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The use of soybean products in animal feeds is limited due to the presence of anti-
nutritional factors (ANF). Proper heat processing is required to destroy ANF 
naturally present in raw soybeans and to remove solvent remaining from the oil 
extraction process. Over and under toasting of soybean causes lower nutritional 
value. Excessive heat treatment causes Maillard reaction which affects the 
availability of lysine in particular and produces changes to the chemical structure of 
proteins resulting in a decrease of the nutritive value. The objective of this study was 
to evaluate the effect of heating time on the protein solubility. The investigation of 
the heating time on protein solubility in soybean meal (SBM) revealed a negative 
correlation (r = -0.9596). Since the urease index is suitable only for detecting under 
processed SBM, the protein solubility is an important index for monitoring SBM 
quality. 
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Introduction 

 
Soybeans are grown primarily for their protein content, and secondarily for 

oil. After the oil is extracted, the flakes are toasted and ground to produce soybean 
meal (SBM), most of which is used as a high-protein component of animal feeds. 

Use of soybean products in animal feeds is limited due to the presence of a 
number of anti-nutritional factors (ANF), which include: protease (trypsin and 
chymotrypsin) inhibitors, haemagglutinins/lectins, goitrogenic, allergenic, and 
rachitogenic factors, estrogens, saponins, urease and metal chelating factors. 

Most critical ANFs such as protease inhibitors and lectins are heat labile 
and are destroyed during the processing of SBM. Mild heating improves the 
nutritional value of SMB by denaturing the proteins and exposing new sites for 
enzymatic hydrolysis as well as inactivating heat-labile ANFs. Overheating 
produces changes to the chemical structure of many essential amino acids resulting 
in a decrease of the nutritive value (Parsons, 1992). Both under- and overheating 
result in poor quality of SMB. The reduction in protein quality of soybean meal as 
the result of over processing is due primarily to the combination of destruction of 
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lysine and cystine and reduced digestibility of the lysine and cystine that is not 
destroyed (Dudley-Cash, 1991). These effects on lysine may be largely explained 
by the Maillard reaction in which free amino acids bond to free carbonyl groups 
(e.g., reducing sugars or carbohydrates). 

The most used quality index in our country is the urease index. Although 
the urease test is routinely done, the results do not correlate well with animal 
performance (Lee, 1992). The primary purpose of the urease assay is to determine 
if SBM has been sufficiently heated to destroy most of the anti-nutritional factors. 
The urease assay is based on pH increase from ammonia released from urea by 
residual urease enzyme in soybean meal. The destruction of the urease enzyme in 
soybean meal by heating is correlated to the destruction of trypsin inhibitors and 
lectins. The optimum pH increase has generally been considered to be 0.05 - 0.20. 
The urease test is only good for detecting under-processed meal. The protein 
solubility index can be used as method of indicating over processed SBM, since the 
solubility of soybean decreases with heating. The objective of this study was to 
evaluate the effect of heating time on the protein solubility. 

 
Material and Methods 

 
 The protein solubility was determined according to the procedure of Araba 
and Dale (1990). The solubility of the protein, expressed as a percentage was 
calculated by dividing the protein content of the KOH-extracted solution by the 
protein content of the original soybean sample. 
 SBM (granulation 200μ) was heated at 120 ºC for varying periods of time: 
10, 20, 30 and 60 minutes. Protein was determined by the biuret method. 
  

Results and Discussions 
 
The results of the experiment are presented in Table 1. The urease activity 

detected in the SMB sample was 0.03 pH units and rapidly approached zero by 
additional heat treatment. Heating has no effect on the urease index showing that 
this test is unuseful in detecting overprocessing. An urease index value of zero does 
not necessarily indicate overprocessing of SMB. 

Table 1 
 Effect of heating time on the protein solubility 

 
Heating time 

(minutes) 
Urease index, units 

of pH increase 
Soluble protein 

% 
Soluble protein from 

total protein % 
0 0.03 38.19 87.40 
10 0 31.11 71.19 
20 0 26.20 59.95 
30 0 23.27 53.25 
60 0 16.69 38.19 
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The experimental data show the effect of the heating time on the protein 
solubility of SBM. Cooked (denaturated) proteins are less soluble than raw 
proteins. Solubility therefore gives an indication of the extent of cooking. The 
heating time is negative correlated with the protein solubility (Figure 1). 
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Figure 1. Correlation between the heating time and the protein solubility  

 
 The proportion of the soluble protein from the total protein is also 
decreasing in time (Figure 2). 
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Figure 2. The proportion of the soluble protein from the total protein at different 

heating times 
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Conclusions 
 
  Although the urease index is widely used for detecting under processed 
SBM, it is inefficient for detecting over processed SBM. 
  The investigation of the heating time on protein solubility in SBM revealed 
a negative correlation (r = -0.9596). 
  The results of this study show that protein solubility in KOH is a sensitive 
index for overprocessing of SBM.  
  The protein solubility is an important index for monitoring SBM quality. 
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Utilizarea produselor din soia în hrana animalelor este limitată datorită prezenţei 
factorilor antinutriţionali. Tratamentul termic corespunzător este necesar pentru 
distrugerea factorilor antinutriţionali din soia şi pentru îndepărtarea solvenului rămas 
după procedeul de extracţie a uleiului. Sub- şi supratoastarea scad valoarea nutritivă a 
soiei. Încălzirea excesivă provoacă reacţia Maillard, reducând disponibilitaea lizinei, şi 
produce modificări în structura chimică a proteinelor. Obiectivul acestei lucrări l-a 
constituit evaluarea efectului pe care îl are timpul de încălzire asupra solubilităţii 
proteinei. S-a observat o corelaţie negativă între timpul de încălzire şi solubilitatea 
proteinei din şrotul de soia (r = -0.9596). Solubilitatea proteinei este un indice important 
pentru monitorizarea calităţii şrotului de soia, deoarece indicele ureazic este relevant doar 
pentru evidenţierea subprocesării.  
Cuvinte cheie: solubilitatea proteinei, făină de soia, indice ureazic  

 


