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Abstract 
 

In this paper, as raw material, soy protein, amino nitrogen content as an 
indicator to determine the microwave heating three enzymes (alkaline protease, 
papain, pepsin) in cooperation with means of enzyme hydrolysis of processing the 
order and the preparation of small molecule soybean peptides best process  
Conditions.Measured by fluorescence analysis AN, dextran G-50 gel 
chromatography separation and detection. Experimental results show that: three 
enzyme hydrolysis is superior to a single enzyme, fluorescence analysis, G-50 gel 
chromatography of the soybean peptides may be a better separation and detection. 
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1 Introduction  
 
   Soy protein, which has high nutritional value and many physiological 
functions. But its low solubility and difficult absorption affect its effect of 
application. Soy protein’s hydrolysis product “soy peptide”,  especially the form 
of oligopeptide (dipeptide, tripeptide) can be absorbed much easier by human 
body. Not only has it the features of good dissolution, low viscosity and anti gel 
forming, but also it can be absorbed and digested easily. It can reduce blood 
pressure, reduce cholesterin, resist fatigue, promote the recovery of muscle red 
cell, improve metabolism, and produce beneficial secretion which is beneficial to 
human body. So small molecular soy peptide has many applied prospects in the 
filed of food, medicine, cosmetics, etc. [2]. 
   Nowadays there’re many studies on the extraction and preparation technology 
of soy peptide in the would [1]. But most of them are the heating method of 
hydrolysis water bath of single or dual enzyme[9].The method has many 
disadvantages of low enzymatic hydrolysis, low yield of polypeptides and wasting 
time. If making several enzymes combined, the range of enzyme reaction will be 
expanded and enzymolysis efficiency will be improved. Microwave treatment is a 
kind of convenient, efficient, clean energy and can significantly improve the 
speed of certain chemical reaction and shorten the reaction time [7]. In the 
measurement method of enzymolysis efficiency reported in the literature, 
formaldehyde titration, Kjeldahl method, and Ninhydrin is most used [5].The 
method of fluorescence analysis isn’t reported too much. It has high sensitivity, 
low detection limit, small disturbance, wide linearity range, it overcomes some 
disadvantages in the presence of other reagents, such as difficult to purchase , bad 
stability and high toxicity. In this paper, we use the method of microwave heating 
and three enzymes together hydrolysis of soy protein to prepare low molecular 
peptide. Fluorescence analysis method is used to test amine nitrogen (AN) in the 
hydrolysis production of soy protein, and gel filtration chromatography is used to 
classify hydrolysis production of soy protein and test molecular weight 
distribution. My purpose is to investigate new technology and new detection 
methods of three enzymes together hydrolysis to prepare low molecular peptide. 
 
 
2 Materials 

 
Soy protein (protein content > 89%, NSI>85%); alkalinity protease, papain, 

pepsase, trypsase (M=23300, biochemical pure, Detroit Michigan USA); 
lysozyme (M=14400, biochemical pure); Bovine Insulin (M=5700, biochemical  
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pure, sigma company), Tris (Bio-Pure), Dextran (SephadexG-50, biochemical 
pure ); Formaldehyde, acetyl acetone, etc., all of them are the rank of AR. 
 
 
3 Experiment method 
 
3.1 Preparation of small molecular soy peptide  
3.1.1 Microwave protein hydrolyzate of soybean protein  
  Weigh soy protein accurately and inject a small amount of water to dissolve 

uniformly. Have a water bath of 90℃ and heat to keep 15 min , adjust optimum 

pH with dilute alkali and add papain. Intermittent heat in microwave oven and the 
whole process to maintain a constant temperature and pH. When reaction is 
finished, heat 10min in the boiling water bath to extinguish enzyme. After cool it, 
put in the centrifuge of 4000 r/min to keep 25 min,then zymohydrolysis. Make the 

left liquid froze in the vacuum freezing and drying machine of -51℃ and 0.038 

bar to keep 28-32h. Put in desiccator after grinded [3]. 
3.1.2 Determination of adding ways and order of three kinds of protease 
  After several minutes’ zymohydrolysis by microware batch heat in proper 
temperature, enzyme dosage and pH, make the first enzyme’s hydrolysis 
production as the second enzyme’s substrate. Adjust to proper temperature and 
add the second enzyme. Continue to heat by microware in the optimized 
hydrolysis condition. Use this method to do the experiment on three kinds of 
enzymes hydrolysis. According to amino nitrogen content, test factors affecting 
AN and different ways and sequences of enzymes adding. At the same time do the 
experiment on enzymatic hydrolysis effect by the method of microware, 
conventional water bath and supersonic wave. 
3.1.3 Separation and purificatio of soy peptide  
  Weigh soy protein hydrolysate lyophilized powder and put in eluent of 1mL to 
dissolve. Use micro-injector to inject 50uL in dextran G-50 column, elution with 
eluent, flow rate control 3mL/10min, step by step collection. The tubes was 
measured by UV spectrophotometer at 280nm absorbance and record the collected 
eluent volume. Received soybean peptide gel-filtration elution curve. Curves were 
collected near the peak of the eluate, freeze-drying, that is to be sub-levels of 
soybean peptide. 
3.2 Analysis method 
3.2.1 Determination of amino nitrogen  

In this study, the efficiency of microwave digestion of soy protein to amino 
nitrogen(AN) as an indicator, using acetyl acetone and formaldehyde fluorescence 
method. As the hydrolysis of soybean protein peptide amino acid residues with  
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acetyl acetone and formaldehyde in the reaction of N-substitute-2,6 -dimethyl-3,5- 
diacetyl-1,4-dihydro-pyridine,resulting in yellow-green fluorescence, the  
fluorescence analysis can be used to detect AN [6].  
  Fluorescence emission spectra of glycine standard curve drawing: the 
preparation of glycine standard series, using the above experiments were 
measured in the 450 ~ 600 nm emission spectra (excitation wavelength 416 nm), 
so as to be glycine standard fluorescence emission spectra. 
  Determination of enzyme product samples: put the supernatant solution of the 
protease in section 3.1.1 to determinate the fluorescence intensity according to the 
above method . Detected by the standard curve the concentration of amino acid 
hydrolysis, to calculate the amino nitrogen content in the sample. 
3.2.2 Distribution of soy peptide molar weight  
 Standard curve drawing: accurate weighing trypsin (M = 23300), lysozyme (M = 
14400), bovine insulin (M = 5700) standard of 5.000mg, dissolved in 1mL elution, 
injection 20uL in Portugal GAG G-50 column, according to 3.1.3 absorbance 
measured experimental methods, drawing Absorbance - eluate volume curve from 
the peak corresponding to elution volume and molecular weight on the number of 
mapping, are the linear regression equation.According to this linear regression 
equation to determine levels of sub-molecular weight distribution [4] to determine 
the separation effect. 
 
 

4 Results and discussion  
 
4.1 Standard curve draw  
4.1.1 Fluorescence spectra of glycine   

Under the premise of a fixed excitation wavelength of the emission wavelength 
scanned, and then determining the emission wavelength to scan the excitation 
wavelength, followed by repeated scan times, to be a good symmetry and shape of 
glycine excitation - emission spectra: excitation wavelength: 416nm, emission 
wavelength: 475 nm. Repeatedly scanned 10 times, examining fluorescence 
analysis of precision measuring AN; indicating acetyl acetone and formaldehyde 
fluorescence method for the determination of the protein hydrolyzate in the amino 
nitrogen content, and good reproducibility for being the graphics completely 
overlap. Using regression study the relationship between wavelength and the 
fluorescence intensity obtained linear regression equation: y = 59.736x + 102.64, 
the correlation coefficient r = 0.9994, linear range: 0.0970 ~ 11.000 mg/L. Where: 
x: glycine concentration in mg/L y: fluorescence intensity 
4.1.2 The standard protein absorbance - eluate volume curve drawing  

The results shown in Fig1. To collect the eluate volume abscissa, molecular  
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weight of standard protein vertical coordinates, drawing molecular weight - eluate 
volume curve, and then linear regression method, to be the peak corresponding to 
the standard elution volume protein molecular weight on the relationship between 
the number of equation logM = -0.0256 x +5.1409, correlation coefficient  

r = 0.9996 (x: elution volume / mL; M: molecular weight) . 
 Eluate of: 100 mmol / L Tris / HCl +0.1% SDS +0.1% PEO, pH 8.5,  

 
       Fig.1  The curve of standard proteins between absorbe and volume 

 
 
4.2 A single protease to determine optimum conditions for hydrolysis process 
4.2.1 Papain hydrolysis of single-factor experiment  

In accordance with a method of 3.1~3.2, the change of a factor to study the 
factors on the microwave heating. Papain proteolytic reaction results in Tab.1. 

Tab.1 .Effect of the various factors on AN 
 

With the increase in enzymes, enzyme activity sites and protein molecules in 
the corresponding sites of contact with more probability, fracture the more peptide 
bond; but excessive amount of enzyme, its own hydrolysis increased, leading to 
substrate hydrolysis decreased. From Tab.1 to know: hydrolysis of amino nitrogen 
content increased with increasing enzyme dosage, but when the enzyme reached 
2.5% with increases slowly after the AN.  

Microwave is an electromagnetic wave and warm fast. Microwave longer, 
fractured health the more peptides, amino nitrogen content of the larger; 
microwave hydrolysis time is 10 min, the hydrolysis of amino nitrogen content of 
the highest, after slow to change.  

 

Num. 
Enzyme 
/E/S/% 

AN/ 
mg/L 

Time
/min 

AN/ 
mg/L 

Temp.  

/℃ 
AN/ 
mg/L 

pH 
AN/ 
mg/L 

Substrate 
conc./% 

AN/ 
mg/L 

1 1.0 650.12 8 867.91 45 827.46 5 910.74 3 787.59 

2 1.5 678.37 9 883.34 50 840.32 6 1030.12 4 1000.95 

3 2.0 817.42 10 900.12 55 938.15 7 1070.81 5 1200.37 

4 2.5 850.31 11 890.23 60 975.54 8 947.35 6 1414.26 

5 3.0 849.79 12 884.22 65 900.68 9 740.46 7 1217.63 
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Temperature can speed up the reaction rate, but also inactivation of the 

enzyme protein denaturation rate of the rapid increase in comprehensive 
consideration of the impact of these two aspects, there is the optimal enzyme 

reaction temperature. As can be seen from Table 1, at 60 ℃ prior to accelerate 

the reaction rate of the effect of the dominant, 60 ℃ after the accelerated 
inactivation of the effect of the dominant. 

Reconciliation of molecular conformation of enzyme and substrate molecules 
from the state of the dissociation of the state will change as environmental pH 
change, thus affecting the enzyme molecules and substrate binding and catalysis. 
Therefore, too high or too low pH on the enzyme hydrolysis reaction were 
adversely affected. From Table 1: papain hydrolyzed soy protein, the optimum pH 
value of 7.0. 
   With the increase of substrate concentration, enzyme and substrate protein 
molecules contact probability increased fracture also increased the number of 
peptides health, thus amino nitrogen content increased; but the substrate 
concentration is too large, protein molecules through hydrophobic interaction and 
disulfide health role in the formation of network polymer, but reduces the 
efficiency of hydrolysis. Substrate concentration 6% is appropriate. 
4.2.2 Perpendicular experiment of papain hydrolysis 

Enzymatic hydrolysis process, the various factors and complementarity exists 
between the cross, thereby affecting the enzymatic effect [8]. In order to optimize 
digestion conditions, based on the single factor experiment, using L9 (34) 
orthogonal experiment, the substrate concentration, enzyme dosage, reaction 
temperature, pH value of four factors on the enzymatic effects (fixed microwave 
irradiation time 10 min). 

By the orthogonal experiment analysis shows that the size of the poor R 
(Table omitted): 4 factors on the degree of influence of AN were as follows: 
enzyme dosage > temperature > pH > substrate concentration, enzyme dosage of 
this reaction that is the key. AN change from a single factor in the cost of 
comprehensive consideration of trends and to determine the papain hydrolyzed 

soy protein, optimum conditions were: temperature 60 ℃, pH value of 7.0, E / S 

of 2.5%, substrate concentration 5%, microwave irradiation time is 10min , this 
condition AN up to 1653.84 mg / L.    

   Pepsin obtained in the same way the optimum conditions: temperature 37 ℃, 

pH 2, the enzyme dosage of E / S 9%, 5% substrate concentration, microwave 
hydrolysis time is 15min. Under these conditions hydrolysis of AN content of 
1393.27 mg / L. 
   Alkaline hydrolysis of soy protein the optimum conditions are: optimum  
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hydrolysis pH9.0, temperature 60 ℃, enzyme dosage of E / S was 7%, 5% 

substrate concentration, microwave effects 8min, under these conditions 
hydrolysis of AN the highest content. 
 
4.3 Determination conditions of collaborative multi-enzyme hydrolysis  
   Single-enzyme hydrolysis, a limited number of small peptides, in order to 
further improve the digestion efficiency, the study examined the three enzymes 
synergistic hydrolysis of soybean peptide small molecule approach to obtain the 
highest yield. 
4.3.1 Comparison of different heating conditions  
 

 
Fig.2 Effect of various heating on AN 

 
Can be seen from Fig. 2, microwave method than conventional heating and 

ultrasonic water bath to be much higher AN content, a significant energy saving 
and pollution-free, is the field of protein chemistry in the very development of 
new technologies. 
4.3.2 Method of enzyme effects on the amino nitrogen 

In the three kinds of protease in the optional two kinds of enzymes, the first 
under the best conditions for an enzyme hydrolysates as substrate, design two sets 
of test: a group of enzyme inactivation, after adding the second enzyme reaction; 
another group of enzymes is immortal into a second enzyme, the reaction time the 
same, and thus the selected mode of enzyme results shown in Fig. 3. 
 

 
Fig3. Effect of method of enzymes addig on AN 
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Seen from Fig.3: AN is the highest when enzyme is inactivated as the first 

experiment. So choose the method of inactivated enzyme in the process of soy 
protein hydrolysis below. 
4.3.3 The order of enzyme to the amino nitrogen content  
   According to 4.3.2 method, choose two kinds of enzyme hydrolysis and 
compare the two enzyme adding sequences. 
 
  

Tab.2. Effect of enzyme sequence on AN 

 
 
 
 
 

 

 
 
 
 
The results showed that: The first plus alkaline protease, coupled with papain, 

pepsin increases the order of the last, and the enzyme inactivation under the 
conditions of three enzymes of soybean protein hydrolysis together, this time AN 
is 2813.3506 mg / L, much larger than a single enzymatic hydrolysis . 
4.4 separation and purification of small molecular soybean peptide  
   With Sephadex G-50 on the three soybean peptide products of enzymatic 
hydrolysis were separated by experimental results shown in Fig. 4. 
 

               
Fig.4 Seperating of sephadex G-50 for hydrolysis of three enzymes 

 
From Fig.4, due to three hydrolysates that there are a variety of sizes of peptide 

molecules, which showed a continuous distribution of peptide molecules. 
Sephadex G-50 separation of soybean peptide good points can be divided into  

    The order of enzyme AN/mg/L 

By first raising the alkaline protease then adding papain  1994.3581 
By first raising the papain then adding alkaline protease  1901.8113 

By first raising the alkaline protease then adding pepsase  919.4351 

By first raising the pepsase then adding alkaline protease 807.6548 

By first raising the papain then adding pepsase 908.8696 

By first raising the pepsase then adding papain 779.9404 
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four levels. Fraction of the molecular weight of 40000D ① above; molecular 

weight fraction ② 1500D-8500D, fractions ③, ④ molecular weight below 

1000D. Thus, microwave heating, the three enzymes synergies derived from 
hydrolyzed soy protein soybean peptide molecular weight range mainly 1000D 
below soybean peptide small molecule. 
 
 
 
5. Conclusion 

 
(1) A single enzyme decomposition of soybean protein, the resulting 

molecular weight peptides are all areas of uniform distribution, the hydrolysis 
effect is better, but there are macromolecular peptide exists, needs further 
hydrolysis; The three enzymes have synergistic hydrolysis of the molecular 
weight of soybean peptides mainly below1000D effective than single enzyme 
hydrolysis under microwave heating. 

(2) Using fluorescence method for determination hydrolysis of amino nitrogen 
content is high sensitivity, low detection limit, wide linear range and good 
reproducibility.  

(3) With Sephadex G-50 separation of soybean peptide effective. After 
hydrolysis of soybean protein obtained by the target product - a wide range of 
small molecular peptides, high yields. 
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