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This study assessed whether chemical analyses are sufficient to guarantee the safety of heat

processing of soybeans (SB) for human/animal consumption. The effects of extrusion and dry-

toasting were analyzed upon seed composition and performance of broiler chicks. None of these

induced appreciable changes in protein content and amino acid composition. Conversely, toasting

reduced all antinutritional proteins by over 85%. Despite that, the animals fed on toasted SB

demonstrated a low performance (feed efficiency 57.8 g/100 g). Extrusion gave place to higher

contents of antinutrients, particularly of trypsin inhibitors (27.53 g/kg flour), but animal performance

was significantly (p < 0.05) better (feed efficiency 63.2 g/100 g). Upon the basis of chemical

analyses, dry-toasting represents the treatment of choice. However, considering the results of the

feeding trials, extrusion appears to be the safest method. In conclusion, in order to evaluate the

reliability of any processing method intended to improve nutritional value, the combination of

chemical and animal studies is necessary.
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1. INTRODUCTION

Heat treatment of soybean seeds and byproducts is known to
be required before their use as food or feed since they contain
antinutritional compounds, which when ingested may cause
inhibition of growth, decreased feed efficiency, pancreatic hyper-
trophy, and other deleterious effects to several organisms (1 ).
Soybean trypsin inhibitors (SBTI) and lectins (SBA) are consid-
ered to be the major seed proteins responsible for the poor
nutritional value of raw soybean meals (2, 3). It has been
suggested that other proteins, such as soyatoxin (SYTX), a toxin
isolated from soybeans that is lethal tomice by the intraperitoneal
route (4 ), and urease, might also contribute to the deleterious
effects observed upon feeding soybeans (5 ).

Several methods of heat treatment have been developed to
increase the nutritional quality of soybean-based products to
reduce the content of antinutritional factors (ANF).Among these
are wet or dry-toasting, extrusion, and infrared radiation (6 ).
However, adequate inactivation processes of ANF require the
accurate control of temperature, moisture, and time of
application (7, 8). Both under- or overheating are detrimental

to the effective usage of seed nutrients (2, 9). Extrusion and
dry-toasting of soybeans are heat treatment procedures
frequently used in developing countries because of the simple
and low cost machinery necessary for these processes and also
because of their capacity to inactivate ANF, mainly trypsin
inhibitors and lectins (10 ). These two methods differ in terms
of temperature, pressure, and time of exposure of grains to heat.
Extrusion employs higher temperatures, but it is a short time
process, and pressure is drastically reduced during the process,
while dry-toasting is carried out at slightly lower temperatures but
for a more prolonged period and constant pressure (6, 11). These
differences in the soybean heat treatment conditions may have a
marked influence on inactivation of antinutritional compounds
and nutrient digestibility, affecting protein utilization by experi-
mental animals. Usually, the food industry shows resistance to
the use of feeding studies because of the fact that they are
laborious, longer, andmore expensive than chemical/biochemical
analyses. This study aimed to assess whether chemical and
biochemical analyses per se are adequate to guarantee the safety
of heat processing of soybeans (SB) for human and animal
consumption orwhether feeding trials are indeednecessary.Thus,
extrusion and dry-toasting were analyzed regarding their effects
not only upon seed nutrient/antinutrient composition but also
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upon the performance of broiler chicks, one of the main target
animals of SB-containing diets

2. MATERIALS AND METHODS

2.1. Materials. Soybeans [Glycine max (L.) Merr] were purchased as
a mixture of several undefined cultivars from local commercial sources.
Extruded soybeans were obtained by passing the seeds through a screw
extruder (Ext 400 Calibr�as, S~ao Paulo, Brazil) with dry heat at 129 �Cand a
feed rate of 300 to 350 kg/h (corresponding to a retention time of 12-14 s).
Toasted soybeanswere producedbydry-heating at 100 �Cand 2kgf/cm2 for
60 min (Tesoy, Buenos Aires, Argentina). Kunitz-type soybean trypsin
inhibitor (type I-S),N-R-benzoyl-L-arginine p-nitroanilide, trypsin (type I),
and urease (41H7008, 870,000 units/g) were purchased from Sigma
Chemical Co. (St. Louis, MO). All other chemicals used were of analytical
grade.

2.2. Moisture, Protein, and Oil Determination. Protein was
determined in the raw and processed soybeans by measuring the nitrogen
content in Kjeldahl digests according to a manual colorimetric assay (12 ),
using a nitrogen conversion factor of 6.25 Moisture and oil contents were
determined according to previously established protocols (13 ).

2.3. Amino Acid Composition.Rawand processed samples (10mg)
were hydrolyzed with 6MHCl containing 1%phenol, at 110 �C, for 20 h in
sealed glass tubes under a nitrogen atmosphere. HCl and phenol were
removed by evaporation, and the amino acid compositions were established
after chromatography on a Biochrom 20 system (Pharmacia, Biotech,
Uppsala, Sweden). Tryptophan content was measured colorimetrically by
the acid ninhydrin method (14 ).

2.4. Polyacrylamide Gel Electrophoresis. Sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed
according to Laemmli (15 ). SDS-PAGE was carried out in a 3.5-mm
vertical slab gel (12.0� 17.0 cm) consisting of stacking gel mix, 3.5% total
acrylamide, and main running gel mix, 17.5% acrylamide, prepared in
1.5 M Tris-HCl at pH 8.8. Samples (50 μg) were dissolved in 0.125 M
Tris-HCl, pH 6.8, containing 1% SDS and 1% β-mercaptoethanol, and
incubated at 100 �C for 10 min. Electrophoresis was carried out at 20 mA
constant current for 2 h. Protein bands were visualized by staining with
0.05% Coomassie brilliant blue R-250.

2.5. Aqueous Soybean Crude Extracts. Samples of raw and heat-
processed soybeans were ground in a coffee grinder to a fine powder,
defatted with petroleum ether (10%, w/v, suspension), and air-dried at
room temperature. For the preparation of the aqueous crude extract from
each soybean sample, the defatted meal was suspended in 0.125 M
Tris-HCl buffer, pH 7.5, in a proportion of 1:5 (w/v). The suspension
was maintained under continuous stirring for 3 h at 4 �C and then filtered.
The press cake was re-extracted under the same conditions. The filtrate
was centrifuged at 15,000g for 30 min, at 4 �C and the clear supernatant
dialyzed (cutoff MW 12,000) against the extracting buffer. The protein
content of seed extracts was evaluated by the method described by
Bradford (16 ), and bovine serum albumin was used as the standard.

2.6. Antinutritional/Toxic Proteins. The crude extracts, prepared
as described above, were the starting materials for detecting hemag-
glutinating, toxic, and urease activities. Hemagglutinating activity was
assayed according toMoreira and Perrone (17 ), using rabbit, human, and
chicken erythrocytes. Toxic activity was defined as the mortality observed
in mice within 24 h after intraperitoneal (ip) injections of the crude
extracts (4 ). Urease assay was carried out according to the indophenol
method (18 ). The protease inhibitor assay was carried out by the modified
Kakade method (19 ).

2.7. Diets. Diets were formulated as shown in Table 1 to meet the
minimal nutritional requirements of broiler chicks (20 ). Experimental
diets were prepared to contain the equivalent of 210 g protein/kg diet. To
bring the amino acid contents to the target requirements for chicks, diets
were supplemented with DL-methionine based on the amino acid contents
of the soybean samples used in the present study. The diets were prepared
in order to contain 12.55 MJ/kg of metabolizable energy.

2.8. Feeding Trial. As an approach to verify the effects of different
processing methods on the protein quality of commercial soybeans, male
broiler chicks (Gallus gallus domesticus) of the Ross strain, with an average
weight of 53.5 g at hatching, were used as a model since they represent an

important soybean-dependent economically explored animal species. The
birdswere fed ad libitumona commercial ration (CR) (21%crude protein;
12.55 MJ/kg metabolically energy) until 9 days of age. They were
then individually housed at room temperature, in screen-bottomed cages
(0.25 � 0.50 cm), and fed the same CR for 2 more days as a period of
adaptation to experimental conditions. After that, the birds were
randomly assigned to four treatments (three replicates of six chicks each)
corresponding to rations containing commercial soybean meal (CSBM;
positive control group), raw soybean meal (RSBM; negative control
group), extruded soybean meal (ESBM), and toasted soybean meal
(TSBM). CSBM was purchased from a commercial source and corre-
sponds to the wet-heated defatted soybean meal commonly used for
broiler chick feed. The birds were fed on experimental diets for 12 days
(from 10 to 21 days posthatching), with feed and water supplied ad libitum
and light provided continuously. Diet spillage and refused diet were
recorded daily. Chick body weights were recorded on alternate days to
reduce the stress caused by handling. At the end of the trial, the animals
were slaughtered in a slaughter house and the internal organs (proven-
triculus, small intestine, ceca, pancreas, and liver) dissected, blot-dried,
and their fresh weights recorded. The small intestine was immediately
rinsed with ice-cold phosphate buffered saline to remove any fecal
particles, blot-dried, and weighed. Samples from these organs were taken
or collected for histological analyses. The remaining parts of the intestine
and all other internal organs were then freeze-dried, while the carcasses
were dried in an oven at 70 �C for 72 h. Dry weights were recorded before
incorporating the organs with their original carcasses that were then
ground and kept in a desiccator for later chemical analyses. Diets and
carcasses were analyzed for moisture content (13 ) and total nitrogen (12 ).
The response of animals to dietary protein was determined in terms of
weight gain, feed intake, feed efficiency, body nitrogen, and relative dry
weight of organs. All results were calculated for each bird and the mean
calculated within a group.

These studies were reviewed and approved by the appropriate Animal
Care and Use Committee, assuring that all birds received humane care.

2.9. Statistical Analysis. The results were subjected to a one-way
analysis of variance and the significance of difference among means

Table 1. Composition (g/kg) of Control (CSBM, RSBM) and Experimental
(ESBM, TSBM) Dietsa

diet

ingredient CSBM RSBM ESBM TSBM

maize starch 525.0 414.0 418.0 414.0

corn (grain)

limestone 9.3 9.0 9.0 9.0

dicalcium phosphate 20.0 21.0 21.0 21.0

vegetable oil 30.0 - - -
salt 5.2 5.2 5.2 5.2

vitamin premixb 3.0 3.0 3.0 3.0

mineral premixb 0.5 0.5 0.5 0.5

soybean

defatted, heated 440.0

raw 540.0

extruded 537.0

toasted 540.0

DL-methionine 1.8 0.7 0.6 0.7

metabolizable energy (MJ/kg) 12.5 12.5 12.5

Crude protein g/kg 215.2 215.2 215.1

Met + Cys g/kg 9.0 9.0 9.0

Lys g/kg 12.5 15.2 12.9

calcium g/kg 9.6 9.7 9.7

available phosphorus g/kg 4.4 4.5 4.5

aCSBM, commercial soybeanmeal; RSBM, raw soybean meal; ESBM, extruded
soybean meal; and TSBM, toasted soybean meal. b All diets were formulated to
provide the following vitamins/minerals per kilogram of diet: vitamin A, 7,998 IU;
vitamin D3, 2,000 IU; vitamin E, 15 mg; vitamin K3, 1.8 mg; vitamin B1, 1.8 mg;
vitamin B2, 6 mg; vitamin B6, 2.8 mg; vitamin B12, 0.012 mg; pantothenic acid,
15 mg; niacin, 40 mg; folic acid, 1.0 mg; choline, 400 mg; antioxidant, 22.5 mg;
selenium, 0.3 mg; manganese, 75 mg; iron, 50 mg; copper, 8 mg; zinc, 50 mg;
iodine, 0.75 mg.
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determined by Tukey’s honest test. The statistically significant difference
was defined as P < 0.05.

3. RESULTS

3.1. Moisture, Protein, and Oil Determination. The moisture,
protein, and oil contents were similar for the soybean samples in
the raw (RSB), dry toasted (TSB), or extruded (ESB) state
(Table 2).

3.2. Amino Acid Composition. Before preparing the diets
containing the soybean seed meals as protein sources, the amino
acid composition of each material was determined (Table 3) in
order to eliminate the effects, if present, of the deficiency of these
constituents. Small numerical differences in amino acid levels were
noted among the different soybean materials evaluated in the
present research. However, in general, the conditions of processing
employed were insufficient to cause significant alterations in
the amino acid composition. RSB, ESB, and TSB showed high
levels of glutamine/glutamic acid and asparagine/aspartic acid
constituting together about 37% of the total amino acid content.

3.3. Polyacrylamide Gel Electrophoresis. The electrophoretic
patterns of the seed proteins from raw and processed soybean
flours treated with SDS and β-mercaptoethanol resemble each
other qualitatively since similar motilities among the correspond-
ing protein bands were observed regardless of the soybean sample
considered. The relative molecular masses varied from about
20 to 90 kDa, and the bands corresponding to the lectin (30 kDa)
and trypsin inhibitor (21 kDa) were well visualized. However,
quantitative differences in protein bands among the soybean
samples were detected. RSB and ESB exhibited protein bands
that were more prominent than those of TSB (Figure 1).

3.4. Antinutritional/Toxic Proteins. The soybean trypsin in-
hibitory, toxic, urease, and lectin activities are depicted inTable 4.
The crude extracts from all soybean samples were able to inhibit
trypsin.However, there were huge differences among the soybean
materials evaluated with values varying from 4.75 to 38.80 g
trypsin inhibited/kg flour. RSB followed by ESB presented the
highest values of approximately 8- and 5-fold, respectively, those
found for TSB.The crude aqueous extract of one (RSB) out of the
four soybean samples tested was highly toxic to mice when
injected by the ip route. The typical effects observed included
dyspnoea and tonic-clonic convulsions preceding the death of
the animals. In contrast, none of the crude extracts from
processed soybeans were lethal when injected ip, even using a
dose (1.83 g/kg mouse body weight) 10 times higher than the one
used from RSB. Urease activity was found to be present in all
soybean samples and was found at a level of 1.04 g urease per kg
flour in RSB and varied from 0.16 to 0.46 g urease per kg flour
for the heat-processed soybeans, suggesting that urease was
significantly reduced upon heat treatment. The hemagglutinating
activity measured against rabbit erythrocytes (Table 4) was
significantly different among the studied soybean samples.

Further treatment of the red cells with trypsin increased the
agglutinating activity of all extracts at least 8 times. As expected,
the lectin content in RSB was found to be much higher than that
of processed soybeans. Toasting was the most effective heat
treatment for the reduction of lectin content. Interestingly,
hemagglutinating activity was also detected using human
erythrocytes, but only in RSB and after the red cells had been
treated with trypsin. Lectin activity using A+, B+, or O+

erythrocytes corresponded to 5.52, 5.52, and 11.05 hemagglutina-
tion units (HU) per kg flour, respectively. Conversely, in chicken
erythrocytes, the crude extracts from raw and processed soybeans
were not able to promote agglutination of these cells even when
they were treated with trypsin (data not shown in Table 4).

3.5. Nutritional Parameters. The diets containing processed
soybean meals (CSBM, ESBM, and TSBM) were much better
accepted by the chicks than the RSBMdiet (Table 5). Feed intake
for CSBM was significantly higher than that of birds fed on

Table 2. Protein and Oil Determination (g/kg Seed) of Raw and Processed
Soybeans

samplesa

components CSBM RSB ESB TSB

moisture 126.5 ( 1.3 a 107.8 ( 2.2 b 74.1 ( 0.9 c 105.9 ( 3.2 b

proteinb 558.9 ( 9.2 a 414.9 ( 15.3 b 397.5 ( 7.8 b 399.4 ( 10.4 b

oil 47.9 ( 5.6 b 261.9 ( 24.0 a 257.0 ( 16.0 a 264.7 ( 14.5 a

aData represent mean and standard deviation of six independent determinations
based on seed flour dry matter. Values with different letters in the same row differ
statistically (p < 0.05). CSBM, commercial soybean meal (defatted, heated); RSB,
raw soybean; ESB, extruded soybean; and TSB, toasted soybean. b N � 6.25.

Table 3. Amino Acid Composition (g per 16 g of N) of Raw and Processed
Soybeans

samplesa

amino acid CSBM RSB ESB TSB

Asx 14.23 12.00 13.94 14.48

Thrb 3.21 3.66 3.35 3.37

Serb 3.53 4.06 3.70 3.84

Glx 22.82 21.17 23.46 21.69

Pro 5.12 5.72 4.85 5.08

Glyb 3.31 3.70 3.39 3.48

Ala 4.32 4.56 4.54 4.46

Cysb,c 0.72 0.72 0.69 0.72

Metb 1.52 1.41 1.45 1.49

Valb 4.20 4.62 4.30 4.32

Ileb 4.33 4.63 4.16 4.20

Leub 7.18 7.50 6.96 6.82

Tyrb 3.90 4.07 3.96 4.02

Pheb 5.07 5.33 5.03 5.21

Hisb 2.48 2.55 2.36 2.61

Lysb 5.52 5.76 5.53 5.62

Argb 7.99 7.88 7.76 8.06

Trpb 0.55 0.66 0.57 0.53

a Each value represents the mean of three replicates. Standard deviations are
omitted for clarity. The values are not significantly different among the soybean
samples (p > 0.05). CSBM, commercial soybean meal; RSBM, raw soybean meal;
ESBM, extruded soybean meal; and TSBM, toasted soybean meal. bEssential
amino acid for broiler chicks. cCystine.

Figure 1. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis.
Lane 1, molecular mass markers (bovine serum albumin, egg albumin,
carbonic anhydrase, glyceraldehyde-3-phosphate dehydrogenase, and
soybean trypsin with apparent molecular masses of 66, 45, 36, 29, and
20.1 kDa, respectively); lane 2, raw soybean; lane 3, toasted soybean;
lane 4, extruded soybean; and lane 5, commercial soybean meal.
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RSBM and TSBM. Overall, the heat-processed soybean-fed
chicks had much higher values of weight gain compared with
data for chicks fed on RSBM. However, animals fed on the
TSBM diet gained less weight than those fed ESBM and CSBM.
Heat-processing of soybeans increased the feed efficiency
relative to raw soybeans, and the feed efficiency for ESBM was
significantly higher than that for TSBM.

The consumption of raw soybeans led to organ weight altera-
tions (Table 6). The diet based onRSBM induced an enlargement
of the pancreas, small intestine, and ceca compared to the positive
control group (CSBM). The improvement in the nutritional
quality following heat-processing of the soybean samples was
verified by elimination or attenuation of almost all organ altera-
tions described in the present study. However, the ESBM diet
promoted an increase in pancreas and proventriculus weights
when comparedwith the internal organs of the TSBM-fed chicks.
In this respect, the diet containing ESBM seems to be less
beneficial than those formulated with TSBM and CSBM since
alterations in the relative dryweights of internal organs ofESBM-
fed chicks weremore pronounced.With regard to the histological
analyses, the results did not show structural alterations or tissue

damage in the internal organs, with the exception of the pancreas
of RSBM-fed chicks, which presented hypertrophy of acinar cells
(data not shown).

4. DISCUSSION

Because of the presence of certain ANF/toxic components in
soybeans, particularly proteins, attempts to increase the utiliza-
tion of this legume have employed a wide range of processing
techniques. Full-fatty commercial soybeans in the raw state
(RSB) or those submitted to dry-extrusion (ESB) or dry-toasting
(TSB) were investigated here with regard to their protein and oil
contents, amino acid composition, antinutritional/toxic protein
concentrations, and the performance of broiler chicks fed on
these diets (Table 1) as the only source of dietary protein. This
study intended to produce relevant data to establish the necessity
of running feeding trials to demonstrate the effectiveness of heat
treatments used to increase the nutritional attributes of soybeans.
To reach this goal, broiler chicks were used as an experimental
model since, inBrazil aswell as inmany other countries, soybeans
are by far the main protein source in the poultry diet.

The data for protein and oil contents (Table 2) are similar to
those previously reported for soybeans byVasconcelos et al. (21 ).
Overall, there were no significant differences in these constituents
among raw and processed soybeans, showing that the different
types of heat processing did not interfere with the chemical
composition of the whole seed.

The results of amino acid composition (Table 3) for the raw
and processed soybean meals did not present great differences,
showing that the heat-processing conditions employed in the
current study were insufficient to cause significant alterations in
the amino acid profiles. Taking lysine as a standard amino acid,
its levels after the heat treatments were similar to those of
unheated soybean samples. These findings are comparable to
previously reported data (22 ).

Table 4. Trypsin Inhibitory, Toxic, Urease and Lectin Activities Present in the Crude Extracts of the Raw and Processed Soybeans

samplesa

activities CSBM RSB ESB TSB

trypsin inhibitoryb 4.91 ( 0.37 c 38.80 ( 0.35 a 27.53 ( 1.29 b 4.75 ( 0.26 c

acute toxicc NLd 0.183 ( 0.09 a NL NL

ureasee 0.18 ( 0.01 c 1.04 ( 0.03 a 0.46 ( 0.02 b 0.16 ( 0.01 c

lectinf (�104)

untreated 22.94 ( 1.05 c 354.58 ( 2.82 a 43.87 ( 0.92 b 10.59 ( 0.93 d

trypsin treated 184.47 ( 6.32 c 2 835.87 ( 9.88 a 352.44 ( 5.22 b 173.02 ( 8.24 d

aData represent the mean and standard deviation of three replicates. Values with different letters in the same row differ statistically (p < 0.05). CSBM, commercial soybean
meal; RSBM, raw soybeanmeal; ESBM, extruded soybeanmeal; and TSBM, toasted soybeanmeal. b Trypsin inhibitory activity is expressed as g of trypsin inhibited per kg of flour.
c Toxic activity is represented as LD50, 50% lethal dose. One LD50 designates the amount of protein in g/kg of mouse body weight producing convulsion and death of 50% of tested
animals injected by intraperitoneal route. dNot lethal even at a dose of 1.83 g per kg of mouse body weight. eUrease activity is shown as g of urease per kg of flour. f Lectin activity is
expressed as hemagglutination unit (HU) per kg of flour. One HU represents the reciprocal of the highest dilution giving visible agglutination of the rabbit erythrocytes. Specific
hemagglutinating activity was taken in relation to the seed crude protein content (Table 2).

Table 5. Nutritional Parameters of Chicks Fed on Raw and Processed Soybeans

dietsa

nutritional parameters CSBM RSBM ESBM TSBM

weight gainb (g) 435.3 ( 25.4 a 249.0 ( 17.5 c 450.5 ( 14.7 a 358.8 ( 23.0 b

feed intakeb (g) 731.8 ( 25.9 a,b 622.7 ( 24.8 d 702.5 ( 22.5 b,c 677.5 ( 18.3 c

feed efficiencyc (g/100 g) 60.7 ( 3.7 a,b 45.1 ( 4.7 c 63.2 ( 2.9 a 57.8 ( 2.4 b

body nitrogenb (g/kg) 84.6 ( 3.2 a 81.1 ( 1.1 b 77.6 ( 1.6 b 78.2 ( 3.9 b

aData represent the mean and standard deviation of three replicates of six chicks from 10 to 21 days. Values with different letters in the same row differ statistically (p < 0.05).
CSBM, commercial soybean meal; RSBM, raw soybean meal; ESBM, extruded soybean meal; and TSBM, toasted soybean meal b Per chick. cCalculated in g of weight gain
per 100 g of feed intake.

Table 6. Relative Dry Weights (g/100 g Body Dry Matter) of Organs of Chicks
Fed on Raw and Processed Soybeans

dietsa

organ CSBM RSBM ESBM TSBM

proventriculus 6.10 ( 0.49 b,c 5.75 ( 0.54 b,c 7.65 ( 0.51 a 5.18 ( 0.53 c

liver 2.28 ( 0.09 a 1.90 ( 0.14 b 2.13 ( 0.12 a,b 1.89 ( 0.12 b

pancreas 2.75 ( 0.11 c 7.22 ( 0.64 a 3.74 ( 0.15 b 2.79 ( 0.16 c

small intestine 2.55 ( 0.22 b 3.01 ( 0.12 a 2.40 ( 0.09 b 2.31 ( 0.18 b

ceca 0.61 ( 0.02 b 0.83 ( 0.03 a 0.65 ( 0.03 b 0.67 ( 0.01 b

aValues with different letters in the same row differ statistically (p < 0.05). CSBM,
commercial soybean meal; RSBM, raw soybean meal; ESBM, extruded soybean
meal; and TSBM, toasted soybean meal.
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Despite the similarities in the protein contents and amino acid
composition observed in raw and processed soybeans, differences
in the intensities of the protein bandswere detectedwhen the same
amounts of sampleswere applied toSDS-PAGE(Figure 1). Both
RSB and ESB exhibited more prominent protein bands than
those of TSB, suggesting that protein denaturation/degradation
might have occurred when commercial soybeans were submitted
to dry-toasting treatments.

The nutritional value of soybean meal is usually much lower
than that expected, upon the basis of its protein content and
amino acid profile. This result has been mainly attributed to the
presence of SBTI and SBA, which cause a series of harmful local
and systemic reactions, placing these classes of molecules as
antinutritive proteins (2, 23).

The trypsin inhibitor content of RSB was within the range of
published results (21 ). Reductions, to various extents, in the
trypsin inhibitor content depended upon the heating conditions
to which the raw commercial soybeans were exposed (Table 4).
There was a reduction of 87% in the trypsin inhibitor content of
TSB. In contrast, the extrusion process caused a reduction of only
29%. These figures agree with the protein patterns obtained after
SDS-PAGE (Figure 1, 20.1 kDa band). Such an incomplete
inactivation of trypsin inhibitors might occur due to the fact
that despite the high temperatures employed by extrusion, it is a
very fast process. Leeson and Atteh (24 ) verified that even
by submitting soybean to extruding temperatures varying from
80 to 140 �C, the contents of trypsin inhibitors were not reduced
to an acceptable level (<10 mg/g) that would allow a larger
inclusion of soybean in broiler chick diets.

Marked lectin inactivation was obtained by heating raw
soybean (Table 4). The dry-toastingprocesswas themost effective
in reducing the hemagglutinating activity, as compared with
the extrusion method. Reductions of over 90% in lectin levels
were observed in TSB when trypsin-treated or untreated rabbit
erythrocytes were used. In contrast to observations with trypsin
inhibitors, about a 90% reduction in the hemagglutinating
activity was caused by the extrusion method. These findings
demonstrate that the hemagglutinating activity was clearly more
sensitive to heat treatment than the trypsin inhibitory activity.

Vasconcelos et al. (5 ) have shown that other proteins present in
soybeans, such as soyatoxin and urease, might be involved with
the deleterious effects observed by feeding growing rats on raw
soybean based diets. These diets promoted poor nutritional
parameters together with alterations in the weights of the
pancreas and small intestine. Soyatoxin is a protein that is
severely toxic tomice and ratswhen injected intraperitoneally (4 ).
In contrast to trypsin inhibitors, this toxin is a highly heat-labile
protein. Thus, in the present study only RSB maintained its
ability to kill mice after ip injection, with the typical nervous
symptoms previously described (4 ).

Urease has been used for a long time as a predictor of trypsin
inhibitor content in soybeans (7 ) since Caskey and Knapp (25 )
described a positive correlation between urease and trypsin
inhibitor activities. Besides, the effect of dietary urease on the
nutritive value of soybeans has been evaluated by our group. The
reasoning for such an investigation is based on the observations
that the embryo-specific urease from plants might mimic the
effects of microbial urease because of the similarity in their
primary structures (26 ). Furthermore, there is an association of
bacterial urease with ulceration of the gastric mucosa in
vertebrates (27 ). In the present study, this protein was also
sensitive to the heating processes, although to a lesser extent,
when compared to soyatoxin. The lowest inactivation was
obtained by extrusion. Reductions in the urease activity of ESB
and TSB were 56% and 85%, respectively. The dry matter

content of soybeans has a significant effect on the temperature
required to appropriately denature the trypsin inhibitors and to
reduce urease activity. This occurs because heat transfer is more
efficient in the soybean with high moisture content than in the
soybean with low moisture due to the excellent conductivity of
heat in water (6 ).

As already explained, the dry-extrusion method exhibited the
lowest potential for inactivating the trypsin inhibitors, urease and
lectin of soybeans. Accordingly, there was an expectation for a
poor performance of broiler chicks fed on the ESBM diet.
Nevertheless, the chicks fed on the ESBM diet presented feed
intake, weight gain, and feed efficiency values similar to those of
chicks fed on the positive control CSBM diet, while the animals
treated with the TSBM diet did not follow the same trend
(Table 5). According to Clarke and Wiseman (3 ), if SBTI were
reduced uponheat treatment, a factor other than trypsin inhibitor
contents of full-fatty soybean samples might have played an
important role in these results. As a matter of fact, it has already
been reported that factors other than those usually claimed as
responsible for the low nutritional value of legume seeds for
growing chickens, i.e., phytates, tannins, lectins, and protease
inhibitors, must be taken into account (28, 29). The effects of
undigestible materials should also be investigated in this context.
A possible reduction of nutrient availability caused by dry-
toasting at the conditions it was carried out can be speculated.
In fact, heat intensity can influence protein solubility, which is an
important parameter used to characterize the protein quality of
soybeans (6, 8).

Consumption of the RSBM diet led to hypertrophy of the
pancreas (Table 6). A significant increase in the pancreas dry
weight of chicks fed on the ESBM diet, in comparison with those
of TSBM- and CSBM-fed chicks, was observed. It has been
reported that pancreatic hypertrophy is caused by an increase in
enzyme secretion, especially of trypsin and chymotrypsin, by the
pancreas in an attempt to overcome the effects of trypsin
inhibitors. Pancreatic enlargement in chicks and other animals
caused by feeding on raw soybeans has been described in several
works (3, 30). Thus, the enlargement of the pancreas inESBM-fed
chicks is apparently, at least in part, associated with a high
content of trypsin inhibitors still present in extruded soybeans.

Upon the basis of the chemical and biochemical analyses, the
heat treatment of choice would be dry-toasting. However, after
considering the results of feeding trials, extrusion appears to be
the safest method. In conclusion, results showed that to reliably
assess any processingmethod intended to improve the nutritional
attributes of soybeans, the combination of chemical and bio-
chemical analyses with animal feeding trials is necessary.
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