
 1

 

                                                   

 
                           Faculty of girls for Arts,  Science 

                                                                                                           and Education Ain Shams University 

 

Recycling of some fish and crustaceans wastes under solid state fermentation for 

enzyme (s) production and utilization of fermentation process wastes in the 

formation of economically important substance 

 
A Thesis 

Submitted to the Botany and Microbiology Department, 

Faculty of Girls for Arts, Science and Education 

Ain Shams University, Cairo, Egypt 

 

In Partial Fulfillment of the requirements for the Degree of Master  

Of Science (M. SC.) in Microbiology  

(   Fermentation Biotechnology   )   

 

By  

Rasha Mohamed Said Fouad  

B. Sc. Faculty of girls for Arts, Science and Education 

 Ain Shams University  

 

( 2007 ) 

 



 2

 

Supervisors 

 

This work has been achieved 

 
                                 Under Supervision of 
 
 

 
Prof. Dr. Fatma Abd-El wahab  Helemish 
Prof. of Microbiology in Botany &  Microbiology  Dept., Fac. of Girls for Arts,  

Science, & Education,  Ain Shams University 

                    
And 

 
Dr. Shrief Moussa Husseiny  

Dr. of Microbiology in Botany & Microbiology  Dept., Fac. of Girls for Arts,  

Science, & Education, Ain Shams University 

 
 
 
 

2007 
 

 
 
 
 
 
 
 
 



 3

 
 
 
 
 
 
 

 

 
 
 
 

 بسم االله الرحمن الرحيم
 

 وَقُل رَّبِّ زِدْنِي عِلْمًا
                                   

  صدق االله العظيم               )114(آية : سورة طه
          
 

 

 

 

 
 
 
 

 
 

 



 4

 

Acknowledgment  
 

 The author wishes to express his deep thanks to Prof. Dr. Fatma Abd-

El Wahab Helemish, Prof. of Microbiology in Botany and Microbiology 

Department,  Faculty of girls for Arts, Science and Education, Ain Shams 

University, Cairo, for suggesting this work and also for her help in presenting this 

thesis and discussion of the results .  

 
 Many thanks to Dr. Shrief Moussa Husseiny, Dr. of Microbiology in 

Botany and Microbiology Department,  Faculty of Girls for Arts, Science and 

Education , Ain Shams University, Cairo, for help in supervision as well as in 

presenting this thesis. 

 

Finally, Many thanks to all members of  Microbiology in Botany and 

Microbiology Department, Faculty of girls for Arts, Science and Education , Ain 

Shams University, Cairo . 

 

 

 

 



 5

 

 

 

 

 

Dedication 
To my Father, Mother and Brother who 

earned this degree as well as 

myself, for their endless 

support, Love and 

understanding 

 

     
 

 

 

 
 

    
 
 



 6

List of Contents     

 

Subject Page
Acknowledgment 
Dedication 
Abstract 
List of contents 

 

Part I  

Introduction 
Review of literature                                                                      

(I) Solid state fermentation process                                                         
1- Definition of solid state fermentation 
2- History of solid state fermentation 
3- Classification of solid state fermentation 
4- Advantage and disadvantage of solid state fermentation 
5- Application of solid state fermentation  

(II) Chitinase enzyme 
1- Introduction 
2- Chitinase producing organisms 
3- Classification of chitinase enzyme 
4- Application of chitinase enzyme 

(III) Protease enzyme 
1- Introduction  
2- Protease producing organisms 
3- Classification of protease enzyme 
4- Application of protease enzyme 

(IV) Parameters Controlling the microbial chitinase and protease 
Production  

1- Temperature 
2- Incubation period. 
3- Initial pH 
4- Nitrogen source  
5- Yeast extract 

(V) Purification of microbial chitinase and protease  
(VI) Parameters controlling the activities of the purified microbial 

chitinase and protease enzyme  
1- Incubation time 

1 
2 
2 
2 
2 
3 
4 
4 
5 
5 
7 
9 
10 
10 
10 
11 
12 
13 
14 

 
14 
15 
15 
16 
17 
17 
19 

 
19 



 7

2- Temperature and thermal stability  
3- Initial pH and pH stability 
4- Enzyme concentration  
5- Substrate concentration  
6- Amino acid analyzer and molecular weight  

(VII)  Extraction of chitin 
(VIII) Application of the purified chitinase  and protease enzyme. 

1- Application of the purified chitinase enzyme in  
          biocontrol 

2- Application of the purified protease enzyme in  
       hydrolysis of protein in soybean  

Materials and methods 
(1)  Industrial wastes used                                                                                   
(2)  Media used.  

A- Growth medium  
B- Media used for isolation and purification of the microbial groups  
C- Medium use for preservation of pure bacterial isolates   
D- Chitinase and protease production medium 

(3) Detection of chitinase and protease enzymes assays 
(4) Screening test for selecting the most potent bacterial isolate for 

chitinase    and protease production 
(5) Identification of the most potent bacterial isolate for chitinase and 

protease production 
(6) Chitinase and protease activities 

A- Chitinase activity and production medium 
B- Protease activity and production medium   

(7) Construction of a standard curve for assaying the chitinolytic and 
proteolytic activity and the protein content assay 

A- Construction of a standard curve for assaying the chitinolytic 
activity  

B- Construction of a standard curve for assaying the proteolytic 
activity 
C- Construction of a standard curve for assaying the protein content 

(3) Reagents 
A- Acidic mercuric chloride  
B- Determination of total water soluble protein   

(4) Parameters controlling chitinase and protease enzyme production 
A- Temperature  
B- Incubation period 
C-  Initial pH values 
D- Waste concentration  
E- Inoculums size  

19 
20 
21 
21 
22 
23 
23 
23 

 
24 

 
25 
25 
25 
25 
26 
26 
27 
27 
28 

 
28 

 
29 
29 
29 
30 

 
30 

 
31 
32 
32 
32 
32 
33 
33 
34 
34 
35 
35 
36 



 8

F- Yeast extract 
G-  Liquid waste ratio 
H- Nitrogen source                                                                            
I- Shaking 

(5) Purification of chitinase enzyme  
A- Production of chitinase and protease enzyme  
B- Preparation of cell free filtrate 
C- Ammonium Sulphate fractionation 
D- Dialysis against top water  
E- Dialysis against sucrose  
F- Application on column chromatographic technique 

(6) Factors affecting the purified chitinase and protease activities   
A- Incubation time 
B- Incubation temperature  
C- Initial pH values  
D- Enzyme concentration  
E- Substrate concentration  
F- Thermal stability  
G- Initial pH stability  
H- Amino acid analyzer  
I- Molecular weigh 

(10)Extraction of chitin from crab shells  
A- Preparation of crab shells  
B- Extraction of chitin  

(11)Application of the purified Chitinase enzyme in suppression of 
Fusarium wilt  

A- Soil drech experiment  
B- Treated of seeds  

(12)Application of the purified Protease enzyme in hydrolysis of protein 
in soybean 

36 
37 
37 
38 
38 
38 
38 
39 
39 
39 
41 
41 
41 
42 
42 
43 
43 
44 
44 
44 
45 
45 
45 
45 

 
46 
46 
48 

 
      

PART II  



 9

Results  
Section (A):  

I-Isolation and purification of microorganisms have ability to fish and 
crustacean wastes biodegradation. 

II-Screening test for the selection the most potent microorganism 
have ability to produce chitinase and Protease enzyme.  

  
 

 
 
 

49 
 

49 
 
 
 
 

):B(Section  
I-Parameters controlling the productivities of chitinase and protease 
enzyme produced by Pseudomonas areuginosa and Pseudomonas 
alcaligenes 
(A) Parameters controlling the productivities of chitinase produced  
      by Pseudomonas areuginosa         

1-Incubation temperature   
2-Incubation period  
3- Initial pH Values  
4-Waste concentration  
5-Inoclum size  
6-Yeast extract  
7-Liquid waste ratio  
8-Addition of nitrogen source  
9-Shaking  

 (A) Parameters controlling the productivities of protease  produced 
by Pseudomonas alcaligenes                 

 1-Incubation temperature   
2-Incubation period  
3- Initial pH Values  
4-Waste concentration  
5-Inoclum size  
6-Yeast extract  
7-Liquid waste ratio  
8-Addition of nitrogen source  
9-Shaking  

  

 
53 

 
53 

 
53 
54 
55 
56 
57 
58 
60 
61 
62 
63 

 
63 
64 
65 
66 
67 
68 
70  
71 
72 

PART III  



 10

I-Purification of chitinase enzyme produced by Pseudomonas 
areuginosa and Protease enzyme produced by Pseudomonas 
alcaligenes under Solid State Fermentation (SSF) condition  

Step (1) : Enzyme production and preparation of cell-free filtrate  
Step (2) : Fractional precipitation with ammonium sulphate  
Step (3) : Concentration by dialysis against sucrose  
Step (4) : Purification of the chitinase and protease by gel filtration on 

spandex G-200 column 

75 
 
 

75 
76 
78 
78 

 
 

      II-Properties of the purified chitinase enzyme and protease enzyme 
(A) Properties of the purified chitinase enzyme 

1- Incubation time 
2- Incubation temperature  
3- Initial pH values  
4- Enzyme concentration    
5- Substrate concentration  
6- Thermal stability  
7- Initial pH stability   
8- Amino acid analyzer  
9- Molecular weight 

(B) Properties of the purified protease enzyme 
1-  Incubation time 
2-  Incubation temperature  
3-  Initial pH values  
4-  Enzyme concentration    
5-  Substrate concentration  
6-  Thermal stability  
7-  Initial pH stability   
8-  Amino acid analyzer  
9-  Molecular weight 

84 
84 
84 
85 
86 
88 
89 
91 
92 
93 
95 
96 
96 
97 
98 
99 

101 
102 
103 
104 
107 

PART IV  



 11

     I-Extraction of chitin from crab shell  
II-Application of the purified chitinase enzyme in suppression of 

Fusarium wilt  
1- Soil drech experiments  
(A) Tomato plants infected with Fusarium oxysporum and treated      

with crude chitinase enzyme after one week from infection  
(B) Tomato plants infected with Fusarium oxysporum and treated 

with crude chitinase enzyme after two week from infection  
(C) Tomato plants infected with Fusarium oxysporum and treated 

with crude chitinase enzyme after three week from infection 
2-  Seed treatment   

III-Hydrolysis of protein of soybean crude protease enzyme 

108 
108 

 
108 
108 

 
111 

 
114 

 
116 
119 

PART V  

Discussion  
Summary  
Reference  
Arabic Summary  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 12

 
 

Table 
No. 

 
Table Title 

 
Page 

(1) Different of chitin in different in different sources 
 

6 

 
(2) 

Screening test of the bacterial isolates for their chitinolytic and 
proteolytic production in terms of mean diameters (mm) of 
clearing zone 

 
50 

(3) Chitinase production in relation to various temperatures by  
Pseudomonas areuginosa  

53 

(4) Effect of different incubation periods on chitinase enzyme by 
Pseudomonas areuginosa  

54 

(5) Effect of initial pH values of the production medium on chitinase 
production 

55 

(6) Chitinase production by Pseudomonas areuginosa  in relation to 
various waste concentration 

56 

(7) The relation between chitinase production and different inoclum 
size 

57 

(8) Chitinase production by Pseudomonas areuginosa in relation to 
different concentration of yeast extract 

59 

(9) Effect of liquid waste ratio on chitinase production 
 

60 

(10) Different nitrogen sources in relation to chitinase productivity 
 

61 

(11) Shaking state in relation to chitinase productivity   62 

(12) Protease production in relation to various temperature by 
Pseudomonas alcaligenes 
 

63 

(13) Effect of different incubation periods on protease enzyme by 
Pseudomonas alcaligenes 

64 

(14) Effect of initial pH values of the production medium on protease 
production 
 

65 

List of Tables 



 13

 
Table 
No. 

                         
                        Table Title 

 
Page 

(15) protease production by Pseudomonas alcaligenes  in relation to 
various waste concentration 

66 

(16) The relation between protease production and different inoclum 
size 

68 

 (17)  Protease production by Pseudomonas alcaligenes in relation to 
different concentration of yeast extract   

69 

(18) Effect of liquid waste ratio on protease production 70 
(19) Different nitrogen sources in relation to protease productivity 71 
(20) Shaking state in relation to protease productivity 72 

 
(21) 

Summary of the optimal conditions of chitinase produced by 
Pseudomonas areuginosa and protease produced by 
Pseudomonas alcaligenes 

 
74 

(22) Ammonium sulphate fractionation of  chitinase produced by 
Pseudomonas areuginosa 

76 

(23) Ammonium sulphate fractionation of protease produced by  
Pseudomonas alcaligenes 

78 

(24) Fraction pattern of chitinase of Pseudomonas areuginosa on 
sephadex G-200 column chromatography 

79 

(25) Fraction pattern of protease of Pseudomonas alcaligenes on 
sephadex G-200 column chromatography 

81 

(26) Summary of purification step of chitinase enzyme produced by 
Pseudomonas areuginosa 

83 

(27) Summary of purification step of protease enzyme produced by 
Pseudomonas alcaligenes   

83 

(28) Relation of incubation time to the activity of chitinase enzyme 84 
(29) Relation of different incubation temperature to the activity of the 

purified chitinase  
86 

 
(30) Relation of initial pH values to chitinase activity 87 
(31) Relation of chitinase concentration to its activity 88 
(32) Relation of different substrate (chitin) concentration to the 

chitinase activity 
90 

(33) Relation of thermal stability to chitinase activity 91 
(34) Relation of initial pH stability to chitinase activity 92 
(35) Amino acid analytical data of purified chitinase enzyme 93 
(36) Relation of incubation time to the activity of protease enzyme 

 
 

96 



 14

Table 
No. 

                        Table Title Page 

(37) Relation of different incubation temperature to the activity of the 
purified protease 

97 

(38) Relation of initial pH values to protease activity 98 
(39) Relation of protease concentration to its activity 100 
(40) Relation of different substrate (casein) concentration to the 

protease activity 
101 

(41) Relation of thermal stability to protease activity 102 
(42) Relation of initial  pH stability to protease activity 103 
(43) Amino acid analytical data of purified protease enzyme 105 

 
(44) 

 Changes in growth parameters of tomato plants infected with 
Fusarium oxysporum  and treated with crude chitinase after one 
week from infection

 
109 

(45) Changes in growth parameters of tomato plants infected with 
Fusarium oxysporum  and treated with crude chitinase after  two 
weeks from infection

 
112 

(46) Changes in growth parameters of tomato plants infected with 
Fusarium oxysporum  and treated with crude chitinase after  
three weeks from infection 

 
114 

(47) Changes in growth parameters of tomato plants at different  
ages infected with Fusarium oxysporum and treated with     
different concentration of crude chitinase as seed treatment  

 
116 

(48) Hydrolysis of protein of soybean by protease enzyme 119 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 15

List of Figure  
 

Figure 
No. Figure Title Page 

(1) The structure of chitin, chitinase and cellulose 5 
 

(2) 
Showing a standard curve of chitinase enzyme represented the 
relation of enzyme concentration (mg/ml) to the 
optical densities (O.D.) 

 
30 

 
(3) 

Showing a standard curve of protease enzyme represented the 
relation of enzyme concentration (mg/ml) to the optical 
densities (O.D.) 

 
31 

 
(4) Showing a standard curve of protein in terms of (mg/ml) against 

their corresponding optical densities 
32 

(5) Chitinase production in relation to various temperatures by 
Pseudomonas areuginosa 

54 

(6) The effect of incubation periods on chitinase enzyme produced 
by Pseudomonas  

55 

(7) Effect of initial pH values of the production medium on 
chitinase production 

56 

(8) Showing the relation between chitinase enzyme production and 
waste concentration  

57 

(9) Showing the relation of inoclum size (ml) to chitinase production 58 
(10) Relation between chitinase production and different 

concentration of yeast extract 
59 

(11) The effect of liquid waste ratio on chitinase production 60 
(12) Different nitrogen source in relation to chitinase production by 

Pseudomonas areuginosa 
62 

(13) Shaking state in relation to chitinase productivity 63 
(14) Protease production in relation to various temperatures by 

Pseudomonas alcaligenes  
64 

(15) The effect of incubation periods on protease enzyme produced 
by Pseudomonas alcaligenes 

65 

 
 
 
 


