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Molecular characterization of lactic acid bacteria recovered
from natural fermentation of beet root and carrot Kanji
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Abstract The lactic acid bacteria (LAB) play an
important role in the fermentation of vegetables to improve
nutritive value, palatability, acceptability, microbial
quality and shelf life of the fermented produce. The LAB
associated with beetroot and carrot fermentation were
identified and characterized using different molecular
tools. Amplified ribosomal DNA restriction analysis
(ARDRA) provided similar DNA profile for the 16 LAB
strains isolated from beetroot and carrot fermentation
while repetitive extragenic palindromic PCR (rep-PCR)
genotyping could differentiate the LAB strains into eight
genotypes. Thirteen strains represented by five genotypes
could be clustered in five distinct groups while three LAB
strains exhibiting distinct genotypes remained ungrouped.
These genotypes could be identified to be belonging to
L. plantarum group by 16S rDNA sequencing. The recA-
nested multiplex PCR employing species-specific primers
for the L. plantarum group members identified the LAB
strains of six genotypes to be L. paraplantarum and the
other two genotypes to be L. pentosus. Three genotypes of
L. paraplantarum were consistently found on the third and
sixth day ofbeetroot fermentation whereas a distinct genotype
of L. paraplantarum and L. pentosus appeared predominant
on the tenth day. From carrot Kanji two distinct genotypes
of L. paraplantarum and one genotype of L. pentosus were
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identified. REP-PCR DNA fingerprinting coupled with
16S rDNA sequencing and recA-nested multiplex PCR
could clearly identify as well as differentiate the diverse
L. plantarum group strains involved in the fermentation.
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Introduction

Intake of vegetables rich in antioxidants and other nutritional
components is suggested to provide various health benefits
to humans. The lactic acid fermentation of these vegetables,
applied as a preservation method for the production of
finished and half-finished products, is considered as an
important technology because of its capability to improve the
nutritive value, palatability, acceptability, microbial quality
and shelf life of the fermented produce. In North India
deep purple colored carrot is fermented along with crushed
mustard seed, hot chili powder and salt for 7-10 days to get
a popular drink called Kanji, which is considered to have
high nutritional value and cooling and soothing properties
[1]. A similar drink was made from beetroot [2], which is
considered to have the potential to prevent infectious and
malignant disease. In spite of being a popular drink in North
India, very limited information is available on the lactic acid
bacteria (LAB) associated with Kanji fermentation.

A correct identification and classification of otherwise
diverse LAB involved in the natural fermentation is difficult
without the support of genotypic techniques, which has
been witnessed, in the case of closely related Lactobacillus
acidophilus complex, Lactobacillus casei complex and
Lactobacillus plantarum complex [3, 4]. Besides facilitating
in identifying the bacterial species, it is expected that the
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genotypic techniques used should also have the potential
to reveal the strain peculiarities to differentiate the strains
within a species, as the suitability/relevance of a species
for any particular application is strain dependent. Partial or
complete sequencing of 16S rDNA of the genotypes would
lead to the identification of the bacterial species involved in
the fermentation.

In recent years several molecular techniques like
ribotyping [5], pulse field gel electrophoresis [6], multilocus
sequence typing [7] have been used for the typing of
bacterial strains. Random amplified polymorphic DNA
(RAPD), whichinvolves DNA amplification using randomly
designed primers, has the potential to generate polymorphic
DNA patterns but often exhibit poor reproducibility [8, 9]
and may not be equally polymorphic when diverse
microflora are analyzed. Alternatively, polymerase chain
reaction (PCR) amplification of repetitive bacterial DNA
elements (rep-PCR) has been recognized as a simple PCR-
based technique with high discriminatory power, amenable
for high thorough put analysis and capable of typing wide
range of gram-negative and several gram-positive bacteria
[10]. Among the various repetitive bacterial DNA elements,
Repetitive Extragenic Palindrome proposed by Versalovic
et al. [11] has been widely used for the molecular typing/
grouping of wide range of microorganisms.

In this study, we intended to discriminate and identify
LAB strains isolated from natural fermentation of beetroot
using molecular methods based on DNA amplification.
Genomic fingerprinting using amplified ribosomal DNA
restriction analysis (ARDRA) on the one hand, and rep-PCR
on the other, were used to study the species and strain
level variations respectively among the LAB strains. The
broad group of the LAB genotypes were then identified by
partial 16S rDNA sequencing followed by identification
of the correct species using the species specific PCRs. The
rep-PCR genotypes identified among the LAB species/
strains isolated during the course of beetroot fermentation
were compared with that of representative LAB strains
isolated from carrot fermentation carried out following the
same procedure.

Materials and methods
Isolation and of lactic acid bacteria

Peeled/ grated/crushed beetroot (33%), salt (2%), coarsely
ground mustard seeds (1.5%) and chili powder (0.015)
were mixed in potable water and allowed to ferment in
a long necked mud pot for 6-9 days. Three batches of
fermentation were set and pooled samples drawn from
these batches were used for isolating the LAB strains. de

Man, Rogasa and Sharpe (MRS) agar (Hi-Media, Mumbai,
India) plates containing 6% NaCl was used for the isolation
of LAB in this study. To distinguish lactic acid producing
bacteria from other bacteria, 1% of CaCO, was added to
the MRS agar plates. Fermented beetroot samples drawn
on 3rd, 6th and 10th days were appropriately diluted and
spread on to the surface of MRS agar plates containing
6% NaCl and 1% CaCO,. Plates were incubated under
anaerobic conditions at 37°C for 2 days. Colonies of acid
producing bacteria, identified by a clear zone around each
colony, were randomly selected from the MRS plates and
purified by replating on MRS agar plates. Colonies were
reselected and initially Gram-stained and tested for the
production of catalase. The isolates were further tested for
their homo/hetero fermentative nature and their ability to
ferment glycerol, D-xylose and melezitose.

PCR-RFLP of 16S rDNA

The total genomic DNA from the LAB strains was isolated
following the method previously described [12]. Primers
fd2 and rpl described by Weisburg et al. [13] was used to
amplify the 16S rRNA gene from the LAB strains. PCR
was performed in a reaction volume of 50 pl with 0.5
uM each forward and backward primers, 5.0 pl of 10X
PCR buffer, 1 mM of MgClI, (final conc), 100 uM each of
dATP, dCTP, dTTP, dGTP and 1.5 U of Tag polymerase
using the following program on an Eppendorf Master
cycler (Germany): an initial denaturation (95°C for 3
min), followed by 30 cycles of denaturation (94°C for 30
sec), annealing (54°C for 1 min) and extension (72°C for 1
min). A final extension of 72°C for 6 min was given at the
end of every PCR reaction. The PCR product obtained was
visualized in 0.8% agarose gel and those with sufficient
amplification were subjected to restriction analysis with
two different restriction enzymes Hae III, and Mspl
(MBI Fermentas, USA). The restriction reactions were
performed in a final volume of 15 pl with 8 pl of amplified
product, 2 U of the corresponding restriction enzyme and
its recommended buffer and incubated at 37°C for about
5 h. The digested products were run in a 1.5% agarose
gel, stained with ethidium bromide and documented using
Syn gene gel documentation system (USA).

DNA fingerprinting by rep-PCR

Rep-PCR fingerprinting was carried out using the
REP1R-D (5'-HIMCGBCGNCATCSGGC-3') and REP2D
(5'-MCGBCTTATCSGGCCTAC-3") primers. Reaction
mixtures for PCR amplifications contained the final
concentrations of the following reagents (MBI Fermentas):
1x PCR buffer without MgCl,; 3 mM MgCl,; 200 uM each
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of dATP, dCTP, dGTP, dTTP; 1.5 U of Tag polymerase;
10 ng of template DNA; 0.4 pM each primer and sterile
milliQ water to a final volume of 20 ul. Reaction mixtures
were raised to an initial temperature of 94°C for 5 min
to denature the DNA. Thereafter, reaction mixtures were
cycled for 30 sec at 94°C, 1 min at 50°C, and 2 min at 72°C
for a total of 35 cycles, followed by a final polymerase
extension step at 72°C for 8 min. A negative control (no
template DNA) and a positive control (template DNA
giving amplified product) were included in every PCR
reaction. The primers used were custom synthesized
from Qiagen-Operon (Germany GmBH). The amplified
product was run in a 1.2% agarose gel along with 1 kb
DNA ladder, at a constant voltage, and documented
using Syn gene gel documentation system. The rep-PCR
bands were analyzed and a dendrogram was constructed
by unweighted pair group method with arithmetic mean
(UPGMA) clustering method of TREECON software
package.

Molecular identification of LAB

The 16S rDNA amplicons of four LAB strains
representing different REP-PCR genotypes were purified
by Qiaquick PCR cleanup kit (Qiagen, Germany) and
custom sequenced (MWG Biotech, Bangalore, India).
Sequence similarity searches were performed against
the nucleotide sequence databases using the basic local
alignment search tool (BLAST) program. To obtain a
more detailed identification, even at subspecies level,
the recA-nested multiplex-PCR assay was performed as
described by Torriani et al. [14]. This multiplex-PCR
assay uses a reverse primer (pRev) in combination with
three species-specific forward primers (planF, pentF and
paraF) to distinguish the closely related species of the
L. plantarum group. The primers used were synthesized
from MWG Biotech and the PCR reactions were
performed in an Eppendorf Master cycler using the MBI
Fermentas reagents.

Cloning and sequencing of the recA PCR amplicons

The rec4A PCR amplicons from the LAB strains K8, K9, K11,
K13 were purified (Qiaquick PCR cleanup kit, Qiagen) and
cloned into the linear plasmid vector pDRIVE supplied in the
QIAGEN PCR cloning kit (Germany, GmbH), according to
the manufacturer’s protocol. Cloned fragments were custom
sequenced using M13 forward primer. The identities of the
recA sequence obtained from the LAB strains were verified
by a national centre for biotechnology information (NCBI)
megablast search against the nucleotide databases.

@ Springer

Nucleotide sequence accession numbers

The Gen bank accession numbers assigned to partial 16S
rDNA sequences are EU 380190 (L. pentosus K8), EU
380191 (L. paraplantarum K9), EU 380192 (L. para-
plantarum K11), EU 380193 (L. paraplantarum K13).

Results

Atotal of 16 bacterial strains isolated from beetroot and carrot
fermentation were considered as belonging to the genus
Lactobacillus based on their morphology, Gram-positive
staining, absence of catalase activity and motility and ability
to produce acid during growth. All the LAB strains used
in this study were heterofermentative. The strains K2, K6,
K8 could ferment glycerol and D-xylose but not melezitose.
However, other LAB strains could ferment melezitose but
not glycerol and D-xylose. They were further characterized
by molecular methods. PCR amplification of 16S rDNA
revealed a single band of 1,500 bp, which upon restriction
analysis (ARDRA) revealed four different fragments with
respect to the enzymes Haelll and Mspl. All the lactic
acid bacterial strains exhibited similar ARDRA profiles
with the enzymes used. REP-PCR fingerprinting produced
approximately 12 different DNA fragments ranging from
250 bp to 2.8 kb (Fig. 1) that could be represented by
eight REP-PCR genotypes (Table 1). Thirteen LAB strains
clustered to form five distinct groups while three LAB
strains K2, K4 and K7 remained unclustered. BLAST search
analyses using the partial 16S rDNA sequence of the LAB
strains K9 (612 bp), K13 (782 bp), K8 (544 bp) and K11
(253 bp) resulted in identifications above the 99% level.
The LAB strains K9 and K11 shared 99-100% and 99%
similarity with L. plantarum and L. pentosus, respectively;
K8 shared 99% similarity with both L. plantarum and
L. pentosus whereas K13 shared 99-100% similarity with
both L. plantarum and L. pentosus.

The recA-nested multiplex PCR employing species-
specific primers for the detection of L. plantarum (318 bp),
L. paraplantarum (107 bp) and L. pentosus (218 bp) revealed
107 bp and 218 bp amplicons for 13 and three LAB strains,
respectively (Fig. 3). Consequently 11 LAB strains of four
REP-PCR groups and the ungrouped LAB strains K4 and
K7 were identified to be L. paraplantarum while two LAB
strains represented by one REP-PCR group and the LAB
strain K2 were identified to be L. pentosus. BLAST search
of nucleotide sequences from the cloned rec4 amplicons
confirmed the identity of the PCR products amplified during
the recA-nested multiplex PCR assays.

Three L. paraplantarum genotypes could be identified
among strains recovered on the third and sixth day of
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Fig. 1 Molecular typing of LAB by REP-PCR.

Lanes 1. K1, 2. K17, 3. K6, 4. K8, 5. K9, 6. K10, 7. K11, 8. K12, 9. K13, 10. K14, 11. K15, 12. K16, 13. K3, 14. K2, 15. K4, 16. K7, 17.

L. lactis, 18. L. plantarum, M: 1 kb DNA ladder.

Table 1 Identification of L. paraplantarum and L. pentosus strains among the REP-PCR genotypes of LAB strains isolated from
beetroot and carrot fermentation
LAB* strains Source REP-PCR genotypes recA multiplex PCR

Amplicon size Species
K1, K3 Beetroot I 107 bp L. paraplantarum
K17,K13,K14 Beetroot II 107 bp L. paraplantarum
K6, K8 Carrot 1 218 bp L. pentosus
K9, K10, K12, K16 Beetroot v 107 bp L. paraplantarum
K11, K15 Beetroot v 107 bp L. paraplantarum
K2 Beetroot VI 218 bp L. pentosus
K4 Carrot VIL 107 bp L. paraplantarum
K7 Carrot Vi 107 bp L. paraplantarum

*Third day: K9, K10, K11, K12, K13, K14; sixth day: K15, K16, K17; 10th day: K1, K2, K3.

beetroot fermentation. LAB isolated on the 10th day of
fermentation had a L. paraplantarum and L. pentosus
genotype, which were different from the Lactobacillus
strains isolated earlier. The LAB isolated from the
traditional carrot Kanji revealed two genotypes of
L. paraplantarum and one genotype of L. pentosus with
the L. pentosus showing greater resemblance to that of the
LAB strain K2 isolated from beetroot Kanji. The REP-
PCR not only could aid in grouping the LAB strains, but
was also useful for dissecting the strain variation among
the members of L. plantarum group.

Discussion

The application of molecular techniques like REP-PCR,
16S rDNA sequencing and recA PCR has allowed the
identification and characterization of the LAB associated
with beetroot and carrot fermentation. The LAB strains
analyzed in the present study showed similar ARDRA
profile while DNA polymorphism could be detected among
these strains by rep-PCR. Rep-PCR analysis of the LAB
strains characterized in this study clustered them in two
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distinct branches with L. paraplantarum isolates forming
one cluster and L. pentosus isolates forming the other cluster
(Fig. 2). The L. plantarum standard strain clustered along
with the L. paraplantarum isolates whereas the L. lactis
standard strain remained as a separate branch. Interestingly

the L. paraplantarum (K4 and K7) and L. pentosus strains
(K6 and K8) recovered from carrot Kanji differed from
the LAB strains recovered from beetroot Kanji. The
L. plantarum, L. pentosus, L. parapalantarum and the
newly designated L. plantarum subspecies argentoratensis

01.9 0;8 Ol.':' 0;6 015 0;4 0.‘3 0.'2 0.'1

K12 L paraplantarion Beetroot D3
K16 L paraplantarum Beetroot D6
K9 L paraplantarion  Beetroot D3
K10 L paraplantarum Beetroot D3
L plantarion Standayd strain
K1 L paraplantarion  Beetroot D10
K3 L paraplantarion  Beetroot D10
K14 L paraplantarion  Beetxoot D3
K17 L paraplantarion Beetyoot D6
K13 L paraplantarion Beetyoot D3

! K11 L paraplantarion Beetyoot D3
K15 L paraplantarion Beetyoot D6

| K4 L paraplantarion  Cxoot D6

K7 L paraplantarion  Canot D6
L lacds Standard strain
K2 L pentosus Beet root D10

]K6 L. pentosus
K8 L pentosus cmc ‘ :

Fig. 2 Dendrogram showing the clustering of the LAB strains isolated from beetroot and carrot fermentation. Day of isolation is given

after the source ie beetroot/carrot.

218 bp (L. pentosus)

107 bp (L. paraplantarum)

Fig. 3 Identification of L. pentosus and L.paraplantarum strains by recA-nested multiplex PCR assay.

L. pentosus: Lanes 1. K6, 6. K2.

L. paraplantarum: Lanes 2. K1, 3. K13, 4. K9, 5. K11, 7. K4, M: 100 bp ladder.
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of the L. plantarum group share 99% sequence identity with
respect to the 16S rDNA [15]. Hence 16S rDNA analysis
by sequencing or restriction fragment length polymorphism
(RFLP) of the LAB strains can at the most indicate, only a
belonging to the L. plantarum group, but not to a definite
species. In the present study as well, ARDRA and the
partial sequencing of 16S rDNA could associate all the 16
LAB strains recovered, only to L. plantarum group. As a
slowly diverging molecule, 16S rRNA is not able to reveal
significant differences among recently diverged species
such as L. plantarum, L. paraplantarum and L. pentosus, or
L. casei, L. rhamnosus and L. zeae [16]. To obtain a more
detailed identification, at species level, analysis of rec4 gene
was undertaken, which has been described as a phylogenetic
marker capable of differentiating the closely related
members of the L. plantarum group [14, 15, 17]. The nested
multiplex assay exploiting the variable nucleotide regions
of recA gene proposed by Torriani et al. [14] revealed that
13 LAB strains which exhibited the 107 bp amplicon were
of L. paraplantarum species whereas the remaining three
LAB strains which showed 218 bp amplicon belonged to
L. pentosus species.

The data generated from the above PCR-based assays
suggest that community of LAB that dominate the beetroot
fermentation is composed of a limited number of bacterial
strains belonging to L. paraplantarum species. One
L. pentosus strain was also isolated during sampling carried
out at the completion of the beetroot fermentation. Three
genotypes of L. paraplantarum, which formed the LAB
community on the third day, could be seen during the sixth
day also when the beverage was ready for consumption. On
the 10th day a different genotype of L. paraplantarum not
seen on the third or sixth day and a new L. pentosus genotype
were recovered. It appears that a group of L. paraplantarum
genotypes could be involved in this beetroot fermentation.
A diverse array of L. paraplantarum strains are therefore
available naturally and play a role in the fermentation,
once the fermentation conditions are conducive for
their growth. Earlier studies on the LAB of carrot Kanji
using biochemical methods have identified them to be
L. mesentroides, Pediococcus species and L. dextranicum
[1]. In our observation, 16S rDNA sequencing followed by
recA PCR-based detection approach has clearly indicated
that the LAB associated with carrot/beetroot fermentation
is L. paraplantarum and L. pentosus.

The results presented in this work provide insight in to
the LAB population associated with Kanji fermentation.
The LAB microflora associated with Kanji belongs to L.
plantarum group as in much other vegetable fermentations.
This strategy to identify the LAB strains involved in a
fermentation process by REP-PCR and 16S sequencing
followed by confirming them by a species-specific PCR

would enable their identification in an unambiguous manner.
Besides identification, the potential of REP-PCR to bring out
the strain level variation would facilitate in selecting bacterial
strains with desirable attributes for controlled fermentation
or for their utilization in newer functional foods.

Acknowledgement The authors are grateful to The
Director, DFRL for his support in the above work.

References

1. Sura K, Garg S and Garg FC (2001) Microbiological and
biochemical changes during fermentation of Kanji. J Food
Sci Technol 38:165-167

2. Winkler C, Wirleitner B, Schroecksnadel K, Schennach H
and Fuchs D (2005) In vitro effects of beet root juice on
stimulated and unstimulated peripheral blood mononuclear
cells. Am J Biochem Biotech 1:180-185

3. Gancheva A, Pot B, Vanhonacker K, Hoste B and Kersters
K (1999) A polyphasic approach towards the identification
of strains belonging to Lactobacillus acidophilus and related
species. Syst Appl Microbiol 22: 573-585

4.  Tynkkynen S, Satokari R, Saarela M, Mattila-Sandholm T
and Saxelin M (1999) Comparison of ribotyping, randomly
amplified polymorphic DNA analysis, and pulsed-field gel
electrophoresis in typing of Lactobacillus rhamnosus and
L. casei strains. Appl Environ Microbiol 65:3908-3914

5. Rodas AM, Ferrer S and Pardo I (2005) Polyphasic study
of wine Lactobacillus strains: taxonomic implications. Int J
Syst Evol Microbiol 55:197-207

6.  SanchezI, Sesefia S and Palop LL (2004) Polyphasic study of
the genetic diversity of lactobacilli associated with 'Almagro'
eggplants spontaneous fermentation, based on combined
numerical analysis of randomly amplified polymorphic
DNA and pulsed-field gel electrophoresis patterns. J Appl
Microbiol 97:446-458

7. Rivas BD, Marcobal A and Munoz R (2006) Development
of multilocus sequence typing method for analysis of
Lactobacillus plantarum strains. Microbiol 152:85-93

8. Olive DM and Bean P (1999) Principles and applications
of methods for DNA-based typing of microbial organisms.
J Clin Microbiol 37:1661-1669

9.  Meunier JR and Grimont PA (1993) Factors affecting
reproducibility of random amplified polymorphic DNA
fingerprinting. Res Microbiol 144:373-379.

10. Van Belkum A, Scherer S, Van Alphen L and Verbrugh
H (1998) Short-Sequence DNA Repeats in Prokaryotic
Genomes. Microbiol Mol Biol Rev 62:275-29

11.  Versalovic J, Koeuth T and Lupski JR (1991) Distribution
of repetitive DNA sequences in eubacteria and application
to fingerprinting of bacterial genomes. Nucleic Acids Res
19:6823-6831

12.  Vaquero I, Marcobal A and Muiioz R (2004) Tannase activity
by lactic acid bacteria isolated from grape must and wine. Int
J Food Microbiol 96:199-204

@ Springer



298

Indian J Microbiol (September 2010) 50:292-298

13.

14.

15.

Weisburg WG, Barns SM, Pelletier DA and Lane DJ (1991)
16S rDNA amplification for phylogenetic study. J Bacteriol
173:697-703

Torriani S, Felis GE and Dellaglio F (2001) Differentiation of
Lactobacillus plantarum, L. pentosus, L. paraplantarum by
recA gene sequence analysis and multiplex PCR assay with
recA gene-derived primers. Appl Env Microbiol 67:3450-3454
Bringel F, Castioni A, Olukoya DK, Felis GE, Torriani S
and Dellaglio F (2005) Lactobacillus plantarum subsp.

@ Springer

16.

17.

argentoratensis subsp. nov., isolated from vegetable matrices.
Int J Syst Evol Microbiol 55:1629-1634

Felis GE and Dellaglio F (2007) Taxonomy of
Lactobacilli and Bifidobacteria. Curr Issues Intestinal
Microbiol 8:44-61

Spano G, Beneduce L, Tarantino D, Zapparoli G and Massa
S (2002) Characterization of Lactobacillus plantarum from
wine must by PCR species-specific and RAPD-PCR. Lett
Appl Microbiol 35:370-374




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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 false
  /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 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 215
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.04651
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 215
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.04651
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




