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This study was conducted in order to determine the nutrient contents and some
anti-nutritional factors of of soybean and soybean meal produced in the Adana
province of Turkey and imported from various countries. Totally 8 samples,
consisting of 5 soybean meals, 1 full-fat soybean meal, 2 raw soybeans, were
used in this study as research materials. The trypsin inhibitor activities (TIA)
and urease activities (UA) were determined as anti-nutritional factors. Addi-
tionally, the degrees of changes in these factors were analyzed in the soybeans
which were exposed to heat, humidity and pressure. Besides, the cresol red
(CR) test was used to estimate the toasting degree of the samples and to com-
pare with other analysis results. The average TIA, UA and CR values in soy-
bean meal of the soya produced in Turkey used in the experiment, were found
to be 2.59 mg/g, 0.05 mg N/g/minute and 4.39 mg/g, respectively. TIA, UA
and CR values are determined for the imported soybean meal are 1.62 mg/g,
0.082 N/g/minute and 4.45 mg/g respectively. These values are in the same
order for for full-fat soybean, 9.60 mg/g, 0.071 mg N/g/minute and 4.43 mg/g.
TIA values of raw soybean (1) which were autoclaved for 35 minutes at 100°C,
110°C, 120°C and 130°C were found as 23.20, 10.27, 2.91, 0.53 and 0.20 mg/g
respectively. UA values for same raw soybeans were detected as 8.40, 2.36,
0.23, 0.00 and 0.00 mg N/g/min and CR values were found as 2.42, 2.42, 4.22,
4.46 and 4.95 mg/g respectively. TIA values were 30.00, 27.12, 26.74, 26.29
and 22.74 mg/g in the raw Soybean sample that was subjected to dry heat
(heated at 100°C, 110°C, 120°C, 130°C). In the raw soybean sample, where
dry heat was applied, the UA values were started with no heat applied, respec-
tively, 8.87, 8.87, 8.80, 8.75 and 4.62 mg N/g/min; CR values were found as

3.03, 3.07, 3.07, 3.22 and 3.28 mg/g in the same order.

1. Introduction

Animal products such as meat, milk and eggs are
among the most essential foodstuffs for the world's
rapidly growing population to ensure adequate and
balanced nutrition. Optimizing animal production is
directly related to sufficient and balanced nutrition of
livestock. Maintaining the balance of amino acids in
poultry and monogastric animals, which have to take
exogenous amino acids from the feed, is very important
in terms of nutrition. In our country, inadequate pro-
duction of animal-origin feeds, which are rich in exog-
enous amino acids, causes problems in balancing ra-
tions of animals. Thus, the soybean, which contains a
high level of protein and appropriate amino acid bal-
ance and the soybean meal, which is produced using
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soybean, became an alternative to animal-origin feed
ingredients (Liu, 2004).

Although it is possible to eliminate the anti-
nutrients during processing in the soybean plant, which
plays an important role in human and animal nutrition,
some of these substances may be passed on to the
product in plants which are not properly processed.
Analysis such as trypsin inhibitor activity (TIA), urease
activity (UA) and dye binding test are the main meth-
ods used to determine the quality of these compounds
in soybean (Hamerstrand, Black and Glover, 1981;
Garlich, 1987; Holmes 1987).

When this study was conducted, soybean produc-
tion in the world was calculated as 100 million tons
and more than half of this amount was produced in
USA (Aygar, 1987). Soybean production was reported
to be 314 million tons in 2016 (Tasct and Ugum, 2018).
While USA ranked first in the world soybean produc-
tion amount, it had 106.8 million tons of production in
2015/16 season. Brazil ranked second with 96.5 million
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tons, Argentina ranked third with 56.8 million tons,
China ranked fourth with 11.8 million tons and India
ranked fifth with 6.9 million tons (Tasci and Ugum,
2018). While soybean production in Turkey was 120
000 tons (Anonymous, 1988), 165 000 tons of soybean
were grown in 381 804 decares in 2016 (Tasc1 and
Ucum, 2018).

Soybean has the richest protein among oilseed
grains. Most of the proteins in the structure are com-
posed of globulins (Morrison, 1961; Koshiyama et al.,
1981). Soybean protein is similar to casein and is there-
fore also referred to as vegetable casein. Soybean meal
has a very stable amino acid composition for monogas-
tric animals. It is especially rich in lysine, which is
insufficient in many feed ingredients. However, when
only soybean protein is used as a protein source, me-
thionine deficiency is frequently encountered (Becker
and Nehring, 1965).

Like most oilseeds, raw soybean has anti-nutritional
substances that negatively affects feed conversion and
animal production. Trypsin inhibitors, urease, hemag-
glutinin and lipoxidase are the leading anti-nutritional
factors found in the structure of soybean. Temperature,
humidity, pressure and chemicals can eliminate the
effects of these substances (Balloun, 1980).

Various tests are used to determine the quality of
soybean and soybean meal. Measuring the amount of
trypsin inhibitor activity is the most significant one
(Hamerstrand et al., 1981). A high amount of TIA
indicates insufficient heat and time applied in the pro-
cess. Since the method is difficult and time consuming,
urease activity estimations, which are easier to perform
in laboratory, are used for this purpose (Garlich, 1987).
In order to determine the height of the applied heat, dye
binding test is used (Holmes, 1987).

This study was conducted to determine the nutrient
contents and levels of anti-nutritional factors in soy-
bean and soybean meal produced in the Adana prov-
ince of Turkey and compare those with imported soy-
bean and its meal. Therefore, it is expected that this
study may contribute to our country's feed industry and
animal husbandry.

2. Materials and Methods

2.1. Material

In this study, total samples consisting of 4 soybean
meals produced in factories in Turkey, 1 soybean meal
imported from the United States, 2 raw soybeans (raw
soybean 1 and 2) and 1 full-fat soybean, were used as
materials.

2.2. Processes applied to the material

Samples with high oil content were extracted with
ether and the oil content was reduced to below 2%.
Soybean meals and full-fat soybean were subjected to
direct analysis, while raw soybean samples were sub-
jected to heat treatments.

For this purpose, the first, soybean samples were
taken into petri dishes in quantities of 50 grams. These
petri dishes were numbered from 1 to 5. No treatment
was applied to the sample in first Petri dish. 2nd petri
dish was kept at 100°C, third at 110°C, fourth at
120°C and fifth at 130°C in dry and unpressurized
environment for 35 minutes.

The second sets of soybean samples were taken into
petri dishes as in the first one and treated with water
vapor and pressure in the autoclave at the same tem-
peratures and time. For this sample also, no treatment
was applied to the sample contained in petri dish 1. The
second petri dish was kept at 100°C (0.00 Atmos-
phere), third at 110°C (0.40 Atmosphere), fourth at
120°C (1.00 Atmosphere) and fifth was kept at 130°C
(1.72 Atmosphere) in the autoclave for 35 minutes.

2.3. Chemical Analyses

For determination of nutrients in samples, standard
wet chemistry analysis were applied to all samples
according to AOAC (1980). For the determination of
trypsin inhibitor amounts in the samples, method used
by Kakade et al. (1974) was applied. Urease activity,
cresol red (CR) test estimations and amounts of raw
nutrients were found by methods reported by Naumann
and Bassler (1985).

2.4. Statistical Analysis

The statistical analysis performed by SPSS version
22 software (SPSS for Windows, version 22.0; SPSS
Inc., 247 Chicago, IL)..

3. Results and Discussion

Summary statistics of nutrient contents of the sam-
ples used in the study are presented in Table 1, trypsin
inhibitory activity, urease activity and cresol red test
results of intact samples are given in Table 2. The re-
sults of trypsin inhibitor activity, urease activity and
cresol red analysis after dry heat application and auto-
clave retention are given in Tables 3 and 4, respective-

ly.
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Table 1
Nutrient contents of the samples used in the study, %
Sample N Dry  Organic Crude Crude Ether Crude Nllt:rroe%en
P Matter Matter  Protein Fiber  Extracts Ash
Extract
Mean 94.60 88.40 35.8 4.70 21.50 6.20 26.50
Soybean 2 SD 1.53 2.21 1.06 0.19 0.08 0.68 3.54
cv 1.62 2.50 2.97 4.07 0.37 10.91 13.36
Mean 92.9 85.40 43.30 6.90 1.20 7.40 34.40
Soybean Meal 4 SD 0.85 1.49 2.30 0.60 1.00 0.68 1.99
cv 0.92 1.74 5.32 8.75 81.30 9.14 5.79
Soybean Meal (Imported) 1 92.79  86.53 39.50 7.84 0.42 6.26 38.47
Full-fat Soybean 1 95.18  87.96 37.13 5.49 19.13 7.22 26.21
SD= Standard Deviation; CV= Cofficient of variance
Table 2
Trypsin inhibitor activities, Urease activities and Creosol Red Test results in soybean meals and full-
fat soybean
I:m:lst?r Urease activi-  Creosol
Sample N . ties, mg Red Test,
activities, N/g/minute mg/
mg/g g 9/9
Mean 2.59 0.05 4.39
Soybean Meal 4 SD 1.46 0.02 0.33
Ccv 56.37 40.00 7.52
Soybean Meal (Imported) 1 1.62 0.082 4.45
Full-fat Soybean 1 9.60 0.071 4.43

SD= Standard Deviation; CV= Cofficient of variance
Table 3

Trypsin inhibitor activities, Urease activities and Creosol Red Test results of raw soybean sample (Soybean 1) auto-

claved at different temperatures for 35 minutes

Trypsin inhibitor ac-

Urease activities, mg

Creosol Red Test,

Sample tivities, mg/g N/g/minute mg/g
Soybean 1 23.20 8.40 2.42
100 °C ( 0.00 Atmosphere) 10.27 2.36 242
110 °C (1 0.40 Atmosphere) 2.91 0.23 4,22
120 °C (/1.00 Atmosphere) 0.53 0.00 4.46
130 °C ( 1.72 Atmosphere) 0.20 0.00 4.95

This study was planned to determine the nutrient
contents and feeding quality of soybean meals obtained
from different part of Turkey (4 samples) and USA (1
sample) in 1988. In this study different temperature,
humidity and pressure were applied to the raw soybean
samples in laboratory conditions. TIA, UA and CR
tests were used as quality control criteria in soybean to
determine optimum conditions.

The crude protein and ether extracts values of raw
soybeans examined in the study are given in table 1.
These values obtained from the analysis are in similar
with the values reported in the other sources (Crampton
and Harris, 1968; Dogan, and Akyildiz, 1985). When
the same table is examined, it is seen that the average

of 43.30% crude protein value of the soybean meal
produced in Turkey. Although the protein values of
soybean meal are acceptable within normal limits ac-
cording to some sources (Crampton and Harris, 1968;
Morrison, 1961), it is given as 43.80-50-40% in some
sources (Becker and Nehring, 1965; Dogan, and
Akyildiz, 1985) remained lower than the values. On the
other hand, the meal imported to Turkey 39.50% of the
protein present was too small proportion of the meal
produced. Except for the values of these samples, all
other nutrient amounts of all studied samples were
found similar to the values reported in the literature
(Becker and Nehring, 1965, Morrison, 1961).
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Table 4

Trypsin inhibitor activities, Urease activities and Creosol Red Test results of raw soybean sample (Soybean 2) dry heat-

ed at different temperatures for 35 minutes

Trypsin inhibitor activi-

Urease activities, mg

Sample ties, mg/g N/g/minute Creosol Red Test, mg/g
Soybean 2 30.00 8.87 3.03
100 °C 27.12 8.87 3.07
110 °C 26.74 8.80 3.07
120 °C 26.29 8.75 3.22
130 °C 22.74 4.62 3.28

The average TIA, UA and CR values of the soy-
bean meal produced in Turkey used in the experiment,
were found to be 2.59 mg/g, 0.05 mg N/g/minute and
4.39 mg/g, respectively. TIA, UA and CR values are
determined as for imported soybean meal are respec-
tively 1.62 mg/g, 0.082 N/g/minute and 4.45 mg/g.
These values are in the same order for for full-fat soy-
bean, 9.60 mg/g, 0.071 mg N/g/minute and 4.43 mg/g
(Table 2).

The TIA values of the soybean meal used in this
study were found to be lower than the results of the
TIA values of the samples used in another study con-
ducted in our country (Yicelt, 1985). Similar results
can be said in terms of UA values. Veltman et al.
(1986) in 4 different soybean meal they added to the
chick rations TIA values respectively; 6.5, 5.2, 4.4 and
2.9 mg/g: found the UA values in the same order as
0.19, 0.11, 0.06 and 0.03 mg N/g min.

TIA values in the products examined in the study
are between 1-6 mg/g (Anonymous, 1978) reported as
the availability limit for soybean products, except for
9.60 mg / g for full-fat soya. In addition, the results
obtained were found below the maximum amounts
given by Holmes (1987) and indicated as one tenth of
the protein value. Accordingly, it can be said that
enough heat is applied during the production of soy-
bean meal, other than full-fat soya.

Urease activity in soybean and soybean meal is ex-
pressed in very different units in the literature. For this
reason, it is not possible to compare the results of ure-
ase activity obtained with different methods in re-
searches. As in this study, the normal use limit is re-
ported between 0.05-0.50 mg N/g min in the references
that evaluate the activity determination as mg N/g min
(Schiller, 1964; Holmes, 1987) In the research the
average value of soybean meal produced in Turkey is
0.05 mg N/g which is present as minutei is acceptable
as an indication may be subjected to excessive heating
process of some of these samples (Table 2).

The most important method used to check whether
high temperature is applied in the production of soy-
bean meal is the cresol red (CR) test. Compared to the
results reported by Holmes (1987), according to the CR
test results obtained (Table 2), it can be said that excess
heat is applied to the soybean meals used in this study.
However, according to another source (Schiller 1964)
stating that the CR value can reach the upper limit of
6.5 mg / g, the CR test values obtained in this research

can be accepted within normal limits. However, it is
understood that the limit suggested by Schiller 1964
(Table 3) (Schiller 1964) was found to be experimen-
tally considered in raw soybean with 130 ° C heat and
1.72 Atmosphere pressure (Table 3) (Schiller 1964).

Significant reductions in TIA and UA values of raw
soybean were observed due to the increase in tempera-
ture and pressure in the autoclave (Table 3). In raw
soybean, the TIA value of 23.20 mg/g decreased to
0.20 mg/g and UA value of 8.40 mg N/g min decreased
to 0.00 mg N/g min when 130 °C heat and 1.72 At-
mosphere pressure applied. In dry heat application
(Table 4), the TIA value decreased from 30.00 mg/g to
22.74 mgl/g with increasing temperature. In dry heat
application, decrease in UA test results was not consid-
erable. When raw soybean samples were heated at 100°
C, 110° C, 120° C and 130° C under certain pressure
in autoclave, the trypsin inhibitor was inactivated at
rates of 55.73%, 87.46%, 97.72% and 99.14% respec-
tively. In dry heat application at the same temperature,
inactivation levels were realized at the rates of 9.60%,
10.87%, 12.37% and 24.20%. This is consistent with
the results of the study, in which Scott, Sandholm, and
Hockstets (Scott at al., 1976) indicated that trypsin
inhibitors could not be sufficiently inactivated by dry
heat application unless very high temperatures reached.

A decrease in TIA and UA values and an increase
in CR test values were observed with increasing tem-
perature (Table 3 and 4).

4. Conclusions

Finally, TIA and UA values in 5 soybean meals ex-
amined in this study were not too high to cause prob-
lems and this may be related to the high temperature
applied during production. It can be said that as a result
of high temperature application, the amount of usable
protein and amino acids in the soybean meal will be
significantly reduced and thus growth efficiency can be
negatively affected in animals fed with such soybean
meals.
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