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ABSTRACT Banaba, Lagerstroemia speciosa (L.) Pers. 
(Lythraceae) is a tree that grows in the tropic islands of the 
Pacific. This plants are used for medical purposes in the 
world. The components of L. speciosa were analyzed for the 
contents according to growing stages at leaves. The distribu-
tions of the corosolic acid (2 α, 3 β-dihydroxyurs-12-en-28-
oic acid), phytol, campestrol, and vitamin E were rich among 
samples in this study. These were contained much fatty acids. 
The mean content of palmitic acid was from 2.4% across all 
growing stages, varying from 2.15% for young leaves with 
the lowest content and 2.86% for fallen leaves with the 
highest content. Oleic acid, linoleic acid, and linolenic acid 
were contained nearly mean 2.0% in all leaves of banaba. Our 
results have shown that the phytochemical profile of young 
L. speciosa leaves differs quite radically from that of old L. 
speciosa leaves. In addition, these subdividing results accor-
ding to plant growth should allow future researches to 
conduct targeted experimental studies and use of particular 
medical components of interest, examining chemical variation 
on the inter-developmental levels.
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Banaba (Lagerstroemia speciosa (L.) Pers.) is a tree that 
grows in the Philippines and tropic islands of the Pacific 
(Philippine Medicinal Plants, 2004). The plant bears purple 
flowers during the rainy season. Banaba is a deciduous, 
tropical, flowering tree that can grow to 18 m in height, with 
a 9 to 12 m spread (Philippine Medicinal Plants, 2004). The 
large, oblong, dark-green, leathery leaves measure 5 to 10 
cm wide by 12 to 30 cm long. The leaves turn an orange-red 
color in the fall. The flowers are pink to purple in color, 
giving way to oval, nut-like fruits. The bark of the tree is 

thin, mottled, and peeling.
It has been known in the country since ancient times as 

a natural diuretic and as a cure for kidney and bladder 
problems (Philippine Medicinal Plants, 2004). Banaba is a 
common name of L. speciosa and also has been called 
queens crape myrtle, queen’s flower, and pride of India. 
Recently the tree is gaining attention from the rest of the 
world because of its medicinal properties (Carew and Chen, 
1961; Kakuda et al., 1996). There have been many studies 
done on this remarkable herb. Research conducted by Kim 
et al. (2008) have shown that the banaba contains corosolic 
acid, which has insulin-like properties. The studies indicate 
that corosolic acid activates the transport of glucose across 
cell membranes. Kim et al. (2008) have also shown that 
anti-diabetic effects of banaba are not single chemical, but 
several compounds. The herb, therefore serves as a glucose 
transporter which helps reduce blood sugar levels.

Banaba leaves contain ellagic acid derivatives (Hayashi et 
al., 2002). A later report confirms ellagitannins, lagerstroe-
min, flosin B, and reginin A, which are all possible glucose 
transport enhancers (Murakami, 1993; Hayashi et al., 2002). 
Lagertannins, beta-sitosterol, stigmasterol, campesterol, and 
some olefins also have been found in banaba leaves and 
extracts (Unno et al., 2004). Lageracetal (1, 1-Dibutoxy-
butane), 1-pentanol, ellagic acid, and corosolic acid (a 
triterpene) have been isolated from leaves (Kim et al., 2008). 
Another study reports 16 amino acids, pyrogallol tannins, 
and lipids also present in banaba leaf (Hayashi et al., 2002). 
From the neutral fraction of hot ethanol extracts of banaba 
leaves, nonacosane, hentriacontane, tritriacontane, olefins, 
and esters of palmitic, daturic, stearic, arachinic, and behenic 
acids were identified (French et al., 2002).

Banaba bark was found to contain similar constituents to 
its leaves. One report finds ellagic acids, beta-sitosterols, and 
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colosolic acids from bark extracts (Murakami et al., 1993).
Seeds of banaba contain caprylic, lauric, myristic, palmi-

tic, steric, arachidic, behenic, lignoceric, oleic, and linoleic 
acids in the oil (Sinhababu et al., 1999). 9-keotoctadec-cis-
11-enoic acid has been isolated from seed oil as well. 
Chemical investigation of amino acid components in banaba 
seed oil has been performed. Components nonanedioic acid, 
12-acetyloxy-9-octadecenoic acid, and 16-methyl-heptade-
candic acids present in seed extracts have been identified as 
having antibacterial activity (Klein et al., 2007).

Although banaba has great potential as a medicinal 
species, further research is still needed. Some import traders 
have advertise extensively like cure-all in the world. As 
plants have grown, they are accumulated some secondary 
metabolites or lose chemicals. It is very important to use 
exact medicinal stuffs for a medical prescription slip. Thus, 
the detailed composition of the general fractions at the 
growing stages have not unknown in banaba.

The aim of this paper was to analyze for the content 
according to growth stages at leaves and were compared to 
those of the stem.

MATERIALS AND METHODS

Plant materials and Extraction

Leaves and stems were collected from natural (wild) 
populations of L. speciosa at the Banaba Island and 
Butaritari Island in the Philippines.

Seven mature trees (≥ 2 yr) were randomly collected 
from each populations. The fresh young leaves were 
collected from the labelled trees on May 17, 2008, matured 
leaves sampled same trees after two months, and the old 
leaves were also sampled from same trees on September 17, 
as soon as the falling of leaves were fallen from trees to soil. 
Thus, we repeated seven experiments because we were used 
different samples from each labelled tree. 50 g of L. speciosa 
leaves were added to 50 ml distilled water and homogenized 
in homogenizer with 3,000 rpm for 2 minutes. Samples were 
treated in an ultrasonic bath for 30 min. Samples were dried 
and ground hydro-distilled for 2.5 h using a Clevenger-type 
apparatus. The components were extracted from the distillate 
with ether, and then dried with anhydrous Na2SO4. The 
solvent was removed by distillation at atmosphere pressure, 

and the pure oil was kept at 4℃ until analysis.

Analysis by GC-MS

A gas chromatography was equipped with a fused silica 
capillary column (30 m × 0.25 mm), with a 0.25 um film 
thickness of PTE-5 and FID was used for GC measurements 
(Petersen et al., 2006). The injection volume was 5 ml. The 
operating conditions were as follows: temperature programme 
was 260℃ at 4.3 min for injector. Detector temperature was 
280℃ and chromatographic elution was carried out at a flow 
rate 1.0 ml / min using the carrier gas (He). GC-MS analyses 
were performed on a Hewlett Packard (model 6860GC /
5972MSD) equipped with fused silica HP-5MS capillary 
column (30 m × 0.25 mm) of film thickness 0.25 um. Constit-
uents were identified by comparison of their mass spectra to 
those from MS libraries (Adams89, Nist92, and Amdis32) 
and the results obtained were correlated with calculated and 
Adam’s retention indices. Area percent was obtained 
electronically from the GC-FID response without the use of 
an internal standard or correction factors.

Analysis by oils

Dried leaves (4g) were subjected to hydrodistillation and 
solvent extraction using a Likens-Nikerson apparatus for 2 h 
from which a yield of 0.15% of oil was obtained. The solvent 
was peroxide free diethyl ether. The solvent was removed by 
distillation at atmosphere pressure, and the pure oil was kept 
at 4℃ until analysis. A gas chromatography equipped with a 
60 m × 0.32 mm fused silica capillary column, with a 0.32 
um film thickness of PTE-5 and FID was used for GC 
measurements. The opening conditions were as fellows: 
temperature programme 60-285℃ at 4.3℃ min and an 
injector and detector temperature of 250℃; the carrier gas He 

(2 ml/min). GC-MS analyses and constituent identifications 
were same as the previous methods.

Seven experiments were conducted from each growing stage. 
The main component with constituent (above 1%) and high 
quality (above 70) were selected. Homogeneity of variance 
among data was tested by Bartlett’s statistics (Zar, 1984).

RESULTS AND DISCUSSION

The applicability of gas chromatography to analysis of 
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Fig. 1. Chemical composition of the young leaves of banaba.

compounds that were resolved on packed columns was 
investigated. Figs. 1~3 showed the mass spectra of GC-MS 
fractions in the banaba. As shown in Figs. 1~3, all analysed 
samples showed broad diversity in both the number and 
concentration of these compounds. Leaves of banaba at the 
developmental stages (early, matured, and old) were analysed 
for compounds with the high percentages (1%>) and high 
quantity among groups (Table 1).

Compounds were mostly present (old leaves), partially 
present or entirely absent (e.g. young and matured leaves). 
For example, eight compounds, unidentified peaks were not 
detected in young and matured leaves, providing unique 
GC-MS profiles for old leaves. When same contents of three 
stages were compared, the relative rates for minimum / 
maximum showing differences with above 50% had shown in 
Fig. 4. Young leaves had the eight most contents among three 
stages, matured leaves were five, and old leaves were ten. 
Seven repeated data between same stages can be calculated 
and compared for those of different stage groups. Many main 
compounds of them were significantly different from those of 
the other groups (p < 0.01) (Table 1). For example, twenty-

seven main compounds of 35 (77.1%) were significantly 
different from other groups. Whereas, only eight compounds 
of 35 (22.9%) did not show significantly different from other 
groups.

He distributions of the corosolic acid (2 α, 3 β - dihydro-
xyurs - 12 - en - 28 - oic acid), phytol, campestrol, and vitamin 
E were rich among samples in this study.

Phytol was most rich in all banaba samples. Phytol is a key 
acyclic diterpene alcohol that is a precursor for vitamins E 
and K1. It is not surprised that phytol is an extremely 
common terpenoid, found in all plants esterified to 
chlorophyll to confer lipid solubility. The content of phytol 
was from 29.97% for matured leaves to 10.22% for fallen 
leaves. The contents of linolic acid and vitamin E were same 
trend. Overall, secondary metabolites such as the terpenes 
(made from mevalonic acid, composed almost entirely of 
carbon and hydrogen), phenolics (made from simple sugars, 
containing benzene rings, hydrogen, and oxygen), and 
nitrogen-containing compounds (extremely diverse, may also 
contain sulfur) were more rich in fallen leaves than young 
and matured leaves. It is correspond with general concept that 
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Fig. 2. Chemical composition of the matured leaves of banaba.

Fig. 3. Chemical composition of the old leaves of banaba.
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Table 1. Qualitative determination in the leaves of banaba (Lagerstroemia speciosa).

RT Code Compounds Y.L/QL M.L/QL F.L/QL F-test P
15.14 Neophytadiene 4.48/99 4.57/87 2.56/76 16.78 **

15.24 A 2-Pentadecanone - 1.74/76 1.31/93 1.59 ns

15.44 Heptadecane 1.01/90 1.43/90 1.31/91 0.13 ns

17.74 n-Hexadecanoic acid 2.15/99 2.19/99 2.86/99 1.45 ns

B Palmitic acid 2.15/96 2.19/98 2.86/99 0.13 ns

20.90 Phytol isomer, phytol 23.43/95 29.97/93 10.22/94 218.10 ***

21.45 C 9-Octadecanonic acid, Oleic acid 1.72/99 0.88/95 2.87/93 208.46 ***

21.61 D Cycloonanone - 2.09/69 -

21.71 E 9, 12-Octadecatrienoic acid, Ethyl ester 1.84/83 2.05/99 0.41/95 390.70 ***

Ethyl linolic acid 1.84/38 2.05/99 0.41/99 390.70 ***

21.78 Octadecanoic acid, Ethyl oleate 0.18/98 0.88/95 1.28/86 96.87 ***

22.07 Linolenic acid 1.96/99 2.29/99 2.87/81 0.16 ns

Ethyl linolenate 1.96/99 2.29/99 2.87/78 0.16 ns

25.07 F 2, 4, 12, 16-Tetramethylheptadecan-4-olide, 
2, 5-hexanedione, Diacetonyl - 0.29/96 1.11/98 2.79 ns

26.29 G Stigmastan-3, 5-dien 2.23/93 - 1.25/91 127.83 ***

2, 8-diisopropyl-peri-xanthenoxanthene-4, 10-quionone.
2, 8-diisopropyl-oeri-xanthenoxanthene-4, 10-puionone 2.23/83 0.13/97 1.25/78 3.96 *

28.24 H Bis(2-ethylhexyl) phthalate, Diamyl phthalate, 
Dicyclohexyl phthalate 1.19/91 0.99/74 0.93/91 0.03 ns

28.58 I Cyclononasiloxane - 0.07/63 1.78/72 64.77 ***

32.39 J 2, 6, 10, 14, 18, 22-Tetracosahexaene 4.44/98 0.98/97 3.96/97 23.48 **

Squalene 4.44/94 0.98/95 3.96/95 23.48 **

32.72 K 4-(3, 4-Dimethoxybenzylidene)-1-(4-nitrophenyl-2-pyrazolin-5-one - 0.21/63 3.43/90 150.49 ***

33.12 L (+)-(P, 1R, 3S)-5-(4, 5-dimethoxy-2-methyl-1-naphthyl)-6, 
8-dimethoxy-1, 2, 3-trimethy-1, 2, 3, 4-tetrahydroisoquinoline - - 2.64/83 336.62 ***

33.43 M Cyclotetracosane 2.29/95 0.15/95 0.42/89 120.50 ***

N 17-Pentatriacontene 2.29/91 - - 204.55 ***

33.74 O 9,19-Cyclolanostan-3-ol 2.60/98 1.42/47 - 372.88 ***

P (4'R, 6'R)-4-(4', 6'-dimethyl-1', 3'-dioxan-2'-yl)-5-methoxy-2, 
2-dimethy-2, 3-dihydroanthra[1, 2-b]furan-6, 11-dione 2.60/91 0.52/47 - 215.66 ***

34.25 Q Z-5-Nonadecene - 1.63/95 - 68.76 ***

1-Heneicosyl formate - 1.63/94 - 68.76 ***

1-Hexacosanol - 1.63/91 - 68.76 ***

35.07 R monocarbonyl-(1, 3-butadiene-1, 4-dicarbonic acid - - 2.66/86 191.13 ***

35.46 S 2, 6, 10, 14, 18-Pentamethyl-2, 6, 10, 14, 18-eicosapentaene - - 1.03/98 26.73 **

36.80 T Preussometrin I - - 1.60/74 17.89 **

38.47 U Vitamin E, 2H-1-Benzopyran-6-ol 13.45/98 10.22/98 5.76/98 21.74 **

38.63 V 2-methoxy-3-methyl-5-(1-pyrrolidinyl)-1, 4-benzoquinone 3.25/64 1.07/38 6.76/64 16.47 **

40.85 Ergost-5-en-3-ol, Campestrol 7.55/99 13.06/99 7.14/99 6.83 *

41.88 W Stigmasta-5 - - 5.61/99 82.46 ***

RT: Rooting time, Y.L: Young leaves, M.L: Matured leaves, F.L: Fallen leaves, QL: Quality. 
ns: non-significnat at the 0.05 level, *: p < 0.05,  **: p < 0.01  ***: p < 0.001.
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Fig. 4. The relative rate of chemical composition of the 
Lagerstroemia speciosa leaves at growing stages. 
Codes are same as Table 1. Y.L: Young leaves, M.L:
Matured leaves, F.L: Fallen leaves.

secondary metabolites often play an important role in plant 
defense against herbivory and other interspecies defenses 
(Stamp, 2003).

These were contained much fatty acids. The mean content 
of palmitic acid was from 2.4% across all species, varying 
from 2.15% for young leaves with the lowest content and 
2.86% for fallen leaves with the highest content. Oleic acid, 
linoleic acid, and linolenic acid were contained nearly mean 
2.0% in all leaves of banaba. 

Components nonanedioic acid, 12-acetyloxy-9-octadecenoic 
acid, and 16-methyl-heptadecandic acids present in seed 
extracts have been identified as having antibacterial activity 
(Unno et al., 2004). Although The their contents were low, 
they were detected in all growing leaves.

Banaba leaves contain ellagic acid derivatives (Suzuki et 
al., 2001; Hayashi et al., 2002). Lagertannins, beta-sitosterol, 
stigmasterol, campesterol, and some olefins also have been 
found in banaba leaves and extracts. Lageracetal (1, 
1-Dibutoxybutane), 1-pentanol, ellagic acid, and corosolic 
acid (a triterpene) have been isolated from leaves (Judy et al., 
2003). They also presented in banaba leaf. From the neutral 
fraction of hot ethanol extracts of banaba leaves, nonacosane, 
hentriacontane, tritriacontane, olefins, and esters of palmitic, 
daturic, stearic, arachinic, and behenic acids were also 
identified.

The results of growing stages will be provided a valuable 
forecast of the quantitative analysis of these L. speciosa 
species, few of which had been previously examined. In 
addition, these subdividing results according to plant growth 
should allow future researches to conduct targeted experi-

mental studies of particular Lagerstroemia species of interest, 
examining chemical variation on the inter-developmental 
levels. Finally, species with diverse chemical profiles have 
been identified that may be of interest for further large-scale 
bioassay-guided fractionation studies.

Within this mind, we must stress that, while several 
screening of plant constituents have been made on variability 
within L. speciosa at the developmental stages. Our results 
have shown that the phytochemical profile of young L. 
speciosa leaves differs quite radically from that of old L. 
speciosa leaves, suggesting that further research on chemical 
variation among an organs (root, bark, and flower) is needed. 

MS detection was only completed to evaluate assay 
specificity. Assay validation (accuracy and reproducibility and 
quantitative analysis) was not completed with MS detection. 
LC-fluorescence was also more specific than LC-UV at either 
wavelength and may actually be as specific direct probe 
MS-MS. Furthermore these studies are needed in identifying 
new found banaba.

ACKNOWLEDGEMENT

This work was supported by Dongeui University Research 
Grant (2010AA101).

REFERENCES

Carew, D. P. and T. F. Chen. 1961. Constituents of Lagerstroemia 
Flos-regiane Retz. Nature 4781 : 1108-1109.

French, M. A., K. Sundram and M. T. Clandinin. 2002. Cholester-
olaemic effect of palmitic acid in relation to other dietary fatty 
acids. Asia Pacific J. of Clinical Nutrition 11 Suppl. 7 : 401–
407.

Hayashi, T., H. Maruyama, R. Kasai, K. Hattori, S. Takasuga, O. 
Hezeki, K. Yamasaki and T. Tanaka. 2002. Ellagitannins from 
Lagerstroemia speciosa as activators of glucose transport in fat 
cells. Planta Med. 68 : 173-175.

Judy, W. V., S. P. Hari, W. W. Stogsdill, J.S. Judi, W. M. A. 
Naguib and R. Passwater. 2003. Antidiabetic activity of a 
standardized extract (GlucosolTM ) from Lagerstroemia speciosa 
leaves in Type II diabetics. A dose-dependence study. J. 
Ethnopharmcology 87 : 115-117.

Kakuda, T., I. Sakane, T. Takihara, Y. Ozaki, H. Takeuchi and 
M. Kuroyanagi. 1996. Hypoglycemic effect of extracts from 
Lagerstroemia subcostata L. leaves in genetically diabetic 
KK-AY mice. Biosci. Biotechnol. Biochem. 60 : 204-208.



한작지(Korean J. Crop Sci.), 55(3), (2010)206

Kim, K. H.. S. G. Roh, C. R. Li, C. F. Jin, A. Kim and W. C. 
Choi. 2008. Anti-diabetic effects of banaba leaf Extracts 
(Lagerstroemia speciosa Pers.) through solvents. J. Life Sci. 
18 : 1305-1311. 

Klein, G., J. K. Kim, K. Himmeldirk, Y. Y. Cao and X. Z. Chen. 
2007. Antidiabetes and anti-obesity activity of Lagerstroemia 
speciosa. Evid. Based Complement Alternat. Med. 4 : 401-407.

Murakami, C., K. Myoga, R. Kasai, K. Ohtani, T. Kurokawa, S. 
Ishibashi, F. Dayrit, W.G. Padolina and K. Yamasaki. 1993. 
Screening of plant constituents for effect on glucose transport 
activity in Ehrlich ascites tumor cells. Chem. Pharm. Buu. 41
: 2129-2131.

Petersen, I. L., K. E. Andersen, J. C. Sørensen and H. Sørensen. 
2006. Determination of shikimate in crude plant extracts by 
micellar electrokinetic capillary chromatography. J. Chromato-
graphy 1130 : 253-258.

Philippine Medicinal Plants. 2004. Banaba-Lagerstroemia speciosa. 

Available at : http://www.stuartxchange.com/Banaba.html.
Sinhababu, A., S. Das, S. Laskar, S. Thakur and S. K. Sen. 1999. 

Characterization and identification of antibacterial components 
in extracts of seeds from Lagerstroemia speciosa. Adv. Food 
Sci. 21 : 19-22.

Stamp, N. 2003. Out of the quagmire of plant defense hypotheses. 
The Quarterly Review of Biology 78 : 23-55.

Suzuki, Y., K. Hayashi, I. Sakane and T. Kakuda. 2001. Effect 
and mode of action of banaba (Lagerstroemia speciosa L.) leaf 
extracts on postprandial blood glucose in rats. J. Jap. Soc. Nut. 
and Food Sci. 54 : 131-137.

Unno, T., A. Sugimoto and T. Kakuda. 2004. Xanthine oxidase 
inhibitors from the leaves of Lagerstroemia speciosa (L.) Pers. 
J. Ethnopharmcology 93 : 391-395.

Zar, J.H. 1984. Biostatistical analysis (2nd ed.). Pretice-Hall, Inc., 
New Jersey, pp. 718.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


