
9th International Scientific and Professional Symposium “Environmental Potentials, Sustainable Development, and Food 

Production – OPORPH 2025”

IMMOBILIZED HORSERADISH PEROXIDASE ON BIOMAGNETITE PARTICLES FOR EFFICIENT 

REMOVAL OF PHENOL FROM WATER

Sanja Panić1*, Mirjana Petronijević1, Slavica Ražić2

1University of Novi Sad, Faculty of Technology Novi Sad, Novi Sad, Serbia
2University of Belgrade, Faculty of Pharmacy, Belgrade, Serbia

Contact:

Dr Sanja Panić

University of Novi Sad, Faculty of Technology

Bulevar cara Lazara 1, 21000 Novi Sad, Serbia

e-mail: sanjar@tf.uns.ac.rs

1. INTRODUCTION       

 Due to their toxic and carcinogenic properties, phenol and its

derivatives pose a significant risk to human health and the

environment.

 Certain biological water treatment processes, such as

enzyme-catalytic reactions, can effectively reduce phenolic

compounds.

 Peroxidases can react with aqueous phenolic compounds to

form insoluble materials that can be easily removed from

water.

This study aimed to investigate the efficiency of

immobilized horseradish peroxidase (HRP) on bio-linked

magnetite particles as a biocatalyst for removing

phenolic compounds from water.

2. MATERIALS AND METHODS                                                                  

• Preparation of Bio-linked

Magnetite Particles (BMP):

The BMP were synthesized by

co-precipitation at 80°C using Fe

(II) and Fe (III) salts and

tangerine peel extracts.

 Bio-linked magnetite particles are suitable carriers for HRP

immobilization.

 The obtained biocatalyst exhibited high enzyme activity under various pH

and temperature conditions.

 Water treatment with free HRP achieved removal of phenol, 4-bromo-2-

chlorophenol, and 2,4-dichlorophenol at 83, 92, and 96%, respectively.

Using immobilized HRP, the removal efficiency for each compound was

93, 90, and 72%, respectively.
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3. RESULTS AND DISCUSSION

4. CONCLUSIONS       

Free and immobilized enzyme

• Preparation of the biocatalyst (BMP-HRP): Commercially

available HRP was covalently bound to BMP via

glutaraldehyde.

The phenol solution (10 mg/L) was treated with immobilized

peroxidase (0.5 U/ml) and a hydrogen peroxide solution (2.5

mM). The reaction was carried out at room temperature (30⁰C)

and in phosphate buffer solution pH 7, for 1 h.

Water treatment process:

Characterization of BMP-HRP biocatalyst

Immobilized HRP shows 
high activity at 40 and 50°C, 
with the temperature of 40°C 

being considered optimal.

The activity of the biocatalyst 

increases with the increase of  

pH value from 4 to 6. The 

maximum activity was achieved 

at pH 6.

Phenolic compounds removal using free HRP

Phenolic compounds removal using BMP-HRP 

biocatalyst

 Bio-linked magnetite particles can serve as a carrier for

enzyme immobilization. Binding enzymes to suitable

solid carriers can significantly improve enzyme

properties such as stability and resistance.


