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Abstract.

Isomerization of all-trans-pf-carotene occurs during shaking with 0-5% of titanium tetrachlo-

ride catalyst in methylene chloride at room temperature. In the present study we compared two types of
columns C18 and C30 and various solvent systems for the separation of f-carotene and its cis isomers by
high performance liquid chromatography (HPLC). Results showed that f-carotene isomers were resolved
by employing a C30 column with a mobile phase of methanol (100%) (A) and methylene chloride
(100%) (B) under a gradient elution condition. A total of eleven cis isomers and one all-frans-f-carotene
isomer were resolved within 50 min at a flow rate of 1 ml/min and detection wave-length of 470 nm.

Keywords.

1. Introduction

[-carotene is an important carotenoid compound that
is widely distributed in fruits and vegetables. It has
received considerable attention in the past decade
because of their beneficial effects on human health.
Epidemiological studies have shown that the con-
sumption of fruits and vegetables high in carotenoid
content can elevate all-trans-f-carotene levels in the
blood, which in turn can protective against some fatal
diseases such as skin and stomach cancer."” In addi-
tion to being a vitamin A precursor, all-trans-f-
carotene (f-carotene, Cy, symmetry) is also effective
antioxidant because of the presence of a long chain
of conjugated carbon-carbon double bonds.**

Most S-carotene is naturally present in the tranms
form; however, there are still significant amounts of
cis forms of S-carotene in foods. The cis isomers of
[-carotene in foods may be identified by the methods
such as extraction, chromatography etc. It has been
reported that the chlorinated solvents can promote
isomerization of frans conjugated polyenes such as
[-carotene during extraction.” Also, the isomeriza-
tion of f-carotene was found to be relatively higher
in non-polar solvents than that of polar solvents.®
Because of the increased awarness of the involvement
of trans/cis isomerization of carotenoids in many
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biochemical and biological processes, numerous
methods of isolation and detection of trans/cis iso-
mers,”” as well as their preparation, have been deve-
loped. The methods leading to formation of mixtures
of cis and trans isomers include refluxing in organic
solvents, melting of crystals, contact for prolonged
period with certain active surfaces, treatment with
acids, and irradiation of solution with or without iodine
catalyst.'""

During food processing, [-carotene may undergo
degradation and isomerization simultaneously and
the formation of cis isomers of S-carotene may reduce
its color intensity and biological activity. Some re-
cent studies suggested that several cis isomers of S-
carotene such as 9-cis and 13-cis [-carotene are pre-
sent in human serum.'?

Traditionally, the separation of carotenoids in food
samples is often carried out by HPLC with a C18
column. However, most HPLC methods employing a
C18 column failed to resolve all-frans carotenoids
and its cis isomers. To remedy this problem the ap-
plication of a C30 column for separation of all-trans
carotenoids and its cis isomers has been develo-
ped.”>'* Now for the first time we report that
trans/cis isomerization can also be achieved by using
0-5% (v/v) titanium tetrachloride catalyst in methyl-
ene chloride with mild shaking at room temperature.
The peaks due to isomerized [-carotene are separa-
ted by HPLC. Figure 1 shows structures of the pre-
dominant geometrical isomers of f-carotene.
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Figure 1. Structures of major isomers of S-carotene.

2. Experimental
2.1 Materials

All-trans-f-carotene standard was obtained from
Sigma Co. (St. Louis, MO, USA). The HPLC-grade
solvents, including methanol, methylene chloride,
acctone, acetonitrile, titanium tetrachloride and hex-
ane were from Mallinckrodt Co. (Paris, KY, USA).
Deionized water was prepared using Milli-Q water
purification system (Millipore Co., Bedford, MA,
USA). A Cl18 column (Hypersil 5-19626: 150 x
4-6 mm i.d., 5 gm particle size) was purchased from
Thermo Electron Co. (Bellefonte, PA, USA) and a
C30 column (YMCRP 30: 250 x 4.6 mm 1.d., 5 gm
particle size) was from Waters Corp. (Milford, MA,
USA).

2.2  Instrumentation

The HPLC system is composed of a Phenomenex
DG-440 degasser (Phenomenex Co., Torrance, CA,
USA), a Rheodyne model 7161 injector (Rheodyne
Co., CA, USA), an Agilent model 1100 UV-Vis de-
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tector, a Jasco MD-915 photodiode-array detector
(Tokyo, Japan), and a Borwin computer software
system. The sonicator (model 2210R-DTH) was
from Branson Co., (Danbury, CT, USA). The freeze-
dryer (model FD-24) was from Chin-Ming Co.,
(Taipei, Taiwan).

2.3 Titanium tetrachloride catalysed isomerization
of all-trans-f-carotene

Five numbers of 10 ml vials were taken, each vial
containing 2 ml of 100 gg/ml (100 ppm) of all-
trans-f-carotene standard in methylene chloride.
The methylene chloride was removed by passing ni-
trogen gas. After drying, the standard residue was
redissolved in 2 ml of 0-5% (v/v) titanium tetrachlo-
ride containing methylene chloride solution. All the
vials were subjected to mild shaking at 200 rpm for
1,3,5, 7 and 9 h at room temperature. After shaking
the standards were then dried under a stream of ni-
trogen. The residue were finally dissolved in 100 gl
sample solvent of methanol : methylene chloride
(55 :45, v/v) and filtered through a 0-2 gam mem-
brane filter for the HPLC analysis. The sample
which underwent five hours shaking yielded high
number of cis isomers of f-carotene than the others.
From the HPLC chromatogram the cis-trans isomers
were tentatively identified based on spectral charac-
teristics and Q-ratios [i.e., ratio of absorbances at
the near-UV maxima and main absorbance maxima],
reported in the literature’> >’ (tables 1 and 2).

2.4  HPLC analysis of p-carotene isomers

Various binary and ternary solvent systems were
tried for the separation efficiency of S-carotene iso-
mers. Two different binary solvent systems in dif-
ferent proportions, one system containing methanol—
methylene chloride (99 :1, 97 : 3, and 95 : 5, v/v)
were used in isocratic condition and another system
containing methanol-isopropanol (95 :5, v/v) (A)
and methylene chloride (100%) (B) was used in the
gradient condition. Likewise, two ternary solvent
systems in different proportions, one system con-
taining #»-butanol/acetonitrile/methylene chloride
(30:70: 10, v/v/v) and another system containing
isopropanol/acetonitrile/methylene chloride (25 :
70:5, 25:70:10 and 25:70:20, v/v/v) were
used. The solvent strength of each mobile phase was
carefully controlled by calculating the polarity in-
dex. In addition, the separation efficiency in different
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Table 1. Retention time, retention factor (£'), separation factor (<), and Q-ratio of isomerized f-carotene by titanium

tetrachloride catalyst.

Peak no. Compound Retention time (min)  £'° o Q-ratio found  Q-ratio reported
1 Cis-f-carotene 19-17 4-36 1-19 - -
2 Cis-f-carotene 22-20 5-20 1-11 - -
3 Cis-f-carotene 2424 577 1-07 - -
4 15 or 15'-cis-f-carotene 25-64 6-16 1-04 0-44 0-434
5 9 or 9'-cis-f-carotene 2661 6-43 1-08 0-13 0-09°
6 13 or 13'-cis-p-carotene 28-56 6-97 1-12 0-36 0-35"
7 All-trans-p-carotene 31-51 7-81 1-04 0-08 0-08®
8 13 or 13'-cis-f-carotene 32.72 814 1-08 0-35 0-35"
9 Cis-f-carotene 35-12 881 1-04 - -
10 15 or 15'-cis-p-carotene 36:28 9-13 1-03 0-43 0-43¢
11 9 or 9'-cis-f-carotene 37-12 9-37 1-04 0-12 0-09°
12 Cis-f-carotene 3848 9-75 1-03 - -

k' (Retention factor or capacity factor) = (tz; — to)/to, Where tz denotes retention time of sample components and t, de-

notes retention time of sample solvent

ba (Selectivity factor or separation factor) = (tr> — f0)/(tr1 — to)

°—, Data not available

A gradient mobile phase of 1-butanol-acetonitrile (30 : 70, v/v) and methylene chloride (from 99 : 1, v/v to 90 : 10,

v/v) was used by Lin and Chen"”

°A mobile phase of methanol-methyl-zert-butyl ether (MTBE) (75 : 25, v/v) was used by Bohm et al'®
A mobile phase of acetone-hexane (3 : 97, v/v) was used by Tsukida et al'’
¢A mobile phase of methanol-methylene chloride—isopropanol (89 : 1 : 10, v/v/v) was used by Tai and Chen'®

Table 2. Identification data for all-frans and cis forms of S-carotene after catalysed by titanium tetrachloride.

Peak no. Compound Retention time (min) /. (nm) (in-line)” A (nm) (reported)
1 Cis-f-carotene 19-17 413 433 458 413 437 458°
2 Cis-f-carotene 22-20 417 441 464 417 441 464°
3 Cis-p-carotene 2424 417 435 465 417 447 471°
4 15 or 15'-cis-p-carotene 25-64 419 447 471 421 443 4704
5 9 or 9'-cis-f-carotene 2661 418 447 471 422 447 473°
6 13 or 13'-cis-f-carotene 28-56 419 447 471 419 442 465"
7 All-trans-p-carotene 31-51 429 453 477 426 454 4788
8 13 or 13'-cis-p-carotene 32.72 419 447 471 419 442 465"
9 Cis-p-carotene 35-12 417 441 465 417 441 459°
10 15 or 15'-cis-f-carotene 36-28 419 447 471 421 443 4704
11 9 or 9'-cis-f-carotene 37-12 418 447 471 422 447 473°
12 Cis-p-carotene 38:48 417 441 471 417 441 471°

?A gradient mobile phase of methanol (100%) (A) and methylene chloride (100%) (B) from (90 : 10, v/v to 52 : 48,

v/v) was used

°A mobile phase of methanol-methylene chloride (99 : 1, v/v) was used by Chen et al*®
°A mobile phase of methanol-isopropanol (99 : 1, v/v) and methylene chloride (from 100 : 0, v/v to 70 : 30, v/v) was

used by Chen et al*°

A gradient mobile phase of 1-butanol-acetonitrile (30 : 70, v/v) and methylene chloride (from 99 : 1, v/v to 90 : 10,

v/v) was used by Lin and Chen"

°A mobile phase of methanol-methyl-zert-buty lether (MTBE) (75 : 25, v/v) was used by Bohm et al'®
A mobile phase of acetone-hexane (3 : 97, v/v) was used by Tsukida et al'’
¢A mobile phase of methanol-methylene chloride—isopropanol (89 : 1 : 10, v/v/v) was used by Tai and Chen'®

sample solvents were also studied. The separation
efficiency was evaluated by retention factor (£') and
separation factor (). After various studies, the most
appropriate mobile phase was found to be methanol

(100%) (A) and methylene chloride (100%) (B) with
the gradient elution which was explained in the re-
sults and discussion section. The most suitable sam-
ple solvent was found to be methanol-methylene
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chloride (55 : 45, v/v). The analytical C30 column was
used for comparison. The flow rate was 1-0 ml/min
and column temperature was 25°C with detection at
470 nm. The injection volume was 20 zl.

3. Results and Discussion
3.1 HPLC separation of B-carotene isomers

Various HPLC conditions have been developed to
separate the isomers of [-carotene using CI18 and
C30 columns. It was observed that the C30 column
could resolve high numbers of more carotenoid iso-
mers than C18 column, which may be due to a
greater hydrophobic interaction between C30 sta-
tionary phase with the isomers of S-carotene.'>'*
Thus, a C30 column was selected instead of a C18
column for separation of the isomers of f-carotene.
After various studies, a gradient mobile phase of
methanol (100%) (A) and methylene chloride (100%)
(B) was developed : 90% A and 10% B in the be-
ginning, maintained for 5 min, decreased to 78% A
in 15 min, 62% A in 30 min, 52% A in 40 min,
maintained for 10 min and returned to 100% A in
55 min. A total of 12 f-carotene isomers including
ong all-trans isomer were resolved within 50 min.
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Figure 2. Chromatographic separation of geometrical
f-carotene isomers catalysed by 0-5% titanium tetrachlo-
ride in methylene chloride. Chromatographic conditions
described in text. Peaks: 1. cis-f-carotene; 2. cis-f-
carotene; 3. cis-f-carotene; 4. 15 or 15'-cis-f-carotene; 5.
9 or 9'-cis-f-carotene; 6. 13 or 13'-cis-f-carotene; 7. all-
trans-f-carotene; 8. 13 or 13'-cis-p-carotene; 9. cis-f-
carotene; 10. 15 or 15'-cis-p-carotene; 11. 9 or 9'-cis-f-
carotene; 12. cis-f-carotene.
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Figure 2 shows the various geometrical isomers of
the pJ-carotene isomers separated using the YMC
C30 column. The separation efficiency was assessed
from £’ and « values, where £’ denotes retention fac-
tor or capacity factor (k' = (tz — f0)/to) and o denotes
selectivity factor or separation factor (o = (tz2 — fo)/
(tr1 — tp)). It has been well established that the &'
values should be controlled between 0-5 to 20 and
the o values should be more than one for good sepa-
ration to occur’ (table 1). In a similar way high de-
gree of shape selectivity by a 5 um polymeric C30
column has been demonstrated for the geometrical
isomers of a-carotene, lutein, S-cryptoxanthin, lyco-
pene and zeaxanthin, in addition to S-carotene.'’ For
the separations of geometrical carotenoid isomers,
the stationary phase is reported to be superior to ex-
isting reverse phase liquid chromatography (RPLC)
columns that are commonly employed for this appli-
cation.” Appreciable separations of geometrical ca-
rotenoid isomers were also been achieved in normal-
phase liquid chromatography using calcium hydroxide,
alumina, silica, and nitrile bonded stationary phases
systems.zz’29

3.2 Electronic absorption spectra of [S-carotene
isomers

The electronic absorption spectral characteristics ob-
tained for each of the f-carotene isomers are shown
in tables 1 and 2. All of the spectra were characteris-
tic of f,[-carotenoids with respect to its fine struc-
tures (~400 to 500 nm).***" A total of 12 peaks were
resolved. Peak 7 was positively identified as all-
trans-f-carotene with the standard. The other peaks
were tentatively identified as cis-isomers of [-
carotene based on spectral characteristics and Q-
ratios as reported in the literature” > (tables 1 and
2). Peaks 4 and 10 were identified as 15 or 15'-cis-
[-carotene, while peaks 6 and 8 were identified as
13 or 13'-cis-f-carotene. Peaks 5 and 11 were iden-
tified as 9 or 9'-cis-f-carotene. For these all cis-f-
carotenes the hypsochromic shifts of 6 nm were de-
tected from their main absorption maxima, relative
to that of all-frans-f-carotene (table 2). In general, a
hypsochromic shift of about 5 nm is observed with
the introduction of a cis bond in a carotenoid struc-
ture, but the specific magnitude of these shifts de-
pends on the position of the cis bond. Because
absorbance in the near UV region generally in-
creases as the position of the cis bond approaches
the centre of the conjugated systems,’®>* rather strong
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absorbance in this region by the 15 or 15'-cis-iso-
mers was expected. This absorbance is reflected in
the Q values for these isomers, which are greater
than those of the all-trans-, 13 or 13'-cis-, and 9 or
9'-cis-isomers (table 1). The Q values of 15 or 15'-
cis- and 13 or 13'-cis-f-carotene are typical as in
reference.” The 9 or 9'-cis-isomers Q values are similar
as reported in.>>* No cis position was assigned to the
other peaks (1, 2, 3, 9 and 12) because of inconsis-
tent wavelength shift and no Q ratio is available.

3.3 Mechanism

It is known that Lewis acids such as titanium tetra-
chloride and ferric chloride, can catalyse cis-trans
isomerization of compounds containing double
bonds through the formation of an intermediate radical
carbocation.* The radical carbocation is sp’ hybrid-
ized and also an sp” double bond of polyenes con-
verted into a single bond. Subsequently, free
rotation about the new single bond would then form
cis-isomers according to the following possible
mechanism for the isomerization of S-carotene.

(B-carotene), ans — € <> (B-carotene” ") ans
(B-carotene’" ), ans <> (B-carotene” ")

(B-carotene™),;; + e <> (fB-carotene).;

This mechanism is supported by recent studies.™

4. Conclusion

The present research: (1) demonstrates that the cata-
lytic activity of titanium tetrachloride towards the
formation of geometrical isomers of f-carotene with
high degree of shape selectivity by the polymeric
C30 stationary phase; (2) unambiguously confirms
the double bond configuration of f-carotene isomers
in reverse phase liquid chromatography; and (3)
supplements the existing spectroscopic data on f-
carotene isomers.

Acknowledgements

The authors gratefully acknowledge financial supports
from the National Science Council of Republic of
China (R.0.C), Taiwan.

257

References

1. Moon R C 1989 J. Nutr. 119 127
2. Cutler R G 1991 Am. J. Clin. Nutr. 53 373
3. Fakourelis N, Lee E C and Min D B 1987 J. Food
Sci. 52 234
4. Gao G, Deng Y and Kispert L D 1998 J. Phys. Chem.
B 102 3897
5. Pesek C A and Warthesen J J 1990 J. Agric. Food
Chem. 38 1313
6. Pesek C A, Warthesen J J and Taoukis P S 1990 J.
Agric. Food Chem. 38 41
7. Wei C C, Gao G and Kispert L D 1997 J. Chem. Soc.
Perkin Trans. 2 783
8. Haugan J A, Englert G, Aakermann T E and Glinz S
1994 Acta Chem. Scand. 48 769
9. Ding M R, Grant J L, Metzger R M and Kispert L D
1988 J. Phys. Chem. 92 4600
10. Konovalov V V and Kispert L D 1999 J. Chem. Soc.
Perkin Trans. 2 901
11. He Z, Gao G E, Kispert L D, Strand A and Liaaen-
Jensen S 2002 J. Phys. Chem. A106 2520
12. Khachik F, Spangler C J and Smith J C 1997 4nal.
Chem. 69 1873
13. Emenhiser C, Sander L C and Schwartz S J 1995 J.
Chromatogr. A707 205
14. Emenhiser C, Simunovic N, Sander L C and
Schwartz S J 1996 J. Agric. Food Chem. 44 3887
15. Lin C H and Chen B H 2003 J. Chromatog. A1012
103
16. Bohm V, Nienaber N L P, Ferruzzi M G and
Schwartz S J 2002 J. Agric. Food Chem. 50 221
17. Tsukida K, Saiki K, Takii T and Koyama Y 1982 J.
Chromatogr. 245 359
18. Tai C 'Y and Chen B H 2000 J. Agric. Food Chem. 48
5962
19. Chen B H, Peng H Y and Chen H E 1995 J. Agric.
Food Chem. 43 1912
20. Chen J P, Tai C Y and Chen B H 2004 J. Chroma-
togr. A1054 261
21. Dolan J W 1987 LC GC 5 1030
22. Schmitz H H, Emenhiser C and Schwartz S J 1995 J.
Agric. Food Chem. 43 1212
23. Vecchi M, Englert G, Maurer R and Meduna V 1981
Hel. Chim. Acta 64 2746
24. Koyamam Y, Hosomi M, Miyata A, Hashimoto H,
Reames S A, Nagayama K, Kato-Jippo T and Shi-
mamura T 1998 J. Chromatogr. A439 417
25. Hengartner U, Bernhard K, Meyer K, Englert G and
Glinz E 1992 Helv. Chim. Acta 75 1848
26. Khachik F, Englert G, Daitch CE, Beecher G R, To-
nucci L H and Lubsy W R 1992 J. Chromatogr. 582
153
27. Hashimoto H, Koyama Y T and Shimamura T 1988 J.
Chromatogr. 448 82
28. Katayama N, Hashimoto H, Koyama Y and Shima-
mura T 1990 J. Chromatogr. 519 221
29. Khachik F, Beecher G R, Goli M B, Lusby W R and
Smith J C 1992 Anal. Chem. 64 2111
30. Zechmeister L 1994 Chem. Rev. 34 267



258

31.

32.

I” Rajendran and B H Chen

Zechmeister L 1962 Cis-trans isomeric carotenoids, 34. Gao 'Y, Kispert L D, Konovalova T A and Lawrence J

vitamins and arylpolyenes (New York: Academic Press) N 2004 J. Phys. Chem. B108 9456
Emenhiser C, Englert G, Sander L C, Ludwing B and 35. He Z, Gao Y, Hand E S, Kispert L D, Strand A and
Schwartz S J 1986 J. Chromatogr. A719 333 Jensen S L 2002 J. Phys. Chem. A106 2520

LiuHL, Kao T H and Chen B H J. Chromatogra. (in 36. Gao Y and Kispert L D 2003 J. Phys. Chem. B107
press) 5333




<<
  /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
  /CreateJDFFile false
  /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 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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

  /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


