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Abstract: The nano-Fe3O4 particles were prepared by hydrothermal method. Cellulose-based magnetic Fe3O4 was prepared by 

adding cellulose solution dissolved in sodium hydroxide / thiourea / urea system. The basic protease was used as the catalyst and 

glutaraldehyde was used as the crosslinking agent, The production of magnetic recyclable immobilized enzyme can greatly 

reduce the cost of hydrolysis of sludge. The aldehyde groups in the glutaraldehyde and the amino groups in the protein can be 

stably crosslinked by coupling. The immobilization effect of nanometer Fe3O4 was reflected by investigating the activity of 

immobilized enzyme and immobilization rate of enzyme under different conditions. 

Keywords: Nano Fe3O4, Glutaraldehyde, Immobilized Enzyme, Alkaline Protease 

 

1. Introduction 

With the development of urbanization and the continuous 

improvement of people's living standards, the demand for 

water has also been an upward trend. The workload of 

sewage treatment plant is growing, resulting in more and 

more excess sludge. The treatment of sludge is a difficult 

problem at home and abroad. It will cause secondary 

pollution without proper treatment. The currently widely 

used physical and chemical methods have the disadvantage 

of high cost and low efficiency. The residual sludge has a 

high moisture content, which sometimes reaches 99%. So, 

sludge dewatering is an important part of the treatment of 

sludge. How to quickly and effectively reduce the sludge 

moisture content has been a key issue at home and abroad 

research. [1] 

EPS is the polymer organic compounds secreted by 

microbial organism in the sludge under certain conditions. 

The main component is the protein and polysaccharide. EPS 

is the main cause of loose floc sludge structure. Water will be 

tightly absorbed by the protein and polysaccharide in EPS, 

leading to the decline of dehydration performance. Therefore, 

reducing the EPS content in the sludge, destroying its floc 

structure, releasing absorbed water, will play a positive role 

in improving the sludge dewatering performance. [2] 

The enzymatic hydrolysis of residual sludge has the 

advantages of high catalytic efficiency, low pollution, low 

energy consumption and simple operation. But there are 

some defects: free enzyme can not be recovered and the cost 

is high. In order to solve the defects in the use of enzymes, 

academics began to try a variety of reusable enzymes and 

increase the applicability of the enzyme technology. In all 

these researches, enzyme immobilization has the best 

prospects for application and industrialization. The 

immobilized enzyme has the following advantages compared 

with the water-soluble enzyme: (1) The use efficiency is high, 

the cost is low, and the specificity is strong; (2) The substrate 

is easy to be separated from the enzyme, the product quality 

is improved, and the yield of the product is increased; (3) The 

enzyme can be used repeatedly; (4) In most cases, 

immobilization can improve the stability of the enzyme to 

extend the use of the enzyme and its shelf life; (5) 

Immobilized enzyme has a certain mechanical strength. It 

can react with the substrate solution by stirring or packing, 

which is convenient for the continuous and automated 

operation of enzyme catalyzation reaction. Therefore, the 

current academic research on immobilized enzyme 

technology is getting more and more popular. A variety of 

carrier production technology and enzyme immobilization 

technology is arising. [3] 

In comparison with free proteases in solution, immobilized 

proteases are reportedly stable, highly resistant to 
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environmental changes and reusable. The four principal 

methods of immobilization are as follows: (a) adsorption, (b) 

covalent binding, (c) entrapment, and (d) membrane 

confinement. Among these, multipoint covalent attachment is 

the most effective in terms of thermal stabilization. Protease 

has been successfully immobilized on many different types of 

carriers, including a controlled amine terminal magnetic 

particle, chitosan beads, extrusion soybean fiber, and a 

magnetic polymer microsphere. Among all these carriers, 

magnetic nanoparticles can overcome the inconvenience in 

recycling and handling which can be recovered easily from 

reaction solutions by simple magnetic capture. [4] 

2. Material and Methods 

2.1. Equipment and Reagents 

Main equipment: Analytical balance (Ohaus Corporation), 

Thermo high-speed centrifuge (Thermo Fisher), ultrasonic 

cleaner, freeze dryer, constant temperature water bath 

oscillator. 

Main reagents: liquid paraffin, Span80, sodium hydroxide, 

thiourea, urea, microcrystalline cellulose, acetone, ethanol, 

alkaline protease, casein. Folin-phenol reagent, 0.4 mol/L 

sodium carbonate solution, 0.4 mol/L trichloro acetic acid 

(TCA, CCl3COOH) solution, Coomassie brilliant blue 

solution. [5] 

2.2. Solution Preparation 

Cellulose solution: Sodium hydroxide / thiourea / urea / 

deionized water was prepared as a solution at a rate of 8 / 6.5 

/ 8 / 77.5, cooled to -10°C, and then slowly heated at 2000 r / 

min with 3 g of micro Crystalline cellulose, prepared into 3% 

cellulose solution. [6] 

Buffer solution: 

Solution A: 0.2mol / L Na2HP04 · 2H2O solution; 

Solution B: 0.2mol / L NaH2P04 · 2H2O solution; 

Buffer solution is prepared as follows:. 

Table 1. Table of buffer solution preparation method. 

pH A /ml B/ml 

5.8 8.0 92.0 

6.0 12.3 87.7 

6.5 31.5 68.5 

7.0 61.0 39.0 

7.5 84.0 16.0 

8.0 94.7 5.3 

3. Experimental Methods 

3.1. Preparation of Cellulose-Based Nano Fe3O4 by 

Hydrothermal Method 

100 mL of 0.3 mol/L FeSO4 solution and 0.15 mol/L Fe2 

(SO4)3 solution was poured into a 500 mL beaker at a molar 

ratio of 1: 1 and placed in a 65°C water bath. NaOH solution 

was used to adjust the pH of the solution to about 6.5, and 

then added an excess of 25%. Appropriate amount of 

surfactant sodium oleate and sodium dodecyl benzene 

sulfonate was added to the beaker with intensive stir. After 

thirty minutes of reaction, the product was poured into the 

reaction vessel. the reaction temperature was set at 160°C 

and the reaction time was 6 h. The reaction was carried out 

by heating the reaction vessel. After the reaction was 

completed, the product was taken out, mechanically stirred 

for 30min, and ultrasonically dispersed for 30min. Then it 

was washed with distilled water and acetone. Immobilized 

enzyme was settled by strong magnet and supernatant was 

poured out. The whole procedure should be repeated for 4 to 

5 times until the pH of supernatant reached 7. The 

supernatant should be mechanically stirred and ultrasonic 

dispersed again for 30min. After that, the particles was 

collected by magnet and then be frozen-dried, and those 

particles was the nano Fe3O4. [7] 

3.2. Preparation of Immobilized Enzyme 

300 ml of liquid paraffin and 20 ml of Span 80 were added 

to a three-necked flask and stirred at 20°C for 45 min. 1 g of 

nano Fe3O4 was placed in 15 ml of deionized water and 

ultrasonically dispersed for 15 minutes. Then it was added to 

40 ml of a cellulose solution for mechanical stirring. After 

completion of the emulsification, the suspension was added 

dropwise to the three-necked flask with a burette in about 1 

hour. Emulsification was continued for 5 hours. After the end 

of emulsification, the pH of the system was adjusted to 7 by 

diluted hydrochloric acid. Then the suspension was settled 

until it was layered. After that, the supernatant was poured 

out. The particles left was washed by acetone, ethanol and 

deionized water repeatedly. Then it was frozen-dried and 

stored in refrigerator. [8] 

0.1g of the prepared magnetic carrier was added to a 

certain amount of 25% glutaraldehyde solution. The 

suspension was water-bathed in oscillator at 25°C for some 

time, rinsed with buffer solution for 3 times. Then 1ml of 

enzyme solution was added to the suspension. The 

suspension was water-bathed in oscillator at 25°C for another 

one hour. At last, the immobilized enzyme was washed with 

buffer solution for 3 times and then kept in refrigerator. 

3.3. Determination of Enzyme Immobilization Effect 

a. Tyrosine Standard Curve Drawing 

Sixteen test tubes were divided into 5 groups (one blank, 

each group has three parallel samples) and numbered. 

Standard tyrosine, deionized water, 0.4mol/L sodium 

carbonate and Folin-phenol reagent was added to test tubes 

according to the table, and water-bathed under 400°C for 

20min. 721 spectrophotometer was used for colorimetric 

determination (wavelength 660nm). The concentration of 0g / 

mL tyrosine solution was used as a blank control. 
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Table 2. Table of tyrosine standard curve drawing. 

No 
Standard Tyrosine Water Na2CO3 Folin-phenol Tyrosine Content 

100µg/ml ml ml ml µg/ml 

Blank 0 1.0 5 1 0 

1 0.2 0.8 5 1 20 

2 0.4 0.6 5 1 40 

3 0.6 0.4 5 1 60 

4 0.8 0.2 5 1 80 

5 1.0 0 5 1 100 

The curve drawn according to the data is shown in figure 1: 

 
Figure 1. Tyrosine Standard Curve. 

b. Enzyme Activity Determination 

0.1g of fixed enzyme and 0.9ml phosphate buffer was added 

to a test tube. The test tube was preheated in 40°C water bath 

for 5 minutes. Then 1mL of 2% casein substrate buffer was 

added to the suspension, shaken well. The test tube was placed 

in a water bath for 20min. Then it was settled for 15 minutes. 

The remaining casein and enzyme protein precipitate was 

filtered by filter paper. 1mL of filtrate were transferred to each 

of another four test tubes. Then 5mL of 0.4mol / L sodium 

carbonate solution and 1mL of 1N Folin-phenol reagent was 

added to the solution, shaken well. The test tube was 

water-bathed under a certain temperature for 20min coloring. 

Then it was determined under 660nm wave length. The 

tyrosine content was calculated by comparing the optical 

density values in the standard curve. [9] 

3.4. Determination of Enzyme Activity Recovery Rate 

Bovine serum albumin standard solution (BSA) was 

accurately moved into test tube according to table 3. The total 

volume was adjusted to 1 mL by adding distilled water. And then 

20mL of Coomassie Brilliant Blue G-250 solution was added 

into the test tubes. The solution was shaken and measured at the 

wavelength of 595 nm absorbance. BSA standard solution 

concentration is used as the abscissa, absorbance as the ordinate. 

Standard curve is shown in figure 2. [10] 

Table 3. Table of BSA standard curve drawing. 

No 
BSA standard solution Water G-250 BSA Content 

100µg/ml ml ml µg/ml 

Blank 0 1.0 20 0 

1 0.2 0.8 20 20 

2 0.4 0.6 20 40 

3 0.6 0.4 20 60 

4 0.8 0.2 20 80 

5 1.0 0 20 100 
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Figure 2. BSA Standard Curve.

4. Result and Discussion 

Figure 3. shows the effect of different enzyme dosage on 

the recovery of immobilized enzyme activity. It can be seen 

from the figure that the recovery rate of immobilized enzyme 

activity grows with the increase of enzyme dosage. When the 

amount of enzyme is 500µl, the recovery rate is the highest. 

After that, the activity recovery rate began to decline. This is 

because the amount of active groups is certain. When it 

reaches the cross-linked saturation, increase the amount of 

enzyme will no longer increase the enzyme retention rate. 

 
Figure 3. Effect of enzyme dosage on enzyme immobilization effect. 

It can be seen from Fig. 4 that the activity of immobilized 

enzyme rises with the increase of crosslinking time at first. 

Then it decreased. It reached the maximum when the 

crosslinking time was 4h. The reason of this phenomenon is 

that, long crosslinking time will cause the agglomeration of 

nanoparticles, leading to the decline of enzyme recovery 

amount. Meanwhile, long crosslinking time will cause 

protein degeneration, reducing the activity of immobilized 

enzyme. [11] 
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Figure 4. Effect of cross-linking time on enzyme immobilization effect. 

It can be seen from Fig. 5 that, when the glutaraldehyde 

concentration is small, the recovery amount of enzyme will 

increase rapidly with the increase of glutaraldehyde 

concentration. But when the concentration of glutaraldehyde 

exceeds 2%, the activity of immobilized enzyme will 

decrease rapidly. This is because glutaraldehyde is not only a 

cross-linking agent, but also a cause of enzyme denaturation. 

High glutaraldehyde concentration will accelerate the 

denaturation of enzymes, reducing the activity of 

immobilized enzyme. 

 

Figure 5. Effect of glutaraldehyde dosage on enzyme immobilization effect.  

It can be seen from Fig. 6 that the recoveries of the 

immobilized enzyme reached the maximum at 1 h, indicating 

that the enzyme was saturated at 1 h. The surface area of 

nanoparticles is larger than any other carriers, so the 

absorption process can be finished in a short time. Long 

absorption time does no good to the effect of enzyme 

recovery. After 1h, the excess enzyme will no longer be 

cross-linked on the carrier. The enzyme activity will begin to 

decrease due to the denaturation effect. So 1h is the best 

absorption time. [12] 
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Figure 6. Effect of absorption time on enzyme immobilization effect. 

It can be seen from Fig. 7 that, in the low temperature, the 

enzyme activity recovery effect didn’t perform well. Room 

temperature (25°C) was beneficial to the recovery of the 

enzyme activity of the enzyme, which reached the maximum 

under this condition. With the rise of temperature, the 

recovery rate of enzyme activity decreased. The cross-linking 

effect of glutaraldehyde enhanced with temperature, so the 

activity of immobilized enzyme rise. But if the temperature is 

too high, the denaturation effect of glutaraldehyde will be 

enhanced, resulting in the decline of immobilized enzyme 

activity. The high temperature itself also has strong 

denaturation effect. Enzyme is easy to lose its activity due to 

the change of protein structure. Besides, room temperature is 

beneficial to the stability of enzyme. The repeated use under 

high temperature is much easier to cause the denaturation. 

 

Figure 7. Effect of temperature on enzyme immobilization effect. 

Orthogonal Test 

The recovery rate of glutaraldehyde-modified alkaline 

protease is tested under different temperature, pH, 

crosslinking time, adsorption time, enzyme dosage and 

glutaraldehyde concentration. To further investigate the 

complex impact on recovery rate between these factors, a 

four factor three level L9 orthogonal test is designed. The 

selected factors and their level is shown in Table 4. [13] 

A: Temperature B: pH 

C: Enzyme Dosage D: Glutaraldehyde Con. centration 

Table 4. The levels and factors of orthogonal test. 

Level 
Factors 

A(°C) B C(µl) D(%) 

1 20 7.0 400 0.8 

2 25 7.5 500 1.0 

3 30 8.0 600 2.0 
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The average effect of each factor: k value, is calculated. k 

will reach maximum at the optimal level. It is found that the 

pH value has the greatest effect on the immobilization rate, 

followed by the amount of enzyme. The effect of 

glutaraldehyde concentration and temperature is a little bit 

smaller. It can be concluded that the effect of four factors on 

the recovery rate of enzyme activity: pH> enzyme dosage> 

glutaraldehyde concentration> temperature. [14] 

Table 5. Table of BSA orthogonal test. 

No. A(°C) B C(µl) D (%) Activity (U/g) 

1 20 7.0 400 0.8 30.41 

2 20 7.5 500 1.0 52.93 

3 20 8.0 600 2.0 70.71 

4 25 7.0 500 2.0 49.21 

5 25 7.5 600 0.8 61.19 

6 25 8.0 400 1.0 65.28 

7 30 7.0 600 1.0 48.14 

8 30 7.5 400 2.0 50.76 

9 30 8.0 500 0.8 66.47 

K1 54.81 43.71 53.15 56.04  

K2 61.45 56.94 58.74 60.42  

K3 57.16 71.35 62.38 58.02  

R 4.28 28.53 12.84 6.92  

Optimal Level A2 B3 C3 D3  

So, the conclusion can be drawn that when the temperature 

is 25°C, the amount of enzyme is 500µl, the glutaraldehyde 

concentration is 1%, the crosslinking time is 4h，  the 

adsorption time is 1h, and pH is 8, the effect of enzyme 

immobilization reaches the maximum. [15] 

Hydrolysis Result 

The sludge is hydrolyzed by immobilized enzyme under 

the best reaction situation. The test result is as follows: 

Table 6. Table of hydrolysis result. 

Detection indicator Rate of change 

COD Decreasing 28.4% 

VSS Decreasing 34.6% 

NH4+-N Increasing 51.4% 

Polysaccharide Increasing 49.6 

Here is the reason for the result: Sludge floc is fractured 

due to the effect of immobilized enzyme. A large amount of 

colloidal and soluble organic matter is released to solution, 

while the degradation-resistant granular organics is 

hydrolyzed into soluble organics. And Carbohydrates are 

converted into polysaccharides or reducing sugars. 

Macromolecules are hydrolyzed into polypeptides, dipeptides 

and amino acids, and then further decomposed into small 

molecules of organic acids by deamination, ammonia and 

carbon dioxide. That makes the decline of COD and VSS, 

and the rise of NH4
+
-N and Polysaccharide. [16] 

5. Conclusion 

This article introduces the preparation method of 

cellulose-based nano immobilized enzyme and how to 

determine its performance. 

According to the above research, when the temperature is 

25°C, the amount of enzyme is 500µl, the glutaraldehyde 

concentration is 1%, the crosslinking time is 4h and the 

adsorption time is 1h, the effect of enzyme immobilization 

reaches the maximum. The prepared immobilized enzyme 

can effectively hydrolyze sludge, reducing the contamination 

in it. 

Besides water treatment, immobilized enzyme also shows 

potential in other fields like Food, medicine, cosmetics and 

some other industries due to its recycling convenience and 

stability. [17] 
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