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Abstract 

 
The current work was focused on the extraction of soybean peroxidase from soybean seeds. After carrying out the extraction, the purification 

of the soybean peroxidase is necessary for the removal of contaminants with the help of ammonium sulfate salt precipitation. This purified 

enzyme is then used to degrade phenol of different concentration phenol along with different concentrations of hydrogen peroxide as well as 

soybean peroxidase. And when no hydrogen peroxidase was added there was a very slow degradation of phenol, which proves that hydrogen 

peroxide works as a catalyst. Soybean peroxidase can target both organic and aqueous contaminants. The phenol degradation with the help 

of the soybean peroxidase is an efficient procedure that can be used on large scale. This is an inexpensive and an eco-friendly alternative for 

the treatment of wastewater with great future prospects. 
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Introduction 

Glycine max or Soybean is an edible bean which 

belongs to East Asia with number of uses. The Soybean 

contains a good amount of phytic acid, dietary minerals and 

vitamin B. Soybean oil is used in food industry as well as 

other industries (Kumar and Dwivedi, 2018a; Kumar et al. 

(2018b); Kumar et al., 2018c; Kumar and Dwivedi, 2018d; 

Kumar and Purnima et al., 2018e). The unfermented beans 

are used for the production of soy milk for the production of 

tofu. It is a most important source of protein. Soybeans 

develops from seeds into mature plants Dubey et al. (2018a). 

Soybean grows successfully in the summer weather and the 

optimum temperature is from 20o C-30o C. and can grow in a 

wide range of soils with good organic content (Dubey et al., 

2018b). They also perform nitrogen fixation which is a 

method of converting air nitrogen into ammonia with the 

help of microorganisms present into the soil. And soybean 

uses Rhizobium. It generally takes 80-120 days to get fully 

prepared (Nidhi et al., 2018). The biggest producers for 

Soybean are United States, Brazil and Argentina (Kaur et al., 

2018). In India the biggest contributors in Soybean are 

Maharashtra and Madhya Pradesh. The origin of soybean is 

in Southeast Asia and was firstly grown by Chinese farmers. 

Contents found in 100g of 

soybean seeds 
Amount present 

Water 63% 

Fiber 6g 

Carbohydrates 9.9g 

Calories 173 

Sugar 3g 

Protein 16.6g 

Fats 9g 
 

Types of fats Amount present 

Saturated fats 1.3g 

Mono-saturated fats 1.98g 

Poly-unsaturated fats 5.06g 

OMEGA-3 0.6g 

OMEGA-6 4.47g 

Vitamins and minerals 

Molybdenum 

Vitamin K1 

Vitamin B9 

Vitamin B1 

Phosphorus 

Copper 

Manganese  

Isoflavones 

Saponins 

Phytic acid 
 

Thus Soybean is the best source of nutrition and among 

them protein is the prominent one. It also helps in the 

reduction of osteoporosis in the women who have undergone 

menopause. But if taken in large amounts can cause problems 

like diarrhea, thyroid problems as it suppresses the thyroid 

function, soy allergy. 

Peroxidase catalyzes the redox reaction between 

hydrogen peroxide, an electron acceptor, and variety of other 

substrates in which either oxygen, or water, or both are 

liberated. 

2H2O2.  →
PEROXIDASE

2H2O + O2 

These enzymes are heat stable and are tend to found in 

plants as well as animals. These enzymes are classified into 

three classes on the basis of the homology of the amino acids 

and their capacity to bind to metals. Class 1 has intracellular 

peroxidases, Class 2 have secretory fungal peroxidase and 

Class 3 have secretory plant peroxidase. Soybean peroxidase 

belongs to Class 3. 

The main and the strong application of the soybean 

peroxidase is the removal of phenol from wastewater. Phenol 

and its derivatives are mostly considered as pollutant because 

of its presence in the maximum of the industrial waste waters 

as petroleum refineries, coal factories, paper industry (Kumar 

and 2019f; Kumar and Siddique et al., 2019g; Siddique and 

Kumar, 2018h; Siddique et al., 2018i; Pathak et al., 2017j; 

Prakash and Kumar, 2017k; Kumar and Mandal, 2014L). 

And phenol is a hazardous for environment and as well as the 
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living organisms even at low concentration. Exposure to the 

high concentrations of phenol can cause liver damage, 

paralysis, and its short term effects are headaches, burning 

eyes, respiratory irritation and its chronic effects includes 

muscle pain, weakness, weight loss and fatigue. 

Soybean peroxidase can be extracted from the either 

plant of the plant be it its leaves or roots or seeds or even 

seed hulls. It catalyzes the polymerization and thus 

precipitation of the aqueous phenol along with hydrogen 

peroxide. It possesses higher stability and activity under a 

wide range of pH. 

Soybean peroxidase is preferred for the removal of 

phenols from phenols from waste water over horseradish 

peroxidase because it is inexpensive and has a better 

temperature tolerance and has higher redox potentiall. 

Soybean peroxidase is used along with hydrogen peroxide for 

the degradation of phenol in the waste water (Kumar et al., 

2014m; Kumar et al., 2014n; Kumar, 2013o; Kumar and 

Dwivedi, 2015p; Gogia et al., 2014q). Hydrogen peroxide 

(H2O2) is a clear viscous liquid. It is used as a bleaching 

agent, and is an active component in the detergents and is 

also used as disinfectant and in the cosmetics and it is also 

used for the sewage treatment. When in pure form it is a very 

hazardous to use because of its unstable form, there is a risk 

of explosion. So generally it is used as a water solution. It is 

highly oxidative in nature so when used in higher 

concentrations can be harmful to eyes and can cause burns to 

the skin. Therefore for most of the laboratory works 30% 

hydrogen peroxide is used. But if used in higher 

concentrations precautions should be made (Kumar, 2014r; 

Kumar et al., 2012s; Mishra et al., 2012t; Kumar et al., 

2011u; Kumar et al., 2011v). For the purification of extracted 

soybean peroxidase we will use salting out method with the 

help of ammonium sulfate. Salting out method is the method 

in which we use high concentrations of salt for the 

precipitation of the protein. Prakash & Kumar, (2018). This 

method works as when the salt is added to the given salt it 

breaks into its positive and negative charges, thus the 

dissociated charges starts to bind with the respective charges 

of the given solvent, as the negative charged molecule of the 

salt will interact with the positive charge of the solvent and 

thus the positive charge of the salt will interact with the 

negative charge of the solvent. Ammonium sulfate salt 

precipitation is usually used for the purification of enzymes 

in the laboratories because of its high solubility in the water. 

It also stabilizes the structure of the protein and is in 

expensive, thus easily available. It is a quick method for 

protein purification so it is used in the initial steps of protein 

purification and can also be used for purification of proteins 

in the bulk. Though ammonium sulfate precipitation is the 

ideal way for the purification of the protein but sometimes 

along with the desired proteins it can also precipitate the 

contaminants, therefore other methods of purification of 

protein can be used such as chromatography (ion-exchange 

or size- exclusion). 

During the extraction of the soybean peroxidase it is 

important to heat the enzyme to deactivate the work of the 

catalase enzyme present in the peroxidase enzyme and 

quickly cooled by placing it on the ice (Haldhar et al., 2019) 

The hydrogen peroxidase is working as a catalyst for 

the degradation of phenol along with soybean peroxidase 

(Kumar and Pathak, 2016w; Pathak et al., 2016x; Kumar et 

al., 2018y; Kumar et al., 2018z; Kumar et al., 2018aa; 

Kumar and Kumar, et al., 2018bb; Kumar et al., 2018cc). A 

catalyst is an enzyme that fastens up the rate of reaction 

without getting consuming up. And to show that the 

hydrogen peroxidase is acting as the catalyst we have taken a 

sample of phenol only with soybean peroxidase. And the 

result ought to be that there is degradation of protein but on a 

much slower rate. 

Material and Methods 

The work that has been done proves that the soybean 

peroxidase that has been obtained from the soybean seeds 

can degrade the phenol in the wastewater. To check its 

efficiency for the different concentrations of the phenol we 

have taken 5g, 10g, 15g, 20g and 25 g of phenol respectively 

in the 500 ml of distilled water. To increase the efficiency of 

the reaction a catalyst has been taken in account and that is 

hydrogen peroxide. The different sets have been taken for the 

efficient check of the soybean peroxidase. For 5g, 10g, 15g, 

20g and 25 g of phenol in 500 ml of distilled water, we have 

taken 0.1ml, 0.2ml and 0.3 ml of hydrogen peroxide 

respectively along with 0.2ml, 0.4ml, 0.8ml and 1.6 ml of 

soybean peroxidase respectively. After mixing all these 

substances together we have kept them at aside for 45 

minutes and then after 45 minutes absorbance is checked at 

540 nm by using UV spectrophotometer. The different 

absorbances show the degradation of phenol by soybean 

peroxidase. 

(A) Extraction of soybean peroxidase from soybean seeds 

Take 50g of soybean seeds and wash them properly. 

And soak them in distilled water for 24 hours.  Removed the 

water and crush the soaked seeds with 200ml of distilled 

water until crushed properly.  Extracted enzyme from soaked 

soybean seeds for different hours. 

For 24 hours: The freshly ground soybean seeds are taken 

and put them in the centrifuge tubes and centrifuged it for 15 

minutes at 10,000 rpm. After collection the supernatant and 

discarded the pellet. Supernatant filtered the with the help of 

filter paper . 

For 48 hours: Stored the ground seeds in the refrigerator for 

another 24hours.This mixture taken and put into centrifuge 

tubes and centrifuged it for 15 minutes at 10,000 rpm. 

Supernatant collected the and the pellet discarded. 

Supernatant filtered the with the help of filter paper . 

For 72 hours: Stored the ground seeds in the refrigerator for 

another 24hours. Took this mixture and put into centrifuge 

tubes and centrifuged for 15 minutes at 10,000 rpm. 

Supernatant collected the and the pellet discarded. 

Supernatant filtered the with the help of filter paper  

Different soaked soybean seeds were taken for the 

extraction of peroxidase to check if there is any change in the 

color or its enzymatic activity. But there was no such 

difference seen either in the activity or the color.
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(B) Purification of the extracted enzyme 

The purification of the soybean peroxidase is necessary 

for the removal of contaminants. Ammonium sulfate salt 

precipitation is usually used for the purification of enzymes 

in the laboratories because of its high solubility in the water. 

It also stabilizes the structure of the protein and is in 

expensive, thus easily available. To purify the extracted 

Soybean Peroxidase we will use Solid Ammonium Sulfate. 

To make 50% saturation, we will take 10 ml of enzyme and 

will add 3.01 grams of ammonium sulfate. Now centrifuge 

this mixture at 10,000 rpm for 15 minutes at 4ºC. Then 

incubate the centrifuged mixture for 4 hours at 4ºC. Now take 

the supernatant and make it 85% saturated. For this we will 

add 2.37 grams of ammonium sulfate in 11.6 ml of the 

supernatant. Now centrifuge this mixture for 15 minutes at 

10,000 rpm +at  4ºC. Now to desalt the enzyme we will 

dialyze it against distilled water at 4ºC. 

(C) Estimation for the degradation of phenol 

We will take different concentrations of phenol along 

with different concentrations of hydrogen peroxide as well as 

soybean peroxidase. 

For 5g of Phenol IN 500 ml of Distilled Water: We will 

take different concentrations of H2O2 and soybean 

peroxidase. IN 0.1 ml of H2O2, the concentration of soybean 

peroxidase will be 0.2, 0.4, 0.8 and 1.6 respectively. IN 0.2 

ml of H2O2, the concentration of soybean peroxidase will be 

0.2, 0.4, 0.8 and 1.6 respectively. IN 0.3 ml of H2O2, the 

concentration of soybean peroxidase will be 0.2, 0.4, 0.8 and 

1.6 respectively. For the other concentrations also the same 

procedure was repeated. 

For 5g of Phenol IN 500 ml of distilled water but without 
hydrogen peroxide: We will take only the different 

concentrations of soybean peroxidase and that will be 0.2, 

0.4, 0.8 and 1.6 respectively. Now mix all the components 

(phenol, H2O2 and soybean peroxidase) well and keep aside 

for 45 minutes. Now take the absorbance on a UV 

Spectrophotometer at 540 nm wavelength. 

*Note: H2O2 used 30% (standard laboratory usage). 

(D) Spectrophotometric analysis: After mixing all these 

substances together we have kept them at aside for 45 

minutes and then we check their absorbances at 540 nm by 

using UV spectrophotometer. Different absorbances show the 

degradation of phenol by soybean peroxidase (Prasann et al., 

2018). 

Results 

We got different results for the different sets of soybean 

peroxidase with hydrogen peroxide for the degradation of 

phenol in the synthetic wastewater. As we keep on increasing 

the amount of phenol the effectiveness of the soybean 

peroxidase decreases. And when no hydrogen peroxidase was 

added there was a very slow degradation of phenol, which 

proves that hydrogen peroxide works as a catalyst. 

Absorbance at 540 nm on a UV spectrophotometer: 

FOR 5g PHENOL 

Concentration 

of soybean peroxidase 

H2O2 

(0.1ml) 

H2O2 

(0.2ml) 

H2O2 

(0.3ml) 

0.2 0.059 0.022 0.04 

0.4 0.054 0.015 0.035 

0.8 0.05 0.19 0.34 

1.6 0.046 0.02 0.03 

 

FOR 10g PHENOL 

Concentration of 

soybean Peroxidase 

H2O2 

(0.1ml) 

H2O2 

(0.2ml) 

H2O2 

(0.3ml) 

0.2 0.062 0.135 0.146 

0.4 0.059 0.073 0.080 

0.8 0.31 0.073 0.65 

1.6 0.046 0.046 0.046 

 

FOR 15g OF PHENOL: 

Concentration of 

soybean Peroxidase 

H2O2 

(0.1ml) 

H2O2 

(0.2ml) 

H2O2 

(0.3ml) 

0.2 0.225 0.210 0.146 

0.4 0.155 0.135 0.084 

0.8 0.110 0.105 0.065 

1.6 0.125 0.084 0.056 

 

FOR 20g OF PHENOL: 

Concentration of 

soybean eroxidase 

H2O2 

(0.1ml) 

H2O2 

(0.2ml) 

H2O2 

(0.3ml) 

0.2 0.350 0.315 0.315 

0.4 0.255 0.205 0.215 

0.8 0.265 0.185 0.190 

1.6 0.195 0.168 0.165 
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FOR 25g OF PHENOL: 

Concentration 

of soybean peroxidase 

H2O2 

(0.1ml) 

H2O2 

(0.2ml) 

H2O2 

(0.3ml) 

0.2 0.568 0.560 0.566 

0.4 0.545 0.540 0.548 

0.8 0.500 0.495 0.520 

1.6 0.480 0.485 0.490 

One sample is without hydrogen peroxidase to check its 

effect as a catalyst along with soybean peroxidase: 

Concentration of 

soybean peroxidase 
NO H2O2 

0.2 0.196 

0.4 0.173 

0.8 0.153 

1.6 0.120 

  

The results are as follows in the graph form and their significance has also been shown: 

 

 
+ 
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There is a huge difference between the readings of 

soybean peroxidase with hydrogen peroxide and soybean 

peroxidase without any hydrogen peroxidase. Soybean 

peroxidase is capable to degrade the phenol on its own but on 

a much slower rate. Therefore it can be said that hydrogen 

peroxidase do work as a catalyst for    

 

Discussion 

For all the readings the graph that we have plotted is 

similar. As we keep on increasing the amount of phenol into 

the water with the constant amount of soybean peroxidase 

and hydrogen peroxide, it seems that it is not that effective as 

it is when there are lower amount of phenol into the water 

(Churasia et al., 2016). That is effective but not that much. 

Nidhi Mehta et al. 



 
2576 

And when we took the reading for the degradation of phenol 

without the presence of hydrogen peroxide, the degradation 

was much slower 

Significance test: 

For 5 g 

Paired Samples Statistics 

 Mean N Std. Deviation Std. Error Mean 

abs1 .05225 4 .005560 .002780 
Pair 1

abs2 .06175 4 .085551 .042775 

Pair 2 abs1 .05225 4 .005560 .002780 

abs3 .11125 4 .152555 .076277 

abs2 .06175 4 .085551 .042775 
Pair 3

abs3 .11125 4 .152555 .076277 

 

Paired Samples Correlations 

 N Correlation Sig. 

Pair 1 abs1 & abs2 4 -.265 .735 

Pair 2 abs1 & abs3 4 -.244 .756 

Pair 3 abs2 & abs3 4 .999 .001 

 

 

Paired Samples Test 

Paired Differences 

95% Confidence 

Interval of the 

Difference 

 
Mean 

Std. 

Deviation 

Std. Error 

Mean 

Lower Upper 

t df 
Sig. 

(2-tailed) 

Pair 1 abs1 - abs2 

Pair 2 abs1 - abs3 

Pair 3 abs2 - abs3 

-.009500 

-.059000 

-.049500 

.087188 

.154006 

.067139 

.043594 

.077003 

.033570 

-.148235 

-.304059 

-.156333 

.129235 

.186059 

.057333 

-.218 

-.766 

-1.475 

3 

3 

3 

.841 

.499 

.237 

 

 

For 10 gms 

Paired Samples Test 

Paired Differences 

95% Confidence 

Interval 

of the Difference 

 
Mean 

Std. 

Deviation 

Std. Error 

Mean 

Lower Upper 

t df 
Sig. 

(2-tailed) 

Pair 1 abs1 - abs2 

Pair 2 abs1 - abs3 

Pair 3 abs2 - abs3 

.037500 

-.111250 

-.148750 

.136710 

.156621 

.285536 

.068355 

.078311 

.142768 

-.180036 

-.360470 

-.603102 

.255036 

.137970 

.305602 

.549 

-1.421 

-1.042 

3 

3 

3 

.621 

.251 

.374 

 

 

Paired Samples Statistics 

 Mean N Std. Deviation Std. Error Mean 

abs1 .11925 4 .127356 .063678 
Pair 1 

abs2 .08175 4 .037713 .018856 

abs1 .11925 4 .127356 .063678 
Pair 2 

abs3 .23050 4 .282731 .141366 

abs2 .08175 4 .037713 .018856 
Pair 3 

abs3 .23050 4 .282731 .141366 

 

 

For 15 gms 

Paired Samples Statistics 

 Mean N Std. Deviation Std. Error Mean 

1 .15375 4 .051051 .025526 
Pair 1 

2 .13350 4 .055127 .027564 

1 .15375 4 .051051 .025526 
Pair 2 

3 .08775 4 .040549 .020275 

2 .13350 4 .055127 .027564 
Pair 3 

3 .08775 4 .040549 .020275 

 

 

Paired Samples Correlations 

 N Correlation Sig. 

Pair 1 1 & 2 4 .962 .038 

Pair 2 1 & 3 4 .975 .025 

Pair 3 2 & 3 4 .995 .005 
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Paired Samples Test 

Paired Differences 

95% Confidence Interval of 

the Difference 
 

Mean 
Std. 

Deviation 

Std. Error 

Mean 
Lower Upper 

t df 
Sig. 

(2-tailed) 

Pair 1 1 - 2 

Pair 2 1 - 3 

Pair 3 2 - 3 

.020250 

.066000 

.045750 

.015174 

.014652 

.015370 

.007587 

.007326 

.007685 

-.003895 

.042686 

.021292 

.044395 

.089314 

.070208 

2.669 

9.009 

5.953 

3 

3 

3 

.076 

.003 

.009 

 

For 20 gms 

Paired Samples Statistics 

 Mean N Std. Deviation Std. Error Mean 

1 .26625 4 .063819 .031910 
Pair 1 

2 .21825 4 .066249 .033124 

1 .26625 4 .063819 .031910 
Pair 2 

3 .22125 4 .065749 .032874 

2 .21825 4 .066249 .033124 
Pair 3 

3 .22125 4 .065749 .032874 

 

 

Paired Samples Correlations 

 N Correlation Sig. 

Pair 1 1 & 2 4 .936 .064 

Pair 2 1 & 3 4 .951 .049 

Pair 3 2 & 3 4 .996 .004 

 

 

Paired Samples Test 

Paired Differences 

95% Confidence Interval 

of the Difference 
 

Mean 
Std. 

Deviation 

Std. Error 

Mean 
Lower Upper 

t df 
Sig. 

(2-tailed) 

Pair 1 1 - 2 

Pair 2 1 - 3 

Pair 3 2 - 3 

.048000 

.045000 

-.003000 

.023367 

.020412 

.005715 

.011683 

.010206 

.002858 

.010818 

.012519 

-.012095 

.085182 

.077481 

.006095 

4.108 

4.409 

-1.050 

3 

3 

3 

.026 

.022 

.371 

 

 

For 25 gms 

Paired Samples Statistics 

 Mean N Std. Deviation Std. Error Mean 

1 .52325 4 .040360 .020180 
Pair 1 

2 .52000 4 .035824 .017912 

1 .52325 4 .040360 .020180 
Pair 2 

3 .53100 4 .033247 .016623 

2 .52000 4 .035824 .017912 
Pair 3 

3 .53100 4 .033247 .016623 

 

Paired Samples Correlations 

 N Correlation Sig. 

Pair 1 1 & 2 4 .996 .004 

Pair 2 1 & 3 4 .985 .015 

Pair 3 2 & 3 4 .966 .034 

 

Paired Samples Test 

Paired Differences 

95% Confidence Interval 

of the Difference 
 

Mean 
Std. 

Deviation 

Std. Error 

Mean 
Lower Upper 

t df 
Sig. 

(2-tailed) 

Pair 1 1 - 2 

Pair 2 1 - 3 

Pair 3 2 - 3 

.003250 

-.007750 

-.011000 

.005679 

.009535 

.009416 

.002839 

.004768 

.004708 

-.005786 

-.022922 

-.025983 

.012286 

.007422 

.003983 

1.145 

-1.626 

-2.336 

3 

3 

3 

.335 

.203 

.102 
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For no presence of H2O2 

 
No change in the degradation of phenol when there is any presence of H2O2 

Conclusions 

The soybean peroxidase from the soybean seeds has pro

ved to be an effective and cheap method for the degradation 

of phenol in the wastewater. The use of hydrogen peroxidase 

is as a catalyst. When we tried to degrade the phenol without 

the use of hydrogen peroxide it took a long time for the 

degradation and not much change was seen. Hence the 

working of hydrogen peroxide as a catalyst. For the higher 

amount of synthetic phenolic water the constant amount of 

soybean peroxidase is not as effective as it was for the lower 

phenol concentration. Hence, from all the results we have 

obtained we can say that the application of soybean 

peroxidase is effective for the degradation and it is less 

expensive. 

These results report that efficient purification is 

essential for the application of soybean peroxidase or such 

enzymes in the processes used for industrial wastewater 

treatment including bioremediation. 
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