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Aim. To investigate the antibacterial properties of the flowers of melliferous plants on the cultures isolated from
honeycombs affected by foulbrood. Methods. Microbiological, cultural-morphological, biochemical, electron-
microscopic, statistical. Results. Antibacterial effect on the Melissococcus pluton 8.1 strain was demonstrated
by the flower extracts of 14 plant species and that on Bacillusaspecies — by the flower extracts of 27 plant spe-
cies blossoming in the early spring. Conclusions. To study bee colonies affected by foulbrood, it is possible to
use the properties of such nectariferous plants as Lamium album, Acer campestre, Prunus tomentosa, Allium
cepa, Tagetes patula, Spiraea japonica, Achillea millefolium, Calluna vulgaris, Mentha piperita, Tilia cordata,
Centaurea jacea, Lysimachia nummularia. The results of the experiments on the culture of microorganisms,
isolated from the honeycombs of the bee colonies affected by foulbrood, demonstrated that these plants could
be effective for the prevention and treatment of bacterial bee discases.
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INTRODUCTION

It is known that in case of some bacterial diseases,
bee colonies are capable of “self-healing” and this
process coincides with the start of massive blossom-
ing of melliferous plants. Thus, this “self-healing”
phenomenon may be related to medicinal and health-
improving properties of melliferous flora. In addition
to sucrose, fructose, and glucose, the nectar of flowers
also contains dextrins, organic acids, mineral salts and
enzymes, glycosides, essential oils, tannins, saponins,
derivatives of phenol and flavones [1]. The available
microelements are K, Ca, Mn, Fe, Mg, Cu, Zn, Co, Cr,
ALV, Se, Ni, Sr, Pb, B. It is recommended to place the
beehives with bee colonies in the places with the vari-
ety of blossoming plants to ensure prevention and treat-
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ment of diseases [2, 3, 4]. nthe impact of plant extracts
on the agents of bacterial, fungal and microsporidial
diseases of bees is well known. Therefore, anti-asco-
spherosis properties of over 500 plant species, present-
ed in Ukraine’s flora, were investigated using the cul-
ture of Ascosphaera apis (in vitro) in the Laboratory of
technological and special measures of preventing bee
diseases, NSC “Institute of Beekeeping named after
P.I. Prokopovych”. Further on, the bees (in vivo), in-
tentionally infected with spores of Nosema apis, were
used to investigate anti-nosematosis properties of the
extracts, obtained from the plants, which demonstrat-
ed anti-askospherosis effect. The results were used to
select the plants, extracts of which hed complex anti-
nosematosis-ascospherosis properties and which could
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be used as a basis for ecologically safe plant prepara-
tions for the treatment of bees from nosematosis and
ascospherosis [5, 6]. Many studies have been dedicated
to the investigation of phytoncides of plants, in particu-
lar, garlic and onions, on the agents of bacterial dis-
eases of bees. During thehstudy, conducted by a group
of American scientists, garlic was used to extract the
antibiotic substance — allicin, formed in the damaged
clove with sulfur-containing aminoacid (+)-S-alyl-/-
cysteine sulfoxide. It was demonstrated that allicin in-
hibited the growth of Paenibacillus larvae — the agent
of American foulbrood, the areas of growth delay were
45-50 mm [2]. V.I. Polteev studied the antibacterial ef-
fect of pine phytoncides and recommended their use in
treatment of infectious diseases of bees [7]. However,
the data on the impact of flower extracts of melliferous
plants on the agents of bacterial diseases of bees are
still unavailable in scientific literature.

We havs previously determined that the flower ex-
tracts of 38 plant species showed antibacterial prop-
erties against the museum culture of Bacillus sub-
tilis UKM B-901, the areas of growth delay for all
the investigated extracts were 7-21 mm. The high-
est bactericide effect was recorded foy the flower
extracts of onion (4/lium cepa) — the diameter of the
area of growth delay was 21 mm, treacle mustard
(Erysimum cheiranthoides) — 17 mm, purple cone-
flower (Ehinacea purpurea) and tufted vetch (Vicia
cracca) — 16 mm [8].

This study was aimed at investigating the antibacteri-
al properties of flowers of melliferous plants regarding
the cultures, isolated from honeycombs of bee brood,
affected by foulbrood.

MATERIALS AND METHODS

The study was conductedein cooperation between the
Laboratory of technological and special measures of
preventing bee diseases, NSC “Institute of Beekeeping
named after P.I. Prokopovych” and NSL of Microbi-
ology and Immunology Issues of Biotechnology, NSC
“Institute of Biology” of the Taras Shevchenko Nation-
al University of Kyiv.

The objects of our study were 10 strains of bacteria,
isolated from 10 samples of honeycombs with sealed
bee brood, selected in May-August of 2012-2014 in
Kyiv and Zhytomyr regions [9]. The cultures were kept
at the temperature of +4 °C in the medium of meat-and-
peptone agar (MPA) under the layer of paraffinic oil.
The daily culture of microorganisms was used for the
study.
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The ethanol flower extracts of 153 plant spe-
cies, collected in 2012-2015 in different regions of
Ukraine, were used in thekstudy. The antibiotic activ-
ity of flower extracts was analyzed using the disk-dif-
fusion method [10]. The ethanol flower extracts were
prepared using the following method: 1 g of flowers
was added to 2 ml of 90 % ethyl alcohol with subse-
quent careful homogenization. The obtained ethanol
extracts were applied to paper discs with the diam-
eter of 6 mm. Paper discs, treated with the mixture
of physiological solution and alcohol (1:2), were used
as the control. The experimental and control discs
were dried in the laminar box at room temperature.
The suspension of the daily culture of investigated
microorganisms was prepared using the sterile physi-
ological solution until obtaining the concentration of
110° CFU/ml. 0.1 ml of the prepared suspension was
inoculated in a lawn on Petri dish with the Mueller-
Hinton medium. The discs with the extracts were
placed on the surface of the medium with inoculated
microorganisms, cultivated for 24 h in the thermostat
at 37 °C, with subsequent registration of the areas of
microorganism growth delay.

The results of statistical processing were presented in
the form of confidence intervals, built using Statistica
program.

RESULTS AND DISCUSSION

The ethanol flower extracts of 125 plant species, in-
cluding 11 garden plants, 44 — ornamental plants, 70 —
wild plants were studied for the antibacterial activ-
ity of the ethanol flower extracts regarding the strain
of Melissococcus pluton 8.1. It was demonstrated that
only 14 of all the investigated extracts had antibac-
terial activity against Melissococcus pluton 8.1 — the
agent of European foulbrood (Fig.1): one of garden
plant, five of ornamental plants and eight of wild
plants.

The highest activity was demonstrated by the follow-
ing flower extracts: onion (17 mm), French marigold
(15 mm), Japanese meadowsweet (15 mm), yarrow
(15 mm).

The Bacillus sspecies, isolated from the honeycombs
with infected bee brood [11], were used as test-cultu-
res, because the representatives of this genus are fre-
quent agents of bee diseases: American foulbrood
(Paenibacillus larvae (Bacillus larvae)), European
foulbrood (Paenibacillus alvei (Bacillus alvei); Brevi-
bacillus laterosporus (Bacillus laterosporus = Bacillus
orpheus); Paenibacillus apiarius (Bacillus apiarius);
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Fig. 1. Areas of growth delay for the ethanol flower extracts on the strain Melissococcus pluton 8.1
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Fig. 2. Antibacterial activity of the ethanol flower extracts of Acer campestre, Prunus tomentosa, Lamium album L., Phy-
sochlaina orientalis, Capsella bursa-pastoris L., Ficaria verna, Viola tricolor on microorganisms, isolated from the honey-
combs with bee brood affected by foulbrood

parafoulbrood (Bacillus paraalvei), powder-like brood It was demonstrated that the extracts of 27 plant spe-
(Paenibacillus larvae pulvifaciens) [12, 13]. cies revealed their antibacterial activity against the

The of ethanol flower extracts of 28 species of wild, investigated microorganisms, the areas of growth de-
ornamental plants, trees and bushes, collected in March- 12y were 7-15 mm. The highest activity against all
May 2015 in the city of Kyiv and Kyiv region, were used ~ investigated strains was demonstrated by the flower
to study antibacterial activity against Bacillus species. extracts of field maple (Acer campestre) (89 %),
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Fig. 3. Antibacterial activity of the ethanol extracts of spring flowers on the strain N 2.1

Nanking cherry (Prunus tomentosa), Hyoscyamus
physaloides (Physochlaina orientalis), shepherd’s
purse (Capsella bursa-pastoris) (67 %). The flower
extracts of lesser celandine (Ficaria verna) delayed
the growth of 56 % of all investigated strains, those
of heartsease (Viola tricolor), ground-ivy (Glechoma
hederacea), forsythia (Forsythia europaea) — 44 %,
respectively (Fig. 2). tThe antibacterial activity was
also demonstrated by the flower extracts of all in-
vestigated ornamental plants, bushes and trees, and
95 % of all studied wild plants. The average value for
the area of growth delay for wild species, ornamental
plants, trees and bushes was 9.2 mm, 8 mm, and 8.5
mm, respectively.

It is noteworthy that some plants, namely, white
dead-nettle (Lamium Album), field maple (Acer Camp-
estre), Nanking cherry (Prunus Tomentosa), Scotch
heather (Calluna Vulgaris), lungwort (Pulmonaria Of-
ficinalis), alpine squill (Scilla Bifolia), hedge wound-
wort (Stachys Sylvatica), spring speedwell (Veronica
Verna), the flower extracts of which demonstrated the
antibacterial activity against test-cultures, were mellif-
erous plants.

The highest sensitivity was revealed for strain No.
2.1, which was influenced by 50 % of all the investi-
gated flower extracts (Fig. 3). High sensitivity was also
demonstrated by strain No. 7 (the areas of growth inhi-
bition were found at the impact of 43 % of the investi-
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gated flower extracts), No. 1.2 and 4.1 (39 %), No. 2.2
and 5.1 (36 %).

Therefore, the antibacterial effect against the strain
of Melissococcus pluton 8.1 was demonstrated by the
flower extracts of 14 plant species, the effect against
the bacteria of Bacillus genus, isolated from the patho-
logical material — by the flower extracts of 27 species
of early-blossoming plants, 10 of which ware ornamen-
tal plants and 17 — wild ones. It is possible to assume
that the nectar of spring flowers, especially trees and
bushes, is the most healing for bees.

CONCLUSIONS

The obtained data may be used to study the antibac-
terial effect of such melliferous plants as white dead-
nettle (Lamium album), field maple (Acer campestre),
Nanking cherry (Prunus tomentosa), onion (Allium
cepa), French marigold (Tagetes patula), Japanese
meadowsweet (Spiraea japonica), yarrow (Achillea
millefolium), Scotch heather (Calluna vulgaris), pep-
permint (Mentha piperita), small-leaved linden (7ilia
cordata), brown knapweed (Centaurea jacea), golden
creeping Jenny (Lysimachia nummularia) on bee col-
onies, affected with foulbrood. The results of experi-
ments on the culture of microorganisms, isolated from
honeycombs, affected with foulbrood, testify to the
fact that these plants may be efficiently used for pre-
vention and treatment of bacterial diseases of bees.
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HaIllOHAJILHOTO YHiBepcuTeTy iMeHi Tapaca IlleBueHka

Byn. Bonogumupcska, 64/13, Kuis, Ykpaina, 01601
2HHIL] «IuctutyT 6mkinsaumrea imeni I1. 1. TIpokomoBuday
Byn. Akaznemika 3abonorHoro, 19, Kuis, Ykpaina, 03680

3 HarionanbHuit yHiBepcuTeT 6iopecypeis i

MPUPOJOKOPUCTYBAHHS YKpaiHU
Byn. T'epois O6oponw, 15, Kuis, Ykpaina, 03041
Mera. J[locnigutu aHTUOAKTepialbHI BIACTUBOCTI KBITiB
POCJIMH-HEKTAPOHOCIB IIOM0 KYJIBTYP, BHUAUICHUX 31 CTijlb-
HUKIB 3 YP@XCHHM THHIBILSIMH pO3IUIONOM Ompkin. Mertoam.
Mikpo0ionoriyHi,  KyJIbTypaibHO-MOP(OJIOTiyHi,  OloXiMiuHI,
€JICKTPOHHO-MIKPOCKOITIYHI, CTaTucTH4Hi. Pe3ysabrarn. AHTH-
OaktepianbHuil edexr go wmramy Melissococcus pluton 8.1
MIPOSIBUIIM  €KCTPAaKTH KBITIB 14 BWAIB POCIHH, O OakTe-
piii pony Bacillus — ekcTpakTH KBiTiB 27 BHIIB paHHBO-
KBITyuuX pocivH. BucHoBku. OTpuMmaHi [aHi J03BOJISIFOTH
PEKOMEHAyBaTu Ui JOCHIDKEHHS Ha OJDKOJIMHUX CIM siX,
YPOKEHUX THHJIBIEM, MPOTUTHHIBIEBI BIACTHBOCTI TaKUX
POCIIMH-HEKTAapOHOCIB, K DIIyXa KpomuBa Oila, KIIEH II0-
JOBHI, BHIIHS BOWJIOYHA, HUOYJS pimdyacTta, YOpHOOPHBEIb
pO3JIOTHiA, cripesi SNOHCBhKA, JepeBiil 3BUYANHMN, BEpecK
3BUYAMHUIN, M’sTa TepleBa, JiMna JpiOHONUCTA, BOJIOIIKA
Jy4yHa, BepOO3ijis JiyuyHe. Pe3ynbrati eKCHepUMEHTIB Ha
Ky/lbTypl MIKpOOpraHi3MiB, BUAIIEHMX 31 CTUIBHHUKIB XBO-
pHX Ha THUJIBII CiMEH, CBiYaTh Mpo Te, 0 BKa3aHi pOC-THMHU
MOXYTh OyTH €(DEKTHBHUMH JUIS MPOPUIAKTHKH Ta JIIKyBaHHS
OakTepiaJbHUX XBOPOO OKII.

Knio4oBi c1oBa: pociIMHU-HEKTApOHOCH, OakTepialbHI XBO-
pobu OIKiN, MIKpOOioTa CTUIPHHKIB 3 YPKEHUM PO3ILIO-I0M
0/0Kis, aHTHOAKTepialibHA aAKTUBHICTD, Bacillus, Me-lissococcus
pluton.

AHTHOAKTEPHATbHAA AKTUBHOCTH IKCTPAKTOB LIBETOB
OTHOCUTEJILHO MUKPOOPraHU3MOB, BbIJIeJeHHbIX
M3 COTOB € NMOPAKEeHHBIM THHJIBLIAMH PACIVIONOM ITYeJI
O. H. SIpomko !, B. B. Illenenresud’, JI. T'. Cremnypa',
JI. M. T'purienko', H. B. SIBopckas', B. H. Cesrenkast',
T. M. Edumenko®, A. B. Onnocym®
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''VHII « ITHCTHTYT OMOJIOTHH U METUIIUHBY KreBcKkoro
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2HHI] « MHCTHTYT MUYEIOBOCTBA
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V. Akanemuka 3adonorHoro, 19, Kues, Ykpanna, 03680
> HaumoHaIbHBIH YHHBEPCUTET OHOPECYPCOB U
[IPUPOIOTIONB30BAHUS YKPAUHBI
Vi1 TepoeB O6oponsl, 15, Kues, Ykpauna, 03041
Henb. Hccnenosarh aHTHOAKTEpUAIBHBIC CBOMCTBA IIBETKOB
pacTeHNH-HEKTapOHOCOB OTHOCUTEIILHO KYJIBTYP, BbIJICIEHHBIX
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U3 COTOB C IOPAKCHHBIM THWIBLAMH DPACIUIOAOM IT4EI.
Metoapl. MUKpPOOHONIOTHIECKHE, KYIBTypaTbHO-MOP(O-
Jorndyeckne, OMOXMMHYECKHE, 3SJIEKTPOHHO-MUKPOCKOIIH-
yeckue, craructuieckue. Pedyiabrarbl. AHTHOAKTEpHAIb-
HBIH 3¢ ¢eKT mo OTHOmeHuIo kK mrammy Melissococcus
pluton 8.1 mpOSBUIM SKCTPAKTHI IBETKOB 14 BHIOB pac-
TEHHH, OTHOCHUTENBHO OakTepuil poxa Bacillus — SKCTpaKTHI
I[BETKOB 27 BU/IOB PACTCHUH, [IBETEHNUE KOTOPBIX TPUXOANTCS
Ha paHHIOW BecHy. BbiBoabl. [[1s wnccnenoBanuii Ha
MMUEJINHBIX CEMbAX, MOPAXKEHHBIX THWIBIIOM, MOXKHO HC-
MOJIb30BaTh MPOTUBOTHUIIBIIOBBIE CBOMCTBA TaKMX pacTe-
HHUH-HEKTapOHOCOB, KaK IIyXas KpamnuBa Oenasi, KJIEeH IO-
JIeBOM, BUINHSA BOWIOYHAS, JIyK peMYaThlii, Oapxariisl
MEJIKOIIBETHBIC, CTIMpEs AMOHCKAas, TBHICSYEITMCTHUK OOBIK-
HOBEHHBIH, Bepeck OOBIKHOBEHHBIM, MATa MepeyHas, JH-
ra MEJIKOJIMCTHAs, BaCWJICK JIyroBOW, BEpOCHHUK MOHET-
yaTblid. Pe3ynbraThl SKCIIEPUMEHTOB Ha KYJIBTYpEe MUKPO-
OpPraHU3MOB, BBIJICJIEHHBIX U3 COTOB OOJIHBIX THHJIbLIAMH
ceMei, CBUAETENBCTBYIOT O TOM, YTO YKa3aHHBIC PAaCTCHUS
MOTYT OBITh d(P(QEKTUBHBIMU JJIsl TPOPHUIAKTUKN U Jieue-
HUsI OaKTepUaIbHBIX OOJIE3HEH MUel.

KunroueBble cj1oBa: pacTeHUs-HEKTAPOHOCHI, OaKTepHalib-
Hble 0OJIe3HU MUell, MUKPOOHOTa COTOB C MOPAKEHHBIM pac-
TUIOZIOM T4ell, aHTHOaKTepualbHas aKTHBHOCTB, Bacillus,
Melissococcus pluton.

REFERENCES

1. Alekseyev L.S. Complete Atlas of medicinal plants.
Donetsk, Gloria Trade. 2013;400 p.

2. Flesar J., Havlik J., Kloucek P., Rada V., Titera D.,
Bednar M., Stropnicky M., Kokoska L.. In vitro growth-
inhibitory effect of plant-derived extracts and compounds
against Paenibacillus larvae and their acute oral toxicity
to adult honey bees. Vet Microbiol. 2010;145(1-2):129—
33.

3. Gonzalez M.J., Marioli J.M. Antibacterial activity of
water extracts and essential oils of various aromatic
plants against Paenibacillus larvae, the causative agent
of American Foulbrood. J. Invertebr. Pathol. 2010
Jul;104(3):209-13. doi: 10.1016/j.jip.2010.04.005.

4. Reybroeck W., Daeseleire E., De Brabander H.F., Her-
man L. Antimicrobials in beckeeping. Vet. Microbiol.
N. Y., 2012;Ne 6; 158(1-2):1-11. doi: 10.1016/j.vet-
mic.2012.01.012.

5. Pat. Ukraine N 49085. A01K53/00; A61K35/78. Means
for stimulation and sanitation of bee colonies. Dulniev
P. H., Yefimenko T. M., Sereda O. V. Publ. 16.09.2002,
Bull. N 9.

6. Pat. Ukraine N 61965. A01K47/00 AOIN65/00. A
method of treating bees with askospherosis. Bodnarchuk
L. I, Yefimenko T. M., Dakhnovskyi V. 1., Dulniev P. H.
Publ. 15.12.2003, Bull. N 12.

7. Shabarshov I.A. Russian beekeeping. Moscow, Agro-
promizdat. 1986;175 p.

AGRICULTURAL SCIENCE AND PRACTICE Vol.4 No.1 2017



ANTIBACTERIAL EFFECT OF FLOWER EXTRACTS ON MICROORGANISMS ISOLATED

8. Yaroshko O., Shepelevych V., Stepura L., Skivka L.,

Grytsenko L., Yavorska N., Svyatetska V. Antibacterial
activity of ethanol flower extracts on test-culture of
Bacillus subtilis UKM B-90. Coll. Scient. works of XV Int.
Sci. and Pract. Internet Conf. “Problemy ta perspektyvy
rozvytku nauky na pochatku tretioho tysiacholittia
u krainakh SND” (Pereyaslav-Khmelnytsky, 29-30
September 2013). Pereyaslav-Khmelnytsky. 2013; 11—
13.

. Yaroshko O.M., Halata M.S., Shepelevych V.V., Stepura
L.G., Grytsenko L.M., Yavorska N.V., Svyatetska V.M.,
Voychuk S.I., Yefimenko T.M. The features of microbiota
isolated from the honeycombs with affected bee brood.
Agric Sci Pract. 2015;2(3):9-14.

10. Methods for the determination of susceptibility of bac-

teria to antimicrobial agents. Terminology. EUCAST

AGRICULTURAL SCIENCE AND PRACTICE Vol.4 No.1 2017

I1.

12.

13.

Definitive document. Clin Microbiol Infect.

4(5):291-6.

Yaroshko O.M., Halata M.S., Shepelevych V.V., Stepura
L.G., Grytsenko L.M., Yavorska N.V., Svyatetska V.M.,
Yefimenko T.M. Antibacterial effect of flover extracts
on microorganisms isolated from honeycombs with
affected bee brood. Microbiology and Immunology —
the Development Outlook in the 21st century. Abstracts
book of the II International Scientific Conference, April
14-15, 2016, Kyiv. — Kyiv, 2016. — p.15.

Alekseenko F.M., Revenok V.A., Chepurko M.A. Hand-
book of diseases and pests of bees. — K.: Urozhay,
1988. - 174 p.

Grobov O.F., Lyhotin A.K. Diseases and pests of bees. —
M.: Ahropromyzdat, 1989. — 235 p.

1998;

55




<<
  /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
  /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 false
  /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 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /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 <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


