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Microbial diversity of traditional vinegar Daqu during storage

ZHANG Shu', LI Xiao', WANG Shuang', ZHANG Yongjie "
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Abstract: [Background] Vinegar Daqu is an important source of microorganisms during the
brewing of traditional grain vinegar in China. It is usually prepared once and used in batches.
[Objective] To reveal the structural variations of the microbial community in the traditional
vinegar Daqu during the long-term storage. [Methods] From a century-old vinegar factory in
southern Shanxi, we collected the raw materials of Daqu and the vinegar Daqu products that
were newly produced and had been stored for 7 and 12 months, respectively. Microbial diversity
was investigated by high-throughput DNA sequencing. [Results] A total of 610 fungal
operational taxonomic units (OTUs) and 747 bacterial OTUs were obtained from the four
groups of samples. Ascomycota (95%) and Firmicutes (81%) were dominant among fungi and
bacteria, respectively. About one third of fungal OTUs and 95% of bacterial OTUs in vinegar
Daqu were detected in the raw materials of Daqu, indicating that raw materials acted as the main
source of microorganisms in vinegar Daqu. Compared with that in the newly-produced vinegar
Daqu, the diversity of fungi and bacteria decreased significantly in vinegar Daqu samples that
have been stored for 7 months and 12 months. Microbial community structure changed during
the storage of vinegar Daqu, with the bacterial community structure being more prone to
fluctuation than the fungal community. Compared with those in the raw materials, fungi like
Saccharomycopsis fibuligera and Issatchenkia orientalis and bacteria such as Kroppenstedtia
were significantly enriched in vinegar Daqu products. According to the results of function
prediction, the fungi were mainly saprotrophic, and the metabolism pathways of bacteria were
enriched significantly. [Conclusion] Vinegar Daqu presented decreased microbial diversity and
varied microbial community structure during the long-term storage. This study enriched our
understanding of the microorganism source in traditional vinegar Daqu and the variation
patterns of microbial community structure in vinegar Daqu during storage, providing a scientific
basis for stabilizing Daqu quality and improving the production process.

Keywords: high-throughput sequencing; vinegar Daqu; fungi; bacteria
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Figure 1

Venn diagram of fungal and bacterial OTUs among different groups. Panels A and B are the

comparison among four groups of samples, namely raw materials (YL), vinegar Daqu products that were
newly made (CP) and had been stored for 7 months (SP) and 12 months (TP). Panels C and D are the
comparison between YL and CQ, which combines three groups of CP, SP, and TP.
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Table 1 Comparison of alpha diversity indices for the raw materials of Daqu and the vinegar Daqu products
that were newly produced and had been stored for 7 months and 12 months
Item 205 Sobs 8% Chaol 84X ACE #5844 Shannon F5 %% Simpson F5 %
Group Sobs index Chaol index ACE index Shannon index Simpson index
HE.TH Fungi YL 96.80+43.21a 102.55+40.42a 111.04£37.60a 2.63+0.50a 0.15+0.05b
CP 127.60+£61.77a 132.54+60.15a 131.37£62.11a 2.32+0.46a 0.22+0.07ab
SP 39.20+8.87b 39.87+9.08b 40.69+9.06b 1.66+0.12b 0.27+0.02a
TP 40.80+13.08b 49.00+2.81b 72.19+31.45ab 1.45+0.74b 0.43+0.25a
4114 Bacteria YL 475.80+62.66a 555.98+55.83a 555.96+44.11a 3.89+0.49a 0.06+0.02b
CP 349.00+£109.72a 443.55+75.09b 490.78+33.37b 2.92+0.81ab 0.16+0.08a
SP 138.00+£26.29b 190.54+23.06¢ 182.91+£25.49¢ 2.22+0.35b 0.25+0.09a
TP 144.00+£70.84b 187.80+£89.40¢ 189.68+83.55¢ 2.33+0.48b 0.18+0.08a

[R5 AN [s) /N - BE 27 22 S .35 (P<0.05)

Different lowercase letters in the same column indicate significant differences (P<0.05).
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Figure 2 Barplot of microbial community composition for the four groups of samples. A: At the phylum
level of fungi. B: At the phylum level of bacteria. C: At the species level of fungi. D: At the genus level of

bacteria.
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Table 2 Comparison of beta diversity indices among
different groups

Item L2 ANOSIM J3 7

ADONIS 4 #7

Groups in ANOSIM ADONIS
comparison analysis analysis
R P R P

=R YL, CP, SP, 0.409 0.001 0.417  0.001
Fungi TP

CP,SP, TP  0.267 0.013 0.310  0.009

YL, CP 0.052 0.263 0.143  0.236

YL, SP 1.000 0.004 0.620  0.004

YL, TP 0.560 0.004 0.374  0.004

CP, SP 0.588 0.011 0.386  0.012

CP, TP 0.264 0.066 0.223  0.062

SP, TP 0.088 0.194 0.151  0.206
Eiile) YL, CP,SP, 0.731 0.001 0.578  0.001

Bacteria TP
CP,SP, TP  0.748 0.001 0.572 0.001

YL, CP 0.448 0.010 0.319 0.014
YL, SP 0.916 0.004 0.558  0.004
YL, TP 0.796 0.004 0.445  0.004
CP, SP 0.988 0.004 0.645  0.004
CP, TP 0.788 0.004 0.499  0.004
SP, TP 0.532 0.004 0.368  0.004

ANOSIM NHIEIPES 47 ; ADONIS AES B L As iy 2%
Vigiin

ANOSIM represents analysis of similarities, and ADONIS
represents non-parametric multivariate analysis of variance.
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H A B OTU 1Y 75.7%-97.4%. TERS R
B ) S R RS T 3] /L AR S D B (2.0%-3.9%)
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Figure 3 Microbial taxa showing significant differences among four groups of samples. A: At the species
level of fungi. B: At the genus level of bacteria. *: 0.01<P<0.05; **: 0.001<P<0.01; ***: P<0.001.
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Figure 4 Functional prediction of fungal (A) and bacterial (B, C) community detected in four groups of

l M Nucleotide metabolism
samples.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



SRIRSE: AL Gel h fi A7 IR T A 2 FE Pk

4963

3 WREER

R T R s e R R AR A R N
mEFR U LG i e R R KR A AR
TR T A, HA A A E %, 2500
DLy e b, A e O B R AR 4wl HL
FACH RIS A YA E B . AR DNA &
WA PR, TEAL GBSl 0 Az 77 SRR I A7
AN [R] B T8 9 1 ot Bt h A E] 610 A FLE
OTU F1 747 A~4iTH OTU. BE AL 2 1/3 B
FLIE OTU 12 95% 4B OTU AI 7 i ity [t
HER RN (AL 1) i R RS i85 =2 [ A
FLIE OTU 2>, #4 J RR A7 A2 R IR OTU
(f£ 610 TH.F OTU H, J¥41%/0F 100 ) OTU
H 347 4, /BF 200 1) OTU A 457 1) ik
MBI R, Bl sOR S 1 15 h ad i
AP, R HESFEEILE OTU
(i = B HELE AT 40 19 OTU), Fils i s 5% v i OTU
JU-T-0 ] 76 15 it SOkt b g 3 o i B ot D e
ST A B AR R IR O A ), (H A 3R
BECan TR ) B Fnas S5t nl g it 1 g il o
22 5 R W AR ) L L) o R 25 R AR H
bW o AT G . BN, JAR 2R B
T A i R PR BT (R RSN A E N R
T00) 2 i LR RV 1 S kU, T A D2
YN TS 0 R . BB ASBIE 5 P i R
YIry AR R, F5 B4 I R ] i R B A T
FFEIHT o

ARG, TEREMIArad f vy, BE I
FERTRIIES , A=) Z TR TR, ik
YIRETE S5t bt 2 e A A Ak . (H R B A 4N R
BEIRSS I B RR BE AP fE 25 5, TR L LT
Gy NS . i, WA 7 AN TR 12 A RS
Mz BT AR 45 2 R AR, HEE
YR IR A5 A0y AT AR 22 57 0 2 (3R 2). X AT B

ol B S T 24 R T 5 4 ) 32 A el R v AR A A
BEARE N2 | R A SR . [,
A7 74 AR 12 A4 B il 7E SL R R IR 4544 7
1 TG B AR 5, e — R oA AR
KIRAE AN o A I T B HE . AR
PRI, KT [E)AF 5 I i 2 7547 B R
GFBE T REPEMY o AR T O T I IR AE i A v B
N A e Y T N N T e
e vE S5 AR ARG DL

ARSI R S BA VA G, 72T i
A YIRETE S50 7 AR A — e 22 55 i, PR
e 5 ) P v 3 A 2 B0 L1 TG S BRI R
it b A A L T (TR B> 1 %) M R 22 e B | il
B8 . BB )& (Wicherhamomyces) . 4
k& ftl )@ (Alternaria) | PP 1% 1) J& (Saccharomyces) |
W Bk B B} J& (Cryptococcus) . # #i % J&
(Lichtheimia) F1#% 2 J& (Rhizopus) . ASHF 57 B Ak
Wk B BE B ) LA F B e = (>90%), (HA 3
B (FEE>1%) IRy e |« 2oihg o K5
RELEE . e meelE . BRAEE . RLn
- J FI0E AT 5 R 45 o DA S U P e
FPARSE KB, A= 2 A i L2 B R T
AR M A Z e, 1 HLA AR R
SER IR A R S AR A R E R K 1
el g S AT, DU TP b A R B A 7 1Y
EEh(L iy EELAERE hithE e . RERE
(Rhizomucor) ., B2 )8 (Mucor)Fl4: 22 Ye ik i £F
(Hyphopichia), i PR Ml £ B A7 PR
AR Q i) FEALH B E R g AT
W . s g AL & (Thermomyces) . i iff
B ) FIE T2 1 Jm A0 0 FLAm AR5 Y
FEMMRML, B2 eas R, a8 N X
S it P 2 T v ) ECTR SR

G Bl A A — S R R fa 3 R 7
PUES O et /e A vy R G GA L 7 et

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4964 WA

FiE Rk

Microbiol. China

AW R BEE T B R DS SRR E, A
FERS SR, BB A A 12 A AESh
IR Rl EIRS 8K 7/ ) L7/ b sy N I (1K 7 A
(Gibberella intricans). £Z 1 £): & (Trichosporon)
Iz ik Kz R8T & 6+ 1 (Cutaneotrichosporon
cutaneum)& . 7EIVAE 7 AN H BIBSH, aXSeE R
PR ARG, AHD M, B A B SR A He g
THERFE(GIT%). ENAF 12 DSHMEF, £
)71 55 J& (Mel anocar pus) i & 4 5 20 BRES 5 kb
(29 18%) YA BE-JE A= -2 52 B 75 7R BRI (F 4A) .
4 HHFE TR B S e 2H R TR A ) — Bk
(8] 4B .4C), I H A I 2 1 RE 2F 14T B (Bacillus
cereus) . 4 75 {0, 1 %4 K [# (Saphyl ococcus aureus)
BB G (Shigella) SF LRV B 1R . 25 b TR,
EEMEZTE, WAF 7 A H RGN 2%
LA Jish, R AP R BRI T i
B B H A 7 75 1 e A R R T A %o S R A
A= YR T 5 0 s it v B R s e, 2 A TR (S
RN T M Z—. CHEIFRER, BNESH
it AT A R 4 T Y A R TE) L R SR A
RN 2,

REFERENCES

[1] 7K. ERSEGE M. Jbat: BRA R, 2014: 1.
ZHANG BS. Vinegar Brewing[M]. Beijing: Science
Press, 2014: 1 (in Chinese).

[2] LT P, LT S, CHENG LL, LUO LX. Analyzing the
relation between the microbial diversity of DaQu and
the turbidity spoilage of traditional Chinese vinegar[J].
Applied Microbiology and Biotechnology, 2014, 98(13):
6073-6084.

(3] vk, JUMER, XV45sE, XVEV, BB, Eiv, B
5, MR, WRAE A, EUmS R D RERUE MR b
AT R R [I]. B RE#, 2020, 41(7): 322-328.
HUANG J, YAN WW, LIU SL, LIU AP, AO XL,
WANG R, YANG Y, DU DZ, CHEN FS. Recent
progress in functional microbial community and quality
evaluation of vinegar Daqu[J]. Food Science, 2020,
41(7): 322-328 (in Chinese).

(4] JAm, B8, SCF, i, XhicsE, FxRE. Fh K

il HH T 20X K I R A A T A v B A L) Y
Wi (0], B TR, 2022, 43(1): 155-162.

ZHOU N, HUANG J, WEN P, HE P, LIU JT, ZHOU
RQ. Effects of seasons and Daqu-making process on the
microbial community structure and metabolites of bran
Cuqu[J]. Science and Technology of Food Industry,
2022, 43(1): 155-162 (in Chinese).

[5] BREfME, x0FH%, FAEm, S, 4. WLvg2EE

i A ot L TR T A A e Z R A (D). P R R
2, 2021, 21(10): 206-214.
CHEN XF, LIU DT, WANG JL, WEI SS, XU N.
Analysis of fungal community structure and diversity in
Daqu from Shanxi aged vinegar[J]. Journal of Chinese
Institute of Food Science and Technology, 2021, 21(10):
206-214 (in Chinese).

[6] KK, FMREL, XIPHE, FRE, T, EafmE,

VR PG SRR R 20 B8R 7 25 K S AR PRI S 0],
A AR, 2021, 21(5): 323-330.
ZHANG TZ, SUN XQ, LIU DT, WANG HX, WANG
CM, WANG RF, XU N. Studies on bacterial
community structure and diversity in Daqu from Shanxi
aged vinegar[J]. Journal of Chinese Institute of Food
Science and Technology, 2021, 21(5): 323-330 (in
Chinese).

[71 TANG HL, LIANG HB, SONG JK, LIN WF, LUO LX.
Comparison of microbial community and metabolites in
spontaneous fermentation of two types Daqu starter for
traditional Chinese vinegar production[J]. Journal of
Bioscience and Bioengineering, 2019, 128(3): 307-315.

(8] Brgitn, L&, tty, MEM, E75, LW, ¥
R, faIAREH, KB, S0k e bl U E Y 2 4
PERFFEHERE[I]. A BB i, 2022, 47(2): 205-210.
CHEN JR, BIAN X, YANG Y, XING TL, WANG ZX,
REN LK, HU LS, HE LY, ZHANG N. Research
progress on microbial diversity of traditional fermented
food in China[J]. China Condiment, 2022, 47(2):
205-210 (in Chinese).

[9] sKOKAN, # T, KWE, A, ¥, ET

DNA &5 18 Fl 7 2 A AR HAR A 1 5 P B LR AR ).
WA M12E3R, 2020, 60(7): 1358-1369.
ZHANG YJ, CUI NB, ZHANG LZ, ZHEN XJ, LIU QS.
Fungal diversity during raw vinegar brewing process as
revealed by high-throughput sequencing[J]. Acta
Microbiologica Sinica, 2020, 60(7): 1358-1369 (in
Chinese).

[10] SMITH DP, PEAY KG. Sequence depth, not PCR
replication, improves ecological inference from next
generation DNA sequencing[J]. PLoS One, 2014, 9(2):
€90234.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



SRIRSE: AL Gel h fi A7 IR T A 2 FE Pk

4965

[11] CAPORASO JG, LAUBER CL, WALTERS WA,
BERG-LYONS D, HUNTLEY J, FIERER N, OWENS
SM, BETLEY J, FRASER L, BAUER M, GORMLEY
N, GILBERT JA, SMITH G, KNIGHT R.
Ultra-high-throughput microbial community analysis
on the Illumina HiSeq and MiSeq platforms[J]. The
ISME Journal, 2012, 6(8): 1621-1624.

[12] ZHANG Y]J, SKAAR I, SULYOK M, LIU XZ, RAO
MY, TAYLOR JW. The microbiome and metabolites in
fermented Pu-erh tea as revealed by high-throughput
sequencing and quantitative multiplex metabolite
analysis[J]. PLoS One, 2016, 11(6): e0157847.

[13] BENGTSSON-PALME J, RYBERG M, HARTMANN
M, BRANCO S, WANG Z, GODHE A, de WIT P,
SANCHEZ-GARCIA M, EBERSBERGER I, de
SOUSA F, AMEND AS, JUMPPONEN A,
UNTERSEHER M, KRISTIANSSON E, ABARENKOV
K, BERTRAND YJK, SANLI K, ERIKSSON KM, VIK
U, VELDRE V, et al. Improved software detection and
extraction of ITS1 and ITS2 from ribosomal ITS
sequences of fungi and other eukaryotes for analysis of
environmental sequencing data[J]. Methods in Ecology
and Evolution, 2013, 4: 914-919.

[14] BENGTSSON-PALME J, HARTMANN M,
ERIKSSON KM, PAL C, THORELL K, LARSSON
DGJ, NILSSON RH. METAXA2: improved
identification and taxonomic classification of small and
large subunit rRNA in metagenomic data[J]. Molecular
Ecology Resources, 2015, 15(6): 1403-1414.

[I5]NILSSON RH, LARSSON KH, TAYLOR AFS,
BENGTSSON-PALME J, JEPPESEN TS, SCHIGEL D,
KENNEDY P, PICARD K, GLOCKNER FO,
TEDERSOO L, SAAR I, KOLJALG U, ABARENKOV
K. The UNITE database for molecular identification of
fungi: handling dark taxa and parallel taxonomic
classifications[J]. Nucleic Acids Research, 2019,
47(D1): D259-D264.

[16] QUAST C, PRUESSE E, YILMAZ P, GERKEN J,
SCHWEER T, YARZA P, PEPLIES J, GLOCKNER
FO. The SILVA ribosomal RNA gene database project:
improved data processing and web-based tools[J].
Nucleic Acids Research, 2013, 41(D1): D590-D596.

[17INGUYEN NH, SONG ZW, BATES ST, BRANCO S,
TEDERSOO L, MENKE J, SCHILLING JS,
KENNEDY PG. FUNGuild: an open annotation tool for
parsing fungal community datasets by ecological
guild[J]. Fungal Ecology, 2016, 20: 241-248.

[18] ABHAUER KP, WEMHEUER B, DANIEL R,

MEINICKE P. Tax4Fun: predicting functional profiles
from metagenomic 16S rRNA data[J]. Bioinformatics,
2015, 31(17): 2882-2884.

(1918 5% 8. B RS BEmy ™ 4R 5 R R [)]. BheZ A,

2011(2): 84-85.

YANG ZX. Emergence and development of vinegar
Daqu[J]. Friend of Science Amateurs, 2011(2): 84-85
(in Chinese).

201 K2, from ek, JARAR, W, Sk, ki,

ToE . R T I AR I B R A e T R
WEEYIRIRD]. B85 REE T, 2021, 47(16): 66-71.
ZHOU TC, HE HK, ZHOU QW, CAO RJ, MA YS, DU H,
XU Y. Exploring the source of microbiota in medium-high
temperature Daqu based on high-throughput amplicon
sequencing[J]. Food and Fermentation Industries, 2021,
47(16): 66-71 (in Chinese).

211485, skul, XU, SPGMS, Sy, R, E& &

FEfE G B i A 7l B AR fe 3 I T LR 0], R
HARME K], 2019, 34(4): 1-8, 15.

ZHENG Y, ZHANG Q, LIU J, GUO ZP, MA JF,
SONG J, WANG M. Potential harmful factors in
Chinese traditional vinegar production: a review[J].
Journal of Tianjin University of Science & Technology,
2019, 34(4): 1-8, 15 (in Chinese).

[22] L, BUZLARE, R, SRR, Bl A T RE

YR @ 5% P EERE, 2017, 36(2): 115-118.
CAO JY, ZHAO HN, ZHAO LY, HUI MX. Isolation
and identification of harmful microorganism from
vinegar[J]. China Brewing, 2017, 36(2): 115-118 (in
Chinese).

(23] B, msE, RIS, (Lo R RRREE R TS g il

Yo drl]. i EE, 2016, 37(12): 226-231.

LI YY, GAO W, ZHOU GP. Case analysis of
contaminated Shanxi aged vinegar[J]. Food Science,
2016, 37(12): 226-231 (in Chinese).

(241 KT, 2Bl AL I X5 S8 11006 28 BRI T RS 4

T 252 []. Bk T2, 2016(3): 27-31.

SONG HF. Impact of multi-strain vinegar koji’s on
traditional Shanxi aged vinegar alcohol fermentation
process[J]. Food Engineering, 2016(3): 27-31 (in
Chinese).

[25] sk o, X%, RO, B USRS, RS

IEi] 285 T ORI v S Bkt 1 L FHF S (0], v e R
2013, 32(1): 124-126.

ZHANG JS, LIU J, ZHU WY, HUANG SM, YUAN
HB, HAN ZS. Application of compound bran-kojis in
vinegar production with solid-state fermentation[J].
China Brewing, 2013, 32(1): 124-126 (in Chinese).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /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 (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /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 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


