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Abstract The purpose of this study was to use non-

thermal means to reduce hemagglutination activities of soy

proteins and thereby improve the feeding quality of the

resulting treated proteins. Two storage proteins in soy-

beans, b-conglycinin- and glycinin-rich fractions, were

shown to have in vitro hemagglutination activity. The

activity of the b-conglycinin fraction was not reduced by

hydrolysis with single proteases, but the hemagglutination

activity was fully eliminated by multiple enzyme treat-

ments if it was first heated. However, the activity of

glycinin fraction was not fully eliminated by either single

or multiple enzyme hydrolysis. Pepsin and pancreatin

hydrolysis, which was effective in eliminating hemagglu-

tination activity of soybean agglutinin (SBA), was used to

generate a feed material for in vivo evaluation of nutri-

tional quality of soy white flake (SWF). SBA in reducing

agent-treated then pepsin–pancreatin treated SWF was

deactivated on analytical scale experiment, but not in the

feed material. The treated SWF feed material did not

improve chick growth performance compared with the raw

SWF. However, chicks did not show enlargement of the

pancreas or the intestines compared to the raw SWF feed,

indicating deactivation of anti-nutritional factors. The

trypsin inhibitors seemed to play a more important role

than the hemagglutination activity of soy proteins in this

nutritional test.
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Abbreviations

AEP Aqueous extraction processing

BBI Bowman–Birk inhibitor

CONT High protein control

CP Crude protein

EAEP Enzyme-assisted aqueous extraction processing

FE Feed efficiency

Glu-C Endoproteinase Glu-C

GI Gastrointestinal

KTI Kunitz trypsin inhibitor

LPC Low protein control

LPSC Low protein soy control

PER Protein efficiency ratio

SBA Soybean agglutinin

SDS Sodium dodecyl sulfate

SMBS Sodium metabisulfite

SWF Soy white flake

TIs Trypsin inhibitors

Introduction

Hexanes are commonly used for soybean oil extraction

because of the high oil recovery and low cost. However,

the drawbacks of using organic solvents, including

flammability, solvent residue in the protein meal, and

emission to the atmosphere [1] pose safety, sustainability,

and environmental issues. Aqueous extraction processing
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(AEP) uses water as a medium to extract oil, which is more

environmentally favorable [2]. In the AEP process, seeds

are ground in water and oil is released and floats as free oil

[3]. A two-stage countercurrent enzyme-assisted aqueous

extraction process improved oil, protein, and solids

extraction yields with less water usage compared to the

standard AEP [4, 5]. The proteins remaining after oil

extraction are expected to have unique properties because

of minimal heat exposure. Such proteins may have better

functionalities and nutritional values [2]. Although the

protein fraction can be used to produce soy protein prod-

ucts for human consumption, the major use is still expected

to be for animal feed. In the present study, we proposed to

evaluate the feeding performance of non-thermal treated

proteins to those with additional treatments for deactivating

anti-nutritional factors. We used defatted soy white flake

(SWF) as a model, because it is subjected to minimal heat

treatment during solvent extraction.

The minimal heating of the AEP process does not

deactivate the anti-nutritional factors in soybeans: soybean

agglutinin (SBA, or lectin) and trypsin inhibitors (TIs).

SBA can bind to the carbohydrate moiety of cell surfaces

and cause the cells to agglutinate, and such activity is

referred to as hemagglutination activity. SBA can bind to

the brush border, causing an increase in the intestine

weight and pancreatic hypertrophy. Intact SBA can be

absorbed into blood stream, generating antilectin antibod-

ies, as discussed in our earlier work [6]. We have previ-

ously used pepsin followed by pancreatin treatment to fully

deactivate SBA with minimum heating [6]. In this study,

we used the same enzyme treatment for deactivation of

SBA to eliminate the hemagglutination activity in SWF,

and then did a feeding study with the raw and treated SWF.

There are different proteins in SWF. Based on their

sedimentation coefficients, they can be classified into four

fractions known as 2, 7, 11, and 15S [7]. The 7S globulin or

b-conglycinin and 11S globulin or glycinin are the two

major storage proteins in soybean. The 7S fraction com-

prises 35% of the total soluble proteins with about 85%

being b-conglycinin. Glycinin makes up about 85% of the

11S fraction, which comprises 31–52% of the soluble soy

protein. Due to high contents of b-conglycinin and gly-

cinin, the main functionalities and nutritional values of soy

protein come from b-conglycinin and glycinin, therefore,

they also need to be considered in testing hemagglutination

activity of soy products. In the present study, we evaluated

enzyme hydrolysis of the main protein fractions in SWF,

and assessed the activities using an in vitro hemaggluti-

nation assay.

In addition to SBA, soybean also has other anti-nutri-

tional factor, i.e., TIs, including Kunitz trypsin inhibitor

and Bowman–Birk trypsin inhibitor. TIs can cause

excessive secretion of the cholecystokinin, which leads to

excessive secretion of pancreatic enzymes, causing pan-

creatic hypertrophy and hyperplasia [8]. The anti-nutri-

tional effects of TIs will interfere with our feeding trial

using SWF, so this interference needs to be removed first.

It has been shown that TIs can be deactivated by treating

the proteins with reducing agents at mild temperatures

[9, 10]. Wang et al. [11] used sodium metabisulfite

(SMBS) to inactivate TIs and improved the degree of in

vitro trypsin hydrolysis of soy protein. The weight gain:-

feed ratio and protein efficiency ratio (PER) also

increased. In the present study, we used the same SMBS

conditions to inactivate TIs first, then applied enzyme

treatment to deactivate SBA for reducing hemagglutina-

tion activity of soybean proteins.

Materials and Methods

Materials

The b-conglycinin- and glycinin-rich soy fractions were

produced from the Center for Crops Utilization Research at

Iowa State University. They were fractionated according to

a two-step soy protein fractionation procedure with 5 mM

SO2 and 5 mM CaCl2 [12]. The glycinin-rich fraction

contained 85% glycinin and the b-conglycinin-rich fraction

contained at least 81% b-conglycinin. The remaining

proteins in each fraction are b-conglycinin and glycinin,

respectively, due to incomplete separation. SWF was

obtained from Cargill (Minneapolis, MN, USA), and was

produced by hexane extraction of the oil and then flash-

desolventizing to achieve soy protein with C85% dispers-

ability in water. Rabbit blood in Alsever’s solution was

obtained from Hemostat Laboratories (Dixon, CA, USA)

and it was used within 2 weeks. Other reagents were pur-

chased from Fisher Scientific (Pittsburgh, PA, USA) or

Sigma-Aldrich (St. Louis, MO, USA).

Enzyme Hydrolysis of Different Soy Proteins

to Reduce Hemagglutination Activity

All enzyme treatments were carried out according to the

product information sheet provided by Sigma-Aldrich

(St. Louis, MO, USA). The chymotrypsin (C40 units/mg

enzyme) treatment was conducted by treating 8 mg

b-conglycinin- or glycinin-rich fraction (native or heat

treated) in 100 mM Tris-HCl, 10 mM CaCl2, pH 7.8 at

enzyme:protein ratio of 1:80 for 24 h at 30 �C. The

thermolysin (50–100 units/mg enzyme) treatment was

done in the same buffer as chymotrypsin with an

enzyme:protein ratio of 1:100 for 24 h at 70 �C. For trypsin

(10,000 BAEE units/mg enzyme) hydrolysis, 8 mg of

b-conglycinin- or glycinin-rich fraction (native or heat
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treated) was treated in PBS (phosphate-buffered saline,

10 mM phosphate, 0.9% saline), pH 8.0 with enzyme:

protein ratio of 1:16 at 37 �C for 24 h. Pancreatin (49 USP

specifications) hydrolysis was carried out by treating 8 mg

b-conglycinin- or glycinin-rich fraction (native or heat

treated) in the same buffer as chymotrypsin, and

enzyme:protein ratio of 1:25 for 24 h at 37 �C.

For multi-enzyme hydrolysis, 8 mg b-conglycinin- or

glycinin-rich fraction (native or heat treated) was mixed

with 1 M Tris-HCl containing 100 mM CaCl2, and then

different combinations of enzyme were added. For the

combination of trypsin ? thermolysin, trypsin ? chymo-

trypsin ? thermolysin, pancreatin ? thermolysin, the

mixture was incubated at 37 �C for 22 h and then 70 �C for

2 h. For the combination of trypsin ? chymotrypsin, the

mixture was incubated at 37 �C for 24 h. For the combi-

nation of chymotrypsin ? thermolysin, the mixture was

incubated at 30 �C for 22 h and then 70 �C for 2 h. The

combination of enzymes has been used and reported in

numerous studies without mentioning of proteases hydro-

lyzing other enzymes, so we did not test enzyme

compatibility.

For pepsin (400–800 units/mg enzyme) followed by

pancreatin hydrolysis, 8 mg b-conglycinin- or glycinin-

rich fraction (native or heat treated), or SWF was adjusted

to pH 2.0 with HCl, then pepsin was added to make an

enzyme:substrate ratio of 1:5. The mixture was incubated

at 37 �C for 2 h. Tris-HCl (1 M) was added to adjust pH to

7.5, and pancreatin was added to make enzyme:substrate

ratio of 1:50. The mixture was then incubated at 37 �C for

22 h.

All samples were heated at 100 �C for 10 min to deac-

tivate the enzyme and stored at -20 �C until the hemag-

glutination assay.

SDS-PAGE

SDS-PAGE was performed according to Laemmli [13]

using minigels. Briefly, 12% separating gel and 5% stacking

gel were used and the electrophoresis was performed at

100 V for 1.5 h. The gels were stained with Coomassie

brilliant blue G-250. Broad range protein standards from

Bio-Rad Laboratories were used (14.5–200 kDa).

Effect of SMBS on Hemagglutination Activity of SWF

The SMBS treatment of SWF was done according to Wang

et al. [11]. Briefly, 10% SWF was dispersed in 10 mM

phosphate buffered 0.9% saline (pH 7.8), and 1.0 mmol/

2 g SWF of SMBS was added. The mixture was then

stirred and incubated at 55 �C for 1 h and dialyzed against

water for 3 days. The dialyzed protein was then subjected

to pepsin followed by pancreatin hydrolysis or hemagglu-

tination assay.

Preparation of Soy Protein Samples for Feeding Trial

Three treatments were carried out for SWF: (1) SMBS

treatment: SWF, 500 g, was dispersed in 2.5 L of 10 mM

phosphate buffered 0.9% saline (pH 7.5), and 47.5 g SMBS

(equivalent to 1 mmol/2 g SWF) was added. The mixture

was then incubated at 55 �C for 1 h, and dialyzed against

water for 4 days and lyophilized. (2) Enzyme-treated SWF:

after treated by SMBS and dialysis, the pH of SWF was

adjusted to 2.0, and pepsin was added to make sub-

strate:enzyme ratio of 5:1 and 2 ppm Lactrol� was added

to inhibit the growth of microorganisms. The mixture was

then incubated at 37 �C for 18 h and the pH was then

adjusted to 7.5. Pancreatin (100:1, substrate:enzyme ratio)

was added and incubated at 37 �C for 20 h. The hydroly-

sate was then lyophilized. (3) Autoclaved SWF:SWF was

mixed with water (1:2) and autoclaved at 121 �C for

40 min. The mixture was then oven-dried at 50 �C, and

used as a negative control for feeding. A commercial

toasted soy flour was also used as a control.

Extraction of SBA from the Feed Materials

The classical procedure described by Lis and Sharon [14]

was used. Briefly, 3 g of feed material was dispersed in

40 mL of distilled water, the pH was adjusted to 4.6 with

concentrated HCl, and the dispersion was incubated over-

night at 4 �C to precipitate the major storage proteins. The

supernatant was collected by centrifugation (3,020g,

15 min). Ammonium sulfate, 0.3 g, was added to each mL

of supernatant for precipitating other proteins. Vacuum

filtration was used to remove the precipitate. To each mL

of filtrate, an additional 0.27 g of ammonium sulfate was

added while stirring and the mixture was incubated over-

night at 4 �C to precipitate the crude SBA. The precipitate

was then collected by centrifugation and resuspended in

1 mL of water and dialyzed against water for 24 h at 4 �C

with two changes of water. Any insoluble material, which

was present after dialysis, was removed by centrifugation

and discarded. A second precipitation of SBA was done by

adjusting the pH of the solution to 4.6 with 1N HCl, and

adding (NH4)2SO4 (0.56 g/mL of solution). The precipitate

was collected by centrifugation (3,020g, 15 min) and

redissolved in 0.5 mL of 0.05 M phosphate buffer, pH 6.1.

The SBA solution was dialyzed against water for 24 h at

4 �C and then lyophilized. The dried material was dis-

solved in 0.9% saline to make a final concentration of

6–17 mg/mL and subjected to assay for hemagglutination

activity.
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Hemagglutination Assay

The hemagglutination assay was performed according to

the classical and widely used method of Lis and Sharon

[14] with some modification. Briefly, rabbit red blood cells

collected in Alsever’s solution were centrifuged for 5 min

at 410g. After estimating the volume of the cells, 5 mL of

0.9% saline per mL of cells was added to wash the cells.

Centrifugation was used to collect the cells. After washing

three times, red blood cells were suspended at 4% (v/v) in

10 mM phosphate buffered 0.9% saline (pH 7.4) (PBS),

then one volume of 1% trypsin (w/v) in PBS was added to

10 volumes of this suspension and the mixture was incu-

bated for 1 h at 37 �C to increase the sensitivity of the

assay. The red blood cell suspension was then washed four

times with 0.9% saline and finally cells were resuspended

at 3% (v/v) in 0.9% saline.

Protein samples were serially diluted with twofold dilu-

tions in a 96-well round bottom plate with saline to give a

final volume of 0.1 mL. Then 0.1 mL of 3% trypsinized red

blood cells were added to each well. The plates were placed

in 37 �C for 2 h for agglutination to occur. The plates were

then tilted to about 45�, the samples with erythrocytes

streamed in a ‘‘tear-drop’’ fashion were considered negative

and the ones that did not form a ‘‘tear-drop’’ were consid-

ered positive. The hemagglutination units (HU) per gram of

protein were determined by the equation [15]:

HU/g ¼ DA � DB � S

V

where DA is the dilution factor of the first well, DB is the

dilution factor of the well containing 1 HU (the last dilu-

tion that causes cell agglutination), S is the mL of extract

per gram of protein (inverse of the initial concentration),

and V is the volume of extract added. Each sample was

tested in duplicate. The HU/g values were then expressed

as log (HU/g)/log 2 to normalize the data for the twofold

dilution. Because the results may be affected by the age of

the blood, the activity of the trypsin, and other factors, a

SBA extract was used as a standard in every set of treat-

ments. The results are expressed as relative activity to

SBA.

Trypsin Inhibitor Activity Test

TIs were assayed by Eurofins Scientific Inc. (Des Moines,

IA, USA). Briefly, the sample was extracted in a dilute

NaOH solution, and centrifuged to obtain the supernatant.

The sample was then reacted with acetic acid, trypsin

solution, and benzoyl-L-arginine-p-nitroanilide hydrochlo-

ride. The sample was then read versus a blank and TIU/g

was calculated. TIU was defined as the amount of inhibitor

required to inhibit 1 unit of trypsin activity.

Animal Feeding Trial

To determine the digestibility of the treated soy proteins,

7-day-old male chicks were used to determine PER using

formulated diets with low protein content. PER was cal-

culated as previously described [11]. Ninety-weeks-old

male chicks (Ross 9 Ross 708) were weighed and blocked

on initial body weight into 25 pens consisting of five pens

per treatment (3 chicks/pen). The treatments consisted of

(1) high protein control (CONT): 23% crude protein (CP)

diet containing commercial toasted defatted soy flour; (2)

low protein control (LPC): 17.25% CP diet containing

commercial toasted defatted soy flour; (3) low protein soy

control (LPSC): 17.25% CP diet containing untreated

SWF; (4) low protein SMBS soy (SMBS): 17.25% CP diet

containing SMBS-treated SWF; and (5) low protein

enzyme-treated SWF (ENZYME): 17.25% CP diet con-

taining ENZYME-treated SWF. All diets were formulated

to meet or exceed NRC [16] standards for vitamins and

minerals, and the low protein diets were 75% of the NRC

CP recommendations. The compositions of these diets are

listed in Table 1. The diets were fed ad libitum for 9 days,

all chicks were euthanized by carbon dioxide asphyxiation

and their pancreases and small intestines (pyloric sphincter

to illeocecal valve) were removed and weighed. All pro-

cedures outlined in this experiment were approved by the

Iowa State University Animal Care and Use Committee.

Statistical Analysis

The treatment replicate number (N) from different experi-

ments is different and the N values are given in tables or

figures. The data were analyzed by Analysis of Variance

(ANOVA), and the Least Significant Differences (LSD)

were calculated at the 5% level to compare treatment

means using the SAS system (version 9.1, SAS Institute

Inc. Cary, NC, USA). Growth performance, PER, and

pancreas and intestinal weights were also analyzed by

ANOVA, with the experimental unit being a pen of three

chicks.

Results and Discussion

Effect of Enzyme Hydrolysis on Hemagglutination

Activity of the b-Conglycinin-Rich Fraction

b-Conglycinin and glycinin fractions were initially used as

negative controls, because they were not expected to have

hemagglutination activity. Most of the SBA should have

been removed from the storage proteins during the pH 4.5

precipitation step [14] of the protein isolation process,

therefore, these two storage protein fractions should be free
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of SBA. However, we found they also had activity as

shown in Table 2. Since our ultimate goal was to eliminate

the hemagglutination activity of SWF in order to improve

its feeding quality, we have to examine and reduce such

activity of all protein components in the SWF, including

b-conglycinin and glycinin. This is the reason that

b-conglycinin and glycinin fractions were treated with the

similar treatment strategy as for SBA as described by Ma

and Wang [6], in which various individual enzymes and

enzyme combinations were tested.

Table 2 shows a tendency that heating reduced the

hemagglutination activity of b-conglycinin-rich fraction,

however, single enzyme hydrolysis, whether native or

heated, did not fully eliminate the b-conglycinin’s hem-

agglutination activity. This result was similar to enzyme

hydrolysis of SBA (47.1% residual activity after heating

and 35–62% residual activity after heating and single

enzyme treatment). However, the activities were similar

for enzyme hydrolyzed native, heated or autoclaved

b-conglycinin, which was different from SBA (enzymes

could not hydrolyze native SBA), indicating that native

b-conglycinin was not resistant to enzyme hydrolysis.

SDS-PAGE also showed that enzymes can hydrolyze

native b-conglycinin (Fig. 1 lane 4). This result indicates

that enzyme hydrolysis might have released active peptides

in b-conglycinin, that gave the hemagglutination activity.

It also suggests that unlike SBA, native b-conglycinin is

susceptible to enzyme hydrolysis and it may not survive in

the GI tract digestion. It may be fully hydrolyzed by

multiple enzymes and may not cause serious anti-nutri-

tional effects as native SBA would.

Table 1 Composition of experimental diets for chicks

Ingredient (%) High protein

control (CONT)

Low protein

control (LPC)

Low protein soy

control (LPSC)

Low protein SMBS

soy (SMBS)

Low protein enzyme

soy (ENZYME)

Corn 51.84 68.96 70.80 74.95 67.64

Commercial toasted soy flour 37.10 22.50 – – –

Raw soy flour (untreated) – – 20.95 – –

SMBS soy flour – – – 17.47 –

ENZYME soy flour – – – – 23.70

Soybean oil 6.67 4.07 3.79 3.14 4.25

Di-calcium phosphate 1.98 2.07 2.08 2.10 2.06

Limestone 1.15 1.22 1.22 1.24 1.21

Vitamin mixa 0.50 0.50 0.50 0.50 0.50

Mineral mixb 0.10 0.10 0.10 0.10 0.40

Sodium chloride 0.40 0.40 0.40 0.40 0.10

DL-Methionine 0.21 0.13 0.11 0.05 0.09

Selenium 0.05 0.05 0.05 0.05 0.05

Total 100.00 100.00 100.00 100.00 100.00

Calculated nutrient content

Metabolizable energy (kcal/kg) 3200.00 3200.00 3200.00 3200.00 3200.00

Crude protein (%) 23.00 17.25 17.25 17.25 17.25

Methionine (%) 0.55 0.40 0.40 0.38 0.38

Methionine ? cysteine (%) 0.90 0.68 0.68 0.85 0.68

Lysine (%) 1.23 0.83 0.84 0.98 0.83

a Composition of vitamin mix (per pound): vitamin A, 10,00,000 IU; D3, 2,50,000 IU; E, 5,000 IU; B12, 5.0 mg; riboflavin, 1,500 mg; niacin,

7,500 mg; and d-pantothenic acid, 4,000 mg
b Composition of mineral mix: calcium, 2.6–3.6%; copper, 1.75%; iron, 17.5%; manganese, 6%; zinc, 15%; and iodine, 2,000 ppm

Table 2 Effects of single enzyme hydrolysis on hemagglutination

activity of b-conglycinin- and glycinin-rich fractions

Enzyme

used

None Trypsin Chymotrypsin Thermolysin LSD0.05

b-Conglycinin

Native 61.7 a 60.6 a 60.2 a 51.2 ab 38.1

100 �C 20 min 26.9 ab 51.5 a 34.6 ab 38.6 ab

Autoclave 13.4 b 46.5 ab 24.1 ab 26.4 ab

Glycinin

Native 40.1 ab 57.2 a 56.3 a 45.2 a 29.4

100 �C 20 min 14.8 bc 63.7 a 54.4 a 43.6 ab

Autoclave 0.0 c 68.4 a 55.8 a 50.3 a

The values are the relative activity to native SBA (%). Data are means of

three replicates. Different letters within all treatments for each individual

protein represent significant differences (P B 0.05)
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After multi-enzyme hydrolysis, activity of the native

b-conglycinin fraction was not reduced to zero (Table 3).

Like SBA, multi-enzyme hydrolysis with thermolysin fully

deactivated heated b-conglycinin. This difference between

native and heated b-conglycinin indicates that heating

facilitated the hydrolysis of b-conglycinin, so it may be

cleaved into smaller pieces. This also indicates that like

SBA, thermolysin might cut at the crucial sites for activity

of b-conglycinin.

Simplified conditions of the GI tract were also applied to

the b-conglycinin fraction, i.e., hydrolysis was conducted

with pepsin followed by pancreatin and the results are

shown in Table 4. The activity of b-conglycinin did not

decrease by this treatment, which indicates the inability of

the two enzymes to cut active sites of b-conglycinin,

therefore, b-conglycinin may have the possibility of

showing anti-nutritional effect.

Effect of Enzyme Hydrolysis on Hemagglutination

Activity of the Glycinin Fraction

The glycinin-rich fraction showed similar results as the

b-conglycinin fraction in reponse to single enzyme

hydrolysis. Heating slightly reduced hemagglutination

activity, however, single enzyme hydrolysis did not

decrease hemagglutination activity (Table 2), and, in fact,

activity increased slightly following some single enzyme

treatments. This result suggests that heating may cause

protein to denature and aggregate so that the active sites

may be buried. Partial enzyme hydrolysis might have

opened up and released the active peptides, thus increasing

the hemagglutination activity. The hydrolyzed native,

heated or autoclaved glycinin had similar activity. SDS-

PAGE showed that like b-conglycinin, native glycinin can

be hydrolyzed by enzymes (Fig. 1 lane 8). These results

indicate that glycinin may not survive in the GI tract if

multiple enzymes can fully hydrolyze the protein.

However, unlike for b-conglycinin, none of the multi-

enzyme hydrolyses fully deactivated glycinin, whether in

the native or heated forms (Table 3). This result indicates

KDa 
200 
116 
97.4 
66 

45 

31 

21.5 

14.5 

α’ 

α

B1,2,4 

B3 

Trypsin 

A1,2,4 

A3 
β

Fig. 1 Effects of enzyme

treatment on b-conglycinin and

glycinin. Lane 1, molecular

weight marker; lane 2,

b-conglycinin; lane 3,

b-conglycinin treated at 100 �C

for 20 min; lane 4,

b-conglycinin treated with

trypsin; lane 5, b-conglycinin

treated at 100 �C for 20 min,

then by trypsin; lane 6, glycinin;

lane 7, glycinin treated at

100 �C for 20 min; lane 8,

glycinin treated with trypsin;

lane 9, glycinin treated at

100 �C for 20 min, then by

trypsin

Table 3 Effects of multi-enzyme hydrolysis on activity of b-con-

glycinin and glycinin-rich fractions

Enzyme used b-Conglycinin Glycinin

Native 100 �C 20 min Native 100 �C 20 min

No enzyme 65.4 a 44.2 b 38.7 ab 16.8 b

T ? C –a 50.5 ab – 55.9 a

T ? Th – 0.0 c – 54.0 a

C ? Th – 0.0 c – 33.4 ab

T ? C ? Th 54.1 ab 0.0 c 57.8 a 58.5 a

P 54.7 ab 11.6 c 51.4 a 53.1 a

P ? Th 45.7 b 0.0 c 47.8 ab 56.9 a

LSD0.05 15.2 32.5

The values are the relative activity to native SBA (%). Data are means

of three replicates. Different letters within all treatments for each

individual protein represent significant differences (P B 0.05)

T trypsin, C chymotrypsin, Th thermolysin, P pancreatin
a Not tested

Table 4 Effects of enzyme hydrolysis on activity of native or 100 �C

for 20 min treated soy proteins

Enzyme used None Pep then P LSD0.05

b-Conglycinin

Native 43.4 a 35.6 a 21.6

100 �C 0.0 b 38.0 a

Glycinin

Native 63.2 a 19.1 b 31.0

100 �C 37.7 ab 19.1 b

The values are the relative activity to native SBA (%). Data are means

of four replicates. Different letters within all treatments for each

individual protein represent significant differences (P B 0.05)

Pep pepsin, P pancreatin
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that these enzymes were unable to cleave all of the active

sites in glycinin; whereas for b-conglycinin, the extensive

hydrolysis with the enzymes may have destroyed the active

sites on the peptides.

We also used pepsin and then pancreatin enzyme

treatments that were effective in deactivating SBA [6] to

treat the glycinin fraction. The results were similar to those

for b-conglycinin, that is pepsin followed by pancreatin

hydrolysis did not fully deactivate glycinin. Therefore,

glycinin may also have the potential of causing anti-

nutritional effect.

The b-conglycinin and glycinin fractions used for this

study were not pure, and they are contaminated with each

other, as shown in Fig. 1. However, we do not expect SBA

contamination of these two fractions as mentioned previ-

ously. We believe that the hemagglutination activity we

observed in the two storage proteins are indeed from within

the proteins or peptides. As we have shown in another

study, the peptides we identified from the hydrolysis prod-

ucts of b-conglycinin and glycinin and then synthesized

from amino acids truly had hemagglutination activity [17].

There were large variations in the hemagglutination

activity data, which might be due to the inconsistency of

enzyme hydrolysis during the repeated treatments, or the

detection and nature of the hemagglutination assay. This

assay is a traditional method and its use was validated

[6, 17] and compared to other methods [6]. Nonetheless,

some general trends can still be observed. In addition,

different batches of b-conglycinin and glycinin were used

for various experiments, so the values of native and 100 �C

20 min-treated b-conglycinin and glycinin varied.

A common food protein, casein from bovine milk, was

also used as a negative control for the enzymatic treatments

and hemagglutination assay. Casein did not show any

hemagglutination activity, nor did the enzyme hydrolysates

of casein when the same conditions were used for protein

hydrolysis (data not shown). This indicates that b-con-

glycinin and glycinin fractions truly had in vitro hemag-

glutination activity.

Effect of Enzyme Hydrolysis on Hemagglutination

Activity of SWF

Although pepsin and pancreatin did not fully deactivate

b-conglycinin and glycinin, the two enzymes did fully

hydrolyze SBA [6], so this treatment was chosen as a non-

thermal treatment for generating feed material from SWF.

SWF, however, has trypsin inhibitors, which inhibit the

activity of chymotrypsin and trypsin in animals. TIs also

inhibit animal growth and cause pancreas enlargement,

which interfere with our feeding evaluation. Therefore,

SMBS was used for non-thermal deactivation of TIs, and

then such SWF was treated with pepsin and pancreatin.

Figure 2 shows that after SMBS treatment, hemagglu-

tination activity of SWF reduced slightly, and the activity

was not as low as pepsin and pancreatin treated samples,

which indicates that SMBS only had a slight effect on

SBA. The pepsin and pancreatin treatment significantly

reduced activity of SWF, but not to zero. This result was

expected because b-conglycinin and glycinin, the major

soy proteins, were not deactivated by this treatment. The

activity of heat-treated SWF was significantly decreased.

Heat followed by pepsin and pancreatin treatment of SWF

had an increased activity, which may be due to the more

effective protein hydrolysis and the release of active pep-

tides. In addition, after pepsin and pancreatin treatment,

native or SMBS-treated SWF had similar activities. TIs

inhibit trypsin in a competitive manner [18], as a result, an

excessive dose of pancreatin may overcome the inhibition

effect of TIs, giving the similar hemagglutination activities

of enzyme-treated native or SMBS-enzyme treated SWF.

Activities of SBA Extracted from SMBS

and Enzyme-Treated SWF

Our initial goal of enzymatic treatment of SWF was to fully

deactivate SBA; however, b-conglycinin and glycinin

interfered with the hemagglutination test of SBA when

testing the activity of the whole SWF. In order to evaluate

whether SBA was fully hydrolyzed by enzyme treatment

and eliminate the interference of b-conglycinin and

glycinin, SBA was isolated from SWF samples that were

treated differently. The activity of SBA extracted from

pepsin and then pancreatin treated native SWF (36.4%)

was not the same as in the model pure SBA system which

was zero. Whereas, the SBA extracted from SMBS-treated

SWF showed zero activity (Table 5). This result suggests

that after SMBS deactivation of TIs, SBA was easier to
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hydrolyze by pepsin and pancreatin. For these two treat-

ments, whole SWF had similar activities (Fig. 2), but the

extracted SBA had different activities (Table 5). This must

be due to the contribution of b-conglycinin and glycinin to

the SWF.

For the feeding trial, we treated SWF with SMBS and

then pepsin and pancreatin to deactivate TIs and SBA;

SMBS-treated SWF was used as a control for deactivating

TIs but not SBA; and SWF was used as a control as

untreated material. Herkelman et al. [9] found that heating

soybeans to 121 �C for 40 min achieved maximum growth

performance. We included this treatment as a control for

the deactivation of all the anti-nutritional factors in SWF

and for maximum performance.

Pepsin and pancreatin are naturally occurring enzymes

in the GI tract of human and animals, however, these

enzymes may not fully deactivate SBA in vivo. SBA is

always consumed with other food components, which may

serve as a barrier, so SBA may not be hydrolyzed in the

GI tract. The amount of enzyme we used in this study may

be much higher than that in GI tract. Different enzyme

dosages were used in a screening test and pepsin:SBA ratio

of 1:5 was the lowest that fully hydrolyzed SBA in SBA

extract (data not shown).

Hemagglutination Activities of Feed Materials

After preparing large quantities of feed materials, some key

samples were tested. Fig. 3a shows that the hemaggluti-

nation activity of SMBS-treated SWF did not differ

significantly from the native SWF, which indicates the

inability of SMBS to deactivate SBA. The activity of

enzyme-treated SWF was significantly reduced, which was

consistent with the results from the analytical scale test, in

that the non-zero value could be the contribution of

activities from the storage proteins. Similarly, the SBA

extract from SMBS treated SWF still had similar activity as

that from SWF (Fig. 3b); however, the activity of SBA

extracted from the enzyme-treated sample was not reduced

to zero (Fig. 3b). This may be due to the incomplete

hydrolysis of SBA in the bulk SWF material.

Trypsin Inhibitor Activities in Feed Materials

The TI activity in SWF was 60,300 TIU/g whereas that in

SMBS was 2,800 TIU/g (4.6% residual activity). TI in the

enzyme-treated sample was 3,900 TIU/g (6.5% residual

activity). TI in the autoclaved sample was \2,000 TIU/g

(\3.3% residual activity). These results indicate that TIs

were greatly reduced in SMBS and enzyme-treated sam-

ples, and almost totally destroyed in autoclaved samples.

Therefore, the SMBS treatments were effective and TIs

should not contribute significant problems in the feeding

evaluation. Autoclaving was more effective in destroying

the TIs than the other treatments.

Hemagglutination Activity Evaluated

by an Animal Feeding Study

The initial weight of the chicks was 137.2 ± 1.7 g. Raw

soy protein in the LPSC diet reduced the growth perfor-

mance of chicks as expected (Table 6). Both the average

daily gain and average daily feed intake of LPSC treatment

were reduced compared to the LPC diet. Gain:feed and

PER, however, were not significantly reduced compared to

the LPC diet. The raw soy protein in the LPSC diet caused

pancreatic hypertrophy due to TIs and SBA. Additionally,

the LPSC diet caused increased intestinal mass as a per-

centage of body weight. This intestinal growth may be due

to the need for increased absorption in a diet containing a

nutritionally poor protein.

The SMBS diet did not reduce the growth performance

of chicks (Table 6). The average daily gain, average daily

feed intake, and gain:feed were not different from chicks

on the LPC diet. Additionally, the PER for chicks on the

SMBS diet was not different from chicks fed the CONT

diet. Furthermore, the SMBS diet did not promote pancreas

enlargement or an increase in intestine weight. These

results demonstrate that the SMBS treatment improved the

nutritional value of native soy protein, as demonstrated

previously [11].

The growth performance of chicks on the ENZYME diet

was not improved compared to the LPSC (Table 6). Aver-

age daily gain, gain:feed ratio, and PER were not different

from the LPSC. The average feed intake of the ENZYME

sample, however, was also significantly lower than the other

samples, which might have led to the lower growth per-

formance than the LPC and SMBS diets. However, similar

to SMBS, ENZYME did not cause pancreas enlargement or

intestine weight increase, which indicates that the anti-

nutritional factors in the raw SWF were effectively deac-

tivated by ENZYME treatment, at least to a level that does

Table 5 Activity (%) of SBA extracted from differently treated SWFs on analytical scale

SBA extraction from SWF Pepsin and pancreatin

treated SWF

SMBS then pepsin and

pancreatin treated SWF

Relative activity to SBA (%) 100 a 36.4 b 0.0 c

Different letters designate significant differences (P B 0.05). LSD0.05 is 1.9. N = 2
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not influence the function of the pancreas and intestine.

Comparing the effect of ENZYME sample on chick growth

performance versus pancreas and intestine weight, it seems

that the growth inhibition can happen at a low level of SBA,

whereas pancreas and intestine weight increase need higher

levels of SBA to be affected. This result was in agreement

with Fasina et al. [19].

However, chicks on SMBS diet, which still had intact

SBA but no TIs, performed as well as those on control LPC

diet. This suggests that SBA might not be a significant

problem for chick growth compared to TIs. This makes it

highly likely that the poor performance of the ENZYME

sample was due to inadequate feed intake by the chicks, not

the effect of BSA on nutrient absorption. The poor feed

intake might be because of the decreased palatability, such

as unpleasant smell, texture or bitterness of the sample.

Protein hydrolysates often have a bitter taste, particularly

peptides containing neutral amino acids with large alkyl or

aromatic side chains [20]. Humans and animals have

consumed heated soybeans and soy protein products for a

long time without nutritional consequence, indicating that

the active peptides released from b-conglycinin, glycinin,

or SBA by enzyme hydrolysis might not be a significant

problem. As a result, the remaining hemagglutination

activity of b-conglycinin and glycinin hydrolysates might

not be the reason for growth inhibition in this study, just as

the small amount of SBA in feed (0.024%) was tolerated by

turkey poults as illustrated by Fasina et al. [19].

The autoclaved SWF was in large chunks and could not

be finely ground, so the chicks picked through the diet and

did not eat as much. This makes the results of autoclaved

SWF unreliable, so the data for this sample was not used.

This observation is another indication that the texture of the

feed material is important.

Collectively, these data suggest that TI inactivation

protected chicks from pancreatic hypertrophy and from

increased intestinal weight. TI inactivation also led to good

growth performance. The data may also suggest that the

hemagglutination activity has to reach some threshold

value to exert anti-nutritional effect in biological systems.
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Fig. 3 Hemagglutination activity of feeding materials. a Hemagglu-

tination activity of the whole feeding materials. SWF, soy white flake;

SMBS, sodium-metabisulfite-treated SWF; enzyme pepsin and pan-

creatin-treated SWF; autoclave autoclave (121 �C 40 min) treated

SWF. Data are means of three replicates. Different letters represent

significant differences (P B 0.05). LSD0.05 is 9.1. b Hemagglutination

activity of SBA extracts from feeding materials. LSD0.05 is 18.5

Table 6 Effects of diet containing SMBS and enzyme-treated soy protein on growth performance, protein efficiency ratio, and pancreas and

intestinal weights

CONT LPC LPSC SMBS ENZYME

Average daily feed intake (g/day) 48.0 a 42.2 b 29.5 c 38.6 b 21.6 d

Average daily gain (g/day) 36.9 a 23.3 b 12.9 c 24.3 b 10.7 c

Gain:feed 0.77 a 0.55 bc 0.43 c 0.63 b 0.49 c

Protein efficiency ratio (PER) 3.4 ab 3.2 ab 2.5 b 3.7 a 2.9 b

Pancreas weight (g/100 g BW) 0.37 b 0.38 b 0.86 a 0.39 b 0.41 b

Intestine weight (g/100 g BW) 7.01 b 6.77 b 8.03 a 6.82 b 7.10 b

N = 5 pens of 3 chicks per pen. Different letters in the same row represent significant differences (P B 0.05)

CONT, high protein control diet, 23% crude protein (CP); LPC, low protein control diet, 17.25% CP; LPSC, raw soy control diet, 17.25% CP;

SMBS, low protein-SMBS-treated raw soy diet, 17.25% CP; ENZYME, low protein diet SMBS-and-enzyme-treated raw soy diet, 17.25% CP
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Conclusion

This study is the first to show that soybean storage proteins

may have hemagglutination activity and their activities can

be reduced by enzyme hydrolysis just as for SBA. How-

ever, the non-thermal enzymatic treatment developed in

this study with a certain degree of in vitro effectiveness

may not be commercially feasible or necessary. We predict

that heating is still the best means to deactivate most of the

anti-nutritional factors. Nonetheless, this study does pro-

vide data and evidence of bioactive peptides and the need

for further testing of the properties of these peptides from

soybean storage proteins. The in vitro hemagglutination

activity demonstrated in this study may not cause signifi-

cant nutrient malabsorption, however, its effect on cell

surface properties may induce other biological functions.

Acknowledgments This research was funded by a special USDA

grant and we also greatly appreciate Dr. Hui Wang’s assistance during

the initial phase of the experiment.

References

1. Johnson LA (2000) Recovery of fats and oils from plant and

animal sources. In: Wan PJ, Farr W (eds) Introduction to fats and

oils. AOCS Press, Champaign, pp 108–135

2. Cater CM, Rhee KC, Hagenmaier RD, Mattil KF (1974) Aqueous

extraction—alternative oilseed milling process. J Am Oil Chem

Soc 51:137–141

3. Rosenthal A, Pyle DL, Niranjan K (1996) Aqueous and enzy-

matic processes for edible oil extraction. Enzym Microb Technol

19:402–420

4. de Moura J, Johnson LA (2009) Two-stage countercurrent

enzyme-assisted aqueous extraction processing of oil and protein

from soybeans. J Am Oil Chem Soc 86:283–289

5. de Moura J, de Almeida NM, Johnson LA (2009) Scale-up of

enzyme-assisted aqueous extraction processing of soybeans.

J Am Oil Chem Soc 86:809–815

6. Ma Y, Wang T (2010) Deactivation of soybean agglutinin by

enzymatic and other physical treatments. J Agric Food Chem

58:11413–11419

7. Liu K (1997) Chemistry and nutritional value of soybean com-

ponents. In: Liu K (ed) Soybeans: chemistry technology and

utilization. Chapman & Hall, New York, pp 25–95

8. Yanatori Y, Fujita T (1976) Hypertrophy and hyperplasia in

endocrine and exocrine pancreas of rats fed soybean trypsin-

inhibitor or repeatedly injected with pancreozymin. Arch Histol

Jpn 39:67–78

9. Herkelman KL, Cromwell GL, Stahly TS (1991) Effects of

heating time and sodium metabisulfite on the nutritional value of

full-fat soybeans for chicks. J Anim Sci 69:4477–4486

10. Liener IE (1994) Implications of antinutritional components in

soybean foods. Crit Rev Food Sci Nutr 34:31–67

11. Wang H, Faris RJ, Wang T, Spurlock ME, Gabler N (2009)

Increased in vitro and in vivo digestibility of soy proteins by

chemical modification of disulfide bonds. J Am Oil Chem Soc

86:1093–1099

12. Deak NA, Murphy PA, Johnson LA (2006) Fractionating soybean

storage proteins using Ca2? and NaHSO3. J Food Sci 71:C413–

C424

13. Laemmli UK (1970) Cleavage of structural proteins during the

assembly of the head of bacteriophage T4. Nature 227:680–685

14. Lis H, Sharon N (1972) Soybean (Glycine max) agglutinin.

Methods Enzymol 28:360–368

15. Liener IE, Hill EG (1953) The effect of heat treatment on the

nutritive value and hemagglutinating activity of soybean oil meal.

J Nutr 49:609–620

16. National Research Council (1994) Nutritional requirements of

poultry. National Academy Press, Washington

17. Ma Y, Wang T. (2010) Peptides from soybean agglutinin,

b-conglycinin, and glycinin have hemagglutination activity. J Am

Oil Chem Soc (Submitted)

18. Laskowski M, Kato I (1980) Protein inhibitors of proteinases.

Annu Rev Biochem 49:593–626

19. Fasina YO, Garlich JD, Classen HL, Ferket PR, Havenstein GB,

Grimes JL, Qureshi MA, Christensen VL (2004) Response of

turkey poults to soybean lectin levels typically encountered in

commercial diets. 1. Effect on growth and nutrient digestibility.

Poult Sci 83:1559–1571

20. Adler-Nissen J (1985) A review of food protein hydrolysis-

specific areas. In: Enzymic hydrolysis of food proteins. Elsevier

applied science publishers, New York, pp 57–109

992 J Am Oil Chem Soc (2011) 88:983–992

123


	In Vitro Hemagglutination Activity of beta -Conglycinin and Glycinin Fractions and Feeding Study of Non-Thermal Treated Soy Protein
	Abstract
	Introduction
	Materials and Methods
	Materials
	Enzyme Hydrolysis of Different Soy Proteins to Reduce Hemagglutination Activity
	SDS-PAGE
	Effect of SMBS on Hemagglutination Activity of SWF
	Preparation of Soy Protein Samples for Feeding Trial
	Extraction of SBA from the Feed Materials
	Hemagglutination Assay
	Trypsin Inhibitor Activity Test
	Animal Feeding Trial
	Statistical Analysis

	Results and Discussion
	Effect of Enzyme Hydrolysis on Hemagglutination Activity of the beta -Conglycinin-Rich Fraction
	Effect of Enzyme Hydrolysis on Hemagglutination Activity of the Glycinin Fraction
	Effect of Enzyme Hydrolysis on Hemagglutination Activity of SWF
	Activities of SBA Extracted from SMBS and Enzyme-Treated SWF
	Hemagglutination Activities of Feed Materials
	Trypsin Inhibitor Activities in Feed Materials
	Hemagglutination Activity Evaluated by an Animal Feeding Study

	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


