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Abstract An experiment was conducted to evaluate the

production parameters, breast and leg muscle fatty acid

composition and lipid and protein oxidative stability of

broilers fed peas (Pisum sativum L.). The trial involved

120 birds (Hubbard strain) allotted to two groups: group

I—control group, fed a basal diet containing soybean

meal (195 g kg-1) as the main protein source; whereas

group II—experimental group fed diet containing peas

(400 g kg-1) as a substitute for conventional soybean. No

significant differences were observed for body weight, feed

intake or feed conversion ratio (P [ 0.05). The total lipids

were lower (P \ 0.05) in the breast and leg muscles of

broilers fed peas. The content of total n-3 polyunsaturated

fatty acids were higher (P \ 0.05) in the white and dark

meat of birds fed the pea diet compared with soybean

control diet. After 7 days of refrigerated storage, the levels

of thiobarbituric acid-reactive substances, lipid hydroper-

oxides and carbonyl proteins expressed as dinitrophenyl-

hydrazine were similar (P [ 0.05) in white and dark meat

of chicks fed either diet. The data indicates that dietary pea

inclusion does not cause detrimental changes in lipid and

protein oxidation of poultry dark and white meats, sug-

gesting the possibility of replacing soybean meal with peas.

Keywords Broiler � Peas � Meat quality � Lipid and

protein oxidation

Introduction

Peas (Pisum sativum L.) are widely produced specially in

the Mediterranean area and could be used as an alternative

protein source to soybean because of their good nutritive

value [1–3]. The interest in peas as a valuable constituent

of functional food is increasing and has led to studies

involving the antioxidant activity in pea seeds [4]. Many

studies have investigated the beneficial effects of supple-

menting natural antioxidants in poultry diets on different

factors including meat quality and oxidative stability [5]. In

fact, dietary supplementation or replacement with alterna-

tive ingredients has proved to be a simple method of

introducing a natural antioxidant into chicken meat [6].

Oxidation of lipids and proteins can affect meat quality

[5, 6]. The onset of oxidative reactions in muscle foods

during processing and storage leads to undesirable sensory

changes and serious health concerns [7]. The influence of

lipid oxidation on quality traits such as meat color and odor

is well recognized [6, 7]; however the impact of protein

oxidation on meat quality requires further attention.

Amongst other effects, the oxidative degradation of muscle

proteins involves modification of the amino acid side

chains, with the formation of carbonyl compounds being

the most marked change in oxidized proteins [8]. There are

many reports on the biochemical changes in different

meats, most of which have focused on lipid oxidation [9],

but not on protein oxidation [10]. However, despite many

studies having been conducted to evaluate the effect of

dietary peas on growth performance of broiler chickens

[1, 3, 11], limited research on the effect of a basal diet con-

taining non-conventional protein sources on poultry meat

oxidative stability have been completed [12]. Therefore, the

objective of this research was to determine the effects on

fatty acids composition, lipid and protein oxidation in white
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(breast) and dark (leg) meat of broiler chickens fed diets in

which soybean meal was replaced with peas.

Materials and Methods

Animals and Diets

A trial with 120 Hubbard strain female broiler chicks was

conducted from 14 to 49 days of age following two dietary

treatments. Broilers, from a commercial hatchery, were

raised in a conventional environment and fed a common

starter diet suppling 20.5% of crude protein and 12.3 MJ of

ME/kg of diet [13] (MJ megajoules; ME metabolizable

energy) until 14 days of age. On day 14, birds were individ-

ually weighed and randomly divided among 12 pens in a

commercial poultry facility located in Province of Bari, Italy.

Each diet was replicated six times, with each replicate com-

prising one pen of ten birds. Birds were fed one of two wheat

middlings-based diets containing soybean or micronized-

dehulled pea (Pisum sativum cv. Spirale) meal as the main

protein sources [3] from day 14 to 49 (the slaughtering age).

Feed (pelleted form) and water were provided ad libitum.

Ingredient and chemical composition of the diets are reported

in Table 1. The trial was carried out observing the animal

welfare Directive No. 91/629/EEC (received in Italy by D.L.

533/92 and modified by D.L. 331/98).

Sample Collection

On day 49 of the trial, three broilers from each pen were

selected according to the average body weight within the

pen following a 12 h fasting. Broilers were weighed indi-

vidually, killed by cervical dislocation and then immedi-

ately bled. Breast and leg meat of each animal was

immediately taken and placed on a fibre board tray,

wrapped in air-permeable low density polyethylene film

and stored for 7 days in darkness at 4 �C to mimic com-

mercial conditions of meat storage.

Chemical Analysis

Compound feed samples were ground in a hammer mill

provided with a 1-mm pore size screen and analyzed in

triplicate for their content of dry matter (method 945.15),

ash (method 942.05), crude protein (N 9 6.25, method

990.03), crude fiber (method 973.18) and ether extract

(method 945.16) according to the procedures outlined by

the AOAC [14]. Meat total lipids were extracted according

to the chloroform–methanol (2:1 v/v) method of Folch

et al. [15]. The phospholipid content was calculated

(P 9 25) after phosphorus was determined in the total lipid

extract by the method of Bartlett [16].

Determination of Fatty Acid Composition

In preparation for the analysis of fatty acid composition,

samples of breast (Pectoralis major) and leg (Peroneous

longus) meat (5 g each) were freeze-dried and then ground.

Table 1 Ingredient, chemical and fatty acid composition of pea and

soybean meal diet fed to broilers

Item Diet

Soybean Pea

Ingredients, g/kg as-fed

Durum wheat middlings 741.5 538.5

Soybean meal, 48% CP 195.0 –

Pea – 400.0

Soybean oil 17.0 15.0

Calcium carbonate 14.0 16.0

Dicalcium phosphate 13.0 12.0

Sodium chloride 2.5 2.5

Sodium bicarbonate 2.0 2.0

Vitamin–mineral premixa 5.0 5.0

L-Lysine HCl 4.4 2.5

Enzymeb 2.0 2.0

DL-Met 1.6 2.5

Choline chloride 1.0 1.0

Coccidiostatc 1.0 1.0

Chemical analysis, %

Dry matter 89.75 90.21

Crude protein 20.56 20.49

Crude fiber 3.21 2.68

Crude fat 3.93 3.54

Ash 5.20 4.99

Calculated analysis

Metabolizable Energy (MJ/kg) 12.1 12.1

Lys, % 1.15 1.15

Calcium, % 1.02 1.01

Met ? cys, % 0.79 0.78

Available P, % 0.31 0.31

Fatty acids, %

R Saturated fatty acids 31.03 34.75

R Monounsaturated fatty acids 33.64 25.01

R Polyunsaturated fatty acids 35.33 39.86

Total n-6 31.54 36.97

Total n-3 1.68 2.03

a Supplied per kilogram of diet: vitamin A 12,000 IU; vitamin E,

10 mg; vitamin D 2,200 IU; niacin 35.0 mg; D-pantothenic acid

12 mg; riboflavin 3.63 mg; pyridoxine 3.5 mg; thiamine 2.4 mg; folic

acid 1.4 mg; biotin 0.15 mg; vitamin B 0.03 mg; Mn 60 mg; Zn

40 mg; Fe 1,280 mg; Cu 8 mg; I 0.3 mg; Se 0.2 mg
b Provided per kilogram of product: endo-1,4-beta-glucanase,

800,000 U; endo-1,3(4)-beta-glucanase 1,800,000 U; endo-1,4-beta-

xylanase 2,600,000 U (Roxazyme� G2-G, Roche, Switzerland)
c Provided 33 g of robenidine hydrochloride/kg of feed
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Methyl heptadecanoate (Fluka, USA) was dissolved into

n-hexane (1 mg/ml) as an internal standard. Methyl esters

of the FA were prepared by incubating samples (300 mg

each) and 5 ml internal standard 2 h at 80 �C with meth-

anolic acetyl chloride in a total volume of 9 ml [17]. After

cooling to room temperature, 7 ml of 7% (w/v) K2CO3 was

added with mixing, and then the organic phase was col-

lected after centrifuging at 1,500g for 2 min at 4 �C. Fatty

acid methyl esters were separated over a CP-SIL883 col-

umn (100 m 9 0.25 mm i.d., film thickness 0.20 lm fused

silica; Varian, Palo Alto, CA, USA) in a Shimadzu (Model

2GC17A, Kyoto, Japan) gas chromatograph with a HP GC

Chem Station Rev. A.05.04 data handling system and using

flame ionization detection. Helium was used as the carrier

gas at a constant flow rate of 1.7 ml/min. The oven tem-

perature was programmed as follows: 175 �C, held for

4 min; 175–250 �C at 3 �C/min; and then maintained for

20 min at 250 �C. The injector port and detector temper-

ature were 250 �C. Samples (1 ll) were injected with an

auto-sampler. Output signals were identified and quantified

from the retention times and peak areas of known cali-

bration standards. Composition was expressed as weight

percentages of the total fatty acids.

Determination of Lipid Oxidation

Thiobarbituric acid-reactive substances were determined

on fresh and after 7 days of storage at 4 �C meat samples

as described by McDonald and Hultin [18]. Tissue samples

(2 g) were weighed into test tubes each with 18 ml of

3.86% perchloric acid; samples were homogenized with a

Polytron (IKA Labortechnik T25-B, Selangor, Malaysia)

3 9 15 s at high speed. Fifty microliters of butylated

hydroxyl anisole (BHA) (4.5% BHA in ethanol) was added

to the sample prior to homogenization. The homogenate

was filtered through a filter paper. The filtrate (2 ml) was

mixed with 2 ml of 20 mM TBA in distilled water and

incubated in a boiling water bath for 30 min. After cooling,

the absorbance of filtrate was determined at 531 nm against

a blank containing 2 ml of 3.86% perchloric acid and 2 ml

of 20 mM thiobarbituric acid-reactive solution. The thio-

barbituric acid-reactive substances values were expressed

as milligrams of malonaldehyde per kg of meat.

Determination of Lipid Hydroperoxides

Around 1 ± 0.01 g of each muscle was homogenized in

5 ml of chloroform/methanol (1:1) for 30 s. Subsequently,

the Polytron was washed for 30 s with 5 ml solvent. The

homogenates and wash solutions were then combined.

Three ml of 0.5% NaCl was added and the mixture was

vortexed for 30 s before centrifugation for 10 min to sep-

arate the mixture into two phases. Ice cold chloroform/

methanol (1:1) (1.3 ml) was added to 2 ml of the lower

phase and briefly vortexed. Twenty-five microliters of

ammonium thiocyanate (4.38 M) and 25 ll ferrous chlo-

ride (18 mM) were added to assay for lipid hydroperoxides

according to Shantha and Decker [19]. Samples were

incubated for 20 min at room temperature before the

absorbances at 500 nm were determined.

Determination of Protein Oxidation

Protein oxidation, as measured by the total carbonyl con-

tent, was evaluated by derivatization with dinitrophenyl-

hydrazine as described by Oliver et al. [20] with slight

modifications. Burger patties (1 g) were minced and then

homogenized 1:10 (w/v) in 20 mM sodium phosphate

buffer containing 6 M NaCl (pH 6.5) using an Ultraturrax

homogenizer (IKA-Werke, Staufen, Germany) 2 9 30 s.

Two equal aliquots of 0.2 ml were taken from the

homogenates and dispensed in 2 ml Eppendorf tubes.

Proteins were precipitated by cold 10% TCA (1 ml) and

subsequent centrifugation for 5 min at 4,200g. One pellet

was treated with 1 ml 2 M HCl (protein concentration

measurement) and the other with an equal volume of 0.2%

(w/v) dinitrophenylhydrazine in 2 M HCl (carbonyl con-

centration measurement). Both samples were incubated for

1 h at room temperature. Afterwards, samples were pre-

cipitated by 10% TCA (1 ml) and washed three times with

1 ml ethanol:ethyl acetate (1:1, v/v) to remove excess

dinitrophenylhydrazine. The pellets were then dissolved in

1.5 ml of 20 mM sodium phosphate buffer containing 6 M

guanidine HCl (pH 6.5), stirred and centrifuged for 2 min

at 4,200g to remove insoluble fragments. Protein concen-

tration was calculated from the absorption at 280 nm using

bovine serum albumin as the standard. The amount of

carbonyls was expressed as nmol of carbonyl per mg of

protein using an absorption coefficient of 21.0 nM-1 cm-1

at 370 nm for protein hydrazones.

Statistical Analysis

A completely randomized design was used with two

treatments and six replicates (pens) per treatment and data

were statistically analyzed using ANOVA with the General

Linear Model procedure of SAS [21].

Results and Discussion

Growth Performance and Fatty Acid Composition

of Leg and Breast Muscle

There were no differences in the final body weight, average

daily gain, feed intake and feed conversion ratio among
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treatments (Table 2), although feed intake (P = 0.096)

tended to be higher for the pea treatment compared with

the soybean meal diet.

The lack of differences in average daily gain, feed intake

or the gain to feed ratio among treatments, although the

lower trend in feed intake for the soybean group, is con-

sistent with Igbasan and Guenter [1] and more recently

with Laudadio and Tufarelli [3], who reported a decrease in

feed intake in broiler fed a conventional diet containing

soybean meal, compared with pea meal, although the final

weights and average daily gains were similar (P \ 0.05).

The influence of dietary treatment on total lipid and

phospholipid content and the fatty acid composition of

breast and thigh muscle is presented in Table 3. Meat from

breast and drumstick of broilers fed pea diet exhibits a

significant lower fat content (P \ 0.05), whereas total

phospholipid levels were similar among treatments, con-

firming the optimal nutritional value of meat produced

when birds fed peas. The fatty acid content of human foods

has become increasingly important, as several fatty acid

have been implicated in health issues in humans. In this

study, we attempted to influence the content of poultry

meat fatty acid known to be of detrimental to human

health. Breast and leg muscles from broilers fed peas had

higher amounts of saturated fatty acids, even if not sig-

nificant (P = 0.075 and 0.061, respectively), and lower

monounsaturated fatty acids (P \ 0.05), but higher

amounts of polyunsaturated fatty acids (P \ 0.05) in the

total lipids than did muscles from broilers fed soybean

meal. The white (breast) and dark (leg) meats from broilers

fed the pea diet had similar amounts of n-6 polyunsaturated

fatty acids and higher amounts (P \ 0.05) of n-3 polyun-

saturated fatty acids than the muscles from broilers fed

soybean diet. The n-6/n-3 ratio were also higher (P \ 0.05)

in both muscles of broilers fed pea dietary treatment. The

unsaturation index (saturated fatty acids/unsaturated fatty

acids) of the fatty acids in both muscles was similar in

broilers fed control soybean and pea diets (leg muscle:

soybean 0.39, pea 0.42; breast muscle: soybean 0.36 and

pea 0.37).

The saturated fatty acids and monounsaturated fatty acid

are positively correlated with meat quality, since they can

improve the characteristics of meat tenderness, juiciness

and flavor. Therefore dietary pea inclusion could improve

poultry meat quality. However, high levels of polyunsatu-

rated fatty acids in meat are undesirable, especially in

poultry, because they adversely affect consistency, storage

stability and texture of the processed products. Thus, the

fatty acid composition could have a positive and a negative

impact on poultry meat quality.

Table 2 Performance of broilers fed pea or soybean meal diets

(14–49 days of age)

Item Diet

Soybean Pea SEM P value

Body weight gain, g/d 50.4 49.9 0.41 0.521

Feed intake, g/bird/d 105 106 0.69 0.096

Feed conversion ratio, g/g 2.08 2.12 0.02 0.102

Table 3 Total lipids, phospholipids and fatty acid profile (sum of total proportion of SFA, MUFA and PUFA) of dark (leg, n = 12) and white

(breast, n = 12) meat of broilers fed pea or soybean meal diets

Itema Dark meat White meat

Soybean Pea SEM P value Soybean Pea SEM P value

Total lipids, % 4.70 3.90 0.41 \0.05 1.95 1.02 0.17 \0.05

Total phospholipids, % 1.05 0.86 0.13 0.077 0.82 0.75 0.11 0.087

R SFAa 27.94 29.53 1.04 0.061 26.49 27.39 1.05 0.075

R MUFAb 42.55 39.50 1.07 \0.05 40.97 38.54 1.08 \0.05

R PUFAc 29.51 30.96 1.06 \0.05 32.54 34.07 1.01 \0.05

n-6 PUFAd 27.20 27.99 0.09 0.116 29.55 30.52 0.77 0.085

n-3 PUFAe 2.31 2.98 0.61 \0.05 2.99 3.56 0.95 \0.05

n-6/n-3 11.76 9.41 0.84 \0.05 9.88 8.57 0.65 \0.05

SFA/UFA 0.39 0.42 0.19 0.137 0.36 0.37 0.14 0.209

SFA saturated fatty acids, MUFA monounsaturated fatty acid, PUFA polyunsaturated fatty acid, SFA/UFA saturated fatty acids/unsaturated fatty

acids ratio
a SFA = sum of all even chain fatty acid up to 22:0
b MUFA = sum of 14:1, 16:1, 18:1, 20:1 and 22:1
c PUFA = sum of 18:2, 18:3, 20:2, 20:3, 20:4, 20:5, 22:4, 22:5 and 22:6
d n-6 PUFA = sum of 18:2, 18:3 n-6, 20:2, 20:3 n-6, 20:4 and 22:2
e n-3 PUFA = sum of 18:3 n-3, 20:3 n-3, 20:5, 22:5 and 22:6
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Lipid Oxidation

The leg muscle (dark meat) had a higher thiobarbituric

acid-reactive substances value than breast muscle (white

meat) in both dietary groups. However, no effect

(P [ 0.05) on lipid oxidation related to the dietary treat-

ment in fresh meat and after 7 days of storage (Figs. 1, 2).

These results can be partially explained by the higher total

and heme iron contents in poultry leg than in breast mus-

cles [22]. The heme and non-heme iron present in meat can

be considered as prooxidants because of their reaction with

hydroperoxide to initiate lipid oxidation in meat and meat

products [12].

In the literature, the effect of diet on lipid oxidation of

meat has been described essentially on beef. The levels of

thiobarbituric acid-reactive substances observed in our trial

were lower than the value reported by Smet et al. [12] for

poultry meat. They found thiobarbituric acid-reactive

substances levels ranging from 0.8 to 1.05 lg of MDA/g of

muscle of meat stored at 4 �C. Comparison between

poultry meat and other meats showed that the thiobarbituric

acid-reactive substances values are of the same order [23,

24]. The level of thiobarbituric acid-reactive substances

considered as the threshold for perception and acceptability

of oxidation by consumer depends on the species, i.e. in

beef this threshold ranged from 0.6 to 2 mg MDA/kg meat,

while in swine the limit is in average between 0.5 and 1 mg

MDA kg/meat [12, 25].

Our results are in good accordance with those of

Ponnampalam et al. [26] who demonstrated that lipid

oxidation was not affected by the nature of the grass in diet.

The concentrations of hydroperoxides in fresh and stored

broiler leg and breast muscles are shown in Figs. 3 and 4.

The concentrations of lipid hydroperoxides in breast and

leg muscle did not differ (P [ 0.05) among dietary treat-

ments. However, in white meat lipid hydroperoxides were

slightly higher compared with dark meat after storage.

Moreover, the leg and breast muscles of broilers fed the

diet containing peas had lower concentrations of hydro-

peroxides than broilers fed the control soybean diet.

Protein Oxidation

No effect on protein oxidation (P [ 0.05) related to the

dietary treatment in fresh meat and after 7 days of storage

was observed. The carbonyl levels (Figs. 5, 6) tended to be

slightly higher in pea group after storage in both leg and

breast muscles compared with control soybean diet (1.19

vs. 1.27 and 1.02 vs. 1.09 nmol of dinitrophenylhydrazine/
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Fig. 1 Thiobarbituric acid-reactive substances levels determined in
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Fig. 2 Thiobarbituric acid-reactive substances levels after 7 days of

storage determined in leg and breast broiler meats
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Fig. 3 Lipid hydroperoxides levels determined in fresh leg and breast

broiler meats
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mg protein, respectively). Our results disagree with those

of Petron et al. [27] who observed an effect of the diet (i.e.

different pastures) on protein oxidation without any effect

on lipid oxidation in lamb meat, but are in line with find-

ings of Smet et al. [12] in poultry fed ingredients con-

taining natural antioxidants.

The protein carbonyl content was used as a measure of

the extent of oxidative reactions affecting muscle proteins

during storage of meat patties. The onset of lipid oxidation

in refrigerated broiler meats and the impact of these reac-

tions on poultry meat quality have been extensively studied

by Ganhão et al. [10], whereas research on the onset and

extent of protein oxidation in poultry meat products is

limited. The increase of protein carbonyls show that muscle

proteins in fresh patties are susceptible to oxidative reac-

tions leading to carbonyl gain.

Carbonyl compounds are formed as a result of the oxi-

dative degradation of side chains of lysine, proline, argi-

nine and histidine residues [8]. The level of protein

carbonyls in the present study indicates optimal oxidative

reactions than described in previous studies on raw pork,

lamb and poultry subjected to storage [6, 12, 24]. By

inhibiting protein carbonyl formation, pea meal does not

seem to alter the nutritional value of poultry dark and white

meats. Besides the loss of essential amino acids, the

formation of carbonyl compounds from oxidizing protein

might have additional repercussions on particular quality

traits. Protein oxidation seems to be influenced by the level

of lipid oxidation in meat [22]. The levels of thiobarbituric

acid-reactive substances observed in the present study were

correlated with carbonyl proteins levels.

Conclusion

The results obtained confirm the suitability of peas as a

dietary protein source. The lipid and protein oxidation

processes for leg and breast meat from poultry fed a pea-

based diet were similar to those poultry fed a soybean

meal-based diet.
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24. Santé-Lhoutellier V, Engel E, Gatellier Ph (2008) Assessment of

the influence of diet on lamb meat oxidation. Food Chem

109:573–579

25. Campo MM, Nute GR, Hughes SI, Enser M, Wood JD, Rich-

ardson RI (2006) Flavour perception of oxidation in beef. Meat

Sci 72:303–311

26. Ponnampalam EN, Trout GR, Sinclair AJ, Egan AR, Leury BJ

(2001) Comparison of the color stability and lipid oxidative

stability of fresh and vacuum packaged lamb muscle containing

elevated omega-3 and omega-6 fatty acid levels from dietary

manipulation. Meat Sci 58:151–161

27. Petron MJ, Raes K, Claeys E, Lourenco M et al (2007) Effect of

grazing pastures of different botanical composition on antioxidant

enzyme activities and oxidative stability of lamb meat. Meat Sci

75:737–745

J Am Oil Chem Soc (2011) 88:967–973 973

123


	Pea (Pisum sativum L.) Seeds as an Alternative Dietary Protein Source for Broilers: Influence on Fatty Acid Composition, Lipid and Protein Oxidation of Dark and White Meats
	Abstract
	Introduction
	Materials and Methods
	Animals and Diets
	Sample Collection
	Chemical Analysis
	Determination of Fatty Acid Composition
	Determination of Lipid Oxidation
	Determination of Lipid Hydroperoxides
	Determination of Protein Oxidation
	Statistical Analysis

	Results and Discussion
	Growth Performance and Fatty Acid Composition of Leg and Breast Muscle
	Lipid Oxidation
	Protein Oxidation

	Conclusion
	Acknowledgments
	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
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /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 149
  /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 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 149
  /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 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 599
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


