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Abstract: The rheological characteristic of soy protein isolate (SPI), is one of the most important properties in its application in
food industry. The effects of different concentrations of guar gum (GG, polysaccharide) and sodium chloride (salt ion) on the
rheological properties of SPI were studied in this research. Steady-state shear, strain sweep and frequency sweep tests (static
and dynamic rheological tests) were performed, and the following phenomenon and conclusions were drawn: (1) The viscosity
of the hybrid system increases with the GG addition. This trend could also be seen with the appropriate adding of salt ion; (2)
As the applied frequency increases, the storage modulus G’ and the loss modulus G" of the hybrid system increase at a similar
rate. And the frequency sweep parameters of the hybrid system rise significantly with the increase of both GG and ionic
concentration; The frequency dependence of the system varies significantly with the addition of salt ion; (3) With the

concentration of the salt ion increase, the storage module G’ of the hybrid system decrease indicating that salt ion destroyed the

network structure of hybrid dispersion to a certain extent.
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hybrid system.

1 Introduction

Soybeans are rich in protein and are always prepared
into a variety of food forms, such as tofu, miso, natto,
meat product and vegetarian food. Participating in

essential reactions of human organism, protein is an
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important component of the human-body cells. In
general, the proportion of protein in the total dry mass of
the human body is approximately 18%". Soybean
protein isolate (SPI) is a type of protein food additive that
can be obtained from low-temperature desolventising

soybean meal as a raw material”. SPI contains more
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than 90% of glycinin (11S) and f-conglycinin (7S), which
are the main elements containing soy protein”. In
addition, it is a type of natural plant protein, which is rich
in a variety of nutrients and has features of reducing
serum cholesterol and preventing cardiopathy and
cerebrovascular disease, and it may be substituted for
animal protein. Therefore, SPI has become a good
additive for the human body and a good nutritional
supplement in food industry

SPI is a mixture of four different types of proteins.
In addition, it has the following properties:

(1) Gelation

SPI can be used as a type of carrier of both water and
other complexes because it has good viscosity, plasticity
and elasticity, which play important roles in food
processing.

(2) Emulsification

A stable emulsion can be formed when SPI meets
water, and it can not only reduce the surface tension
between water and air but also lower the surface tension
between water and oil, which makes it a good
surface-active agent.

(3)Foaming

Using the excellent foaming property in the food
production process to make food softer and make it have
an incredible taste, SPI is one of the best foaming agents.

During years of discovery and practice, researchers
increasingly focused on the functional properties of SPI
owing to its nutritional values and unique functional
properties, such as gelling and emulsification'**.

Due to its special characteristics, SPI has been used
not only in fermented food but also in nutritious food and
Additionally, SPI is also a

common material that can be used in meat, dairy and

in other food products.
flour products. SPI can improve the taste of food,
increase its nutritive value, lower cholesterol and prevent
heart and artery diseases. That is why the application of
SPI in the food industry is gradually increasing. There
are multiple factors affecting the rheological properties of
SPI, e.g. temperature, pH, ionic strength and the
polysaccharide. In addition, some features of SPI can be
improved by changing the process parameters and adding

some other materials, such as ionic compounds and

polysaccharides*“.

Due to the unique structural and
functional properties of proteins that ubiquitously exist in
the modern food industry and the interaction between
proteins and polysaccharides, SPI and polysaccharides
are important for developing the desired texture!”™.
Protein—polysaccharide interactions can be used to design
and develop new food products'®”’.

Polysaccharides comprise multiple monosaccharide
molecules, which are a kind of carbohydrate. They are
widely distributed in nature and play an important role in
many basic life activities, such as constituting the
composition of animals and plants, functioning as
anticoagulant material in the human body and acting as
the nutrients stored in animals and plants. The structural
unit of polysaccharides is the monosaccharide, which
generally does not dissolve in water, has no sweet taste
and cannot form crystals but can be hydrolysed. Guar
gum (GG, polysaccharide) is a branched structure
comprising 1,4-linked f-d-mannopyranosyl units (Man)
and 1,6-linked a-d-galactopyranosyl units (Gal) of

[10-14]

polysaccharides . The molecular weight of GG has

been reported to be ~2.8 x 107 g/mol!">'®!,

Owing to its
good characteristics, including low cost, non-toxic, high
viscosity and high water solubility, GG is now used as a
thickening, emulsifying and stabilising additive in many

. . (1718
industries!!”"'®.

Moreover, GG in the food industry
plays an excellent role as a stabiliser due to its thickening
and emulsifying effects. In particular, in flour products,
GG also exhibits good properties, such as preventing
sticking, staying hydrated, increasing flour strength,
extending the shelf life and maintaining excellent food
quality. Furthermore, GG can be used as a condiment,
optimising the sensory quality of food, including the
texture and structure of the product and its rheological
properties. In general, GG is a versatile additive that is
widely used in the food industry.

Because of the irreplaceable functional properties of
proteins and polysaccharides, they are playing more and
more important roles in modern food manufacturing.
Interactions between proteins and polysaccharides in food
system have also been research hotspots in recent

7.8]

years! With increasing demand for food products

with this desired texture, proteins and polysaccharides
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play vital roles owing to their functional properties and

interaction capability!'”).

the

Therefore, it is necessary to

understand interaction between proteins and

polysaccharides systematically to meet the market
demand. Specific functional properties of SPI can be
improved by engineering technology or using additives,

6201 Therefore, in this

such as ions and polysaccharides!
investigation, GG, salt ions and SPI hybrid system will be
used as a main research object to investigate the effects of

salt ions on the linear rheological properties of SPI.
2 Materials and methods

2.1 Materials and equipment

Commercial soy protein isolate (protein content >90%)
was obtained from Messenger Biotechnology Co., Ltd. as
a gift.
Leaf Biotechnology Co., Ltd. Sodium chloride (AR grade)
was purchased from Beijing Yinghai Fine Chemical Co.,
Ltd.

Rheometer (AR2000 ex); TA Instruments Company

Guar gum (AR grade) was bought from Source

(USA); Magnetic stirrer (85-2); Jiangsu Jintan Jingda
Instrument Factory (China); Analytical Balance (AL 204);
Mettler-Toledo (Switzerland); Precision power by electric
mixer (JJ-1); Changzhou Guohua Electric Equipment Co.
Ltd (Jiangsu province, China).
2.2 Sample preparation

Firstly, 9 g of SPI powder was added into 100 mL of
deionised water by stirring the solution for 20 min to
completely dissolve the powder. Three more beakers
were used to formulate three solutions with different
concentrations by pouring 50 g of deionised water and
dissolving 0.1875 g, 0.15 g and 0.1125 g of GG powder,
respectively. Next, the solutions were stirred for 20 min.
Then, the SPI solution was mixed with the three GG
solutions by stirring for 20 min to formulate three
solutions with different concentrations (0.125%, 0.1%
and 0.075%, respectively). Then, another beaker was
used in which 100 g of deionised water was mixed with
6 g of SPI powder and stirred for 20 min. Finally, these
four samples were maintained at room temperature for
12 h.

Identical to the abovementioned procedure, another

three beakers were used in which 100 g of deionised

water was mixed with 9 g of SPI powder and stirred for
20 min to fully dissolve the SPI powder. Then, using
another three beakers, were formulated three cups of the
same solution were formulated by adding 50 g of
deionised water and dissolving 0.1875 g of GG powder,
and stirring the solutions for 20 min. Next, the three
same solutions of GG were mixed with the three readied
SPI solutions. Stirring each for 20 min and then adding
0.5 g, 0.25 g and 0.125 g, respectively, of NaCl into the
SPI-GG hybrid system, they were each stirred for 20 min.

Before the rheological test, all the overnight samples
were stirred for 1 min using a magnetic stirrer before
sampling.
2.3 Rheological test

The tests of rheological properties were all conducted
on an AR2000ex rheometer and the temperature was kept
at 25°C, controlled by a Peltier System. Aluminium
parallel plate geometry (40 mm diameter) was chosen for
the dynamic rheological test. The gap between the
geometry and the Peltier was 1000 um.

The characterisation of the rheological properties
consisted of these three tests: steady shear test, strain
sweep test and frequency sweep test. Each test was

performed in  consist  temperature and  in
temperature-changing process.
2.4 Strain sweep test

The temperature of the strain sweep test was
controlled at 25°C and the frequency was set to 1 Hz.
Testing the storage modulus G’ and the loss modulus G"
of the samples, the strain increased to determine the
Linear Viscoelastic Region (LVR) of each sample.

The oscillation stain in the dynamic rheological test
was controlled in the LVR, which is the area where the
stain imposed on the samples was relatively small, so that
the internal structure of the sample was not be affected by
oscillation.

2.5 Frequency sweep test

The frequency sweep test was performed at the end of

the strain sweep test,

amplitude of this test must be within the LVR of each

since the oscillatory strain
sample.  The temperature of the experiment was
controlled at 25°C, and the frequency was set at 1 Hz.
The setting strain was controlled at 0.2%, and both the
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storage modulus G’ and the loss modulus G" of the
SPI-GG hybrid system were detected through observing
the corresponding frequency scanning curve. The
frequency dependence of both storage modulus (G') and
loss modulus (G") of the SPI-GG hybrid system could be
fitted by the power law model:
G'=K"f" (1)
G"=K"f"" ()
The parameters K’ and K" in the above equations are
the power law constants whose dimensions are Pa-s/rad".
The letters n’ and n"” in the equations are the frequency
index, which reflects the viscoelasticity frequency
dependence of the sarnplesm].
2.6 Statistical analysis of the experimental data

All the

above experiments were repeated three times, and the

In this paper, the data are shown as averages.

average values were shown in tables and figures using

Excel software to draw the corresponding curve.
3 Results and discussion

3.1 Steady shear test

The effect of shear rate on the viscosity () of the
SPI-GG hybrid system with different concentrations of
GG at 25°C is shown in Figure 1.

illustrates that within the shear rate range of the steady

The diagram

shear test (1-100 s™'), the viscosity of all samples
decrease with the increasing shear rate. The effect of the
GG concentration on the viscosity of the system is not
obvious but indicates the shear thinning properties of the
system, which is relevant to the arrangement of the
The effect

of the lower shear rate on the molecule network structure

molecular structure along the shear direction.

is not significant, which indicates that at low shear rate,
the change of molecule network structure is to a low
extent. To maintain the molecular network structure, the
molecules provide resistance to deformation that should
have been from shear. So, the viscosity of the SPI
solution is higher at lower shear rate. At higher shear
rates, the molecular network structure will be damaged
under the action of shear and subsequently the dispersed
molecules will be arranged in the direction of the shear
force, which greatly reduces the molecular anti-shear

behaviour, thereby reducing the viscosity'?.
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isolate (SPI)-guar gum (GG) hybrid system with different GG

Effects of shear rate on the viscosity # of the soy protein

concentrations (¢ =25°C)

As shown in Figure 1, the viscosities of both the pure
protein solution are

significantly less than that of the SPI-GG hybrid system,

solution and the pure gum

which indicates that the protein and polysaccharide have
a significant cross-linking and synergistic effect in
viscosity property.

At 25°C, the effects of the ionic concentration on the
viscosity of the SPI-GG hybrid system with shear rates
are shown in Figure 2. From Figure 2, it is observed
that within the steady shear rate ranging from 1 s ' to
100 s™' the viscosity decreases with increasing shear rate,
which shows obvious shear thinning properties, except
for the sample that was treated with the highest ionic
(0.5%) higher the

concentration is, the lower the viscosity of the SPI-GG

concentration. The ionic

hybrid system is. This phenomenon indicates that salt
ion destroyed part of the cross-linking and synergistic

effect between protein and polysaccharide.
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Figure 2  Effects of shear rate on the viscosity of the SPI-GG

hybrid system with different ionic concentration (# = 25°C)
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However, the viscosity of the sample whose ionic
concentration is 0.667% did not change significantly with
the increase in shear rate, illustrating the characteristics of
Newtonian fluid.

3.2 Frequency sweep test

In the dynamic rheological test, the rheological
profiles of the samples are expressed as a change of
dynamic modulus G' and G" through frequency changes.
The variable, G' is known as the elastic modulus or
storage modulus, which is used to describe the character
of the material similar to the solid, while G" is the

viscous modulus or loss modulus, which is used to

describe the character of the material, similar to the liquid.

Figure 3 shows the trend of G’ and G" of SPI-GG hybrid
system with the frequency ranging from 0.3-1.0 Hz at
25°C and 0.2% strain.

the G’ and G" values of all the hybrid samples increase

From Figure 3, it can be seen that

with the frequency increase, however, the trend of G’ of
SPI and GG alone sample shows a negative correlation
with frequency. When the frequency is constant, G’ of
the hybrid system gradually increases with the increase of
GG concentration, which means that the elasticity of the
sample increases with the addition of GG. From Figure
3, we can clearly see that G' values are higher than G”
values among all the samples, which indicates that these
samples have the structural characteristics of a semi-solid
and biopolymers*.

The frequency sweep curve of the hybrid system can
Table 1

summarises the effects of different concentrations of GG

be well fitted by the power law model.

on the power law model parameters of the SPI hybrid
system. It can be seen from the table that G’ and G,
along with the frequency trends are well fitted to the
power law model (R2>0.96). The K’ and K" values of
hybrid system vary significantly when GG added into the
system. Both of the value of K’ and K" increase with the
concentration of GG increase which confirms the
previous view that the network structure of the hybrid
system increases with the addition of GG.

As the GG concentration increases from 0 to 0.125%,
the value of n' gradually increases, ranging from —0.033
to 0.1851.

dependence of the hybrid system gradually increases with

This indicates that the elastic frequency

the addition of GG and the relationship between them (G’
and f) gradually changes from one of negative correlation
to one of positive correlation. At the same time, the
value of n” decreases, which indicates that the viscosity
frequency dependence of the hybrid system decreases

with the addition of GG.
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Figure 3  Effects of frequency on the frequency sweep parameters
of the SPI-GG hybrid system with different GG concentrations
(t=25°C and y = 0.2%)

Table 1 Effects of guar gum (GG) concentration on the power

law model parameters of the soy protein isolate (SPI)-GG

hybrid system
G'=K'f" G"=K"f""
Samples’ name
K' n' R K" n'" R
6% SPI 96.993 —0.0330 0.99 22.149 0.2603  0.98
6% SPI+0.075% GG 123.61  0.0069 0.99 35958 0.2667 0.98
6% SPI+0.1% GG  451.54 0.1570 0.99 46.88 0.2714 097
6% SPI+0.125% GG 734.65 0.1851 0.99 217.26 0.1892  0.99
0.125% GG 9.5351 —0.2730 0.926 17.74 0.4201 0.96

Figure 4 is frequency sweep profiles of samples at
25°C and 0.2% strain for G’ and G”, respectively. The
G’ values of all samples increased or decreased in low
amplitude with increasing frequency. When the salt ion

concentration is below 0.167%, the relation between G’
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and f'is positive correlation. However, when the salt ion
concentration is over 0.330%, the relationship gradually
changes from positive correlation to negative correlation.
When the frequency is constant, the value of G’ of the
hybrid system decreases gradually with the increasing
ionic concentration, which means that the -elasticity
property of the hybrid system decreases with the addition
of salt ions. This phenomenon indicates that the
frequency dependence of elasticity of hybrid system is
complex and significant, and depends on the
concentration of salt ion heavily. The viscosity of the
SPI-GG hybrid system without ionic treatment is higher
than that with the ionic-treated SPI-GG hybrid system.
Also, the wviscosity of the samples decreases with
increasing ionic concentration. The frequency sweep
curve of the hybrid system can be well fitted with the
power law model. Table 2 summarises the effect of
different ionic concentrations on the power law model

parameters of the SPI-GG hybrid system.

1000
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Figure 4 Effects of frequency on the frequency sweep parameters
of the SPI-GG hybrid system with different ionic concentrations
(t=25°Cand y = 0.2%)

Table 2 Effects of ionic concentration on the power law model

parameters of the SPI-GG hybrid system

G:=Krfﬂ' Gu=Kufn”
Samples’ name
K " R K" n” R
SPI+GG 734.65 0.1851 099 217.26 0.1892 0.99

SPI+GG+0.167% IONIC 98.327  0.079  0.96 59.914 0.2908 0.99
SPI+GG+0.333% IONIC 56.071 —0.036 0.96 30.673 0.3783  0.98
SPI+GG+0.667% IONIC 30.108 —0.124 0.97 22.864 0.4112 0.99

It can be seen from the table that the changing trends
of G’ and G" along with the changing trend of angular
frequency are in good agreement with the power law
model (R*>0.96). The values of K’ and K" of the
samples without ionic treatment are significantly higher
than those of ionic-treated samples. This is because the
GG treatment affects the SPI to form the good network
structure. ~ With increasing ionic concentration, n"
gradually increases, while n’ declines even to a negative
value.

3.3 Strain sweep test

Figure 5 shows the effect of different concentrations
of GG on G' (at different strain) of the SPI-GG hybrid
system. From Figure 5, the linear viscoelastic region of
the system ranges approximately from 0.1 to 1. The
storage modulus G’ displays a decreasing trend with
The effect of GG on G’ of the SPI
the higher the GG
It is noted that
the G' value of SPI and GG are both below 100 Pa,
however, the value of G’ of their hybrid system reaches

over 500 Pa.

and molecular entanglement between SPI and GG.

increasing strain.

solution is significant and

concentration, the higher the value of G".

This indicates a very strong interaction
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Figure 5 Effects of strain on the G’ of the SPI-GG hybrid system
with different GG concentrations (¢ = 25°C)
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shows the effects of different ionic

concentrations on G’ (at different strain) of the SPI-GG

Figure 6

hybrid system. As shown, the additions of salt ions
decrease the G’ value of hybrid system significantly (from
691 Pa to ~100 Pa).
not affect the elastic property of hybrid

However, the salt ions content does
system
significantly. The results showed that salt ion affects the
elasticity property of hybrid system in a significant way.
This may due to the salt ion disengaged part of the
molecular entanglement. Moreover, the higher content

of salt ion exists, the more the molecular entanglement

disaggregates.
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Figure 6 Effects of strain on the G’ of the SPI-GG hybrid system

with different ionic concentrations (z = 25°C)
4 Conclusions

In this research, the effects of different concentrations
of GG on the rheological properties of SPI and different
ionic concentrations on the SPI-GG hybrid system were
investigated.

It is found that the protein and polysaccharide have a
significant cross-linking and synergistic effect in both
viscosity and elastic properties. However, salt ion with
a very low concentration may strongly destroyed part of
the cross-linking and synergistic effect between protein
and polysaccharide. The network structure of the hybrid
system increases with the addition of GG. Viscosity
frequency dependence of the hybrid system decreases
with the addition of GG. The frequency dependence of

elasticity of hybrid system is complex, and depends on

the concentration of salt ion heavily. There may be a
very strong interaction and molecular entanglement

between SPI and GG, while low dose salt ions are able to

disengaged part of the molecular entanglement
effectively.
Acknowledgement

This research was supported by the Research
Foundation for Youth Scholars of Beijing Technology and
Business University (QNJJ2016-17).
project was also supported by the National Natural
Science Foundation of China (31301593) and Research
and Development Fund for

Discipline of China (20130008120021).

This research

University’s Doctoral

[References]

[1] Huysveld S, de Meester S, Peiren N, Muylle H, Lauwers L,
Dewulf J. Resource use assessment of an agricultural
system from a life cycle perspective - a dairy farm as case
study. Agricultural Systems, 2015; 135: 77-89.

[2] Aguirre FJ S, Milesi V, Aiion M C.  Effect of extraction and
precipitation conditions during soybean protein isolate

Journal of the
American Oil Chemists Society, 2007; 84(3): 305-314.

[3] Petruccelli S, Anon M C.

and their interactions.

production on the genistein series content.

Soy protein isolate components

Journal of Agricultural & Food
Chemistry, 1995; 43(7): 1762-1767.

[4] BiCH,LiD, Wang L J, Adhikari B. Viscoelastic properties
and fractal analysis of acid-induced SPI gels at different ionic
strength. Carbohydrate Polymers, 2013; 92(1): 98-105.

[5] Maltais A, Remondetto G E, Gonzalez R, Subirade M.
Formation of soy protein isolate cold-set gels: protein and salt

Journal of Food Science, 2010; 70(1): C67-C73.

[6] BiCH, Li D, Wang L J, Adhikari B. Effect of LBG on the

LWT - Food

effects.

gel properties of acid-induced SPI gels.
Science and Technology, 2017; 75: 1-8.

[71 Corredig M, Sharafbafi N, Kristo E. Polysaccharide-protein
interactions in dairy matrices, control and design of structures.
Food Hydrocolloids, 2011; 25(8): 1833-1841.

[8] Perez A A, Carrara C R, Sanchez C C, Patino J M R, Santiago
L G Interactions between milk whey protein and

polysaccharide in solution. Food Chemistry, 2009; 116(1):
104-113.

[9] Alvarez M D, Fernandez C, Olivares M D, Canet W. A
rheological characterisation of mashed potatoes enriched with

isolate. 2012; 133(4):

soy protein Food Chemistry,

1274-1282.



September, 2017 Bi CH, etal. Effects of salt ions on rheological properties of SPI-GG hybrid system Vol. 10 No.5 241
[10] DealC M, Morrison A. Chemistry and interactions of seed chromatography and low-angle laser light scattering.
galactomannans. Advances in Carbohydrate Chemistry & Carbohydrate Polymers, 1984; 4(4): 299-313.
Biochemistry, 1975; 31(8): 241-312. [17] Chudzikowski R J. Guar gum and its application. J Soc

[12]

Dey P M. Biochemistry of a-D-Galactosidic Linkages in
the Plant Kingdom. Advances in Carbohydrate Chemistry
& Biochemistry, 1980; 37: 283-372.

Dierckx I S, Dewettinck 1 K.
Wiley-VCH Verlag GmbH & Co. KGaA, 2005;

Seed Gums. Biopolymers
Online.
321-343.
Todd P A, Benfield P, Goa K L. Guar gum. Drugs, 1990;
39(6): 917-928.

Santos R, Gomes D, Macedo H, Barros D, Tibério C, Veiga,
A S, et al.
delivery system against diabetic foot ulcers Staphylococcus
Journal of Medical Microbiology, 2016;
65(10): 1092-1099.

Barth H G, Smith D A. High-performance size-exclusion

Guar gum as a new antimicrobial peptide

aureus isolates.

chromatography of guar gum.

A, 1981;206(2): 410-415.
Vijayendran B R, Bone T. Absolute molecular weight and

Journal of Chromatography

molecular weight distribution of guar by size exclusion

(21]

[22]

Cosmet Chem, 1971; 22(1): 43.
Wang Q, Ellis P R, Ross-Murphy S B. The stability of guar
gum in an aqueous system under acidic conditions. Food
Hydrocolloids, 2000; 14(2): 129-134.

Foegeding E A. Rheological properties of whey protein
isolate gels determined by torsional fracture and stress
relaxation.  Journal of Texture Studies, 2010; 23(3):
337-348.

Bi C H, Li D, Wang L J, Wang Y, Adhikari B.
Characterization of non-linear rheological behaviour of
SPI-FG dispersions using LAOS tests and FT rheology.
Carbohydrate Polymers, 2013; 92(2): 1151-1158.
Papagiannopoulos A, Sotiropoulos K, Stergios P.  Particle
tracking microrheology of the power-law viscoelasticity of
xanthan solutions. Food Hydrocolloids, 2016; 61: 201-210.
Oh M, So J, Yang S.
silica-mediated gelation of xanthan gum.

and Interface Science, 1999; 216(2): 320-328.

Rheological evidence for the

Journal of Colloid




<<
  /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 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /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 2.00000
  /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 ()
  /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


