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ABSTRACT

Forty-one isolates of Bacillus species were isolated from raw milk,
analyzed using the spot on lawn and agar diffusion method in terms of their
general inhibition effects to test bacteria (Escherichia coli TISTR 887 and
Staphylococcus aureus TISTR 517). The results demonstrated that most
isolates are effective against Gram-positive and Gram-negative bacteria
whereas their extensive inhibition effect is particularly against Gram-
positive bacteria. Only 2 effective thermotolerant isolates, BA8 and BA16,
exerted broad spectrum antibacterial activities against both test bacteria.
Based on biochemical and physiological properties, they were classified as
Brevibacillus  laterosporus and  Geobacillus  thermoglucosidasius,
respectively.
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INTRODUCTION

Polypeptide antibiotics produced by Bacillus that are used in medical treatments
are bacitracin, gramicidin S, polymyxin, tyrotricidin which constitute the Bacillus
bacteria have been gaining importance as a result of studies. The Bacillus species that
produce antibiotics are B. subtilis, B. polymyxa, B. brevis, B. licheniformis, B. circulans
and B. cereus [1-4]. In these studies, it is stated that antibiotics produced by the Bacillus
species are more effective for Gram-positive bacteria; however, the production of large
spectrum and anti-fungal antibiotics that are effective for Gram-negative is relatively
low [1,3,5]. Bacillus species have a wide range of antimicrobial activities since they are
used as antiviral agents [6], anti-fungal agents [7], anti-mycoplasma agents [8] and anti-
ameobocytic agents [9].

This study attempts to screening and investigate the antibacterial activity of
41 Bacillus species isolated from raw milk against test bacteria.

MATERIALS AND METHODS

Isolation, identification and growth conditions

Raw milk samples were taken from the University farm office of Walailak
University, Nakhon Si Thammarat in Thailand. Each sample was heated at 80 °C for
30 min in a water bath. Then the liquid was serially diluted in sterile distilled water, and
the dilution from 10" - 10™'? was plated on a nutrient agar (NA) medium. Plates were
incubated at 37 °C for 24 - 48 h. Then, the selected bacteria colonies were streaked on a
Brain Heart Infusion (BHI) medium for antibacterial activities determination.

In the identification of isolated bacteria species, standard taxonomic descriptions
from Sneath [10] were used. Also, API 50CH (API Laboratory Products Ltd.,
Biomerieux) was used to determine the biochemical and carbohydrate fermentation
patterns. The experiment was performed at 37 °C. The results of biochemical tests and
carbohydrate fermentation were determined after 24 and 48 h, and Bacillus species were
identified.

Test bacteria

The test bacteria (Staphylococcus aureus TISTR 517 and Escherichia coli
TISTR 887) used in this study were obtained from the Thailand Institute of Scientific
and Technological Research, Bangkok, Thailand. Bacteria were incubated at 37 °C and
were activated by incubating for a period of 24 h in a Mueller Hinton (M-H) broth
medium (Oxoid). Both strains were maintained in the M-H broth medium containing
15 % glycerol at —80 °C. For routine work, they were kept on an M-H agar medium.

Detection inhibitory effect
Detection of antibacterial activity was carried out by the spot on lawn method
[11]. Multiple plates of 10-fold serial dilution were overlaid with test bacteria and
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incubated under aerobic conditions for 24 h at 37 °C and 45 °C. The colonies producing
zones of growth inhibitor in the test bacteria lawn were selected and isolated from the
agar using a sterile pasture pipette to remove a small plug containing the colony of
interest. The agar plug was grown in a BHI broth medium overnight and streaked out on
a BHI agar medium to get the pure culture. The culture fluid (CF) of each colony (in a
BHI medium at 37 °C for 24 h) was prepared as a sample to determine the inhibitory
effect using agar-well diffusion.

The determination of the inhibitory effect of isolates on test bacteria was carried
out according to the agar-well diffusion method. All test bacteria were cultured on an
M-H broth medium and incubated at 37 °C for 24 h. The M-H agar medium (20 ml) was
poured into each sterile Petri dish (90 mm diameter). Suspensions (100 pl) of test
bacteria cultured for 24 h were spread on the plates, and wells 6 mm in diameter were
punched in the agar with a sterile tip. The Bacillus cultures were centrifuged at 6,000 g
for 15 min to remove cell debris. After centrifugation, each CF (100 pl) was directly
filled into the wells of agar plates inoculated with test bacteria. The plates were
incubated for 24 h at 37 °C, and the diameter of the inhibition zone was measured with

calipers in millimeters. The measurements were done basically from edge at the zone to
the edge of the well [12-14].

Determination of growth at 50 °C

To determine effective thermotolerant Bacillus strains, 1 colony from a 1 day
culture was inoculated into the BHI agar medium and incubated for 24 and 48 h at
50 °C. The growth was evaluated by observing the colony on the surface of the BHI
agar medium.

RESULTS

Screening for Bacillus producing antibacterial substances

Forty-one Bacillus strains isolated from raw milk from the University farm
office, Walailak University, Nakhon Si Thammarat, Thailand were primary examined
for antibacterial activity by the spot on lawn method. The S. aureus TISTR 517 and
E. coli TISTR 887 were used as test bacteria. They were divided into 2 groups
according to inhibition activity. The group I, broad spectrum activity, showed inhibition
activity to both test bacteria, they were BA26, BA27 and BA38. The isolates belonging
to group II demonstrated narrow spectrum activity and could only inhibit growth of S.
aureus TISTR 517, they were BAS, BA14, BA16 and BA29 as shown in Table 1.
However, the CF of BA8 and BA16 inhibited growth of both test bacteria when
examined by agar-well diffusion. Therefore only 7 isolates were further studied for
effective thermotolerance and antibacterial activities against both test bacteria.
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Table 1 Antibacterial activity of the Bacillus species isolated from raw milk.

Inhibition zone (mm)

Isolates Spot on lawn Agar well diffusion
E. coli S. aureus E. coli S. aureus
BAS 0.00 15.00 11.25 16.00
BA14 0.00 15.25 ND ND
BA16 0.00 16.54 12.00 15.00
BA26 11.25 13.00 0.00 20.00
BA27 12.25 15.00 ND ND
BA29 0.00 12.00 ND ND
BA38 13.52 14.00 ND ND

ND, not determined.
E. coli, Escherichia coli TISTR 887; S. aureus, Staphylococcus aureus TISTR 517.

Identification of selected strains

Seven effective isolates from group I and group II were selected for further
study. As shown in Table 2, all isolates were gram positive, sporeforming and catalase
producing. All isolates were able to grow at high temperatures up to 45 - 50 °C, except
the isolates BA14 and BA29. Therefore, the isolates BA8, BA16, BA26, BA27 and
BA38 were categorized as thermotolerant strains. Since we are more interested in the
thermotolerant strains, therefore only the isolates BA8, BA16, BA26, BA27 and BA38
were further studied for biochemical tests.

Table 2 Relevant properties of Bacillus species isolated from raw milk.

Isolat Macroscopic examination Microscopic examination (Cgtalase Growth
solates . .
Form Elevation Surface Edge Shape Gram Spore activity at50°C

BAS circular flat smooth  entire rod  positive + + G
BA14 circular flat smooth  entire rod  positive + + NG
BA16 circular flat smooth  entire rod  positive + + G
BA26 circular convex smooth  entire rod  positive + + G
BA27 circular convex smooth  entire rod  positive + + G
BA29 circular convex smooth  entire rod  positive + + NG
BA38 circular flat smooth  entire rod  positive + + G

G, growth; NG, no growth.
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The ability to utilize various carbon sources was determined using an API 50
CHB test strip. Initial identifications made by API database correlation indicated 59.1 %,
91.5 %, 93.6 %, 55.0 % and 99.9 % similarity to Brevibacillus laterosporus BAS,
Geobacillus  thermoglucosidasius BA16, Brevibacillus non reactive BA26,
Brevibacillus non reactive BA27 and Bacillus pumilus BA3S8, respectively.
Unfortunately, isolate BA27 and BA38 died during storage.

DISCUSSION AND CONCLUSIONS

The bacterial strains secreting antibacterial substances were screened from raw
milk in Walailak University, Thailand. As many antibacterial producers belong to the
Bacillus species, which can produce heat-resistant spores [10], the collected samples
were heated at 80 °C to kill the vegetative cells and other bacteria. Then the surviving
spores were harvested, spread on an NA medium and incubated at 37 °C for 24 h.

In this study, it was determined that effective thermotolerant Bacillus isolates
(Brevibacillus  laterosporus  BA8,  Geobacillus  thermoglucosidasius BA16,
Brevibacillus non reactive BA26, BA27 and Bacillus pumilus BA38) showed an
inhibition zone diameter of 12.0 to 16.5 mm against S. aureus TISTR 517, and that only
Brevibacillus non reactive BA26, BA27 and Bacillus pumilus BA38 showed an
inhibition zone diameter of 11.2 to 13.5 against E. coli TISTR 887, when using the spot
on lawn method. Various strains of Bacillus species displayed antimicrobial activity
against Pseudomonas aeruginosa, P. fluorescens RSKK 380, B. thuringiensis RSKK
380, S. aureus ATCC 25923, E. coli ATCC 25922, Micrococcus luteus, M. flavus,
Yersinia enterocolitica, Bacillus subtilis, B. megaterium [2,3,5,13,14].

The other significant findings of our study are as follows: both Brevibacillus
laterosporus BA8 and Geobacillus thermoglucosidasius BA16 have inhibition zones of
11 - 12 mm against E. coli TISTR 887, and they have 15 - 16 mm inhibition zones
against S. aureus TISTR 517, when using agar well diffusion. It is found that S. aureus
which was resistant to methicillin (MRSA) was also sensitive to all effective
thermotolerant Bacillus isolates (data not shown). Various strains of MRSA were also
reported that are sensitive to the bioactive crude of Brevibacillus laterosporus SA14
[15]. The Bacillus strains were most active against Gram-positive but not Gram-
negative bacteria [1,5]. The findings of the present study indicate that the effective
thermotolerant Bacillus isolates have antibacterial activities particularly against Gram-
positive test bacteria. However, Brevibacillus laterosporus BA8 and Geobacillus
thermoglucosidasius BA16, have inhibitory affects on both Gram-positive and Gram-
negative bacteria, and were kept at the School of Allied Health Sciences and Public
Health, Walailak University, Thailand.

The benefits of our isolates and the chemical characterization of the antibacterial
species determined are currently being subject to further studies.



44

K SANTONG et al

ACKNOWLEDGEMENTS

This work was supported by a grant (WU51109) from Walailak University. The

help of the staff from the laboratories at Walailak University are gratefully
acknowledged.

[10]

[11]
[12]

[13]

REFERENCES

M Morikawa, M Ito and T Imanaka. Isolation of a new surfactin producer Bacillus
pumilus A-1, and cloning and nucleotide sequence of the regulator gene, psf-1. J.
Ferment. Bioeng. 1992; 74, 255-61.

C Perez, C Suarez and GR Castro. Production of antimicrobials by Bacillus
subtilis MIR15. J. Biotechnol. 1992; 26, 331-6.

C Perez, C Suarez and GR Castro. Actimicrobial activities determined in strains
of Bacillus circulans cluster. Folia Microbiol. 1993; 38, 25-8.

F Drablos, D Nicholson and M Ronning. EXAFS study of zinc coordination in
Bacitracin A. Biochim. Biophys. Acta. 1999; 1431, 433-42.

R Eltem and F Ucar. The determination of antimicrobial activity spectrum of 23
Bacillus strains isolated from Denizli-Acigol (Bitter Lake) which is soda lake
(NayS04). J. KUKEM 1998; 21, 57-64.

S Steller, D Vollenbroich, F Leenders, T Stein, B Conrad, J Hofemeisterr, P
Jaques, P Thonart and J Vater. Structural and functional organization of the
fengicin synthease multienzyme system from Bacillus subtilis b213 and Al1/3.
Chem. Biol. 1999; 6, 31-41.

JL Milner, SJ Raffel, BJ Lethbridge and J Handelsman. Culture conditions that
influence accumulation of zwittermicin a by Bacillus cereus UWS85. Appl.
Microbiol. Biotechnol. 1995; 43, 685-91.

F Peypoux, JM Bonmatin and J Wallach. Recent trends in the biochemistry of
surfactin. Appl. Microbiol. Biotechnol. 1999; 51, 553-63.

A Galvez, M Maqueda, P Cordovilla, M Martinez-Bueno, M Lebbadi and E
Valdivia. Characterization and biological activity against Naegleria fowleri of
amonebicins produced by Bacillus licheniformis D-13. Antimicrob. Agents
Chemother. 1994; 38, 1314-9.

PHA Sneath. Endospore-forming Gram-positive rods and cocci. /n: PHA Sneath,
NS Mair, ME Sharpe and JG Holt (eds.). Bergey’s Manual of Systematic
Bacteriology, Vol I1. Williams & Wilkins, Baltimore, 1986, p. 1104-39.

BH Cadirci and S Citak. A comparison of two methods used for measuring
antagonistic activity of lactic acid bacteria. Paki. J. Nutri. 2005; 4, 237-41.

JA Reinheimer, MR Demkov and MC Condioti. Inhibition of coliform bacteria by
lactic cultures. Aust. J. Daily Technol. 1990; May, 5-9.

B Aslim, N Saglam and Y Beyatli. Determination of some properties of Bacillus
isolated from soil. Turk. J. Biol. 2002; 26, 41-8.



Bacillus spp. STRAINS ISOLATED FROM RAW MILK 45

[14] M Yilmaz, H Soran and Y Beyatli. Antimicrobial activities of some Bacillus spp.
strains isolated from the soil. Microbiol. Res. 2006; 161, 127-31.

[15] K Chawawisit and M Lertcanawanichakul. Minimum inhibitory concentration
(MIC) of crude preparations of Brevibacillus laterosporus SAl4 bioactive
material compared to vancomycin and oxacillin, against clinical isolates of
methicillin-resistant Staphylococcus aureus. World J. Microbiol. Biotechnol. 2008,
in press.



46 K SANTONG et al

UNAAL

a d 1 dr d1 v dl 14 2 a a 2
NITIUNI AUNBI  qINT mngeiﬁm NI UNINYE  ITNAWU YP¥an  Hag Nana tafananiIvyna

N1IAANIBI :mimEJsmn%ummzq‘nﬁmmmamiﬂmmnwaaanmaummn‘lﬂmnmuuﬂu

a o A2 do A 9 oy a o a L4 Q”‘Bl a A
vgadd alsdsmou 41 lelwmaaiuenlaniminmsavuaziihmsizdmgnidunuaiise
k4 k4
Escherichia coli TISTR 887 wag Staphylococcus aureus TISTR 517 @275 3ai¥ouaz 38 dununsidniloduveq

J a o 1 A v a’y A A Y= ' A A
a3 W'U’JHJ']“]iﬁaﬁﬁ’JuGl‘l’iiUu‘i/l!,LElﬂ’fJ’é]ﬂll111?1ﬁuﬂiﬂﬁ)ﬂﬂq%ﬁ@nuuﬂﬂ%!iEJLLﬂiiJ”U’Jﬂ"lﬂﬂﬂ’NLL‘]Jﬂ‘V]LiEllLﬂilI’c’llJ

E4
~

9 ! 4
nazlumsnaassnssiimmnsonsnidadanusouldsau 2 leTwan fio BAS 1ay BAl6 feongniaiu

3 a o aa o a Y I
LLllﬂﬁL%‘EJ‘V]\1fTENGh”L!ﬂﬁH1M1Wﬂﬁﬂﬂlla$ﬁ1ﬂ15ﬂ’lui}ﬂEJLLEJﬂ"IfuﬂnlﬂL“]J‘L! Brevibacillus  laterosporus g

Geobacillus thermoglucosidasius g])’JfJﬂTiﬂﬂﬁ@ﬂﬂN%’JlﬂﬁLLﬁ%ﬁﬂHW@lzﬂ'i'”lﬁﬁﬂielms

1 @

FuindInenenans unInederdedntal sunenal 39 IAUATAT FITNIIY 80161

2 @

dninInannsmansiaznssugumans unInedoidodnyel suneimal SaniauasaisITNIY 80161




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


