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ABSTRACT  

 The application of a crude soybean peroxidase, obtained from fresh soybean hulls, as a 

biocatalyst for phenol degradation in various concentrations of synthetic phenolic solution in 

presence of hydrogen peroxide is investigated. Soybean peroxidase (SBP) extracted from 

fresh soybean seeds at 4°C. After extraction, catalase inactivation was carried out from 

soybean extract. Phenolic synthetic wastewater having concentration of 5, 10, 15, 20 and 25 g 

l
-1

 is subjected to different quantities of hydrogen peroxide and SBP 81.1 % phenol 

degradation takes place when 0.2 ml of 30 % H2O2 and 0.4 ml of 6.091 U ml
-1

 enzyme 

solution added in 5 g l
-1

 synthetic phenolic solutions. The results obtained show significant 

degradation of phenolic concentration of 0.2 ml of H2O2 and 0.4 ml of SBP. Hence, soybean 

peroxidase (SBP) may have great efficiency for the degradation of phenol even at higher 

concentrations. 
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INTRODUCTION  

Phenol (C6H5OH) and their derivatives are mostly distributed as a characteristic pollutant due 

to its common presence in effluents of many industries such as resins and plastic industries, 

wood and dye industries [1], textiles, petroleum refining, coal conversion, iron and steel 

manufacturing as well as pulp and paper manufacturing [2]. 
OH

 
Fig 1: Structure of Phenol 
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Most of the phenolic compounds are toxic towards the environment as well as living 

organisms, even at low concentration and hence, they are classified as hazardous pollutants 

[3, 4]. But some industrial effluents contain high concentration of phenols. If these high 

concentrations of phenols and their derivatives containing industrial effluent released into the 

environment, they may accumulate in various environmental medium, this is a great issue of 

environmental concern [5, 6] and if they enter through this polluted water into the food cycle, 

they can cause several health hazards to human. Exposure to high dose can cause liver 

damage, paralysis and haemolytic anaemia [7]. There are some short term effects include 

headaches, respiratory irritation and burning eyes. Chronic effects of high exposures include 

muscle pain, weakness, weight loss and fatigue [1]. As they persist in the environment, they 

are capable of long range transportation, bioaccumulation in human and animal tissue and 

biomagnifications in the food chain. 

Enzymes are widely used as biocatalyst in the degradation of pollutants. They are highly 

specific and produce only the expected products from the given reactants. They may complete 

conversion of contaminants into innocuous inorganic end products. Enzymes are not inhibited 

by inhibitors of microbial metabolism. Hence, all these characteristics render enzymes eco-

friendly biocatalysts as well as enzymatic techniques environment friendly processes [8]. On 

one side many researchers reported the degradation of phenol by chemical or biological ways, 

but all are at lower concentrations. But on the other side, it was observed that some of the 

Industries like lignite transformation industries and oil refining industrial effluents contain a 

very high concentration of phenol or phenolic constituents. Plant peroxidases are 

oxidoreductive enzymes, have a wide variety of substrate specificity and can oxidise a large 

number of aromatic compounds in the presence of H2O2. Due to this property of plant 

peroxidases have been extensively used for the bio-catalytic oxidation of phenolic and other 

aromatic contaminants in industrial wastewater [9]. Priya et al., 2008 tried the enzymatic 

degradation of phenol at higher concentration by horseradish peroxidase [10]. It was observed 

that many of the researchers used the horseradish for the isolation of peroxidase which is not 

readily available throughout the year. Hence we tried fresh soybean hulls for the isolation of 

peroxidase. The Soybean Peroxidase (SBP) has better temperature and solvent stability and 

higher redox potential than horseradish peroxidase [11, 12]. In this study, peroxidase enzyme 

is used for the degradation of phenol. 

MATERIALS AND METHODS 

Chemicals & Instruments 

Soybean seeds were collected from agricultural fields and washed thoroughly with distilled 

water. All chemicals were obtained from Fisher scientific, Mumbai, India and all of analytical 

grade. Milli-Q water used as distilled water obtained from Milli-Q of Schimadzu, Japan. 

Centrifuge with cooling chamber were used. All samples analyzed on spectrophotometer of 

Schimadzu, Japan. 

Preparation of Crude Enzyme Extract 

Weigh 100 g of fresh soybean seeds and wash with distilled water. These washed soybean 

seeds were soaked in distilled water at room temperature (25 to 28 °C) for 24 h. After 24 h 

smash the soaked seeds and blended with 400 ml distilled water for 2 to 5 min. This 

homogenized mixture was filtered through four layers of cheesecloth to remove large 

suspended fibrous solid particles [13]. Then this filtrate of cheesecloth centrifuged at 10,000 

rpm for 15 m at 4°C to remove very fine suspended fibrous solid particles. After 
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centrifugation the filtrate was heated in water bath at 65°C for 3 m to inactivate catalase 

present in the extract and cooled quickly by placing it in ice bucket for 10 m [14, 15]. 

Enzyme Assay and Estimation of Protein 

SBP activity in enzyme solution was measured using 4-AAP and H2O2 as substrates. 1 ml 

enzyme solution was diluted by phosphate buffer to 100 ml. The volume of assay mixture was 

6 ml. The assay mixture contained 0.40 ml enzyme solution, 1.5 ml of 50 mM phenol, 0.75 ml 

of 24 mM 4-AAP, 1.5 ml of 2.5 mM H2O2 and 1.85 ml phosphate buffer (pH=7.0). Hydrogen 

peroxide solution was prepared on a daily basis. The SBP active concentration is proportional 

to the color development rate measured at 510 nm, during a period of time in which the 

substrate concentration is not significantly reduced. The color development rate during this 

period was converted to activity using an extinction coefficient of 6.280 M
-1

 cm
-1

 based on 

hydrogen peroxide. One unit of enzymatic activity is defined as the amount of enzyme which 

transforms 1.0 µmol of hydrogen peroxide per minute at 25° C and pH 7.0 [16]. Total protein 

concentration was measured by the modified Lowry method for the protein determination 

using Bovine Serum Albumin (BSA) as a standard for calibration. Specific peroxidase activity 

was defined as the ratio of enzyme activity (U ml
-1

) to total protein concentration (mg ml
-1

) 

and is expressed in U mg
-1

 of protein [17]. 

Phenol Degradation with Enzyme Extract 

Peroxidase having wide substrate specificity because of it is a group of heme containing 

enzyme. SBP used as adsorbent in this study. Various concentrations of phenolic synthetic 

wastewater were prepared as 5, 10, 15, 20 and 25 g l
-1

 (total quantity of Milli-Q water and 

standard phenol solution was 50 ml as the required concentration of standard phenol) and 

different quantities of 30 per cent H2O2 and enzyme solution having an activity of 6.091 U ml
-

1
 as required and these combinations kept for 45 minutes. Estimate the standard phenol on UV 

spectrophotometer at 540 nm. Then take same concentrations of phenolic synthetic 

wastewater and try to polymerize the phenol with enzyme extract in the presence of H2O2 at 

room temperature, pH – 7. After polymerization the remaining phenol estimated on a UV 

spectrophotometer at 540 nm. The precipitates were removed by centrifugation and residual 

phenol was estimated. 

 

RESULT & DISCUSSION 

Crude soybean peroxidase enzyme (SBP) extract has an alternative option for high cost 

purified enzymes. Hence, crude SBP extracted from fresh soybean hulls having enzyme 

activity and specific activity as 6.091 U ml
-1

 and 2.62 U mg
-1

 respectively (Table 1). Results 

obtained by Zia et al., 2001 showed the specific activity 0.546 u mg
-1

 from tomato peroxidase 

[18]. So the difference in these values is due to the difference of sources. The specific activity 

of crude SBP was reported as 1.586 U mg
-1

 and 0.714 U mg
-1

 by Alyas et al., 2002 [14] and 

Ambreen et al., 2000 [19]. Here, soybean peroxidase source is same but the values are 

different because of the difference in experimental methodology. 2.325 mg ml
-1

 protein 

content was obtained by the modified Lowry method by using standard curve of protein 

estimation. 

Table 1: Crude enzyme activity 

Properties Crude extract 

Activity (U ml
-1

) 6.091 U ml
-1

 

Protein content (mg ml
-1

) 2.325 mg ml
-1

 

Specific activity (U mg
-1

) 2.62 U mg
-1
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The effect of enzyme and H2O2 addition mode on the phenol removal efficiency was 

investigated for the phenol concentrations of 5, 10, 15, 20 and 25 g l
-1

. 

Table 2: Degradation of 5 g l
-1

 phenol at various quantities of H2O2 and Enzyme 

Sr. No. H2O2 in ml Peroxidase in ml 
Degradation of 

phenol in % 

Standard 

Deviation (±) 

1 0.1 

0.2 20.11  2.655 

0.4 26.57 2.374 

0.8 41.31 1.764 

1.6 18.36  2.135 

2 0.2 

0.2 5.84  1.366 

0.4 81.1  0.75 

0.8 10.97  1.215 

1.6 5.89  0.795 

3 0.3 

0.2 1.4  0.885 

0.4 8.99  0.912 

0.8 3.27  0.858 

1.6 1.22  0.837 
All the values are the averages of three analyses with ±SD  
 

Treatment of higher phenolic concentration in the industrial wastewater has been always the 

challenging work for environmental experts. The main aim of this paper is to treat the higher 

phenolic concentration in an aqueous medium with higher removal efficiency. In the first phase 

of the study, we optimized the pH condition for the treatment by applying the synthetic 

wastewater at 3, 7 and 11 pH environment. We observed neutral pH range (in between 6.7 to 

7.2) was the optimized range for carrying out the treatment in aqueous medium. Table 1 shows 

5 g l
-1 

containing phenolic synthetic wastewater having highest enzymatic degradation of 

phenol was 81.1 per cent when 0.2 ml H2O2 and 0.4 ml peroxidase followed by 0.1 ml H2O2 

and 0.8 ml peroxidase as shown in table 2. 

 

Table 3: Degradation of 10 g l
-1

 phenol at various quantities of H2O2 and Enzyme 

Sr. No. H2O2 in ml Peroxidase in ml 
Degradation of 

phenol in % 

Standard 

Deviation (±) 

1 0.1 

0.2 36.49 1.193 

0.4 45.29 1.002 

0.8 50.06 0.954 

1.6 24.12 1.379 

2 0.2 

0.2 5.74 1.39 

0.4 63.26 0.941 

0.8 21.03 0.975 

1.6 17.94 1.125 

3 0.3 

0.2 43.69 1.197 

0.4 20.27 1.637 

0.8 2.47 0.798 

1.6 1.97 0.725 
All the values are the averages of three analyses with ±SD  
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Similarly, at 10 g l
-1 

of phenolic concentration the maximum efficiency 63.26 per cent was 

obtained at 0.2 ml H2O2 and 0.4 ml peroxidase followed by 0.1 ml H2O2 and 0.8 ml peroxidase. 

The phenol removal efficiency was reduced as shown in table 3; this might be due to higher 

concentration of phenol in aqueous medium. 

 

Table 4: Degradation of 15 g l
-1

 phenol at various quantities of H2O2 and Enzyme 

Sr. No. H2O2 in ml Peroxidase in ml 
Degradation of 

phenol in % 

Standard 

Deviation (±) 

1 0.1 

0.2 28.22 1.094 

0.4 48.3 1.208 

0.8 54.05 1.141 

1.6 35.44 0.998 

2 0.2 

0.2 12.84 0.877 

0.4 61.43 0.906 

0.8 35.13 1.025 

1.6 26.78 1.457 

3 0.3 

0.2 11.98 0.871 

0.4 23.63 1.209 

0.8 21.99 1.407 

1.6 16.58 1.058 
All the values are the averages of three analyses with ±SD  

 

Again at 15 g l
-1

 of phenolic concentration the maximum efficiency 61.43 per cent was 

obtained at 0.2 ml H2O2 and 0.4 ml peroxidase followed by 0.1 ml H2O2 and 0.8 ml peroxidase. 

The phenol removal efficiency was reduced as shown in table 4; this might be due to higher 

concentration of phenol in aqueous medium. 

Table 5: Degradation of 20 g l
-1

 phenol at various quantities of H2O2 and Enzyme 

Sr. No. H2O2 in ml Peroxidase in ml 
Degradation of 

phenol in % 

Standard 

Deviation (±) 

1 0.1 

0.2 12.7 1.105 

0.4 38.44 1.195 

0.8 53.48 1.053 

1.6 42.67 1.539 

2 0.2 

0.2 21.27 1.22 

0.4 61.35 1.014 

0.8 36.14 1.185 

1.6 22.68 1.179 

3 0.3 

0.2 4.53 0.89 

0.4 23.29 1.333 

0.8 31.2 0.727 

1.6 28.32 0.924 
All the values are the averages of three analyses with ±SD  

 

At 20 g l
-1

 (as shown in table 5) phenolic concentration the maximum efficiency 61.35 per cent 

was obtained at 0.2 ml H2O2 and 0.4 ml peroxidase followed by 0.1 ml H2O2 and 0.8 ml 
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peroxidase. At this phenolic concentration the removal efficiency is somewhat similar to 15 g l
-

1
 phenolic concentration. 

Table 6: Degradation of 25 g l
-1

 phenol at various quantities of H2O2 and Enzyme 

Sr. No. H2O2 in ml Peroxidase in ml 
Degradation of 

phenol in % 

Standard 

Deviation (±) 

1 0.1 

0.2 17.36 0.946 

0.4 33.16 1.119 

0.8 49.72 1.131 

1.6 38.31 1.123 

2 0.2 

0.2 16.96 1.372 

0.4 50.2 1.524 

0.8 31.96 1.173 

1.6 21.19 0.99 

3 0.3 

0.2 1.12 0.945 

0.4 18.52 1.159 

0.8 21.92 1.445 

1.6 19.76 1.419 
All the values are the averages of three analyses with ±SD  

 

At 25 g l
-1

 (as shown in table 6) phenolic concentration the maximum efficiency greatly 

reduced to 50.2 per cent was obtained at 0.2 ml H2O2 and 0.4 ml peroxidase followed by 0.1 ml 

H2O2 and 0.8 ml peroxidase.  

 

The overall analysis reveals that 0.2 ml H2O2 and 0.4 ml peroxidase are posing the optimum 

conditions for phenol removal in aqueous medium. The degradation efficiency of high 

concentration of phenolic constituents can be reached up to 81.1 per cent even in crude 

enzymatic catalysis. The results also reveal that the phenol removal efficiency decreased as the 

concentration of phenol increases in aqueous medium.  

 

The Figure 2 shows that phenol removal is greatly affected by its highest concentration in crude 

enzymatic catalysis. The results of this study reveal that even at higher phenolic concentrations 

the optimized crude peroxidase enzyme can easily remove the concentration of phenolic 

constituents in aqueous medium. But the combine treatment of H2O2 and peroxidase was unable 

to remove the higher concentration of phenol in aqueous medium.      

 

The other treatment ratios of hydrogen peroxide and crude peroxidase extract does not show 

effective results, this may have been due to impurities in the soybean extract which utilizing 

with H2O2 inside reactions before phenol removal was completed due to this degradation of 

phenol does not take place. Wilberg et al., 2002 also reported that H2O2 consume with 

impurities in side reactions [20]. And in some cases H2O2 is in excess amount in total reaction 

volume also after consuming with impurities which causes peroxidase partially inactivated and 

phenol degradation does not take place. Wu et al., 1994 also suggested that peroxidase partially 

inactivated when H2O2 is in excess amount in total reaction volume [21]. Hence, the 

concentration of H2O2 should be limited or proportional to peroxidases.  
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Fig 2: Phenol Removal Curve 

 

The most efficient results are obtained when 0.2 ml H2O2 and 0.4 ml peroxidase enzyme 

solution added. Hence, figure 1 show that the highest phenol degradation rate at various phenol 

concentrations. It also shows that as phenol concentration increases, phenol degradation rate 

decreases. Pradeep et al., 2011 also reported that as the concentration of phenol increased, 

reduction in phenol degradation efficiency [22]. In figure 1, the highest phenol degradation 

81.1 per cent achieved when 0.2 ml H2O2 and 0.4 ml peroxidase enzyme solution react in 5 g l
-1

 

phenol concentration. On one hand, the phenol degradation rate for 10 g l
-1

, 15 g l
-1

 and 20 g l
-1 

concentration phenolic synthetic wastewater having nearly same degradation rate, which can be 

improved by using the high purity peroxidase enzyme. On the other hand, 25 g l
-1

 concentration 

phenolic synthetic wastewater having low 50.2 per cent degradation rate but it is not ignorable, 

because there is also at least 50 per cent degradation achieved. 

CONCLUSION  

From the results it was observed that crude peroxidase extract which is obtained from soybean 

seeds and hulls can be effectively catalyzing the phenol removal in aqueous medium. The 

application of H2O2 in association with crude peroxides may boost the process of phenol 

degradation in aqueous medium. The study reveals that 0.2 ml H2O2 and 0.4 ml crude 

peroxidase extract at neutral pH could be the optimum conditions for the phenol removal in 

aqueous medium. Hence, from the study, we may conclude that peroxidase treatment in 

association with H2O2 can be a new, easy and safe & more economical way for the phenol 

removal. 
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