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Abstract Resistant starch (RS) content was determined 

in the conventionally boiled (H
1
) and pressure-cooked (H

2
) 

cereals, legumes and tubers using enzymatic method. Both 

H
1 
and H

2
 legumes contained higher amount of RS as com-

pared to cereals and tubers. H
1 
and

 
H

2 
lentils showed highest 

RS content of 5.0 and 4.9% (dwb), respectively. Higher RS 

content in legumes can be attributed to the presence of intact 

tissue/cell structures enclosing starch granules and high lev-

el of amylose (26–33%) and high content of viscous soluble 

dietary fi ber components. The decrease in RS content of H
2
 

foods in comparison to H
1 
counterparts (maximum decrease 

of 15% in pea) might have occurred due to changes in cell 

wall integrity of H
2
 foods and this could result in increased 

accessibility of starch to amylolytic enzymes.
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Introduction

Food starches may be termed as either glycemic or resistant 

(Berry 1986, Englyst et al. 1992). Resistant starch (RS) is 

not hydrolyzed even after 120 min of incubation, however, 

it is fermented by gut microfl ora (Englyst et al. 1992). RS 

includes starch and starch degradation products, which es-

cape enzymatic hydrolysis in the small intestine and get fer-

mented in the colon. RS has been categorized as RS
1
, RS

2
, 

RS
3
 and RS

4
. RS

1
 represents tightly bound starch molecules 

wrapped in fi ber shell that is physically inaccessible to di-

gestive enzymes (Bird et al. 2000, Haralampu 2000) and is 

found in partly milled grains and seeds. RS
2 
is ungelatinized 

starch granule, which is unavailable to amylolytic enzymes 

due to its compact and unhydrated structure. RS
3
 is the 

retrograded or recrystallized starch and is found in most 

of the heat processed and cooled foods (Muir and O’Dea 

1992, Haralampu 2000). RS
4
 is the chemically modifi ed 

form, for example, esterifi ed and cross-bonded starch that 

cannot be broken down, since the modifi cation process 

renders the structure inaccessible to digestion by α-amylase 

(Haralampu 1998).

RS has assumed importance due its various benefi cial 

health properties mostly mediated by short chain fatty ac-

ids produced during its fermentation in the large intestine 

(Premavalli et al. 2006, Sharma et al. 2008). RS may be 

either present naturally in foods or may be generated dur-

ing various processing/cooking or storage conditions. Very 

little raw starch is consumed in normal diets and most of the 

processed foods invariably involve the application of heat 

and moisture for varying periods. The RS being a promising 

ingredient in processed foods, it is worth to examine the RS 

content in various foods. Few studies are available on the 

RS content of Indian foods (Kavita et al. 1998, Mahmood 

et al. 2006, Katyal et al. 2005, Mahadevamma and Tharana-

than 2004). Conventional boiling (H
1
) and pressure cooking 

(H
2
) are the common household and industrial methods of 

cooking foods. Since, the extent and severity of the heat-

ing during 2 cooking methods are different, the extent of 

gelatinization and retrogadation of starch, which govern the 

formation of RS also differs. Therefore, the present study 

was undertaken to study RS content of H
1
 and H

2
 cereals, 

legumes and tubers commonly consumed in India.

Materials and methods

Seeds of Bengal gram (Cicer arietinum), pea (Pisum sa-
tivum), lentil (Lens esculenta), kidney beans (Phaseolus 
vulgaris), grains of wheat (Triticum aestivum), rice (Oryza 
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sativa), barley (Hordeum vulgare) and tubers of potato 

(Solanum tuberosum) and sweet potato (Ipomoea batatas) 

were procured from local market of Hisar (2 kg each). The 

legume grains were milled to dhals in the locally available 

dhal mill. The fl ours from various legume and cereal crops 

were prepared by using Navdeep fl ourmill available in the 

Department of Food Technology, Guru Jambheshwar Uni-

versity of Science and Technology, Hisar. 

All chemicals used were of analytical grade. The en-

zymes used for analytical purposes were pepsin (Merck 

No. 7190, 2002 FIP U/G, Darmstadt, Germany), pancreatic 

alpha amylase (Sigma, A-3176, Saint Louis, MO, USA), 

amyloglucosidase from Aspergillus niger (Fluka, 10115, 

Buchs, Switzerland), glucose oxidase from Aspergillus 
niger (SRL 074040, Mumbai, India), peroxidase from 

horseradish (Himedia RM 664, Mumbai, India), heat-stable 

alpha amylase (Sigma, A-3306, Saint Louis, MO, USA) and 

protease (Sigma, P 3910, Saint Louis, MO, USA).

The raw cereals, legumes and tubers were analyzed for 

their moisture, ash, fat and protein contents by employing 

AOAC (1984) methods. Amylose content was determined 

by using the rapid colorimetric method of Williams et al. 

(1970). Total starch content was determined as the glucose 

released by the enzymic hydrolysis after gelatinization of 

samples in boiling water Goni et al. (1997). The dietary 

fi ber contents were determined by method of AOAC (1995) 

except no corrections were made for protein and ash in the 

undigested residue. Dried and fi nely ground sample (500 

mg) was taken in a 50 ml screw cap tube and dispersed with

25 ml of 0.1M-phosphate buffer (pH 6.5); 50 μl of

heat-stable alpha amylase was added and incubated in a

boiling water bath for 30 min with shaking at 5 min

intervals. The contents were cooled to room temperature 

(32°C), pH was adjusted to 7.5 with 0.5 M NaOH solution, 

protease solution (100 μl) was added and incubated for 30 

min at 60°C with continuous agitation. The pH was adjusted 

to 4.5 with 0.56 M HCl and the contents were incubated with 

300 μl of amyloglucosidase for 30 min at 60°C with con-

stant shaking. The contents were centrifuged at 3000xg for 

20 min. The insoluble residue was washed with 78% ethanol 

(15 ml, 2x), absolute alcohol and acetone. The residue was 

dried at 105°C for 5 h in hot air oven. The dried residue was 

weighed and insoluble dietary fi ber (IDF) was expressed as 

percentage of dry matter. For determination of soluble di-

etary fi ber (SDF), the supernatant was added with 4 volumes 

of 95% ethanol (about 200 ml, preheated to 60°C) and the 

mixture was allowed to stand for 1 h at room temperature 

followed by centrifugation (3000xg) and weighing the resi-

due. Sum of IDF and SDF was reported as total dietary fi ber 

(TDF).

RS content was measured in freshly boiled/cooked sam-

ples using enzymatic method of Goni et al. (1996). 400–500 

mg of wet homogenized sample was weighed in a 50 ml 

centrifuge tube. Pepsin solution (0.2 ml, 1 g pepsin/10 ml

of KCl-HCl buffer, pH 1.5) was added to deproteinize the 

sample. After mixing and shaking the tubes in a water bath 

shaker at 40°C for 60 min, the sample was cooled to room 

temperature. The sample was treated with pancreatic alpha 

amylase (1 ml, 40 mg alpha-amylase per ml of Tris maleate 

buffer), mixed and incubated for 16 h in a water bath at 37°C 

with constant shaking to hydrolyze digestible starch. Centrif-

ugation of the sample (15 min, 3000xg) was carried out and 

the supernatant discarded. The pellet was washed with dis-

tilled water and centrifuged again to discard supernatant. Dis-

tilled water (3 ml) and 3 ml of 4M KOH were added, mixed 

with a magnetic stirrer and allowed to shake constantly for 

30 min at room temperature. After the complete dispersion of 

sample, 5.5 ml of 2 m HCl and 3 ml of 0.4 M sodium acetate 

buffer (pH 4.75, pH adjusted with 2 M HCl) and 80 μl of 

amyloglucosidase (5 mg/ml of acetate buffer pH 4.75) were 

added and placed in a water bath at 60°C for 45 min with 

constant shaking. The contents were centrifuged (15 min, 

3000xg), supernatant was collected in a 500 ml volumetric 

fl ask. The residue was washed with 10 ml of distilled water, 

centrifuged again and the supernatant was combined with 

that obtained previously. The volume was made to 250–500 

ml depending upon the RS content. The amount of glucose 

was determined by spectrophotometric method using glucose 

oxidase-peroxidase reagent. 

RS (% of the sample as is) was calculated as

RS content, % = Glucose concentration from standard 

curve × 0.9 × volume correction × 1/1000 × 100/w.

Conventional boiling (H
1
): The fi nely milled rice, 

wheat and barley fl ours (60 mesh particle size) were sus-

pended in water (10 g/50 ml) and heated in a boiling water 

bath for 30 min. Legume fl our (5.0 g of each legume) was 

suspended in 20 ml of water and heated on a boiling water 

bath for 30 min at 70°C. The potato and sweet potato tubers 

were boiled intact with peel in an uncovered pan using a 

sample to water ratio of 1:3 (w/v) at 100°C. The time taken 

for boiling was 30 min for potato and 20 min for sweet po-

tato. The excess water was drained off.

Pressure-cooking (H
2
): The fi nely milled rice, wheat 

and barley fl ours (60 mesh particle size) were suspended 

in water (10 g/ 50 ml of distilled water) and autoclaved at 1 

kg/cm2 pressure (121°C) for 10 min. Legume fl ours, potato 

and sweet potato were autoclaved at the same pressure for 

15, 10 and 15 min, respectively using sample to water ratio 

of 1:2 (w/v). 

Statistical methods: Data were analyzed using one- 

way and two-way analysis of variance (ANOVA) pro-

cedures in a randomized complete block design with 3 

replications. Statistical analysis was performed using the 

OPSTAT software version opstat1.exe.

Results and discussion

Chemical composition of food grains and tubers: The 

fat contents of the grains and tubers were less than 5% and 

kidney bean showed maximum content of 4.6% (Table 1). 
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Under such low amount of lipids in foods, there is very less 

tendency of amylose to form complex with lipids. The tu-

bers showed negligible amounts of protein content as com-

pared with cereals and legumes (p≤0.05) (Table 1). Tubers, 

Bengal gram and pea had almost same ash contents.

Dietary fi ber profi le, total starch and amylose 
contents: The total dietary fi ber (TDF) values of legumes 

varied from the lowest value 17.2% for kidney beans to the 

highest value of 24.9% for Bengal gram (Table 2). Bravo 

et al. (1999) also observed comparable value of TDF for 

Bengal gram. The SDF content of 2.9% in wheat fl our was 

in agreement with that of Tharanathan and Tharanathan 

(2001). The difference between the IDF values of cereals 

and legumes was highly signifi cant (p≤0.05). The SDF 

content of potato was, however, more when compared to 

cereals and legumes (p≤0.05).

The total starch content of different cereal foods varied 

from 65.6% for barley to 81.4% for rice (Table 2). Total 

starch content of rice was comparable to the value found by 

Rosin et al. (2002). Among legumes, Bengal gram showed 

the highest value of total starch content (60.3%). The total 

starch contents for pea and Bengal gram were comparable 

to those found by Rosin et al. (2002). The amylose content 

of legumes was generally higher than that of cereals and 

tubers. The amylose contents of legumes were in agreement 

with those observed by Rosin et al. (2002). 

RS content: In cereal fl ours RS content varied from 

1.4 to 2.8% (Table 3). H
1
 and H

2
 treatments had marginal 

effect on RS content of wheat, rice and barley. The per-

cent decrease in RS content of H
2 

legume fl ours over H
1
 

fl ours varied from 1.6 to 15%. The RS content in differ-

ent legumes varied from a minimum of 3.4% in pea to a 

maximum of 4.9% in lentils. The RS contents of H
1 
legumes 

(Table 3) were marginally higher than H
2 
counterparts. The 

RS contents of 1.7 and 1.3% in H
2
 potato and sweet potato, 

respectively were comparable to those reported by Mah-

mood et al. (2006). A marginal decrease of 6.6 and 7.0% 

was observed in H
2 

potato and sweet potato, respectively 

compared to H
1 

tubers (Table 3). Mahmood et al. (2006) 

also observed no difference in RS content of H
1 
and

 
H

2 
po-

tato and sweet potato.

The RS content of legumes in general, was higher than 

that of cereals and tubers. The reduced bio-availability of 

starch and hence more RS content of legumes can be attrib-

uted to the presence of intact tissue/cell structures enclos-

ing starch granules, high level of amylose (22–33% in our 

study), high content of viscous SDF components, presence 

of large number of antinutrients, ‘B’ type crystallites and 

strong interactions between amylose chains (Deshpande 

and Cheryan 1984, Hoover and Sosulski 1985, Wursch 

et al. 1986, Siddhuraju and Becker 2001). The starch in 

leguminous seeds is entrapped in parenchyma cells and 

swells only partially during cooking. The α-amylase cannot 

penetrate easily within the gelatinized starch granules due 

to stearic hindrance and the physical nature of leguminous 

starch (Wursch et al. 1986). The lower RS content of cereals 

Table 1 Moisture, ash, fat and protein contents of food grains and tubers (% dwb)

Wheat Rice Barley Bengal gram Pea Kidney bean Lentils Potato Sweet potato 

Moisture 8.4 ± 
0.17a

11.9 ± 
0.23b

10.3 ± 
0.20bc

11.0 ± 0.35c 11.2 ± 
0.24cd

8.1 ± 0.12a 10.6 ± 
0.07c

77.2 ± 
0.57e

73.3 ± 0.58f 

Ash 0.9 ± 
0.05a

1.4 ± 0.11b 0.8 ± 0.07a 3.0 ± 0.10d 3.7 ± 0.10f 0.8 ± 0.05a 0.8 ± 0.02a 3.3 ± 
0.13e

3.1 ± 0.05d 

Fat 1.4 ± 
0.05d

0.8 ± 0.06c 1.4 ± 0.10d 4.6 ± 0.11e 1.3 ± 0.12d 1.6 ± 0.02d 0.7 ± 0.09c 0.2 ± 
0.02a

0.4 ± 0.05b 

Protein 12.1 ± 
0.40c

7.6 ± 0.37b 11.4 ± 0.47c 18.1 ± 0.54d 20.2 ± 
0.89e

17.7 ± 0.77d 20.7 ± 
0.23e

1.6 ± 
0.13a

1.0 ± 0.07a 

The values with different superscript in a row differ signifi cantly (p≤0.05, n=3) 

Table 2 Dietary fi bers, starch and amylose contents (% dwb) in grains and tubers

Wheat Rice Barley Bengal 

gram

Pea Kidney 

bean

Lentils Potato Sweet 

potato 

IDF 5.4 ± 0.46b 2.1 ± 0.16a 10.7 ± 

0.50c

21.6 ± 

0.83f

16.7 ± 

0.98de

14.9 ± 

1.04d

18.0 ± 

0.78e

3.9 ± 0.10ab 3.1 ± 0.04a 

SDF 2.9 ± 0.30cd 0.9 ± 0.07a 4.3 ± 0.26e 3.3 ± 0.03d 4.7 ± 0.03f 2.3 ± 0.09b 2.8 ± 0.08c 5.5 ± 0.17 g 4.4 ± 0.06f 

TDF* 8.3 3.0 15.0 24.9 21.4 17.2 20.08 9.4 7.5 

Total 

starch

69.8 ± 

1.10d

81.4 ± 

1.10f

65.6 ± 

0.76e

60.3 ± 

1.19c

59.9 ± 

1.78c

58.2 ± 

0.77c

44.4 ± 

0.74b

85.51 ± 

1.64g

87.4 ± 

1.19g 

Amylose 

(% starch)

25.8 ± 

0.66e

20.7 ± 

1.14b

23.8 ± 

0.54cd

32.3 ± 

0.70g

33.6 ± 

0.78g

26.8 ± 

0.66ef

28.0 ± 

0.68f

20.4 ± 

0.76b

17.4 ± 

0.42a 

The values with different superscripts in a row differ signifi cantly (p≤0.05, n=3) * IDF+ SDF, (Insoluble and soluble dietary fi bers) 
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is in line with what could be expected from their polymorph 

starch type. Cereal starches are ‘A’ type starches (Gernat 

et al. 1990, Cairns et al. 1997) always having a low RS 

fraction of starch. The RS content of H
1 
and H

2
 tubers was 

less in comparison to that of legumes and cereals. The two 

possible reasons for this may be the low amylose content in 

tuber crops as amylose plays an important role in the for-

mation and development of RS during heat processing and 

secondly as the tubers contain higher water content, heating 

results in more uniform gelatinization of starch resulting in 

to lower amount of RS.

Bishnoi and Khetarpaul (1993) also observed increased 

starch digestibility in H
2 

pea seeds. Unlike our fi ndings, 

Mahmood et al. (2006) observed an increase in RS content 

of H
2 
tubers. Katyal et al. (2005) also observed an increase 

in the RS content of H
2
 red gram and green gram. The mar-

ginal decrease in the RS content of the H
2 
foods in compari-

son to the H
1 
counterparts may occur due to more extensive 

changes in the cell wall integrity during H
2 

of foods and 

this could result in increased accessibility of the starch to 

amylolytic enzymes. Further, H
2 
may facilitate more deep 

and uniform heat penetration and hence gelatinization of 

starch granules resulting in increased susceptibility of the 

starch to amylolytic degradation. H
2 

has facilitated altera-

tions in protein/fi ber associations, which seems important 

particularly in legumes.

Conclusion

Legumes contain higher amount of RS in comparison to

cereals and tubers. The heating methods affect the con-

tent of RS in foods. As pressure-cooking results in more

uniform and complete gelatinization of starch and such 

foods when consumed freshly can be expected to have 

lesser amounts of RS resulting in more calories. Since, 

Indian diets involve a large proportion of cereals, legumes 

and tubers, RS levels can be manipulated by using different 

heating methods. 

References

AOAC (1984) Offi cial methods of analysis. 14th edn, Association 

of Offi cial Analytical Chemists, Arlington, VA

AOAC (1995) Total dietary fi bers in foods – enzymatic-gravimet-

ric method (985.29). Offi cial methods of analysis. 16th edn, 

Association of Offi cial Analytical Chemists, Arlington, VA

Berry CS (1986) Resistant starch: Formation and measurement 

of starch that survives exhaustive digestion with amylolytic 

enzymes during determination of dietary fi bre. J Cereal Sci 4:

301–314

Bird AR, Brown IL,Topping DL (2000) Starches, resistant starch-

es the gut microfl ora and human health. Curr Issues Intestinal 

Microbiol 1(1):25–37

Bishnoi S, Khetarpaul N (1993) Effect of domestic processing and 

cooking methods on in vitro starch digestibility of different pea 

cultivars (Pisum sativum). Food Chem 47:177–182

Bravo L, Sidduraju P, Saura-Calixto F (1999) Effect of various 

processing methods on the in vitro starch digestibility and re-

sistant starch content of Indian pulses. J Agric Food Chem 46:

4667–4674

Table 3 Effect of conventional boiling (H
1
) and pressure cooking (H

2
) on resistant starch content (% dwb) of some grains and tubers

Wheat Rice Barley Bengal 

gram

Pea Kidney 

bean

Lentils Potato Sweet 

potato 

H
1

1.9 ± 0.21 1.4 ± 0.16 2.8 ± 0.23 4.8 ± 0.10 3.7 ± 0.12 4.3 ± 0.15 5.0 ± 0.11 1.8 ± 0.15 1.4 ± 0.06

H
2

1.8 ± 0.14 1.2 ± 0.08 2.6 ± 0.09 4.6 ± 0.20 3.2 ± 0.11 4.1 ± 0.08 4.9 ± 0.27 1.7 ± 0.08 1.3 ± 0.16

No signifi cant difference between H
1
 and H

2
 (p≤0.05) 

0

0.5

1

1.5

2

2.5

3

Wheat Rice Barley

%

RS

conventional

Pressure cooked

Fig. 1 RS content of cereal fl ours as affected by heating method

0

1

2

3

4

5

6

Bengalgram Pea Lentil Potato

%
 R

S
 (

d
m

b
)

Series1

Series2

Fig. 2 RS content of conventionally boiled (Series 1) and 

pressure-cooked (Series 2) legume fl ours

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

Potato Sweet potato

%
 R

S
 (

d
m

b
)

Conventional

Pressure cooked

Fig. 3 RS content of potato and sweet potato as affected by 

heating method



88 J Food Sci Technol (January–February 2010) 47(1):84–88

123

Cairns P, Bogracheva TY, Ring SG, Hedley CL, Morris V J (1997) 

Determination of the polymorphic composition of smooth pea 

starch. Carbohy Polym 32:275–282

Deshpande SS, Cheryan M (1984) Effects of phytic acid, divalent 

cations and their interactions on α-amylase activity. J Food Sci 

49:516–519

Englyst HN, Kingman SM, Cummings JH (1992) Classifi cation 

and measurement of nutritionally important starch fractions. 

Eur J Clin Nutr 46(2):33–50

Gernat C, Radosta S, Damaschun G, Schierbaum F (1990) Su-

pramolecular structure of legume starches revealed by X-ray 

scattering. Starch 42:175–178

Goni I, Garia-Alonso A, Saura-Calixto F (1997) A starch hydroly-

sis procedure to estimate glycemic index. Nutr Res 17:427–437

Goni L, Garcia-Dia Manas E, Saura-Calixto F (1996) Analysis of 

resistant starch: A method for foods and food products. Food 

Chem 56:455–459

Haralampu SG (1998) Physiological effects of resistant starch. 

In: The future of food: http// www.opta-food.com/access/

starch.html (Accessed on 20 September 2002)

Haralampu SG (2000) Resistant starch—a review of the physical 

properties and biological impact of RS
3
. Carbohy Polym 41:

285–292

Hoover R, Sosulski FW (1985) Studies on the functional charac-

teristics and digestibility of starches from Phaseolus vulgaris 

biotypes. Starch 37:397–403

Katyal D, Ghugre PS, Udipi SA (2005) Resistant starch in selected 

raw and processed legumes. J Food Sci Technol 42:506–510

Kavita V, Verghese S, Chitra GR, Prakash J (1998) Effects of 

processing time, storage temperature on the resistant starch of 

foods. J Food Sci Technol 35:299–304

Mahadevamma S, Tharanthan RN (2004) Processing of legumes: 

Resistant starch and dietary fi ber contents. J Food Qual 27:

289–303

Mahmood I, Ghugre PS, Udipi SA (2006) Resistant starch in 

raw and processed roots and tubers. J Food Sci Technol 43:

282–285

Muir IG, O’Dea K (1992) Measurement of resistant starch: Fac-

tors affecting the amount of starch escaping the digestion in 
vitro. Am J Clin Nutr 56:123–127

Premavalli KS, Roopa S, Bawa AS (2006) Resistant starch – A 

functional dietary fi bre. Indian Food Ind 25:40–45

Rosin PM, Lajolo FM, Menezes EW (2002) Measurement and 

characterization of dietary starches. J Food Comp Anal 15:

367–377

Sharma A, Yadav BS, Ritika BY (2008) Resistant starch:

Physiological roles and food applications. Food Rev Int 24:

193–234

Siddhuraju P, Becker K (2001) Effect of various domestic pro-

cessing methods on antinutrients and in vitro protein and 

starch digestibility of two Indigenous varieties of Indian tribal 

pulse Mucana pruriens Var. utilis. J Agric Food Chem 49:

3058–3067

Tharanathan M, Tharanathan RN (2001) Resistant starch in wheat-

based products: isolation and characterization. J Cereal Sci 34:

73–84

Williams PC, Kuzina FD, Hlynka I (1970) A rapid colorimetric 

procedure for estimating the amylose content of starches and 

fl ours. Cereal Chem 47:411–420

Wursch P, Dal Vedovo S, Koellreuter B (1986) Cell structure and 

starch nature as key determinants of the digestion rate of starch 

in legume. Am J Clin Nutr 43:25–29



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 215
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.04651
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 215
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.04651
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


