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Abstract Fish processing generates large amounts of

solid and liquid wastes. Many different by-products have

been produced from fish processing wastes. Studies on

solubilization of Bolti fish (Tilapia nilotica) viscera by

endogenous enzymes at different pHs are described.

Hydrolysis reactions were conducted with freshly thawed

viscera utilizing an initial temperature gradient and termi-

nated at various time points by heat inactivation of the

enzymes. Various peptones obtained from hydrolysed vis-

ceral homogenates of Bolti fish residues showed their

suitability for promoting the growth of lactic acid bacteria

(mainly Lactobacillus sake Lb 706), microorganisms with

particularly complex nutritional requirements especially

peptidic sources. The assay of several treatments with L.

sakei Lb 706, producer of the bacteriocin sakacin A,

demonstrated that optimum conditions for biomass and

bacteriocin production only imply a brief autohydrolysis at

room temperature. The results showed that the Bolti fish

hydrolysates gave remarkable results to those found in

costly commercial media, specifically recommended for

culturing and large-scale production of lactic acid bacteria.
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Introduction

Fish sources once appeared to be inexhaustible and by-

products arising out of fish processing were looked as

worthless garbage and discarded without an attempt of

recovery [1]. Fish processing generates large amounts of

solid and liquid wastes. Many various by-products have

been produced from fish processing wastes. However,

fishery by-products are typically feeds and fertilizers that

have a low economic value. There is growing interest in

obtaining valuable biochemicals and pharmaceuticals from

fishery wastes [2]. One way to add value to proteinaceous

fish waste is to convert it to hydrolysates. Such hydroly-

sates have a range of potential applications, e.g. as ingre-

dients in animal feed [3], human food [4], as fertilizer [5]

or as peptone source in microbial growth media [6].The

term ‘‘peptone’’ is used for protein hydrolysates that are

soluble in water and not heat coagulable [7]. The market

price of peptones is higher than that of the usual fishery by-

products, and development of peptones may thus be of

significant value. Further, fish processing wastes including

viscera have been reported to be good substrates for lactic

acid fermentation [8]. Lactic acid bacteria (LAB) are an

important microbial group, either as natural microbiota, or

inocula added under controlled conditions. Among the

bioactive molecules produced by LAB are bacteriocins.

Bacteriocins are peptides with antimicrobial activity and

have interest in alimentary industry as they are innocuous,

sensitive to digestive proteases, and do not change the

organoleptic properties of the food [9]. One problem

associated with the production of LAB and bacteriocins on
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an industrial scale is their demand for diversified peptidic

sources, which costly commercial media resolve by

including products such as bactopeptone, triptone, meat

extract or yeast extract in their formulations. Therefore, the

use of low-cost protein fractions will bring about an

effective reduction in large-scale production costs. Fur-

thermore, if food waste such as fish viscera is used to

obtain those protein fractions, a productive cycle is closed:

recycling of a pollutant waste and obtaining valuable

products (e.g. LAB and bacteriocins) useful for preserva-

tion of foodstuff.

Based on these considerations, this study examines the

suitability of autohydrolysates of Bolti fish viscera as a

peptone source in formulating microbiological media (FP).

The microorganism tested was L. sakei Lb 706, one of the

most fastidious (lactobacilli) and producer of one of the

important bacteriocin used in meat applications, sakacin A.

On the other hand, three microbiological media were used

as terms of comparison as follows: (1) formulated medium

with commercial bactopeptone as fish peptone replacement

(BP), (2) commercial Difco MRS medium (MRS-D) and

commercial Oxiod MRS medium (MRS-O). As criteria for

comparison, the biomass and bacteriocin production for

deferent incubation times were used. If these biological

compounds can be recovered, it would serve the dual

purpose of recovery of these biomolecules and reducing the

pollution problems associated therewith.

Materials and Methods

Preparation of Fish Autohydrolysates

Raw Materials: Bolti fish, Tilapia nilotica, were purchased

from the Egyptian local market and the viscera were

quickly removed by hand, and then stored in sealed plastic

bags for a maximum period of 15 days at -20�C. The

viscera masses were grinded with 10% (v/w) distilled

water, then the homogenate divided into four various

portions (all of them have pHs of 6.16 to 6.39). The pH of

each portion was adjusted using 4 N HCl to specific values

of pH 6.2, 5.2, 4.2, and 3.2 afterwards, the homogenates

were incubated for 8, 18, 32 and 47 h at 20�C, with orbital

shaking at 100 rpm. Samples were taken after each incu-

bation period and the autohydrolysates were heated at 85�C

for 20 min to inactivate the endogenous enzymes [10] and

to facilitate the removal of the fat present in fish material

[11]. Then the heated samples were centrifuged at

6,000 rpm for 15 min to obtain the corresponding sedi-

ments and supernatants. The supernatants (fish peptones)

were typified determining the levels of total protein and

then stored at -20�C until used in the formulation of

culture media.

Microbiological Methods

L. sakei Lb 706 was used as the producer of sakacin A

bacteriocin [12]. L. sakei NCDO 2714 was used as sakacin

A-sensitive indicator organism to determine bacteriocin

activity. L. sakei Lb 706 and L. sakei NCDO 2714 were

kindly provided by Prof. Ulrich Schillinger (the Institute of

Hygiene and Toxicology, BFE Karlsruhe, Germany) and

Prof. Ingolf Nes (Laboratory of Microbial Gene Technol-

ogy, Agriculture University of Norway), respectively.

Strains were stored at -80�C in MRS medium, both con-

taining 25% (vol/vol) glycerol as a cryoprotectant. To

produce fresh cultures, the strains were propagated twice at

25 and 30�C for 14–16 h before experimental use,

respectively. Solid medium was prepared by adding 1.5%

(wt/vol) agar (Difco Laboratories) to the broth. The over-

lays used for estimation of bacteriocin titers were prepared

with 0.75% (wt/vol) agar. The composition of the media is

shown in Table 1. For comparative purposes, a medium

(BP) was used where the fish peptones were replaced by a

commercial bactopeptone solution with an equivalent

protein level, as well as MRS commercial media. In all

cases, initial pH was adjusted to 7.0 and solutions were

sterilized at 121�C for 15 min. Micro-organisms were

grown in 300 ml Erlenmeyer flasks with 200 ml of medium

at 25�C, with 100 rpm orbital shaking. The cultures were

carried out in triplicate. At pre-established times, each

culture was divided into two aliquots. The first aliquot was

Table 1 Composition of culture media used in microbiological

assays (g l-1)

Component FP Media with non-fish peptone

BP MRS-D MRS-O

Glucose 20 20 20 20

Yeast extract 2 2 5 4

Sodium acetate 3 3 5 5

Ammonium citrate 2 2 2 2

K2HPO4 2 2 2 2

MgSO4 0.20 0.20 0.10 0.20

MnSO4 0.05 0.05 0.05 0.05

Tween 80 1.0 1.0 1.0 1.0

Meat extract – – 10 –

Bactopeptone – 10 – 10

Proteose peptone no. 3 – – 10 –

Beef extract – – 10 –

Lab-lemco powder – – – 8

Fish peptone protein (lowery) 10 – – –

FP medium prepared with fish peptones

BP medium prepared with commercial bactopeptone

MRS-D medium prepared with commercial formulation from DIFCO

MRS-O medium prepared with commercial formulation from OXOID
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centrifuged at 6,000 rpm for 15 min, and the sediment

washed twice and re-suspended in distilled water to the

adequate dilution to measure the absorbance at 700 nm.

The dry weight can then be estimated from a calibration

curve. The corresponding supernatant was used for the

determination of protein contents [13]. The second aliquot

was used for the extraction and quantification of bacterio-

cin. All assays were carried out in duplicate.

Bacteriocin Activity Assay

The culture supernatants were assayed for bacteriocin

activity by the spot on lawn technique with MRS agar

using L. sakei NCDO 2714 as indicator strain [14]. Indi-

cator lawns were prepared by adding 0.125 ml of ten times

diluted overnight culture to 5 ml of MRS soft agar

(0.75%). The contents of the tubes were gently mixed and

poured over the surfaces of pre-poured MRS agar plates.

Bacteriocin samples were sterilized by passage through a

0.45 lm cellulose acetate filter. Serial twofold dilutions

were carried out in the same medium as used for the growth

of the indicator strain. Activity was quantified by taking the

reciprocal of the highest dilution that exhibited a clear zone

of inhibition and was expressed as activity units (AU) per

milliliter of culture media. The titre of the bacteriocin

solution, in AU/ml, was calculated as (1000/d) D, where D

is the dilution factor and d is the dose (the amount of

bacteriocin solution pipetted on each spot) [14]). To avoid

errors in bacteriocin activity values, the same person made

all observations.

Results

The proposed scheme described here in hydrolyzing vis-

cera leads to the recovery of 0.7–0.8 l of peptonated

solution per kg (fresh weight). The progress of the hydro-

lysis slightly increases the volume recovered, in equivalent

proportions, up to 10–15% after 47 h. Samples of LAB

cultures were taken at times corresponding to the loga-

rithmic phase and the beginning of the asymptotic phase (8

and 16 h). Although both groups of samples led to mutu-

ally results, only values obtained at the beginning of the

asymptotic phase are compared, these being more repre-

sentative of the productions studied (16 h). The regulatory

deduced from the results are: In the most productive cul-

tures with fish peptones: (a) the biomasses surpassed those

obtained with BP and MRS media, (b) the sakacin A pro-

duction by L. sakei Lb 706, always surpassed that obtained

with BP and surpassed or equaled that obtained with

commercial MRS, (c) the highest productions of biomasses

with fish peptones processed at different pHs were obtained

at the lowest hydrolysis time (0, 8 and 18 h)

L. sakei Lb 706 was grown on 23 different media con-

taining 20 out of 23 tested peptone hydrolysates from Bolti

viscera at various pHs. The amount of peptone added were

based on protein content, since this allows the most straight

forward comparison of relationships between protein con-

tent and performance. Table 1 shows clear differences

between the various fractions and subfractions. Samples of

the same subfraction, were taken at various time points

during hydrolysis process. The samples taken at 8, 18 and

32 h showed slightly higher variations in protein content

compared to those obtained at 0 and 47 h. Approximately,

47 h-hydrolysates had very similar total protein content in

all samples except for sample processed at pH 6.2. We

previously observed that hydrolysis is more or less com-

pleted after 47 h under the conditions used at various pHs

(Table 2).

The growth of L. sakei Lb 706 as biomass (Table 3)

show that the highest cell density was achieved using

peptone hydrolysate at pH 3.2 followed by pH 6.2, 5.2,

respectively, at different process times. Generally, the fish

based peptones performed very well, and all pHs did better

than the other peptones when it comes to biomasses pro-

duction. Of the non-fish peptones media from Difco was

one of the best and BP media was the worst in terms of

biomass production.

Table 2 Total protein content (g l-l) of fractions of fish viscera

hydrolysates at various pHs

Hydrolysis time (h) pH 6.2 pH 5.2 pH 4.2 pH 3.2

0 24.4 23.79 23.97 24.4

8 28.2 26.11 23.41 18.76

18 28.1 24.06 24.66 26.06

32 26.9 24.0 26.21 23.5

47 27.46 30.2 30.5 30.05

Table 3 Production of L. sakei Lb 706 biomass on viscera hydrol-

ysates at the beginning of the asymptotic phase (16 h)

Hydrolysis

time (h)

Biomass (g l-1) at various initial pHs of hydrolysis

pH 6.2 pH 5.2 pH 4.2 pH 3.2

0 2.24 2.22 2.20 2.23

8 2.12 2.0 1.34 2.49

18 2.01 1.79 1.41 2.05

32 1.7 1.39 1.65 2.33

47 1.6 1.32 1.83 2.66

MRS-D 2.0 – – –

MRS-O 1.45 – – –

BP 0.95 – – –

BP medium prepared with commercial bactopeptone; MRS-D med-

ium prepared with commercial formulation from Difco; MRS-O
medium prepared with commercial formulation from Oxoid
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For bacteriocin production of sakacin A from L. sakei

Lb 706, differences in levels and production rates were

particularly notable (Table 4) ranged from 3,200 to

6,400 AU/ml using commercial MRS and BP. Adding a

32 h-hydrolysate fraction at pH 5.2 increased the activity to

12,800 AU/ml while extend the hydrolysis to 47 h at eh

same pH increased the bacteriocin activity to over

19,200 AU/ml. Significant differences were noticed even

between commercial MRS media. In general terms, the

results described above lead to the following conclusions:

(1) hydrolysates extract fractions were the best in biomass

production compared to other treatments, (2) the perfor-

mance of the various fish peptone fractions from Bolti fish

varied considerably and (3) the order of performance var-

ied with hydrolysis pH and time. Generally, fish peptone

from Bolti fish showed performances in the same range as

the commercial peptones.

Discussion

LAB are fastidious bacteria and thus good indicators of the

lot to lot variance in growth media. Also, a medium sup-

porting growth of LAB is probably good medium for many

other microorganisms with similar or less nutritional

requirements. In this study a type strain belonging to what

is regarded as the most fastidious genus of the gram

positive bacteria. L. sakei is known to have the most fas-

tidious nutritional requirement of all the lactobacilli [15].

Hence a medium supporting growth of L. sakei should

permit growth of all other lactobacilli. One possible

explanation for the good performance of the fish peptones

could be their amino acid composition with high levels of

branched amino acids such as, leucine, valine and isoleu-

cine which are essential for L. sakei strain [16]. Obviously,

the amino acid composition alone does not explain the

better performance of the fish peptones, since these pep-

tones themselves show quite different performances under

different pHs with process time which might support dif-

ferent endo proteases which might lead to different degree

of hydrolysis regarding detailed composition of hydroly-

sate such as, peptide length, peptide sequences and amount

of free amino acids. Therefore, its conceivable that Bolti

fish peptone hydrolysates with its different content of

peptides and amino acids suit the lactobacillal transport and

processing machineries [17].

There are several other factors that may contribute to

observed differences in performance of the Bolti fish

peptones at different pHs and time. The presence of vita-

mins is essential for the L. sakei type strain [2] such as

riboflavin (vitamin B2), nicotinic acid (niacin or vitamin

B3), and D. panthothenic acid (vitamin B5). These water

soluble compositions are present in varying quantities in

fish viscarea [18]. The fact that growth was achieved with

all fractions of Bolti fish peptones, prove that these vita-

mins are present in sufficient quantities in different frac-

tions of fish hydrolysates.

Furthermore, the highest productions of biomasses with

Bolti fish peptones processed at different pHs were obtained

at the shortest hydrolysis time. The suitability of the short

hydrolysis times is somewhat surprising, as initially a greater

peptidic diversity and nutritional capacity for microorgan-

isms could have been expected with more advanced

hydrolysates. The results (repeatedly confirmed) may be

interpreted by admitting the exact opposite, or supposing

that hydrolysis affects peptides of interest, which are free at

the initial stage of the system or, finally, that during the

process of hydrolysis biogenic amines are released [19]

which could inhibit the growth of certain microorganisms.

The promising results obtained with L. sakei are of interest

because lactobacilli (and other LAB) have a GRAS (gener-

ally regarded as safe) status, because some LAB have

potential as probiotics, and because some LAB may be

exploited as (in situ) food-grade cell factories and delivery

vehicles for e.g. antigens, antibodies and growth factors [20].

Thus the ability to effectively grow bacteria on media free of

compounds derived from meat sources or from plant sources

(e.g. soya) potentially containing genetically modified

materials is of considerable interest [16].

References

1. Gildberg A (2002) Enhancing return from greater utilization. In:

Bremner HA (ed) Safety and quality issues in fish processing.

Wood Head Publ Ltd & CRC Press, Cambridge, pp 425–449

2. El-Beltagy AE, El-Adawy TA, Rahma EH, El-Bedawey AA

(2004) Purification and characterization of an acidic protease

Table 4 Production of sakacin A on viscera hydrolysates at the

beginning of the asymptotic phase (16 h)

Hydrolysis

time (h)

Bacteriocin activity (AU/ml) at various initial pH of

hydrolysis

pH 6.2 pH 5.2 pH 4.2 pH 3.2

0 6400 6400 6400 6400

8 3200 1600 3200 2400

18 1600 800 4800 1600

32 3200 12800 4800 1600

47 12800 19200 6400 1600

MRS-D 6400 – – –

MRS-O 4200 – – –

BP 3200 – – –

BP medium prepared with commercial bactopeptone; MRS-D med-

ium prepared with commercial formulation from Difco; MRS-O
medium prepared with commercial formulation from Oxoid

174 Indian J Microbiol (Apr–June 2011) 51(2):171–175

123



from the viscera of Bolti fish (Tilapia nilotica). Food Chem

86:33–39

3. Faid M, Zouiten A, Elmarrakchi A, Achkari-Begdouri A (1997)

Biotransformation of fish waste into stable feed ingredient. Food

Chem 60:13–18

4. Frøkjaer S (1994) Use of hydrolysates for protein supplementa-

tion. Food Technol 58:86–88

5. Kurbanoglu EB, Algur OF (2002) The influence of ram horn

hydrolyzate on the crop yield of the mushroom Agaricus bispo-
rus. Sci Hort 94:351–357

6. Vecht-Lifshitz SE, Almas KA, Zomer E (1990) Microbial growth

on peptones from fish industrial wastes. Lett Appl Microbiol

10:183–186

7. Green JH, Paskell SL, Goldmintz D (1977) Fish peptones for

microbial media development from red hake and from a fishery

by-product. J Food Prot 40:181–186

8. Bhaskar N, Benila T, Radha C, Lalitha RG (2008) Optimization

of enzymatic hydrolysis of visceral waste proteins of Catla (Catla
catla) for preparing protein hydrolysate using a commercial

protease. Biores Tech 99:335–343

9. Ray B (1992) Bacteriocins of starter culture bacteria as food bio-

preservative. In: Ray B, Daeschel M (eds) Food biopreservatives of

microbial origin, vol 8. CRC Press, Boca Raton, pp 177–205

10. Guerard F, Duffose L, De La Broise D, Binet A (2001) Enzymatic

hydrolysis of proteins from yellowfin tuna (Thunnus albacares)

wastes using alcalase. J Mol Catal B Enzym 11:1051–1059

11. Bhaskar N, Modi VK, Govindaraju K, Radha C, Lalitha RG

(2007) Utilisation of meat industry byproducts: protein hydroly-

sate from sheep visceral mass. Biores Tech 98:388–394

12. Holck A, Axelsson L, Birkeland S, Aukrust T, Blom H (1992)

Purification and amino acid sequence of sakacin A, a bacteriocin

from Lactobacillus sake Lb 706. J Gen Microbiol 138:2715–2720

13. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ (1951) Protein

measurement with the folin phenol reagent. J Biol Chem

270:27299–27304

14. Deraz S, Karlsson NE, Hedström M, Andersson MM, Mattiasson

B (2005) Purification and characterisation of acidocin D20079, a

bacteriocin produced by Lactobacillus acidophilus DSM20079.

J Biotechnol 117:343–354

15. Benjakul S, Morrissey MT (1997) Protein hydrolysates from

pacific whiting solid wastes. J Agric Food Chem 45:3423–3430

16. Aspmo SI, Horn SJ, Eijsink VGH (2005) Hydrolysates from

Atlantic cod (Gadus morhua L.) viscera as components of

microbial growth media. Process Biochem 40:3714–3722

17. Kunji ERS, Mierau I, Hagting A, Poolman B, Konings WN

(1996) The proteolytic systems of lactic acid bacteria. Antonie

van Leeuwenhoek 70:187–221

18. Lie Ø, Lied E, Maage A, Njaa LR, Sandnes K (1994) Nutrient

content in fish and shellfish. Fiskeridirektoratets skrifter Serie

ernæring 6:83–105

19. Vazquez JA, Gonzalez MP, Murado MA (2004) Peptones from

autohydrolysed fish viscera for nisin and pediocin production.

J Biotechnol 112:299–311

20. Pouwels PH, Leer RJ, Shaw M, Bak-Glashouwer M-JHD, Tielen

FD, Smit E, Martinez B, Jore J, Conway PL (1998) Lactic acid

bacteria as antigen delivery vehicles for oral immunization pur-

poses. Int J Food Microbiol 41:155–167

Indian J Microbiol (Apr–June 2011) 51(2):171–175 175

123


	Autohydrolysed Tilapia nilotica Fish Viscera as a Peptone Source in Bacteriocin Production
	Abstract
	Introduction
	Materials and Methods
	Preparation of Fish Autohydrolysates
	Microbiological Methods
	Bacteriocin Activity Assay

	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


