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The aim of this study was to remove the textile dyes Reactive Green 19 (RG19) and 

Disperse Red 152 (DR152) from the effluent waste by using the immobilized-cabbage 

legs peroxidase (I-CLP) enzyme. CLP enzyme extractive from restaurant waste was 

immobilized onto novel support quartz rock (QR) particles with an effective 

immobilization yield (IY) of 82±0.41% through a simple cross-linking covalent 

technique. The morphological analysis scanning electron microscopy (SEM) and 

Brunauer-Emmett-Teller (BET) results demonstrate the successful enzyme 

immobilization. The most prominent experimental conditions used in laboratory work 

protocols that directly affect the effectiveness and efficiency of the enzyme in removing 

dyes are pH, temperature, stability, and reuse, which was done in this study. A 

quantitative model of mass transmission was devised. A great removal for RG19 was 

observed at 97% and 92% for DR152, representing a high removal of industrial 

pollutants by enzyme oxidation. The free-cabbage legs peroxidase (F-CLP) and I-CLP 

enzymes presented their maximum catalytic activities at рН 6 and a temperature of 

40℃. After four successive dye decolorization cycles, it can maintain residual activity 

ranging from 40% to 52%. The immobilization of the biocatalyst enzyme within quartz 

particles demonstrated significant promise for biotechnological applications, which is 

considered a cheap, sustainable, and safe method to treat industrial pollutants. 
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1. INTRODUCTION

Due to the scarcity of water and the enormous capacity for 

wastewater generation brought about by the expansion of 

industry, research teams are required to focus on developing 

environmentally friendly products, such as enzymes, as 

catalysts for treating wastewater [1]. The evaluation and 

remediation of dye-polluted industrial wastewater effluents 

are critical processes. Given that certain colors are known to 

be extremely hazardous to human health, cancer, mutagenic, 

and the environment, presently used decontamination 

techniques are either costly or detrimental to human health. 

Furthermore, many treatment procedures typically result in the 

buildup of secondary waste products. Green technologies must, 

therefore, be used to create new techniques for environmental 

repair [2, 3]. 

With this context in mind, enzyme-based therapies for 

removing hazardous dyes provide a far safer alternative to the 

many physical and chemical approaches currently being 

employed. A number of benefits, including environmental 

friendliness, high removal efficiency, specificity, ease of 

handling, improved standardization, and the capacity to 

remove a variety of contaminants, have drawn more attention 

to enzyme-based biological treatments in recent years [4]. It 

seems to be an environmentally friendly and economically 

viable choice for decolorization and detoxifying among the 

enzymes that could be used for environmental problems. 

Because of their distinctive characteristics, such as strong 

activity and selectivity, excellent resistance to substance 

inhibition across a wide range of concentrations, and reliable 

performance and durability in various wastewater treatment 

conditions, dyes and wastewater effluents have garnered a 

great deal of attention [5], the quick growth period, a minimal 

amount of land needed for planting, and strong resistance to 

external factors. As a result, cabbage might provide a different, 

less costly source of plant enzymes. Plants are a valuable 

source of the peroxidase catalyst enzyme and can be purchased 

at reasonable prices from local markets or even repurposed 

from leftover restaurant waste. Peroxidase (EC 1.11.1.7) is a 

safe, affordable, and environmentally acceptable catalyst [6]. 

Free form enzymes are unstable and cannot be repurposed at 

pH and temperature levels that are not appropriate for medical 

use, limiting their commercial applicability. Moreover, in 

organic solvents and during storage, they become unstable [7]. 

The most efficient method in this situation to overcome 

these challenges is known to be enzyme immobilization. The 

immobilized enzyme has a wider range of applications 

because it produces better separation, increases stability, and 

can be recycled; covalent bonding is regarded as a dependable 

method among the recently developed immobilization 

techniques because soldered supports have several important 

benefits [8]. The direct covalent linkage between the enzyme 
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and the nanocomposite can be demonstrated using 

glutaraldehyde (GA) [9]. 

These days, the need for sustainable operations has led to a 

significant increment in the use of enzymes as catalysts in 

many industrial areas. Additionally, the quick development of 

protein engineering and extraction/purification techniques has 

allowed for the effective production of particular enzymes 

with highly individualized and optimized characteristics at a 

level of analytical purity [10]. Over the past 20 years, the use 

of enzymes in a wide range of industrial industries has steadily 

increased [11]. Figure 1 shows the CBT immobilization 

technique's industrial and environmental applications. Support 

materials are essential to the efficiency of an immobilized 

enzyme because they should be affordable, have a large 

surface area, and have the least amount of diffusion restriction 

in the transfer of substrate and product [12, 13]. 

 

 
 

Figure 1. Application of immobilization enzyme procedure 

 

The literature discusses a number of immobilization 

techniques for enzymes, including covalent bonding, ionic 

adsorption, and van der Waals-based adsorption. The most 

often reported and utilized method is covalent bonding [14]. 

Furthermore, a range of supports, including chitosan [15], 

alginate [16], polyurethane [17], and agar-agar gel [18], can be 

employed in the immobilization of enzymes. 

The purpose of this work was to create a sustainable and 

environmentally friendly biocatalyst for the decolorization of 

synthetic dyes by finding a cheap, local source of peroxidase 

enzyme that is effective in oxidizing pollutants; cabbage legs 

might provide a less costly source of plant enzyme. To achieve 

this, covalent cross-linking between the sold support and CLP 

was used to immobilize the biocatalyst onto quartz, which was 

then used to remove RG19 and DR152 from the synthetic 

solution. The effects of pH, temperature, hydrogen peroxide 

concentration, protein load, and biocatalyst reuse were among 

the experimental parameters that were assessed. To calculate 

the mass transfer coefficients, the kinetic parameters, and the 

mathematical model. The study found promising results for 

removing selected industrial dyes by using CLP, with a great 

removal efficiency for RG19 and DR152. 

 

 

2. MATERIALS AND METHODS 

 

2.1 Substances and chemicals 

 

As a peroxidase biocatalyst enzyme, cabbage legs (Brassica 

oleracea var.) CLP were utilized from restaurant waste with 

specific activity 4977 U/ml, potassium phosphate, sodium 

acetate, Tris-HCl, H2O2 pyrogallol, 3-amino -

propyltriethoxysilane (APTS), were purchased from Sigma-

Aldrich, USA, which is classified as the best companies for 

chemicals used in laboratories. DR152 and RG19 dyes were 

made in Switzerland and provided by a general textile factory; 

the chemical construction of textile dyes utilized in the current 

research is shown in Table 1. QR is inexpensive sold support 

available in the nature and local market, grind well to obtain 1 

mm particles and pass through a sieve mesh 18 stopped at 

mesh 20, then washed with distilled water and dried in the 

oven at a temperature of 80℃ as illustrated in Figure 2. 

 

 
 

Figure 2. Particles of QR 

 

Table 1. The chemical construction of textile dyes 

 
Dye λmax (nm) MW (g/mol) Chemical Structure 

DR152 530 452.79 

 

RG19 545 1418.94 
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2.2 Methods 

 

2.2.1 Extraction of CLP enzyme 

In this study, the scientific protocols and techniques used as 

references were used in extraction, immobilization, 

preservation, and treatment, as well as chemicals subject to 

standardization and quality assurance. The biocatalyst 

Peroxidase was isolated from waste cabbage legs, utilizing a 

slightly modified version [19]. 

Wastage cabbage legs weighing 50 g were homogenized for 

20 min using 250 ml of phosphate buffer pH 6.5 with 0.2 M. 

After filtration through two layers of clean cheesecloth in a 

Cole-Palmer VS-13000 centrifuge, the filtrate was centrifuged 

at 8000 rpm for 15 minutes. The filter paper was used to filter 

the carefully collected supernatant into a sterile tube. The 

material recovered was centrifuged, filtered, and then properly 

collected and stored as crude enzyme extract CLP at 4℃ for 

subsequent examination. 

 

2.2.2 Estimation activity of CLP 

Assessment of enzyme activity was measured using 

pyrogallol as a substrate in the presence of (H2O2). 

Purpurogallin, a brownish-orange substance, is created when 

pyrogallol is oxidized with the assistance of peroxidase. 

Purpurogallin concentration (λ max = 420 nm, ϵ = 4400 M-

1cm-1l) was analyzed spectrophotometrically to assess 

peroxidase activity at room temperature 25℃. 

The volume of 3.6 ml reaction mixture contained 1.5 mL of 

pH 6.5 phosphate buffer, 1.4 mL of 50 mmol L/l pyrogallol, 

0.4 mL of 25 mmol L/1 H2O2, and 0.3 ml of peroxidase at a 

concentration of a certain kind. Using a spectrophotometric 

instrument (UV-9200, BIOTECH ENGINEERING), the 

difference in absorbance was tracked at 420 nm every minute. 

In enzyme units per milliliter (U ̸ ml), the enzyme activity was 

expressed. An enzyme that catalyzes 1.0 µmmol of H2O2 per 

minute at 25℃ is considered to have one unit of enzymatic 

activity (U). Based on Eq. (1), the enzymatic activity was 

determined. To find the mean value, the analysis was done 

three times. All experimental conditions and quantities were 

chosen according to references [20, 21]. 

 

𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (
𝑈

𝑚𝐿
) =

(
𝑑𝐴

𝑑𝑡
)×𝐴𝑉×𝐷𝐹

𝐸𝑉×∈420
  (1) 

 

where, dA/dt: Changing in absorbency per minute. (min-1); AV: 

Overall volume (3.6 ml); DF: Dilution factor (1); EV: Enzyme 

volume  (0.3 ml); ∈420: PurpurOgallin absorptivity at 420 nm 

(4400 M-1cm-1). 

 

2.2.3 Immobilized enzymes by cross binding techniques 

The covalent binding technique (CBT) was used to 

immobilize the biocatalyst peroxidase with a few minor 

modifications, and all experimental conditions and quantities 

were chosen according to reference [22]. A series of functions 

were used to immobilize the protein at a concentration of 4 

mg/ml via covalent linking at 1 g of QR support. 

A- 3-aminopropyltriethoxysilane (APTS) 0.5% (v/v) 

homogenized with quartz particles for at least 4 hours at room 

temperature using a mechanical shaker. 

B- A glutaraldehyde solution with a concentration of 2.5% 

(v/v) in a volume of 5 mL exposed to the specimen. After eight 

hours at room temperature, the sample was mechanically 

stirred. 

C- Loading evaluation was used to estimate the amount of 

protein needed in the crude enzyme extract. The CBT was 

utilized. Then, the specimen was kept in static conditions at 

4℃ for one night. 

To get rid of the enzymes that weren't immobilized, the 

immobilized biocatalysts were washed and filtered. The 

filtrates were retained throughout the immobilization 

processes so that peroxidase activity could be measured. The 

immobilization efficiency of the peroxidase IY%. Eq. (2) 

represented the peroxidase IY% at quartz particles. 

 

𝐼𝑌 % =
𝑇𝑜𝑡𝑎𝑙 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑖𝑚𝑚𝑜𝑏𝑖𝑙𝑖𝑧𝑒𝑑 𝐶𝐿𝑃

𝑇𝑜𝑡𝑎𝑙 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑓𝑟𝑒𝑒 𝐶𝐿𝑃
× 100%  (2) 

 

⚫ The SEM analysis 

The SEM technique was used to determine the 

morphological properties of the supports and the I-CLP by 

CBT. The solid support samples were analyzed with a 

scanning electron microscope, and the subsequent SEM 

images were scrutinized. The microscope was utilized with an 

accelerating voltage of 15 kilovolts. A layer of 2 µm thickness 

was sputtered onto the samples. Prior to scanning, the 

initial/immobilized support was dried and coated with 

nanogold in a vacuum environment to enhance electrical 

conductivity. SEM was utilized to analyze the surface 

morphology of the initial, modified, and immobilized particles. 

Notably, distinct alterations on the particle surface were 

observed. 

 

⚫ The BET analysis 

BET analysis determines the permeability of the structure 

by examining the adsorption of gas (often nitrogen) on the 

material's surface. By analyzing the gas (typically nitrogen) 

that is adsorbed on the surface of the material. The acronym 

BET, which stands for the names of the scientists who first 

described this process in the 1930s, can be used to determine 

the particle diameter, surface area, average pore diameter, and 

total pore volume. 

 

2.2.4 The bio-catalytic characterization of F-CLP and I-CLP 

In order to calculate the amount of immobilized enzyme 

used in dye decolorization, a modified approach is outlined in 

the pH effect assays: temperature, profile of influence, reuse, 

and thermal stability [23]. 

By pre-cultivating the free and immobilized bioenzyme 

incubation with buffers with variable pH ranging from 4-9, the 

impact of pH on the relative activities of F-CLP and I-CLP 

was assessed. By performing a standard activity assay and 

incubating the free and immobilized enzyme incorporated at 

different temperatures ranging from 25-80℃, the effect of 

temperature on the RA for F-CLP and I-CLP was observed. 

Under typical assay conditions, the thermal stability of the two 

forms F-CLP and I-CLP were evaluated for 180 minutes at the 

same condition. 

 

2.2.5 Dye decolorization studies 

Batch studies utilizing a vessel involving cross linking with 

CLP previously developed with minor modifications were 

used to carry out dye decolorization [24]. Every dye (RG19, 

DR152) solution was put in its beaker. The dye solution was 

shaken by an 80 rpm rotating stirrer. This stock was utilized to 

prepare the necessary concentration range of 10-100 mg/l, all 

of which were done in an aerobic environment. 10 g wet 

weight of I-CLP was placed in 50 ml Erlenmeyer flasks for the 

experiments. For eight hours, the flasks were incubated at 

45℃.  
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Then, the dye decolorization was calculated using the 

relationship given in Eq. (3), with a decrease in optical density 

acting as a gauge. The complete process mentioned above was 

repeated numerous times at regular [25]. 

 

𝐷% =
𝐴𝑖−𝐴𝑓

𝐴𝑖
× 100%  (3) 

 

where, D%=Decolorization; Ai=initial absorbance before 

decolorization; Af=final absorbance after incubation. 

 

2.2.6 Statistical analysis 

The data provided in this study represent the standard 

deviation (± SD) of triple separate replication studies and are 

estimated for each treatment and illustrated as error bars in the 

figures. 

 

2.2.7 Kinetic modeling with simulation 

The dye decolorization with time in a batch reactor was 

represented by a mathematical model depending on the kinetic 

mechanism intended to be used by the equation of Michaelis-

Menten. The symbols E, S, ES, and P represent the enzyme, 

the substrate, the complex combined, and the product, 

according to the kinetic mechanism proposed by Michaelis‒

Menten Eq. (4) [26]. 

 

𝐸 + 𝑆
𝐾𝑚 𝑆
↔  𝐸𝑆

𝑘2
→𝐸 + 𝑃  (4) 

 

where, KmS and k2 stand for the rate constant (l mg-1 min-1) and 

the constant of Michaelis-Menten for substrate (mg ̸l), 

respectively. 

The Michaelis-Menten equation, provided by the following 

Eq. (5), represents the rate of reaction v on the concentration 

of the substrate [26]. 

 

𝑣 = 𝑘2 𝐸𝑆 =
𝑣𝑚𝑎𝑥 𝑆

𝐾𝑚𝑆+𝑆
  (5) 

 

where, the maximum rate (min−1) and the rate of reaction 

(min−1) are represented by vmax and v, respectively. An 

alternative Michaelis-Menten model can be applied when the 

removal is incomplete. This model takes into account a 

reversible Michaelis-Menten mechanism, which is represented 

by the following Eq. (6). 

 

𝑣 =
𝑣𝑚𝑎𝑥(𝑠−

𝑃

𝐾𝑒𝑞
)

𝐾𝑚𝑆(1+
𝑃

𝐾𝑚𝑝
)+𝑆

  (6) 

 

where, Keq and KmP stand for the constant of Michaelis-Menten 

for the product (mg l−1) and the constant of equilibrium, 

respectively. 

 

Batch reactor balance: F-CLP 

Eqs. (7) and (8) provide the differential equation that was 

derived from the mass balance to S and P in a batch system 

while considering the free CLP. 

 

−
𝑑𝑆

𝑑𝑡
= 𝑣𝐸  (7) 

 
𝑑𝑃

𝑑𝑡
= 𝑣𝐸  (8) 

 

where, t is time. 

 

Batch reactor balance: I-CLP 

The research [27] served as the inspiration for the 

mathematical model used to explain elimination in a batch 

system with immobilized enzymes. The CLP can catalyze a 

particular reaction in accordance with reversible Michaelis-

Menten kinetics; the S and P can be simulated by Fick's law 

model. 

Into the catalytic particle through diffusion. Effective 

diffusivity is concentration-independent and remains constant 

throughout the particle population. The mass balance for the S 

and P in the liquid bulk phase, respectively, is described by the 

differential Eqs. (9) and (10) shown below: 

 
𝑑𝑆𝑏

𝑑𝑡
= −

(1−𝜖𝑟)

𝜖𝑟
 
3

𝑅
𝑘𝐿𝑆(𝑆𝑏 − 𝑆𝑏,𝑟=𝑅)  (9) 

 
𝑑𝑃𝑏

𝑑𝑡
= −

(1−𝜖𝑟)

𝜖𝑟
 
3

𝑅
 𝑘𝐿𝑃(𝑃𝑏 − 𝑃𝑏,𝑟=𝑅)  (10) 

 

where, Sb, Pb, εr, R, kLS, and kLP stand for the concentration of 

substrate (mg l−1), product (mg l−1), the porosity of particles 

the radius of particles (m), and mass transfer coefficient by S 

and P (m s−1). In the solid phase for the S and P the differential 

mass balance can be written by the following Eqs. (11) and 

(12): 

 

𝜖𝑃
𝜕𝑆𝑃

𝜕𝑡
=

1

𝑟2

𝜕

𝜕𝑟
(𝑟²𝐷𝑒𝑠

𝜕𝑆𝑃

𝜕𝑟
) − 𝜌𝑃𝑣   (11) 

 

𝜖
𝜕𝑃𝑃

𝜕𝑡
=

1

𝑟²

𝜕

𝜕𝑟
(𝑟²𝐷𝑒𝑃

𝜕𝑃𝑃

𝜕𝑟
)+𝜌𝑃𝑣  (12) 

 

where, εP, SP, PP, r, DeS, DeP, and ρP stand for the porosity of 

particles, substrate concentration in the liquid phase (mg l−1), 

product concentration in the solid liquid phase (mg l−1), radial 

coordinate, the effective diffusivity by S and P (m2 s−1), and 

apparent density of the particles (kg m−3), respectively. The 

boundary conditions for Eqs. (9)-(12) are: 

 

𝑡 = 0; 𝑆𝑏 = 𝑆𝑏,𝑜;  𝑃𝑏 = 𝑆𝑃 = 𝑃𝑃 = 0 (13) 

 

𝑟 = 0;
𝜕𝑆𝑃
𝜕𝑟

=
𝜕𝑃𝑃
𝜕𝑟

= 0 (14) 

 

where, r=R. 

 

𝐷𝑒𝑆
𝜕𝑆𝑃
𝜕𝑟

= 𝑘𝐿𝑆(𝑆𝑃 − 𝑆𝑃,𝑟=𝑅) (15) 

 

𝐷𝑒𝑃
𝜕𝑃𝑃
𝜕𝑟

= 𝑘𝐿𝑃(𝑃𝑃 − 𝑃𝑃,𝑟=𝑅) (16) 

 

where, Sb,o represents the substrate's starting concentration in 

the bulk phase (mg l−1). 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Cross linking characterization 

 

The SEM morphology of immobilized CLP on quartz 

particles is displayed in Figure 3. Upon analyzing the photos, 

it is evident that the immobilization procedure was successful, 

as evidenced by the considerable amount of enzyme visible on 

the surface (IY of 82±0.41%). This stands in stark contrast to 

previous research, which reported a 65% IY for commercial 
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HRP immobilized on sugarcane bagasse utilizing the CB 

approach [28]. Using beads with a diameter of 2.0 mm, the 

reference [29] reported that Ca-alginate encapsulated 

manganese peroxidase was successfully immobilized with a 

maximum yield of 89.3±2.4% under the most favorable 

immobilization conditions. 

 

 
 

Figure 3. SEM image for QR support before and after 

immobilized enzyme 

 

The BET analysis is a popular tool used to define the 

chemical and physical properties of porous materials, such as 

nanomaterials, catalysts, and adsorbents, in a variety of fields, 

including materials science, bioenvironmental science, and 

catalysis. This method makes it easier to comprehend how a 

material performs and to modify its properties for specific uses. 

At gas pressure of 88 kPa it offers vital details about the pore 

volume, pore size distribution, and surface area of the material 

as shown in Table 2 [30]. 

 

Table 2. The characteristics of immobilized particles by BET 

analysis 

 
Characteristics Value 

Surface area (m2 ̸g) 3.38 

Overall pore volume (cm3 ̸g) 0.012 

Average pore diameter (nm) 14.246 

Particle diameter (mm) 1 

 

3.2 The enzyme characterization of F-CLP and I-CLP 

 

3.2.1 Effect of PH on F-CLP and I-CLP 

In this experiment, half-unit increments between 4.0 and 9.0 

were used to alter the pH of the buffer solutions. The purpose 

of the study was to compare the reaction rates of immobilized 

and free CLP preparations at different pH values because the 

enzyme-substrate interaction can be altered, and the catalytic 

activity of an enzyme is influenced by pH [31]. To do this, a 

variety of buffers containing 0.2M sodium acetate buffer for 

pH ranges 4-5, phosphate buffer ranges 6-7.5, and Tris­HCl 

buffer ranges 8-9 were utilized. Before measuring the 

enzyme's activity, both the free and immobilized versions 

were allowed to incubate for 15 minutes in each of the 

pertinent buffers. The effect of pH on the relative activity (RA) 

of F-CLP and I-CLP is shown in Figure 4. It is seen that 

activity for support increases noticeably at pH 6 with 100% 

activity, while at pH 5.5 and pH 6.6 it was 92% and 96%, 

respectively. That will provide a broad range for obtaining 

high activity of the enzyme, which provides strengths for 

research. Nonetheless, a decline in activity is noted in basic 

and acidic environments. This is explained by the way that the 

CLP and the H+ or OH- ions in the buffer interaction, changing 

the enzyme microenvironment of the immobilized enzyme, 

electrostatic interactions with the support might cause 

alterations in the optimal pH. The enzyme activity decreases 

seen at elevated pH may have resulted from denaturation [24, 

32]. The immobilized gourd peroxidase preparations, as 

reported in reference [33], exhibited pH optima identical to 

those of their soluble counterparts, specifically at pH 5.0.  

Conversely, other research has shown varying results with 

gourd peroxidase pH modification, with soluble form values 

ranging from 5.0 to 4.0 [34]. 

 

 
 

Figure 4. Effect of PH on F-CLP and I-CLP relative activity 

 

3.2.2 Effect of temperature on F-CLP and I-CLP 

The temperature ranges in which the free and immobilized 

CLP was evaluated were 25℃ to 80℃, and each experiment 

lasted for 15 minutes. The results showed that the peroxidase 

enzyme maintains its relative activity at 25-40℃ regardless of 

whether it is free or immobilized using quartz. 

RA was used to express the results. The enzyme thereafter 

displayed a decline in enzymatic activity. The findings 

displayed in Figure 5 suggest that 40℃ is the ideal temperature 

for free peroxidase activity. This discovery is consistent with 

the outcomes for CLP that have been immobilized. A 

temperature of 80℃ was shown to retain 45%±0.38% of the 

enzymatic activity of the I-CLP with quartz. 

 

 
 

Figure 5. Effect of temperature on F-CLP and I-CLP relative 

activity 

 

It is possible to attribute the observed decrease in free CLP 

activity with rising temperatures to the protein enzyme's 

structural modifications, higher mobility, and improved 

vibrational motion. These changes ultimately cause the 
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structure of the enzyme to become desaturated and the active 

site to be disrupted. Evidence that the enzyme is protected 

from the harmful effects of heat is provided by this behavior 

[35]. It is plainly useful that this feature ensures the 

immobilized enzymes can be used at higher operating 

temperatures, which leads to increased reactivity. According 

to the report [36], previous research has also observed an 

increase in temperature following the immobilization of 

activated wool immobilized HRP. 

 

3.2.3 Effect of thermal stability on F-CLP and I-CLP 

The temperature of both F-CLP and I-CLP was evaluated 

by examining their profiles at different temperatures ranging 

from 25-80℃ over 180 min. Enzyme activities were 

determined over the different time durations of this period [37].  

The exhibited responses pertaining to relative activities are 

illustrated in Figure 6. The results of the study clearly 

demonstrated that the relative activity of the I-CLP on solid 

support was significantly greater than that of the F-CLP. The 

relative activity exhibited a reduction subsequent to pre-

incubation at temperatures exceeding 40℃ for the free form 

and 50℃ for the immobilized form. The F-CLP was 

completely inactivated at 80°C while immobilized at quartz 

and showed residual activity of 45%±0.51%; previous studies 

have documented an improvement in the thermal resistance of 

immobilized peroxidases compared to free enzymes. An 

example of this is the observation that the chitosan beads 

containing HRP showed a slower decline in activity compared 

to the enzyme that was not encapsulated. Following a 6-hour 

incubation at a temperature of 70℃, the free enzyme exhibited 

a residual activity of 3.2%, whereas the encapsulated enzyme 

preserved 26.4% of its initial activity [38]. 

 

 
 

Figure 6. Effect of thermal stability on F-CLP and I-CLP 

relative activity for 180 min 

 

3.3 Dyes decolorization by I-CLP 

 

In the batch reactor, the dye-decolorizing potential of I-CLP 

was examined for two distinct textile dyes: RG19 and DR152. 

RG had the highest rate of successful dye removal 97% after 

the I-CLP, followed by DR 92%. The primary goal of 

immobilization is to ensure that the matrix may be recycled in 

the batch system. Therefore, the CLP-cross linking with quartz 

method was used to evaluate the repeatability of I-CLP for the 

purpose of removing dyes. 

Four consecutive catalytic runs were performed in total, and 

Figure 7 shows the outcomes. Even after four consecutive 

usages, it was shown that the I-CLP system retained 52-40% 

of its operational efficiency. By increasing the number of dye 

removal runs, the catalytic efficiency of I-CLP was gradually 

reduced. This could be because the enzyme was leaking from 

the quartz particle in different amounts or because high-

activity free radicals accumulated and entangled the catalytic 

site of the enzyme, resulting in either product inhibition or 

enzyme inactivation [39]. 

>90% of dye-contaminated wastewater degradation was 

reported in the report [40], which used starch beads to 

encapsulate peroxidase. When it came to free form, the 

immobilized peroxidase with polyvinyl alcohol showed better 

decolorization performance for a number of reactive textile 

dyes [41]. 

 

 
 

Figure 7. Reusability of CLP-immobilized for textile dyes 

 

 

4. CONCLUSIONS 

 

The enzyme CLP was successfully immobilized onto quartz 

rock particles using a straightforward CBT with an IY of 

82±0.41%. To obtain the maximum removal efficiency for 

each textile dye, the characteristics of enzymes, such as 

temperature, pH, thermal stability, and reusability, have been 

studied experimentally. On the other hand, immobilized CLP 

exhibited higher activity than free enzyme, and both dyes were 

able to employ immobilized enzyme for four cycles in a row. 

Furthermore, the mass transfer coefficients and kinetic 

parameters could be found using mass transfer models for both 

F-CLP and I-CLP. The enzyme immobilized in quartz 

possesses unique catalytic properties that indicate its 

suitability for several biotechnological uses, including effluent 

bioengineering problems. 

The research can recommend studying other industrial dyes 

resulting from textile and dye factories. The immobilized 

enzyme can also be used to remove other pollutants, such as 

phenols, heavy metals, and hydrocarbons, which are present in 

industrial waste thrown into rivers on a large and practical 

scale. 
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