and during of its
increasing it changes insignificantly. In the research of antimicrobial activity of essential oils with the help
of disco-diffusion method, it has been determined that the essential oils of lavender and eucalyptus have
antimicrobial activity against to all the strains investigated. Conclusions: It has been investigated that
investigated essential oils (lavender, eucalyptus, and juniper) inhibit the microorganisms to increase in the
concentrations 5-15 mcl/m3 and can be used as the effective method of air treatment. Based on the research,
the essentigzl oils of lavender and eucalyptus can be recommended to use after classes in the concentrations
of 5 mcl/m’.

Keywords: air microflora; antimicrobial activity; aromatherapy; biological activity; essential oils;
phytoncide

1. Introduction accumulate pathogenic microorganisms, due to their
insufficient  ventilation, lighting, hygienic

Nowadays, with the increase of population, there has C
activities etc.

been a number of important issues and problems
such as providing comfortable conditions for
education, work, recreation and other living
conditions. Increasing of population result the
spreading of infection and using of antibiotics —
mutation of pathogenic microorganisms. People
spend more than half of their lives indoors, staying
in which can affect health very much. The buildings
similar to artificial ecosystems have tendency to

Air is the environment, which may contain a
considerable number of microorganisms. However,
it is less favorable place for them (in comparison
with soil and water), in which they die because of
influence of such factors: low level of humidity;
action of solar radiation and temperature; lack of
nutrients. There are many bacteria in public place,
which crowded by people (train stations, cinemas,
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educational institutions). First of all, it connects with
fact that a person is an owner of a specific
microflora. It is believed that each third person of
our planet is the carrier of Staphylococcus aureus,
which he can infect others [1-3].

The creation of health environment
foundation for improving working ability,
productivity of labor and studying. For these
reasons, it is important to investigate and apply
practically methods of reduction of air microflora
contamination with the help of natural substances,
which affect positively human overall health,
immunity and well-being.

is the

2. Analysis of the research and publication

One of the main discovery, which important for
understanding bactericidal, fungicidal and others
properties of plant essential oils and plant, was
happen in 1928, when P.B. Tokin acknowledged
bactericidal properties of plant selections. These
vegetable selections was called phytoncids.
Phytoncids are well known as biologically active
substances released by plants and they have
bactericidal, fungicidal and anti-protist
properties [4]. Phytoncids cause various changes in
microbial cells such as inhibit breathing, dissolve
and destroy the surface layers and components of
protoplasm (enzymes etc.).

Others important researches for our investigation
related to study of microbiological contamination of
indoor were happen in the 1940°s and 1950’s. Great
interest to the problem of dissemination of
nosocomial infections and development of modern
instruments for air sampling led to systematic
studies of the microbiological composition of
hospital air, and subsequently to discovery of
allergenic varieties of mold contained in the air of
streets, residential and public buildings [4]. The
study of occupational respiratory diseases among
farmers, and workers in contact with malt and cotton
was carried out in the 1950’s and 1960°s.

In 1959, it was first described a flash of wet fever
similar to influenza, but more than a decade passed
before another similar case was documented [5].

The first recognized cases of Legionnaires'
disease occurred in Philadelphia,
Pennsylvania (1976). Among more than 2000
attendees of an American Legion convention held at
the Bellevue-Stratford Hotel, 182 attendees
contracted the disease and 29 of them died [5].

In 1986 A. Grodzinsky and others published a
monograph "Phytoncids in ergonomics", which

described the effects of various compositions of
plant essential oils on the air environment in order to
improve labor productivity [6]. Principles of
research described in this monograph were taken as
a basis for our studies.

3. The purpose and tasks of the work

The general goal of the article is to analyze air
contamination of lecturer-halls by microorganisms
and to investigate antimicrobial activity of plant
essential oils for improvement of ecological state of
indoor microflora.

The main tasks of our investigation were:

- to investigate the influence of different
concentrations of plant essential oils (lavender,
eucalyptus and juniper) on air microflora of lecturer-
halls;

- to compare the influence of lavender,
eucalyptus and juniper essential oils and their
combination on the total amount of microorganisms;

- to determine antimicrobial activity of plant
essential oils in accordance to define strains of
microorganisms: Staphylococcus aureus,
Pseudomonas  aeruginosa,  Escherichia  coli,
representatives of the most common cause of
inflammatory diseases.

4. Materials and methods of the investigation

A. Essential oils

Three types of essential oils were used in this
research such as: lavender, juniper and eucalyptus.
All these oils were purchased at “Aromatika” firm.

Lavender essential oil is made from inflorescence
lavender — Lavandula anqustifolia Mill. in Latin
(family — Lamiacea) by steam distillation method.

Juniper essential oils is made from pre-mash or
dried cone-berries 2 years (blue color) common
juniper — Juniperus communis L. in Latin (family —
Cupressaeceae) by steam distillation method [6].

Eucalyptus essential oil is made from eucalyptus
ball — Eucaliptus globulus L. in Latine (family —
Myrtaceae) by steam distillation method. Essential
oil from various types of eucalyptus is usually
subjected to additional distillation or rectification,
obtaining various grades of oil with a lower (70-
75%) and higher (80-85%) cineol content [6,7].

The estimation of plant essential oil
concentration was calculated in accordance with
manufacturer recommendations (“Aromatika” firm).
The volume of lecture-hall investigated is 120 m’,
and its space is 30 m’. Inasmuch as 1 drop of
essential oil is equal 0.06 ml = 60 pl, therefore for
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treatment the room with the space 30 m? it is needed
600 ul. According to manufacturer
recommendations, we added 10 ml of drops or 600
ul (0.6 ml) of essential oil to the aroma-lamp.

B. Test organisms

For this investigation, we took standard stains
commonly found in the air microlfora. The selected
test organisms used to evaluate the antimicrobial
activity of the essential oils were as follows: Gram
positive (Staphylococcus aureus UCM B-904), and
Gram negative (Pseudomonas aeruginosa UCM
B-907, Escherichia coli UCM B-906), all purchased
from the collection of Ukrainian Institute of
Microbiology  and  Virology = named by
D.K. Zabolotnoho NAS of Ukraine.

During the experiment, we incubated culture of
investigated strains in the incubator at 30 °C for 24
hours, afterwards suspended test-culture in sterile
saline (NaCl 0,85%), making to a concentration of
0,5 CFU/ml. Characteristics of cultural properties of
chosen microorganisms present in the table 1 [9].

D. Methods

The first part of investigation was carried out at the
ecobiosafety laboratory of Scientific-Research
Institute of National Aviation University. The
assessment of air microflora contamination by
microorganisms in the lecture-halls conducted by

determining the total number of bacteria in
1 m® (CFU). Determination of the total number of
microorganisms occurred in lecture-hall of
university after classes in triple repetition for
systematic reliability of the results.

The first part of investigation includes:

1. Sedimentation method (Koch’s Pour Plate
method) which involve settling of air microflora on
the surface of the culture medium [10].

2. The method of direct counting colonies by
V. Omelianskii rule, according to which the number
of microorganisms, there are in 10 litters, sediments
on the area of 100 cm® for 5 minutes.

Statistical processing of data made on the
Microsoft Office Exel (with adequacy 95%).
Indicators of standard deviations were calculated by
conventional procedures. The morphology of
microorganisms was studied on microscope
"Mikmed 2" (with zoom X 1500).

The second part of investigation was carried out
at the Institute of Microbiology and Virology D.K
Zabolotnoho NAS of Ukraine where we got
microorganisms strains for our research.

3. Disc-diffusion method of investigating air
microflora, which is widely used for epidemiological
control resistance. The sensitivity of microorganisms
to different substances identify only in pure culture.

Table 1

Characteristics of cultural properties of test microorganisms

For growing in. dense culture For growing in. liquid culture For microscoping study
Test medium medium of smear agar culture,
microorganisms | conditions of description of | conditions of | description of painted by Gram
cultivation culture cultivation culture method
Medium Ne 1, Smooth Uniform Uniform in size and
T°(B36+1)°C, | colonies with . turbidity of broth .
Nutrient borth, . . location in the form of
Staphylococcus | 18-20 hours, | smooth edges, without pellicle . .
. . pH 7,2- 7,4, cocci bunch with well-
aureus then at room | with a uniform and mucous ..
18-20 hours . expressed gram positive
temperature 24 golden sediment at the
. . color
hours pigmentation bottom
A noticeable
Nutrient agar, The broad, . turbidity, thick Single sticks or short
vague, Nutrient borth, . . . .
Pseudomonas pH 7,2-7,4, pellicle, medium chains with well-
. o o transparent pH 7,2-7,4 .
aeruginosa T° (36 +1)°C, . . can take the |expressed gram negative
colonies with 18-20 hours
18-20 hours yellow-green color
ragged edge color
A significant
Small erav-blue turbidity of the | Single flat red colonies
Escherichi Medium Nel, coloni%s \};lhich Nutrient borth, | medium, a small | medium-sized, dark
senericmad T°(B6+ 1) °C, . pH 7,2-7,4, 18- |sediment, pellicle| metallic luster and with
coli are easily merge
18-20 hours 20 hours on the surface of | well-expressed gram
together . .
the borth is negative color
usually absent
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5. Results and discussion

Investigation the effect of plant essential oils on the
total number of microorganisms in the air of the
interior premises and study their antimicrobial
properties were carried out at the ecobiosafety
laboratory of Scientific-Research Institute of
National Aviation University and the Institute of
Microbiology and Virology D.K Zabolotnoho NAS
of Ukraine where we got microorganisms strains for
our research. All investigations were repeated three
times and were conducted statistical analysis of
taken results by conventional methods.

With the help of sedimentation method in the air
educational multimedia audience of university after
classes, we determined the total number of
microorganisms in colony forming units (CFU) and
the impact on this indicator of plant essential oils.
According to experimental research were identified
that investigated essential oils exhibit fungicidal
properties.

There wasn’t determined any fungi growth in any
Petri glasses were treated by essential oil vapors. It

was determined that all essential oils are inhibit the
microorganisms growth at use concentrations of 5;
10; 12,5 and 15 mcl per 1 m® of air. The most
effective was lavender and eucalyptus essential oils,
the least effective was juniper (Table 2,
Figure 1).Changes of antimicrobial effect with the
increasing of lavender essential oil concentration in
the air environment of the investigated audience are
represented. The total number of microorganisms in
comparison with control was decreased in 4 times
per 1 m® of air at a minimum concentration of 5
mcl/m® (control - 191 000 CFU/m’, taken results -
51 000 CFU/m’) after treatment the audience by
lavender essential oil evaporation.

The number of microorganisms after eucalyptus
essential oil treatment was decreased in 3 times. The
least effective was juniper (166 000 CFU/m’).The
average number of colony forming units in the result
of processing at concentrations of 5 and 10 mcl/m’
according to calculation was 115 000, which near
1.7 times less than in the control.

Table 2
Numerical indicators of microorganisms after air treating by plant essential oil vapor
Concentration of The number of microorganisms, CFU/m’ (% from control)
essential oil Control Juniper Composition Eucalyptus Lavender
5 mcl/m’ 3275 2855 (13%) 1976 (40%) 1098 (66%) 878 (73%)
10 mcl/m’ 3270 2800 (14%) 1900 (42%) 1000 (67%) 850 (74%)
12,5 mcl/m’ 3108 2650 (15%) 1800 (42%) 987 (68%) 800 (74%)
15 mel/m’ 3300 2500 (24%) 1756 (47%) 950 (71%) 730 (78%)
3500
g 3000
=
©
£ 2500
=
=
50 2000 .l
2
=
£ 1500 :
= "
.'-é 1000 I m4
=
0
Control Juniper Composition Eucalyptus Lavender

The name of plant essential eil

Fig. 1. Antimicrobial properties of investigated essential oils: 1—5 mcl/m’ concentration of essential oil; 2—10 mcl/m’
concentration of essential oil; 3—12.5 mcl/m’ concentration of essential oil; 415 mcl/m® concentration of essential oil
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This may indicate antagonism, which means that
the impact of some components of essential oils
could lead to a weakening of the antimicrobial
properties of others.

Since the composition of three essential oils not
proved sufficiently effective in the second stage of
the experiment, in determining the antimicrobial
activity of essential oils it was decided not to use.
According to cultural features, all selected colonies
of microorganisms were round, white or yellow with
a matte or glossy and straight edge. By the
morphological features, microorganisms were gram-
negative bacilli or gram-positive cocci. The result of
investigation of antibacterial properties is shown in
the table 3.

Table 3

Antimicrobial activity of plant essential oils,
determined by disc-diffusion method

Diameter of inhibition zone (mean
Test value), mm
microorganisms
Lavender | Eucalyptus | Juniper
S. aureus 20 10 0
E. coli 15 11 0
P. aeruginosa 4 5 1

According to these results, we may conclude that
the essential oils of lavender and eucalyptus have
antimicrobial activity against to all the strains
investigated. The highest antimicrobial activity was
observed in relation to Staphylococcus aureus, and
less to gram-negative bacteria.

6. Conclusions

It has been investigated that plant essential oils
affect on the total number of microorganisms in the
air microflora of an lecture-hall and have abilities to
antimicrobial activity for separate species of
microorganisms.

It has been determined that investigated essential
oils (lavender, eucalyptus, and juniper) inhibit the
microorganisms to increase. The most efficient
essential oils were lavender and eucalyptus, the least
effective was juniper.

It was established that all studied essential oils
show fungicidal properties.

In the research of antimicrobial activity of
essential oils with the help of disco-diffusion
method, it has been determined that the essential oils
of lavender and eucalyptus have antimicrobial
activity against to all the strains investigated:
Staphylococcus aureus UCM B-904, Pseudomonas

aeruginosa UCM B-907, Escherichia coli UCM
B-906, representatives of the most common cause of
inflammatory diseases.

The highest antimicrobial activity was observed
in relation to Staphylococcus aureus, and less to
gram-negative bacteria.

Based on the research, recommendations on
practical application of taking results for treatment
and recovery of air at lecture-hall with the
implementation of plant essential oils, as effective
prevention of seasonal diseases were developed.
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3acTocyBaHHA POCIAMHHMX e(ipHUX 0l A9 NOKpalleHHs AKOCTi MOBITPsSI ayANTOPill yHiBepcuTeTy
HamionanpHuit aBiamifinuii yaiBepcuret, mpocit. KocmonarTta Komaposa, 1, Kuis, 03680, Ykpaina
E-mails: 'larus_2010@ukr.net; *exsurgens@gmail.com; *karina_vityk@mail.ru; *gav_olesya@ukr.net

MeTta: AHani3 3a0pyIHEHHS TMOBITPS MIKPOOpraHi3MaMH B HAaBYAJIBHUX Ta MOCIHIHKEHHS aHTHUMIKPOOHOT
aKTHBHOCTI POCIMHHHX eQipHUX OJIId /I MOKpallleHHS EKOJIOTIYHOro cTaHy ayauTopid. Meroau
JocTigxeHHst: [ BCTaHOBIEHHS 3arajibHOI KUIBKOCTI MIKPOOPTaHi3MiB Ta OIIIHKH 3a0pyIHEHHS IOBITPS
Oyno BukopucraHo CeaumeHrtaniiinuii meron (wamkoBuii Meton Koxa). Komowii MikpoopraHizmis
migpaxoByBaiucsa 3a npaBmwioM B.JI. OwmensHcbkoro. CTaTHCTHYHY OOpOOKY ITaHWUX NPOBOAMIIN 3a
JornoMororo mporpaMHux nakeriB Microsoft Office Excel 3 moctoBipnicTio 95%. [loka3HUKHM cTaHAApTHUX
BIIXWJICHh OOYMCITIOBAIA 3a 3arajlbHONPHUHHATHME (QopMmyliamMu. Mopdonorito KIITHH BHBYAIH Ha
Mikpockomi «Mikmen-2» (30inpmeHHst x1500). BrmuB pocnuHHEMX edipHHX ofiif Ha oOpaHi mTaMu
MikpoopraHismiB (Staphylococcus aureus YKM b-904, Pseudomonas aeruginosa YKM b-907, Escherichia
coli YKM B-906) omnintoBanu 3a nomoMororw aucko-audysiiiHoro merony. Pesyabraru: Ilix wac mocminy
Oyn BUIUICHI KpyTUti, OuT, YKOBTI 3 MaTOBOIO ab0 OJMCKY4YOIO TIOBEPXHEIO0 Ta PIBHUM KpaeM KOJOHIl
MiKpoopraHi3MiB. 3a MOp(OJOTIYHUMH O3HaKaMHd MIKpPOOPraHi3MH BHSBWINCS TpaMHETaTHBHUMH
MMaJuIKaMyd a00 TPaMITO3UTHBHUMH KOKaMH. byJio BCTaHOBIIEHO, IO €(PEKTUBHICTH POCIMHHHX €(ipHHX
OJIil MPOSIBIIIETBCS Y MAMX KOHILEHTPALIsAX 1 3MIHIOETBCS HE CYTTEBO IpH ii 30unbineHi. [Ipn BUBUEHHI
AHTHMIKPOOHOT aKTUBHOCTI e(ipHHUX Ol AUCKO-Iu(y3iHHUM METOI0M BU3HAYEHO, 110 eipHi oii 1aBaHIu
Ta CBKANINTy Majd aHTUOAKTEpiaJibHy aKTHBHICTIO II0 BIJHOIIEHHI IO BCIX JOCHIKYBaHUX IITAMIB.
BucnoBku: Jlocmimkeno, mo pociauHHI edipHi omii (suTiBIeBa, JaBaHIO0Ba, €BKACBKAIII Ta X KOMIIO3HIiS)
3MEHIIy€e KilbKiCTh MiKpOOPraHi3MiB B MOBIiTpi HABYANBHHX AyAUTOpill B KOHLEHTpaisx 5-15 Mxm/M’ i
MOXYTh OyTH €(pEKTUBHHUM 3acOO0M O3/I0POBJICHHS MIKPOQIOpPH MOBITPS NPUMIIICHb. 3a pe3yJbTaTaMu
JOCIIPKEHh MOKHA PEKOMEHIIYBATH BHKOPHCTOBYBATH POCIHMHHI e(ipHI OMii JaBaHAM Ta eBaJKanTy B
KOHIEHTpAIlisiX 5 MEJ/M> TIOBITPS TICIIS 3aHSATh.

KiwouoBi cioBa: AHTHMIKpOOHI BIAacTUBOCTI; apomarepamiss; OloioriyHa aKTWUBHICTB; edipHi odii;
MikpodIIopa NoBIiTPs; GiTOHIIUAN POCITHH

T.U. buabik, H.C. Jlykbsinenko, K.O. Butiok, O.A, I'aBpuiiiok.

[IpuMeHeHUe pacTUTEIBHBIX JQUPHBIX Maced AJf YJIydlIeHHs] KadecTBa BO3AyXa ayIuTOpPHii
YHHBEpPCHUTETA

HanmonansHBIN aBHAITMOHHEBINA ;’HI/IBepCI/ITCT, npocn. Kocmonasta Komaposa, 1, Kues, 03680, Ykpauna
E-mails: 'larus 2010@ukr.net; “exsurgens@gmail.com; *karina_vityk@mail.ru; *gav_olesya@ukr.net

Hean: Ananmu3 3arps3HeHUS BO3AyXa MHKPOOPTraHM3MaMH B YUYEOHBIX 3aBEICHHUSIX W HCCIICIOBAaHUE
AHTUMHUKPOOHOW aKTHMBHOCTH PACTHTCIBHBIX 3(PHUPHBIX Macesd s YJIYUIICHUS SKOJIOTUYSCKOTO COCTOSHUS
aynutopuii. Metoasl ucciaenoBanus: /s ycraHOBIIEHUST OOMIETO KOJIHMYECTBA MUKPOOPTAHU3MOB M OIICHKH
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3arpsi3HEeHHs BO3AyXa ObLIO Mcmonb3oBaHo CeauMeHTalnoHHbIN MeTon (dameunbiid Meto Koxa). Komonnn
MUKPOOPTaHU3MOB TOJICYHTHIBaNK 10 mpaBmiry B.JI. OmensHckoro. CraTucTudeckyro oOpaboOTKy JaHHBIX
MIPOBOAMIIN C TOMOIIBI0 TporpamMmHbIX makeToB Microsoft Office Excel ¢ nocroBeprocThio 95%.
[lokazarenu cTaHOAPTHBIX OTKIOHEHHWH PACCUUTBHIBANM IO OOLIETIPHHATHIM (opMmynaM. Mopdomoruro
KIIETOK W3ydYaid Ha MUKpockomne «Mukmen-2» (yBemmueHue *1500). BrmusHue pacTHUTENbHBIX 3(PUPHBIX
Macel Ha BBIOpaHHBIC IITAMITBI MHKPOOPTaHU3MOB (Staphylococcus aureus YKM b-904, Pseudomonas
aeruginosa YKM b-907, Escherichia coli YKM Bb-906) onieHuBaiv ¢ TOMOIIBI0 TUCKO-TH((HY3HOTO METOIA.
PesyabTaTbl: Bo Bpems uccienoBaHusi ObITM BBIIEJNEHBI KpYyIJible, Oelble, JKENThle ¢ MaTOBOH MU
ONecTsIIel IMOBEPXHOCTBIO M POBHBIM KpaeM KOJOHHH MHUKPOOPTaHM3MOB. 3a MOPQOIOTHUYECCKUMHU
NpU3HAKAMH MHKPOOPTaHU3MBl OKA3aJMCh T'PAMHETaTUBHBIMH TIaJOYKAMUA WU TPaMIO3UTHBHBIMH KOKAaMH.
Beuto  ycraHoBneHo, 4TO 3(QQEKTUBHOCTH PpACTUTENBHBIX JOHUPHBIX Macel NpOSBISETCS B MalbIX
KOHIEHTpAIMsIX W MEHSeTCs He CYIIECTBEHHO mpHu e u3MeHeHWH. llpn W3ydeHMH aHTHUMUKPOOHOU
AKTUBHOCTH D(HUPHBIX Macell AUCKO-TU(DPY3HBIM METOJOM OMPEICIICHO, 9TO 3(PHUpHBIC Macia JaBaHAbl U
IBKAIUNTA UMENH aHTHOAKTEPHaIbHYI0 AKTUBHOCTH IO OTHOIICHUIO KO BCEM HCCIEIYyEeMBIM MITaMITaM.
BeiBoasl: VccnenoBano, 4To pacTuTeNbHbIe d(QUpPHBIE Macia (MOXKEBEIbHUKA, JTAaBaHbl, SBKAIHIITa U HX
KOMITO3HIIMH) YMEHBIIAET KOINIECTBO MUKPOOPTAHU3MOB B BO3yXe YUeOHBIX ayTUTOPHIA B KOHIIEHTPAIIHIX
5-15 MKM/M’ 1 MOTYT ObITh 3()()EKTHBHBIM CPEJICTBOM 03J0POBJICHHS MUKPODIOPHI BO3LyXa MOMEIIEHHMIA. 3a
pe3yabTaTaMHd HCCIEIOBAaHUH MOXXHO PEKOMEHAOBATh HCIONb30BaTh pacTUTeNbHBIE 3(upHBIE Macna
JNIaBAHJIBI ¥ BKAHIITA B KOHIIGHTPAIMAX 5 MKI/M® BO3/yXa TOCIIE 3aHATHIA.

KaioueBble cioBa: aHTHMHKPOOHBIE CBOWCTBA; apoMareparus; OWOIOTWYecKas aKTUBHOCTh; 3(HpHBIE
Macina; MUKpogiopa Bo3ayxa; GUTOHIMIB pACTCHUH
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