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Abstract

The aim of this research is to evaluate the impact of various process conditions on the physical properties and
digestibility of extruded fish feed at different barrel temperatures (120, 130, and 140

o

C) and moisture contents (35,
40, and 45%). The expansion ratio decreased with increasing the moisture content. The hardness was negatively cor-
related with the expansion ratio. The bulk density decreased by increasing moisture content. The water holding
capacity increased by increasing the moisture content and barrel temperature. Soaking time significantly (p<0.05)
affected water stability and the best water stability was observed in all samples soaked for 1 h, but water stability
was also stable at 2 h and 3 h. There was a significant increase in the protein digestibility of extruded fish feed,
compared to that of the raw material.
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Introduction

Aquaculture is one of the fastest growing food production

activities in the world and also plays a very important role by

providing better nutrition, a higher income, and better

employment opportunities in many countries (Umar et al.,

2013). In the past, fresh fish was used for fish feed (Yoshitomi,

2004). However, it was deemed to be expensive and

nutritionally imbalance. Fish feed formulated from plant

ingredients instead of fresh fish could be a solution to the

problems of using conventional feeds. 

Extrusion technology is commonly used to produce fish

feed, as it exhibits improvement in physical properties, such as

hardness and water stability (Harper, 1981; Sørensen et al.,

2009). It is stated the extrusion cooking for aquaculture feed

production is highly advantageous as it allows control over

pellet density and greater water stability (Chang & Wang,

1999). Extrusion cooking is a high-temperature short-time

process with combination of moisture and temperature which

affects the nutritional value of fish diets (Shivendra et al.,

2007; Morken et al., 2011). During extrusion processing, the

different reactions take place including thermal treatment,

starch gelatinization, protein denaturation, hydration, partial

dehydration (Khater et al., 2014). Sørensen et al. (2009)

reported that the improvement in digestibility is due to

degradation of proteins during extrusion processing.

Yoshitomi (2004) studied the effect of barrel temperature on

microstructure of extruded pellets. Umar et al. (2013) reported

the effects of ingredients and extrusion variables on properties

of aquafeeds containing distillers dried grains with soluble,

corn starch and a combination of sago and tapioca starches.

Sørensen et al. (2009) claimed that the soybean meal improves

the physical quality of extruded fish feed. Therefore, the

purpose of this experiment was to study the effects of barrel

temperature and moisture content on the expansion, bulk

density, hardness, water stability and water holding capacity,

swelling ratio, protein and starch digestibility of extruded fish

feed.

Materials and Methods

Materials

Fish meal and 3 grade wheat flour were purchased from

SinSungonf Co. (Hoengseong, Korea). The defatted soy flour

(50% protein content dry basis), fish oil, and others were

obtained from Gaemifood Co. (Eumseong, Korea).
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Extrusion process

The mixture of fish meal 65%, 3 grade wheat flour 17%,

defatted soy flour 10.7%, fish oil 5.8%, and others 1.5% was

extruded with a co-rotating inter-meshing twin-screw extruder

(THK 31T; Incheon Machinery, Incheon, Korea) with a screw

length of 690 mm and a screw diameter of 30 mm (L/D =

23:1) (Fig. 1). The 4 mm die diameter was used. The barrel

temperature was adjusted to 120, 130, and 140
o
C, moisture

content was 35, 40 and 45%, and screw speed was 250 rpm.

Extruded fish feed was dried at 50
o
C for 8 h and ground into

powder to pass through a 50-70 mesh sieve. The dried fish

feed was randomly chosen to analyze the physical properties

and the powder for chemical analysis. 

Expansion ratio

The expansion ratio was determined by the method of

Khater et al. (2014). Ten samples were randomly selected and

their diameters were measured. The expansion ratio was

calculated using the below equation 

Expansion ratio

= Diameter of extruded fish feed /Die diameter (1)

Bulk density

Bulk density was reported as the weight of extruded fish feed

divided by the volume of fish feed (Umar et al., 2013). The pellets

were poured into a known volume cylinder to measure the weight

of the pellets. Measurements were conducted in triplicate.

Hardness

Hardness was determined using a texture analyzer (Compac-

100II, Sun Sci. Co., Tokyo, Japan) equipped with a 10-kg load

cell. The pellets are measured individually between a flatted-

ended cylindrical probe at a speed of 100 mm/min. Hardness

was averaged from 10 pellets and reported as force (g) divided

by area (cm
2
). 

Water stability

Samples (10 g, wet basis) and 500 mL of tap water were

placed into 1,000 mL of soluble extraction bath (TW-SM,

Wooju Scientific Co., Pohang, Korea). Each sample was

stirred in the soluble extraction bath at room temperature and

was shaken at 100 rpm for 1, 2 and 3 h. The sample was

filtered by 20 mesh screens, and dried at 105
o
C until

equilibrium was reached. The water stability was calculated by

using the following formula.

Water stability (%) = (Final weight  /Initial weight) × 100

(2)

Water holding capacity and swelling ratio

Water holding capacity of pellet samples was analyzed using

the method of Yoshitomi (2004). Ten pellets of each sample

were mixed with distilled water in a beaker at room

temperature for 1 h. The soaked pellets were filtered through a

20 mesh screen and were drained for 5 min before weight. The

water holding capacity was calculated by following the

equation.

Water holding capacity (%)

= [(Final weight-Initial weight) ⁄Initial weight] × 100 (3)

Swelling ratio followed the method of water holding

capacity. The diameter was determined before soaking and

after soaking. The swelling ratio was obtained by using the

following equation. 

Swelling ratio

= Diameter after soaking /Diameter before soaking (4)

Protein digestibility

The protein digestibility (PD) was determined by slightly

modified method of Thin et al. (2016). For the undigested

protein content, 0.2 g powder was mixed with 35 mL pepsin

solution in micro tube (1.5 g pepsin/1,000 mL of 0.084 N

HCl). The mixture was digested at 37
o
C for 2 h at 150 rpm in a

shaker (SI-300R, Jeio Tech Co., Ltd., Seoul, Korea). Then, 2

mL of 2 M NaOH was added to stop reaction. The reacted

Fig. 1. Screw configuration of twin-screw extruder.
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solutions were centrifuged at 3000 rpm for 15 min. The

residues were dried at 50
o
C for 12 h. The sediments were used

to analyze the protein content with Ninhydrin method by using

albumin protein as a standard (Starcher, 2001). For the

determination of total protein content of the sample, 10 mg

was hydrated with 6 N HCl solution of 500 µL at 100
o
C for 24

h. The hydrated sample was redissolved in 1.4 mL distilled

water and centrifuged at 3000 rpm for 30 min. After centri-

fugation, the supernatant was collected for analyzing total

protein content. The PD was expressed by following equation:

PD (%)

= (Total protein-Undigeted protein) /Total protein × 100 (5)

Statistical analysis

The experiments were analyzed by using analysis of

variance (ANOVA) according to Duncan’s multiple range tests

(p<0.05) by using SPSS program (Version 20.0, SPSS Inc,

USA).

Results and Discussion

Expansion ratio

The expansion produced by the extrusion process is created

when moisture trapped within the mixture vaporize into steam

as materials exit the die (Vijayagopal, 2004). The expansion

ratio of extrudates was shown in Table 1. The values on

expansion ratio of fish feed ranged from 0.99 to 1.14. The

expansion ratio decreased with increased moisture content

while barrel temperature did not show significant effect on the

expansion ratio. The decreased expansion ratio trend with

increasing moisture content was also reported by Ryu & Ng

(2001) and Chang & Ng (2011). This decrease in expansion

ratio was probably due to excessive structure breakdown and

the greater fragmentation of starch at higher moisture. The

fluidity of material was limited by lower moisture content

during extrusion process, resulting in higher shear and longer

residence time, which increase the expansion (Harper, 1981).

In addition, the decrease in expansion may also be due to the

increase in longitudinal expansion due to high temperature in

the axial direction (Thin et al., 2016).

Bulk density

Rokey & Huber (1994) suggested a bulk density of 320-400

g/L for floating feed and 450-550 g/L for sinking feed. There

was a negative correlation between bulk density and expansion

ratio which describes the degree of puffing in extrudates. The

bulk density significantly decreased when moisture content

was increased from 35% to 45% (Table 1). At 35% moisture

content, a significant reduction was observed when the barrel

temperature increased from 120
o
C to 130

o
C, but significant

increase was observed with further increase of temperature

from 130
o
C to 140

o
C. At 40% moisture content, an increase in

processing temperature decreased bulk density of extruded

fish feed. Case et al. (1992) reported that an increase in the

processing temperature resulted in decreased unit density

values. At 45% moisture content, the values of bulk density

increased from 275.26 to 367.26 g/L, and then decreased to

334.71 g/L with increasing temperature (Table 1). The highest

bulk density value was observed for the treatment combination

of 120
o
C barrel temperature, 35% moisture content, which was

463.89 g/L (Table 1). Kannadhason & Muthukumarappan

(2010) reported that increasing the expansion of an extruded

diet which causes a decrease in bulk density of the extruded

diet. High bulk density improves the handling in feeding

equipment, compared to lower bulk density (Dozier, 2001).

Hardness

Hardness should be high in order to make the pellet

withstand a certain amount of force without cracking for

instance when feed is stored in bins. However, no standards

were established for hardness (Khater et al., 2014). Hardness

might affect voluntarily feed intake. If the feed is too hard, the

utilization of nutrients might be lower, on the other hand, too

soft pellets may cause problems associated with the logistics.

The data of hardness was shown in Table 1. It is indicated that

the hardness increased with increasing the moisture content.

The values of hardness increased firstly, and then decreased

with increasing the barrel temperature at 35% of moisture

content; however, the values of hardness decreased with

Table 1. Physical properties of extruded fish feed pellets

Barrel 
temperature 

(
o
C)

Moisture
content 

(%)

Bulk
density
 (g/L)

Expansion 
ratio

Hardness
(N/m

2
)

120

35 463.89±0.29 1.12±0.12 4.98E+05

40 400.62±0.25 1.12±0.15 6.35E+05

45 275.26±0.30 0.99±0.16 6.53E+05

130

35 397.91±0.08 1.14±0.06 5.22E+05

40 367.38±0.16 1.12±0.11 5.61E+05

45 367.26±0.30 1.00±0.11 6.59E+05

140

35 421.12±0.20 1.14±0.12 4.50E+05

40 363.74±0.23 1.10±0.22 5.22E+05

45 334.71±0.05 1.01±0.17 5.46E+05

Values are means±SD.
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increasing the barrel temperature at 40% and 45% of moisture

content. 

Water stability

Bandyopadhyay & Rout (2001) reported that the water

stability of feed plays an important role in determining the

overall performance of the feed. For instance, nutrient was

leached by the disintegration of extruded pellets. Eugenio

(2005) describes that water stability should decrease with the

increase in protein content. With increasing soaking time from

1 h to 3 h, decrease in water stability was observed (Fig. 2).

Water stability significantly increased with increasing moisture

content from 35% to 40%, but it significantly decreased when

the moisture content was further increased from 40% to 45%.

The highest value can be found at 140
o
C barrel temperature

and 40% moisture content with soaking time 1 h. Umar et al.

(2013) also reported similar results that varied from 87.2% to

90.8%. The degree of stability of feed is believed to be almost

directly related to the extent of gelatinization (Stivers, 1971).

Water holding capacity and swelling ratio

Water holding capacity is an important property reflecting

the protein-water interaction and can affect sensory attributes

of protein products (He et al., 2014). The water holding

capacity of the extruded fish feed was shown in Fig. 3. The

water holding capacity of the samples ranged from 325.20% to

443.13%. At barrel temperature of 120
o
C, the sample with

water holding capacity of 35% moisture content was

significantly higher than with moisture content of 40% and

45%. However, there was no significant difference between

samples with moisture content of 40% and 45%. At barrel

temperature of 130
o
C and 140

o
C, the water holding capacity

was similar between samples that have moisture content of

35% and 40%, but significant increase in water holding

capacity was detected when moisture content of the sample

increased from 40% to 45%. The samples with moisture

content of 35% and 45%, showed significant increase in water

holding capacity when barrel temperature increased from

120
o
C to 130

o
C. Moisture content had no effect on water

holding capacity at 130
o
C, which was in line with the description

of He et al. (2014). The highest water holding capacity was

measured with the value of 426.25%, when barrel temperature

was 140
o
C and moisture content was 45%.

Swelling ratio is an important properties of fish feed. The

swelling ratio of extruded fish feed ranged from 1.31 to 1.45

(Fig. 4). The swelling ratio significantly decreased with

increasing moisture content. At the same moisture content, the

Fig. 2. The water stability of extruded fish feed at different
barrel temperature and moisture content at 1 (a), 2 (b), and
3 h (c). Bar values followed by different letters are significantly
different (p<0.05). MC: moisture content.

Fig. 3. The water holding capacity of extruded fish feed at
different barrel temperature and moisture content. Bar
values followed by different letters are significantly different
(p<0.05). MC: moisture content.
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degree of reduction of swelling ratio was shown to increase

with the rise in barrel temperature from 120
o
C to 130

o
C and

further increase from 130
o
C to 140

o
C promoted a significant

reduction in swelling ratio (Fig. 4).

Protein digestibility

Protein digestibility (PD) refers to the percentage of proteins

that are absorbed in the digestive tract. A protein with high

digestibility has better nutritional value than the one with low

digestibility because it would provide more amino acids for

absorption by proteolysis (Starcher, 2001). As observed in Fig.

5, it is indicated that extrusion improves protein digestibility

significantly. Shivengra et al. (2007) also reported that protein

digestibility value of extrudates was higher than that of one

non-extruded product. However, the protein digestibility

values of extruded fish feed was not as significantly different

between samples with different moisture content and

processing temperature (Fig. 5). Protein digestibility values

varied from 82.97% to 87.21%. This might be due to the fact

that the extrusion parameters not high enough to affect protein

digestibility of fish feed. Sørensen et al. (2002) and Sørensen

et al. (2005) also reported that the parameters of fishmeal-

based diet extruded with twin-screw extruder and single screw

extruder at different temperatures (100 to 150
o
C) did not affect

protein digestibility.

Conclusion

In this study, nine different types of extruded fish feed

pellets underwent different barrel temperature and moisture

content on physicochemical properties of extruded fish feed

were investigated. Moisture content had negative influence on

expansion ratio and bulk density. Hardness showed negative

effect with expansion ratio. Both of barrel temperature and

moisture content had positive effect on water holding capacity.

Protein digestibility significantly increased after extrusion.

Hence, from this study, it has been found out that pellet quality

could be improved through extrusion process.

Acknowledgements

This work was supported by a grant from the National

Institute of Fisheries Science (R201819).

References

Bandyopadhyay S, Rout RK. 2001. Aquafeed extrudate flow

rate and pellet characteristics from low-cost single-screw

extruder. J. Aquat. Food Prod. Technol. 10: 3-15.

Bortone E. 2005. Measuring feed water stability. Glob. Aquac.

Advocate. 12: 48-50.

Case SE, Hamann DD, Schwartz SJ. 1992. Effect of starch

gelatinization on physical properties of extruded wheat- and

corn-based products. Cereal Chem. 69: 401-404.

Chang YH, Ng PKW. 2011. Effects of extrusion process

variables on quality properties of wheat-ginseng extrudates.

Int. J. Food Prop. 14: 914-925.

Chang YK, Wang SS. 1998. Advances in extrusion technology:

aquaculture/animal feeds and foods. In: Proceedings of the

International Symposium on Animal and Aquaculture Feed-

stuffs by Extrusion Technology and the International Seminar

on Advanced Extrusion Technology in Food Applications.

March 9-14, São Paulo, Brazil, pp. 1-422.

Chinnaswamy R, Hanna MA. 1988. Optimum extrusion-cooking

Fig. 4. The swelling ratio of extruded fish feed at different
barrel temperature and moisture content. Bar values
followed by different letters are significantly different (p<0.05).
MC: moisture content.

Fig. 5. The protein digestibility of extruded fish feed at
different barrel temperature and moisture content. Bar
values followed by different letters are significantly different
(p<0.05). MC: moisture content.



Physicochemical Properties of Extruded Aquatic Pellets 219

conditions for maximum expansion of corn starch. J. Food

Sci. 53: 834-836.

Dozier WA. 2001. Cost-effective pellet quality for meat birds.

Feed Manag. 52: 1-3.

Gomez MH, Aguilera JM. 1984. A physicochemical model for

extrusion of corn starch. J. Food Sci. 49: 40-43.

Guy RCE, Home AW. 1988. Extrusion and co-extrusion of

cereals. In: Food Structure: Its Creation and Evaluation.

Blanshard JMV, Mitchell JV. (eds). Butterworths, London,

England, pp. 331-349.

Hamaker BR, Kirleis AW, Butler LG, Axtell JD, Mertz ET.

1987. Improving the in vitro protein digestibility of sorghum

with reducing agents. Proc. Natl. Acad. Sci. USA 84: 626-

628.

Harper JM. 1981. Extrusion of Foods. CRC Press Inc, Boca

Raton, FL, USA, pp. 1-212. 

He TQ, Mo BH, Huang JL. 2014. Twin-Screw extrusion of

hairtail surimi and soy protein isolate blends. Food Sci.

Technol. Res. 20: 517-527. 

Khater ESG, Bahnasawy AH, Samir AA. 2014. Physical and

mechanical properties of fish feed pellets. J. Food Process.

Technol. 5: 5-10. 

Morken T, Kraugerud OF, Barrows FT, Sørensen M,

Strorebakken T, Øverland M. 2011. Sodium diformate and

extrusion temperature affect nutrient digestibility and physical

quality of diets with fish meal and barely protein concentrate

for rainbow trout (Oncorhynchus mykiss). Aquaculture 317:

138-145.

Rokey G, Huber G. 1994. Extrusion processing of aquaculture

feeds. In: Feed Manufacturing Technology IV. McEllhiney

RR. (ed). AFIA, Inc., Arlington, VA, USA, pp. 509-515.

Ryu GH, Ng PKW. 2001. Effects of selected process

parameters on expansion and mechanical properties of wheat

flour and whole cornmeal extrudates. Starch/Stärke 53: 147-

154.

Serge EO, Gu BJ, Kim YS, Ryu GH. 2011. Effects of feed

moisture and barrel temperature on physical and pasting

properties of cassava starch extrudate. Korean J. Food Preserv.

18: 271-278.

Singh S, Gamlath S, Wakeling L. 2007. Nutritional aspects of

food extrusion: A review. Int. J. Food Sci. Technol. 42: 916-

929.

Starcher B. 2001. A ninhydrin-based assay to quantitate the

total protein content of tissue samples. Anal. Biochem. 292:

125-129.

Sørensen M, Ljøkjel K, Storebakken T, Shearer KD, Skrede A.

2002. Apparent digestibility of protein, amino acids and energy

in rainbow trout (Oncorhynchus mykiss) fed a fish meal

based diet extruded at different temperatures. Aquaculture

21: 215-225.

Sørensen M, Storebakken T, Shearer KD. 2005. Digestibility,

growth and nutrient retention in rainbow trout (Oncorhynchus

mykiss) fed diets extruded at two different temperatures.

Aquac. Nutr. 11: 251-256.

SØrensen M, Stjepanovic N, Romarheim OH, Krekling T,

Storebakken T. 2009. Soybean meal improves the physical

quality of extruded fish feed. Anim. Feed Sci. Technol. 149:

149-161.

Stivers TE. 1971. Feed manufacturing. In: Report of the 1970

Workshop on Fish Feed Technology and Nutrition, Organized

by FAO/EIFAC in Collaboration with the Bureau of Sport

Fisheries and Wildlife. Gaudet JL (ed). Resour. Publ. Bur.

Sport Fish. Wildl. pp. 14-42.

Thin T, Myat L, Ryu GH. 2016. Effect of CO
2 

injection on

physiochemical and antioxidant properties of germinated

cereal extrudates. Prev. Nutr. Food Sci. 21: 271-280. 

Thorpe JE, Wankowski JWJ. 1979. Feed presentation and food

particle size for juvenile Atlantic salmon, Salmo solar L. In:

Finfish Nutrition and Fishfeed Technology. Halver JE, Tiews

K (eds), Heenemann, Berlin, Germany, pp. 501-513.

Umar S, Kamarudin MS, Ramezani-Fard E. 2013. Physical

properties of extruded aquafeed with a combination of sago

and tapioca starches at different moisture contents. Anim.

Feed Sci. Technol. 183: 51-55.

Vijayabopal P. 2004. Aquatic feed extrusion technology: An

update. Fish. Chemes 23: 35-38.

Yoshitomi BJ. 2004. Effect of extrusion cooking temperature

on the microstructure of extruded pellets. Fish. Sci. 70:

1157-1163.



<<
  /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 600
  /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 600
  /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 <>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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


