
ORIGINAL ARTICLE

Physico-chemical characteristics of defatted rice bran
and its utilization in a bakery product

Sudha Sairam & A. G. Gopala Krishna & Asna Urooj

Revised: 2 March 2010 /Accepted: 3 March 2010 /Published online: 11 February 2011
# Association of Food Scientists & Technologists (India) 2011

Abstract Defatted rice bran (DRB), a byproduct of rice
milling is a rich source of dietary fiber and minerals. In the
present study, the physico-chemical characteristics, antiox-
idant potential of defatted rice bran (Laboratory-LDRB and
Commercial -CDRB) and its utilization in preparation of
bread were studied. The effect of incorporation of CDRB at
varying levels (5, 10 & 15%) on the quality characteristics
of bread including physical, rheological and sensory
attributes were evaluated and the dietary fiber content and
antioxidant activity were determined. The results indicated
that LDRB had better nutrient profile, physical and
antioxidant properties than CDRB. On the basis of physical
characteristics, breads with 5% and 10% CDRB were found
to be acceptable as such and those containing 15% were
acceptable with addition of bread improvers. The dietary
fiber content and total antioxidative activity of bread
increased with increasing levels of CDRB, which also
improved the shelf life. The results reveal that DRB can be
incorporated in breads upto 10% and 15% as such or with
bread improvers respectively, as source of fiber and natural
antioxidant, as a functional ingredient.

Keywords Defatted rice bran . Dietary fiber . Nutrient
profile . Antioxidant activity . Bread . Farinograph

Introduction

In recent years, there has been a global trend towards the
use of natural substances present in foods as a source of
antioxidant and functional ingredients Kim (2005). Effi-
cient utilization of food products, food wastes and
unconventional food sources of human consumption would
result in increased nutritional value of products made from
available resources Houston (1972). The nutritive value and
health enhancing properties of rice bran has been well
documented Sharma and Chauhan (2002). Rice bran is light
brown, slightly oily, unstable meal produced as a byproduct
of the rice milling process. It contains approximately 17%
fat, 6% crude fiber Houston (1972). Current research has
showed that rice bran may contain even 100 different
antioxidants, as new ones are being discovered. Among the
most powerful of these are Oryzanols, Tocopherols and
Tocotrienols. Defatting/lipid extraction markedly increases
the proportion of dietary fiber and crude protein contents of
rice bran Godber et al. (2002), Iqbal et al. (2005), but still
rice bran is an underutilized co-product from rice milling.

As foods become more highly processed, the consump-
tion of natural fibers decreases and it is necessary to add
these ingredients back into foods Skurray and Wooldridge
(1986). Being one of the cheaper cereal byproduct, rice
bran offers good potential to supplement the costly fiber
and protein sources such as oat bran, wheat bran in the
Indian diets. Bakery products have provided vehicles for
incorporation of bran from cereals, and hence bread
products are most suitable for this application and the
keeping quality of baked foods such as breads, crackers,
cookies and biscuits are of great economic importance since
these products are widely used and are often stored for
extended periods before consumption. There are limited
studies on rice bran composition in food applications,
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specifically their effect on the functional properties and
keeping quality of bread. It is reported defatted rice bran
(DRB) had higher stability, water holding, fat holding and
foaming capacities than full fat rice bran. These properties
may affect the quality of bread made with added bran
James and Sloan (1984).

With this background, the present study has been carried
out to evaluate the physico-chemical characteristics of
DRB, and its utilization in bread as a source of dietary
fiber and natural antioxidants.

Materials and methods

Full fat (FRB) and defatted rice bran (CDRB) were
procured from local rice mill. Full fat bran was extracted
with petroleum ether in a soxhlet apparatus to obtain
Laboratory defatted rice bran (LDRB). The bran were
powdered, passed through 60 mesh sieve (BS) and stored in
an air tight container till further use.

Preparation of extracts Methanol and hexane extracts were
prepared by extracting samples (20 g) with respective
solvents (250 ml) in a mechanical shaker for 24 h, filtered
and evaporated to dryness under reduced pressure in a
rotary evaporator. All the other chemicals used were of
analytical grade.

Physico-chemical characteristics

Proximate composition of the samples i.e., moisture, ash,
fat, protein, fiber and minerals (calcium, iron and phospho-
rous) and physical properties like bulk density, water
absorption capacity and fat absorption capacity were
determined by standard AOAC methods (1984, 1986).

Determination of antioxidant components and activity

The Oryzanol content of the samples were estimated as per
the method of Gopala Krishna et al. (2001). Free radical
scavenging activity of various extracts was measured from
the bleaching of purple colored methanol solution of DPPH
by the method of Yen and Chen (1995). Reducing power of
the extracts was determined by the method of Yildirim et al.
(2003).

Formulation and preparation of bread

Formulation of blends Refined wheat flour (RWF) was
procured from the local market. RWF was blended with
CDRB at levels of 5, 10 and 15%. The blends were mixed
well and sieved through a 60 mesh sieve (BS) for uniform
mixing.

Dough rheological characteristics, preparation and evalu-
ation of bread quality The dough properties of RWF
samples incorporated with CDRB at different levels were
determined using a farinograph according to standard
AACC method (2000). Breads were prepared using the
straight dough method according to the standard ‘Remix’
baking test Irvine and McMillan (1960). The ingredients
used for baking of bread are: RWF (200 g), Yeast (4 g), Salt
(3 g), Sugar (5 g), Fat (2 g), Water (Variable), bread
improvers (α-Amylase and Sodium Stearoyl Lactylate
(SSL)) and CDRB (at 5, 10 &15% levels). Dough was
fermented for 2 h after mixing all ingredients, remixed and
further fermented for 25 min, followed by sheeting,
moulding, proofing at 30 °C, 85% RH for 55 min and
baking at 230 °C for 25 min. After cooling, the breads were
packed in polythene pouches and used for evaluation, the
next day. Breads were assessed for their weights and loaf
volume by the rapeseed displacement method AACC
(1983). Objective measurement of the texture was carried
out in a using Instron Universal Testing Machine (Instron
Ltd., U.K., Model No. 1140) with following conditions—
25% Compression and 100% speed. Ten trained panelists
carried out evaluation of bread for crust—color and
appearance, crumb color, grain (texture), texture (finger
feel), mouth feel and overall quality.

Chemical analysis The breads were analyzed for dietary
fiber content according to the method of Asp et al. (1983).
The total antioxidant activity i.e., the degree of oxidation of
fat in bread was measured by the 2- thiobarbituric acid
(TBA) assay Siu and Hegarty (1978). During the oxidation
process, peroxide is gradually decomposed to lower
molecular compounds, one being malanoldehyde, which
was measured by TBA method.

Statistical analysis

The data was analyzed by ANOVA followed by Tukey’s
test for significant differences (n=4, P<0.05).

Results

Physico-chemical characteristics of Defatted Rice Bran

The nutrient profile and physical characteristics of two
varieties of DRB i.e., LDRB and CDRB are given in
Table 1. Among the two varieties, the moisture and ash
contents of LDRB were higher than CDRB. Whereas the
protein, dietary fiber and fat contents were higher in CDRB
and similar trend was observed for mineral contents (iron,
phosphorus and calcium). CDRB (0.47 g/cc) had higher
bulk density than LDRB (0.34), whereas CDRB exhibited
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higher water and fat absorption capacity. The reason could
be due to high amount of dietary fiber and protein on
CDRB.

Determination of antioxidant component and evaluation
of antioxidant activity

The Oryzanol contents were determined in methanol
extracts of FRB, LDRB, CDRB and hexane extracts of
LDRB and CDRB. The FRB (0.16 g/100 g) showed highest
oryzanol content, followed by hexane extracts and metha-
nol extracts. CDRB had higher levels of oryzanol than
LDRB. Hexane extracts of CDRB and LDRB (0.013 g>
0.006 g/100 g) had higher concentrations of oryzanol than
methanol extracts of CDRB and LDRB (0.003 g>0.001 g/
100 g). This difference in concentrations may be attributed
to different methods of extraction used, and also to the
presence of small amount of oil present in hexane extracts.

The radical scavenging activity (RSA) of the methanol
extracts of FRB, LDRB, CDRB and synthetic antioxidant
TBHQ, as determined by DPPH assay at different concen-
trations [100, 200 and 400 μg] is shown in Fig. 1. The
scavenging ability of extracts against DPPH was concen-
tration dependent. TBHQ (91.86%) exhibited higher RSA
and among the extracts, FRB (60.83%) showed high RSA
followed by CDRB (59.69%) and LDRB (58.93%). The
reductive capabilities of the methanolic extracts at two
concentrations (100 and 200 μg) of FRB, LDRB, and
CDRB was observed and compared with synthetic antiox-
idant BHT as shown in Fig. 2. A high absorbance indicates

high reducing power (RP). The RP of the extracts increased
with increase in concentration. BHT showed maximum RP
followed by the FRB, CDRB and LDRB. The reducing
power of a compound is related to its electron transfer
ability and may therefore serve as a significant indicator of
its potential antioxidant activity Yildirim et al. (2003).
Literature reports are evident that the reducing power of
bioactive compounds is associated with antioxidant activity
Dorman and Peltoketo (2003).

Table 1 Nutrient profile and physical properties of DFRB (g/100 g)

Nutrients LDRB CDRB

Moisture (%) 13.3 11.1

Protein 16.6 17.2

Fiber TDF 7.41 11.44

SDF 2.24 2.24

IDF 5.17 9.19

Fat 0.33 0.66

Ash 15.6 14.65

Calcium (ppm) 240 255

Phosphorous (ppm) 160 166

Iron (ppm) 285 290

Bulk Density (g/cc) 0.47 0.34

Water Absorption

Capacity (ml/100 g) 210 240

Fat Absorption

Capacity (ml/100 g) 180 210

LDRB Laboratory defatted rice bran, CDRB Commercial defatted rice
bran, TDF Total Dietary Fiber, IDF Insoluble Dietary Fiber, SDF
Soluble Dietary Fiber
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Dough rheological characteristics and evaluation of bread
quality

The farinograph characteristics of wheat flour dough as
influenced by the addition of CDRB at different levels are
illustrated in Table 2. Addition of CDRB to wheat flour had
a marginal effect on the water absorption of flour, dough
stability and dough development time, except in variation
with 15% CDRB where dough development time decreased
to 2.2 min. Dough stability values were not much affected
by the addition of CDRB, but as the levels of CDRB
increased, the mechanical tolerance index increased from
53 (control) to 67 (at 15%), and the breakdown time
decreased indicating poor stability of dough at higher
levels.

Bread-making quality, as affected by different levels of
CDRB, is presented in Table 3 and Fig. 3. Addition of
CDRB had least effect on dough weights and bread
weights. The bread from RWF (control) had a volume of
465 cc. The addition of bread improvers had significant
effect on the quality of the bread, with loaf volume
increasing from 425 to 432 cc (5%), 367 to 427 cc (10%)
and 317 to 422 cc (15%).The objective evaluation of
texture analyzed in breads without improvers showed that
the compression force increased with increase in the CDRB
levels.

The mean sensory scores of bread with different levels of
CDRB, on day 1 (D1) and day 3 (D3) are given in Table 4.
The mean sensory scores of all the key attributes, (crust-
color and appearance, crumb color, grain, texture, mouth

feel) differed significantly for all the bread variations on D1
and as well on D3, however bread with 5% CDRB was
found to be similar to control. The overall quality scores
thus reduced with an increase in the CDRB levels, but were
acceptable with addition of bread improvers.

Chemical analysis

Breads (control, 5% and 10% CDRB incorporated) were
analyzed for their dietary fiber content and total antioxidant
activity. There was increase in the total dietary fiber content
(soluble and insoluble) with increase in CDRB levels. The
presence of CDRB in bread exhibited higher antioxidant
activity than Control, and with increased level of incorpo-
ration the antioxidant activity also increased (Table 5). The
formation of malonaldehyde was high in control (10.1 μg)
followed by 5% (5.7 μg), and 10% (4.7 μg) variation,
which indicates less peroxide formation in 10% CDRB
incorporated bread. Hence the antioxidative effect can be
attributed to the presence of CDRB.

The results of the present study indicate that, DRB can
be used as a nutrient rich source of fiber and also that it is
possible to formulate high fiber bread by incorporating
DRB at 10–15% levels with addition of bread improvers,
with good antioxidant activity which exerts positive effect
on the storage stability of the product.

The physico-chemical characteristics of DRB were
found to be higher than the reported values of FRB.
Defatting markedly increases the nutrients content of the
rice bran Prakash and Ranganatham (1995). The results of

Source Dough weight (g) Bread weight (g) Loaf volume (cc) Texture reading**

WOI

Control 165.5±0.02a 144.0±0.05a 465±0.01a 509±0.02a

5% 165.5±0.02a 145.0±0.02a 425±0.03b 603±0.03b

10% 166.0±0.01a 144.0±0.01a 367±0.04c 977±0.06c

15% 166.9±0.01a 147.5±0.03a 317±0.02d 1423±0.02d

WI

Control 169.0±0.03a 144.5±0.01a 465±0.01a ND

5% 170.0±0.03a 146.0±0.02a 432±0.01a ND

10% 170.0±0.01a 148.0±0.02a 427±0.04a ND

15% 171.0±0.02a 149.0±0.01a 422±0.01a ND

Table 3 Physical characteristics
of bread (with and without
added CDRB and bread
improvers) (n=4)

Values carrying different super-
scripts a, b, c..... in columns
differ significantly (P<0.05)

** Measured in Instron
Texturometer

WOI Without added Improvers,
WI With added Improvers, ND
Not Determined

Source Water
absorption (%)

Development
time (min)

Stability (min) Tolerance
index (MTI)

Time to
breakdown (min)

Control 62.4 3.3 2.5 53 5.2

5% 62.4 3.3 2.6 56 5.2

10% 62.6 3.3 2.9 59 4.9

15% 63.0 2.2 2.6 67 4.1

Table 2 Farinographic charac-
teristics of dough with and
without incorporation of CDRB
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the physical characteristics indicate that DRB had the
highest water and oil absorption capacities, and foaming
capacity than FRB James and Sloan (1984). Since defatting
further increases the insoluble fiber and protein content, the
water absorption capacity increases almost five times its
bulk in liquid Linda (1990). Foaming capacity of the bran
was expressed as the increase in volume due to whipping.
The DRB might be incorporated into foods such as baked
products for which a high water absorption capacity is
desired to help maintain moisture and freshness. Foaming
capacity and stability enables air incorporation, leavening
and texturization properties. Therefore, the defatted bran

Fig. 3 Comparison of Loaf Vol-
umes and physical characteris-
tics of Control (1); 5% (2); 10%
(3); & 15% (4) variation breads

Table 4 Sensory characteristics of bread (n=10)

Source Crust color
& appearance

Crumb
color

Grain Texture Mouth
feel

Overall
quality

D1

Control 8.58a 8.91a 8.91a 9.00a 8.91a 44.33a

±0.37 ±0.20 ±0.20 ±0.63 ±0.58 ±1.50

5% 7.42b 6.83b 7.66b 7.01b 6.41b 35.41b

±0.49 ±1.43 ±0.51 ±1.11 ±0.95 ±4.45

10% 5.92c 6.25c 6.33c 5.83c 5.50c 29.83c

±1.28 ±1.75 ±1.16 ±1.36 ±1.00 ±6.49

15% 5.17d 5.00d 4.33d 4.33d 4.16d 23.00d

±1.60 ±1.97 ±1.63 ±1.50 ±1.55 ±7.86

D3

Control 8.00a 7.91a 8.08a 8.00a 8.16a 40.16a

±0.0 ±0.20 ±0.49 ±0.31 ±0.29 ±1.03

5% 6.42b 5.58b 6.41a 5.58b 4.83b 28.83b

±0.37 ±0.91 ±0.49 ±0.91 ±0.81 ±3.32

10% 3.92c 3.75c 4.41c 3.83c 3.25b 19.16c

±0.8 ±0.61 ±0.97 ±0.68 ±0.83 ±2.25

D1 Day 1, D3 Day 3

Values carrying different superscripts a, b, c..... in columns differ
significantly,

P<0.05,

Table 5 Dietary fiber content (TDF, SDF, IDF) and Total antioxidant
activity (Malonaldehyde formation) in bread incorporated with various
levels of CDRB (n=4)

Source Dietary fiber (g/100 g) Malonaldehyde

Total Soluble Insoluble Formation (μg)* *

Control 6.31 1.06 5.25 10.1

± 0.02 ± 0.03 ± 0.07 ± 0.06

5% 8.42 1.37 7.05 5.7

± 0.04 ± 0.10 ± 0.10 ± 0.02

10% 10.91 1.66 9.25 4.7

± 0.07 ± 0.05 ± 0.21 ± 0.09

* * μg of Malonaldehyde/100 g of bread sample
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sample would be the best bran to contribute not only to this
property, but also to water and fat absorption capabilities of
bread James and Sloan (1984).

Addition of DRB increases the contents of protein,
lysine and dietary fiber proportionately to the level of
substitution. But when DRB is substituted for a portion of
the wheat flour, the gluten content of the formulation
reduces which may decrease the bread volume Sharp and
Kitchens (1990). The farinograph data indicated that adding
bran to whole meal flour did not significantly increase the
water absorption Skurray and Wooldridge (1986). Texture
profile analysis showed not much difference as far as
cohesiveness and springiness, but bread hardness, gummi-
ness and chewiness increased with increased levels of DRB
incorporation. Crumb color was darker and less yellow with
the addition of bran. Darkness of the crumb was directly
related to the increased bran content, while yellowness
significantly decreased only when bread contained 15%
bran levels. Skurray and Wooldridge (1986) reported that
there was reduction in sensory scores of breads containing
defatted rice bran. Subsequent research has indicated that
with certain manipulations of the basic formula, 15% and as
much as 30% of bran can be used without sacrificing loaf
volume. These data suggest that rice bran can be substituted
successfully for at least 15% of the wheat flour in bread
formulations, without affecting the loaf height, weight, or
volume Talwalker and Garg (1965).

The results of the present study also showed that
incorporation of CDRB in the bread formulation increased
the dietary fiber content of bread which increased with
increase in CDRB levels. The presence of CDRB in bread
exhibited higher antioxidant activity compared with that of
control bread. The malanoldehyde formation was high in
control than other variations which indicates less peroxide
formation in 10% CDRB incorporated bread, hence the
antioxidative effect can be attributed to the presence of
CDRB.

Conclusion

From this study, it may be concluded that DRB can be used
as a source of fiber, and nutrients such as protein, vitamins
and minerals. The physico-chemical characteristics
exhibited by DRB would be desirable in the preparation
of various bakery products especially in breads up to 15%,
with added improvers without affecting the loaf volume,
and also can be used as an functional ingredient for

developing high fiber breads, with good antioxidant activity
which improves the storage stability of the breads.

References

AACC (1983) Methods of analysis, 8th edn. American Association of
Cereal Chemistry, St. Paul

AACC (2000) Methods of analysis. American Association of Cereal
Chemistry, St. Paul

AOAC (1984) Methods of analysis, 14th edn. Association of Official
Agricultural Chemists, Washington DC

AOAC (1986) Methods of analysis, 7th edn. Association of Official
Agricultural Chemists, St. Paul

Asp NG, Johansson CG, Hollmer H, Siljestram M (1983) Rapid
enzymatic assay of insoluble and soluble dietary fibers. J Agric
Food Chem 33:476–482

Dorman HJD, Peltoketo A (2003) Characterization of the antioxidant
properties of de-odorized aqueous extracts from selected
Laminaceae herbs 83:255–262

Godber SJ, Xu Z, Hegsted M, Walker T (2002) Rice bran and rice
bran oil. In: Functional foods development. Fall of Louisiana
Agriculture

Gopala Krishna AG, Khatoon S, Sheila PH, Sarmandal CV, Indira TN,
Mishra A (2001) Effect of refining of crude rice bran oil on the
retention of oryzanol in the refined oil. JAOCS 78(2):127–131

Houston DF (1972) In: Rice chemistry and technology. American
Association of Cereal Chemists. St. Paul, MN

Iqbal S, Bhanger MI, Anwar F (2005) Antioxidant properties and
components of some commercially available varieties of rice bran
in Pakistan. Food Chem 93:265–272

Irvine GN, McMillan MF (1960) The remix baking test. Cereal Chem
37:603–613

James C, Sloan S (1984) Functional properties of edible rice bran in
model systems. J Food Sci 29:310

Kim JS (2005) Radical scavenging capacity and antioxidant activity
of the E vitamer fraction in rice bran. J Food Sci 70(3):208–
213

Linda EC (1990) Functional properties and applications of stabilized
rice bran in bakery products. Food Technol. April:74–76

Prakash J, Ranganatham G (1995) Proximate composition and protein
quality of stabilized rice bran. J Food Sci Technol 32(5):416–419

Sharma HR, Chauhan GS (2002) Effects of stabilized rice bran-
fenugreek blends on the quality of breads and cookies. J Food Sci
Technol 39(3):225–233

Sharp CQ, Kitchens KJ (1990) Using rice bran in yeast bread in a
home baker. Cereal Foods World 35(10):1021–1204

Siu GM, Hegarty HH (1978) A survey of malonaldehyde content of
retail meat and fish. J Food Sci 43:1147–1149

Skurray DA, Wooldridge NM (1986) Rice bran as a source of dietary
fiber in bread. J Food Technol 21:727–730

Talwalker RT, Garg NK (1965) Rice bran—a source material for
pharmaceuticals. J Food Sci Technol 2(Oct–Dec):117–119

Yen GC, Chen HC (1995) Antioxidant activity of various tea extracts
in relation to their antimutagenicity. J Agric Food Chem 43:27–
32

Yildirim A, Ahmet M, Kara AA (2003) Antioxidant and antimicrobial
activities of Polygonum cognatum. J Sci Food Agric 83:64–69

J Food Sci Technol (July–August 2011) 48(4):478–483 483


	Physico-chemical characteristics of defatted rice bran and its utilization in a bakery product
	Abstract
	Introduction
	Materials and methods
	Physico-chemical characteristics
	Determination of antioxidant components and activity
	Formulation and preparation of bread
	Statistical analysis

	Results
	Physico-chemical characteristics of Defatted Rice Bran
	Determination of antioxidant component and evaluation of antioxidant activity
	Dough rheological characteristics and evaluation of bread quality
	Chemical analysis

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /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 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


