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R o 2o IR0 BE T AR A B D A SR R o
X HE P AN VR JORE i 8 100 2 I3 g 52 A TN 0~4°C
TRRARIZ ], 1B oK S R .
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AUY 120 73t R CH AR A ] 5 SIM-F124
FIKHL CHA=HAF]) ; Spectra Max M2e ZY[iff
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H]D 5 ZKSY-600 REMEEKG I (h it BHRAES
WERABLAT) s AT-2816B K% LCR ¥ Hibf (i
M ARG A PR A 7)) 5 Testo 105 i1 (il
Testo AG /A ) ); Orion 3-Star pH 11-( 32 £ Thermo
Fisher A 7)) &
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1.3.1 SR 4 aa

AL 2 i N TR R R B A
B 15 dOKs 1 LU 0 N B T 4°C I A&2F R 1K,
R R T T A N I B T R R O AR R
RHNEREERT 0°C, fRETEIAN-40CIER)S,
BT 20 COKFRK, 2 )5 LA R 7 QR i %
B NVRRREC 3 IR RN AL EEALE 20 His i Pl .
1.3.2 MRn=

BELHTIN R H AT e a0 ekt
RE Rl 24, AR 1.5 cm, HLARIEIEE 1.5 cm.
WS 4°C, BRMEEmE 1 foR, fEkd
SEFTERAMIM,  MRLEF4E Ty ), Wik mRE . LCR 44
F-HHF A 0.05~200 kHz B 16 Mk (50 60+ 80
100, 120, 150, 200. 250. 400. 800 Hz, 1.5. 5.
15, 50. 100. 200 kHz) , AHHBCEE, WE4E
HxS B 16 AN S I B D TR (A AR A7 fds it . &F
U, RS IR R ARLT F IGME R 20 HRFESh T
I
1.3.3 MATRAKRENE

X RFHRA IR RE SRR AT AT AR &, 19 B R AT
SRR mo, fRURIGFHRRRR, 3200 m. AT
WK W=(mg—m1)/mox100%. FFLLEE 5 iVt
N 20 ANFE T IAME
1.3.4 RAME

FFHRS i A )R 2 /N 4 emx2 emx2 em
WU (20£2) g, ZEZATFRAIFE ST ng, K
BERSAGRERE P RALE, BT 75 CKIBZELZ ST
DR JE 70°C o FHARE A B2 )5 TR ny, BANKG
I PR SR RSB AR ] o 28R Y=(np—ny)/ng >
100% o BFME AL 25 Z R A 3L 2 A RS E IR
(V-3 RRALRE S 28 50K 20 ANFE b 1) T334
1.3.5 pHA&AM &

76 pH T & A b e 3 & B ARy sk, H
PR 0 et PR e N 810 i PR e R AT,
FHIFE 4°CHAT, FEXS N R AT A AR AL L Y 3
ANERE 1~2 em A4 RIS, EANEREL
2 cm, BEANFEST pH EHEL 3 O FIE, f4l
FEfh pH E R 20 ANFES PS4 M8 o AR A7
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Fig.1 Location schematic diagram of chicken breasts pH
value and impedance measuring

1.3.6 AKREIZBRR Y (TBARS) 14

JIE 07 284K A PRI A 175 30 TRD HE U ¥ilr R T UV T
CHEWRIRER ) % PR) 2 THT AR 7 1) 2 B R o P 2 ¥l
MRS AR b e =4, L R IR O R
P EE bR & . iACE L2 [ V4 (thiobarbituric
acid reactive substances, TBARS) &HiftE L Z&
FIN % (malonaldehyde, MDA) “EHIb&4.
L TBARS B4 & rh P 8 n] e etk &
g D7 AR, TBARS B0 -5 B 78— J
ERFIE (P R BAE AR S 2. I
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MR R = e MR TR
1.4 Sitah

I H K SAS 9.2 BAEG b, X84l
A FREAR3E4T 3L T Duncan’s 22 5 ELES I 7 25000
X BHFTHE AR AN St BT FEAREA T AH O 434 (P<<0.05)
FIH] SPSS 20.0 A X BHHTH 5 24T RBF #i28 / 2%
TR HT o

2 HRSSDM

2.1 FEHEREEFRRBHARRT KR

PR PE SV VR AL S VPR 10 4R bR, Ak
6 DURH AR 77 0 129G 28 55 35 TR A R 0 2R R 2 28 Bk
K. MR 1 LUEH, Bl R ek £ i,
RS B2 ETF (P<<0.05) , Z&8EBIK 5% -
TG TR S, (HR R 2 ORI R 3 IR Aab B
B R M ZFARE (P>0.05) , pH {H
AREAAH L, HAA R 2 RIA pH 2 E K
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IR B R AR PR A T 40N B TR O . iR
53 2K 1R AR A g L b S s R 2 6 A TR DR K T

PRGN o PR 3 A0 LR 1 P AR AR R 45
N, DRORKMERZE. 2 IR ARBUR E THLA 4]
ZLP R 3 BT LA 3 20 1) 4 RN 48 B v
WA, XATREAEVRAD 2 ONT 3 IR 28 A 40RO W
ZES IR o BEA VREL R N, TBARS {23
B (P<<0.05) , 157 oy AT 38 il pA) 5580 399
MR B AR DLW T S R FE A — S, MGk
W1, JRVE R R YT R BRI, (E R Ul 3 S i
FEGMRINIEAT . i T IR AL ) B AR S IR,
FEAR ST A (Y it i A i) A L2
POV 5 52 VA R A DAY i o 25 Ak PR 9 45 B 5 AR 6
(4 AL, Bt VR R 80 n XS g A ) DRk v AR
72, pH (EAZALANH] . Boonsumrej 252 iF 5 45 B
R, BV UR-R VR OB S I, 8 DY R B 7 S A
B BYVI s WUA B2 ER s e . JULET 4EN)
BRIEC. LET 4 il il IR A R
R, R RRL S R % L 288 412K . TBARS
{ELREA VRA R BOE i BT, AR g5 L.
H1 T s B2 0k Rl PR B 7K 20 1) B 5245 i AR 1 JUIL£T
Yz B, LN, P4 EARA R, A
) _AE LT HESE G by e AR A4k, WLSUET 4B M2
Ko I TR R IR AN AL ZAA 538 73 WA )
SERRY, PR A TR AR o SR A
B e R E R TRRAAL, R
AT REAE LI IR) K ARG, DRI S SRR ROV 1R PRI 2R
I TSR AR A W, ISR T S SRR A
JEBEAT 73 IS [ i EEE TR S
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Table 1 Quality characters of frozen chicken breasts with
different freezing-thawing cycles

= Fith Vi O 11 VA
freezing- Thawin Cookin pH {8 VYA
thawing circle/ o g o & pH Value TBARS/
. loss/% loss/% K

times (mg'kg')

0 / 13.341.6°  5.77+0.11°  0.16+0.04"

1 3.7+1.0°  16.8+2.4° 5.83+0.11°  0.19+0.05°

2 8.8+1.8°  19.2+3.0° 5.95+0.19°  0.35+0.13°

3 11.243.2°  18.1+£32%  5.87+0.09"  0.58+0.12°

T W SIARF FRER (a, b, o) 7R AR B 2253 10 %, P<0.05, (n=20)
Note: Different letters (a, b, ¢) in the same column show significant
difference (P<0.05) between the different treatments groups. (n = 20).

2.2 REFRGKABERFFIEELRR

S BRI BLYURF RN 2 s, B R
PN, BHPTH IR 2 BLEH R . X
I T A RS 2 A LI P SR N A — 8 AT
R P LB, IR AR UL v 0 it o 7 A ) 41 41
I, AR AT, R R s Seid 40 i
Ji, e BAT A R AR AN R A
HETHRS, AR RGN, AR U Ak
FILANMEE, WEAMMNB . LA EDHLR R



%7

AR IIAE LT BELBURE IR A 22 10 £8% (1105 i PA) V% i IR RO ) vk 253

IR B TRAE o FH0IR {8 BE A A0 M ARA 2]
TG T R R I G A ) 2 3 A i B v A
E,(J _/I\& E%[S,ZZ—ZS] .

400 -

X YRR
350 X Freezing-thawing cyeles
a \h\\ *0
N \ 1
5 3001 \:i* 5
2 \ a3
S 2s0f Agt
= g e
= g 200 R
g \l\ T -
T 150 R -
£ —
™ 100 L - - L
0.1 1 10 100
Bk
Frequency f/kHz

B2 R A AR KA A AR TALH L
Fig.2 Impedance magnitude (2) of different freezing -
thawing cycles chicken breasts
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2.3 REFRGHAMEEMLATHRR

K 3a ATLUEH, BEESRN BT, BRR
PHPTARA f— H 2 I BT pa3h, B T A2
BK, mBOET PR ek A FHBTAR A A AR
i AR A VA R IR ABL, (EAERURE L 5 kHz
Jri B HLNE B AL K S . Fuentes 2545 i o
VR AR VA 5 (P R AR A AR A9, ORI T
FIARIG B 7T 45 R AR a3

R A T DL EE I A, BRI AL
WALZR, DRk S W) 2 AN 2R ) R Ol o BT
WAL T ELAT AT S A0 PR S FN AH ZR 4654, A A B
LA P 65 p 25 LA TR B NS ATt S B A HR
FHHLLZ 0] 7= A — g A A o TR R TR AL 2R 5 A 1)
IR, 4 M5 23 A HBE 5 B0 s
PRFPERE IR, VAR TR BRI 0, DRI

PRBLA VR A BHLTARA A1 2 KB i A (P<<0.01) &

0T
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Fig.3 Impedance phase (¢) of different freezing-thawing
cycles chicken breasts
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Mo EBEBHSTAR AL A AR AR AE AT LK 43 AN [ 7 il
UHOS I PR, Bl DLRE TUANRRAE AR (1) W B 33 BH
ol oA I AR AT LR B 2RI H I, Ha
FRKEZ A, FEMEREE . e MR
%o PRI T A 2 5 I Pl 4 R 1K) 2 PN ABE 7
AT LU 3 22 AR A s BELPT R (i RN AR A A B 22
SEOPEE, Rt . AR B R VR RS IR R REAT X
9o BHAURERIEE N, AR Ak 38 4 A0 AN [R] SB[
BHATRF AR SR HLE AR R ME %S 5. RBF
P M 2 AT IR AR LT B ), BT 22 2) ik
BB, WS e S, RS TR B
SR A BEFIAS [R) VR Rl v DA 04 3 2 1 )

PR AR A A S s B — e R M.
I A4 428 X 205 A 700 AR 5 A H50 T ik 2D A ) 2> A 7R
ST [R], A SEBRAS I A P2 A R, D s R
396 B i N A B AN [R] A B AL 2 () ) 2 S A AR
k. g2 RER AR ERI: 50 Hz~200 kHz
JuE N, TEARA. S, E B S AR 50, 1204
400 Hz, 5. 50. 200 kHz [ BHPTIRELFIAIAL M 15 B
VB b N AR 50T DL A R A28 1) 6 Sl R A o) /b
I NAZ R . Softmax [R|JH2% SN 8 CLAIAEAEL
Wi, FEARS n NMRFIEE, 000 kR, B R
AFEAE IR 22 ST B 2R AN T e 2, A TR
O E STRTER o N AN R A AR, 45 BN
AJETZ 0 RN i P, IR EKI AT E
SIRI A ZFEA ) 43 00, J2& Logistic [RIHTEZ )
A R (A, AR SOV R B ) Y i
s BRI B FE Softmax.

FIH SPSS 20.0 FAf,  MARAE =y 45153 51l 1 bt
6 AU AL A FIEAE 45 BAE NN Z AR 5
IRALCEUE M 2 RAR i, dLy 4 B, 82 41
Bt CErefNEdE 22 41, AR BB 3 41
% 20 HEHED , 65% K mBENL 3 FL 2 INZFEA, 35%
[ 5030 Bt AL TEC 48 360 I A AN OB AT 428 1) 35 o B b 8
P2 Aa gt o A TR A, 0 el 7 A i i /N PR A
TR TCI NN 8. A AR A 2 1 R I
BRI 2 TR o SEALUF 1) RBF 148 ) 26 B 70 3 1ok
SPSS VP43 r) S AEHL IR F 5 B ] 56 oA A2 AL (1) 3 4
P AT A0

R G5 RN KRN 2 s . vl LA il 45
FEW, ERERERDIIBRGIL T, IR
BT ZE N 9.4%, MRET R T Ky 10.3%, &4k

TE TS T2 A, AN TR R R RSP 3 i PR 1 38 T
B HI R g o FErpogn g A I R AR A R A e v
TRHAIEE] T 100%, PR 1 JONZRRD 2 7k 3 Ik
FEARWMA RS B HER I . T 2 IRRRIR 3 1K
TR R RO XS T DAY RS BEL TR P AR R R AR, e S VR Rt R A
AR BORFIIRER  BER . SERE— 2D HEf (1 Tl
DU R A RROCES, 5 SR 2 O R B 4k
fith b S 37— S T R B P O A XA e A
SEEE AL, RS 23 R AL

%2 HF RBF HERMEHTEHALEEHP 5 K8

I RMiR R
Table 2 Classification of chicken breasts with different F-T

cycles by radial basis function neural networks
RRE FEAE EE0

A Freezing- _Number Predicted L] *
. Percent
Samples Thawing "y
Cycles 82 0 1 2 3 correct/%
0 13 3 0 0 0 100
Vi 1 14 0 14 0 0 100
Training 2 13 0o o0 11 2 84.6
3 13 0 0 3 10 76.9
0 8 8 0 0 0 100
T 1 7 0 6 1 0 87.5
Testing 2 6 0 0 5 1 83.3
3 8 0 0 1 7 87.5

N TR AR AL SE bR R e )y, BEAT T 2 IR
RS o BRI RE iR E L IR h Ik 558 Bl 28 )
QLR G M K SRR R AR G
JAED HRPRHERE P B SE . BRI 45 HilkH
PINAGRSII A o FEAST) R AR 20 Hexs
WP, 2 CEGAIES 25 SRR, A S TR AN R R it
UCEBUAL B2 XS 11 P O HERA DX 23 o FE VLR RGBT
IrREERWI 3 iR,

F3 ETREEEATHEMEHFEE R RERRXE
TG R A 5> K IELE
Table 3  Classification results of chicken breasts with different

Freezing-Thawing cycles verfied by Radial Basis Function
Neural Networks

FEA B2 IR

REL€

Freezing-Thawing ~ Number of Number of I
Percent correct/%
Cycles Sample Correct
0 20 20 100
1 20 18 90
2 20 15 75
3 20 16 80

VE: BRUEXS R O T IR R B DIk b 2 W) AR R 2R
45 HEg RIS VRS A -

Note: Verification experiment samples were 45 days frozen white chicken
breasts produced according the standard procedure by Dongtai Yueda
poultry company.
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PHYTIERE b o O ATALBE, AR, ]
CAAEJLA-RD YR 1T AR S SR, R i s
ATEHE, o AR R e 5 IS ek, ARH )
TIEJRIHE N o REFAFERISE, AR A,
HRT L o A A A i N aE T A B R
Moy I [F) AR SE B R rp, B SR 4L
T LG AR ANTE IE, A FC T 45 R S n v
ffo AR, 8 I BT I R A 3 S A
R R RERE T IR

(EL T I 5 4 R RS AU R AR DA R
AP AZ ARV T 22 P43 UKV R XS i P o BT P
VRES T RGN Ta] | PRIBRIELIE iU S 3
Ve URRHRIRIN TRL S VRRIAE I 22 DR 3 20 VR NI i
A S W T T S BELTRRER eAh IS
R LM B AAEZE S, RS U
VR IR ST AT 2 3 R 2 X S AT S 2 AR
M KT 2 56 ¥4 ¥ PAD ity JO A BEL B R 1 1) R AR 5 iy i
EBAHER B . DRIORER I SE AR 5 2E K
FEA B HE R AL b, 285 % BB (R ¥R
25 T 200 A SRR URF PR RS2, S 374538 PR a2
AT 77495 B B A THT (K94 A TR S R 2, el gt —
AU 4R e BELTAS TR ¥ VK DA Jo DN 5 D A B
A (R 1 o

4 & i

1) £ 0.05~200 kHz G N, BEESF LT,
ST B X5 i R) R R X 18 PR BEL B R L 2 R A
H AT A B 1A LU YA VR A B IR TR (P<<0.05),
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Classification of chicken breasts with different freezing-thawing cycles
by impedance properties and artificial neural networks

Li Weiming, Wang Peng, Chen Tianhao, Xu Xinglian™, Zhou Guanghong
(National Centre of Meat Quality and Safety Control; Synergetic Innovation Center of Food Safety and Nutrition, Nanjing
Agricultural University, Nanjing 210095, China)

Abstract: Electric impedance properties of biological tissue closely relate with their tissue structure. A few
published investigations have shown that electric impedance has a rapid detection capability to meat quality. To
explore the impedance detection ability for frozen—thawed meat, electric impedance magnitude and phase
properties of unfrozen and frozen-thawed chicken breasts subjected to different thawing times were studied. The
maximum freezing-thawing circle was three times. Sixteen different frequencies from 50 Hz to 200 kHz and
quality parameters like thawing loss, cooking loss, pH value, and TBARS (Thiobarbituric acid reactive substances)
of 20 samples of each group were investigated.

The impedance of the samples was measured by an LCR electronic bridge at the voltage of 3 V. Copper
needle electrodes with a length up to 15 mm and a distance of 15 mm between two electrodes were used. The
temperature of the meat was kept within 0-4°C during the measurement. The location of each test was the same
and measurement time was 1-2 sec at every frequency.

The experimental results showed that changes in the tissue structure caused by freezing and thawing could be
reflected by the impedance magnitude and phase. The impedance magnitude of both fresh and frozen-thawed meat
would decrease as the frequencies increased and the impedance magnitude of fresh meat was significantly higher
(P<0.01) than frozen-thawed meat in the low-frequency range, while the opposite trend was found in the
high-frequency range. Those changing trends of impedance are indicators for capacitance characteristics of cell
remembrance. Biological tissues are composed of cells that are surrounded by extracellular liquid. The main
current flows through the extracellular fluid and the cells are bypassed when low-frequency current is applied to
the tissue. The cell membrane acts as an insulator at low frequencies. With the current frequency increases, a part
of the current will flow through intracellular fluid through the cell membrane. So, low-frequency impedance of
biological tissue is larger than high-frequency impedance.

The impedance phase angle of both fresh and frozen-thawed meat would increase as the frequencies increase.
Compared with frozen-thawed meat, fresh meat had a higher (P<0.05) impedance phase angle in the
low-frequency range but a lower (P<0.05) value in the high-frequency range. So, the significant difference
(P<0.05) of high-frequency phase angle and low-frequency impedance magnitude between fresh and
frozen-thawed meat would be an ideal index to distinguish those two kinds of meat.

After freezing-thawing cycles, low-frequency impedance magnitude would decrease significantly (£<0.05),
but the difference between two and three times freezing-thawing cycle was not significant (P>0.05).
High-frequency phase angle would increase (P<0.05) which is different with normal frozen processing groups,
especially at levels higher than 50 kHz. This impedance phase property of meat with more than one
freezing-thawing cycle gives a clear distinction between them and meat with one freezing-thawing cycle. These
changes of impedance properties demonstrate that freezing-thawing cycles have a remarkable influence on the
structure of cell membrane and lead to a decline of cell membrane capacitance.

From the quality aspect, the increasing of freezing-thawing cycles lead to inevitable decline in meat quality.
More thawing loss, cooking loss and higher TBARS value are found after freezing-thawing cycles. The precise
calculation of the quality by impedance measurement could not be obtained for no accordant significant
correlation (P>0.05) was found between impedance properties and quality parameters in different groups.

Radial Basis Function (RBF) Neural Networks that are built up based on impedance magnitude and phase
angle of specific frequencies from 50 Hz to 200 kHz (Total 12 frequencies) could give a solution to estimate the
freezing-thawing cycles of meat without complex mathematics modeling, and the prediction accuracy satisfies the
requirement. Accuracy of the testing samples of fresh chicken meat was up to 100 percent, one time
freezing-thawing cycle samples also had a high degree of distinction from two and three times. These results
reflect that electrical impedance measurement is a simple innocuous tool for frozen meat characterization. For
improving the measurement accuracy, a dadatabase with a big enough data volume needs to be built in future
work.

Key words: neural networks; dielectric properties; quality control; freezing-thawing; electric impedance; chicken
breasts
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<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /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 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


