
))((37.215))2011((

69

  Aspergillus oryzae

    
/ /

-
ISSN 1817 2695

)21201082011(

  76.60 %

0.75    /0.5   

)50(pH 5

  71.35 %  10.

                   5   

9 %25°12 %29 %5 25°

    30      .                 

          66.2 %  81.54 %  40.72 %61.84 %

    49.35 %66.47%        6     

50.

 :

)Carrier (

AdsorptionCovalent

Binding Entrapment

Encapsulation

Ionic Binding

Chelation of 11]Metal Binding [

[5,22]

.



  Aspergillus oryzae...

70

Lactose

)(

) (

  

 Lactose intolerance

70%[9].

50

Aspergillu oryzae.

:10

25010

1

106

305

50

150/30°

6200 xg20

.

:[4]

,)Unit (

1(Orthro

Nitro Phenol)ONP

.

:[12]

:

   Agar[3]  

2 %4 %

            45-40

)(   1:1       

2

  0.05     5    

[21].

:   

[14]  0.5         

       

        

    1     48
          

.

:

[7]

5 %

  0.2

5 .

.

 :

[2]0.45

 50

5

1

3% 28

5°18

   .

:

[3]    0.5          2.5  

 0.13 %

 30

   1       0.1

           

1  

        

30  



71

          

      

.

 :

  0.5)0.25 0.5 0.75

1 1.251.5 (.

 :[6]
)ONPG()8-2(.

:

80-20

50

6.

 :

[8] %1 %5.

     :   

[16]        100 %

    

.

    :   

  )5°   25°  (

  30    

 .

          

          

    5 %    

50

  6        

            

   "         5   

      .       

[18].

        

          

    [10]  

Aspergillus oryzae.

  

)1 (

  

76.60 %

Gluteraldehyde

"

31.95%.

[3]

LevansucraseBacillus
subtilis

3%

81.51 %

29 %  5% )

1 (%[21]

)Amberlite MB1(

Eudragit S-100

  -xylosidase
  

91 %

) (

) ()Alkylation (

  )Schiffs base(

[11]



  Aspergillus oryzae...

72

80-50 %

,[15].

)1 (

)/((%)
831.26100

2%362.1743.57

4%400.1648.14

265.5831.95

477.5557.45

493.0259.31

636.7476.60

  

          

)1 (          

              

652.19/0.75

          

.

      [14]  

         

         

          

[19]   

     

magnetic Fe3O4–chitosan0.7-0.3

)1 (  

100

200

300

400

500

600

700

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

( 
)  



73

            3   

            

     0.3         0.5

            

.       

             

             

      

     

[20]

25   50   100   150175

          

150[23]

    2.5

2 .

  

       

)8-2( )A

 2 (       5  

          

          

         

[6,16,5]

          

     )  B2 (      

   6-3.5         

           

          

.

)2(  

[1]

Bacillus coagulans    

      80%       

    ,11-6.5    [19]   

   magnetic Fe3O4–

chitosan 7-5  

    55%         8

      26%     

6.

0

200

400

600

800

1000

1200

0 1 2 3 4 5 6 7 8 9

  

 / )  
(  / )  

A

0

20

40

60

80

100

120

0 1 2 3 4 5 6 7 8 9

 ( %
 )   

 / )  
(  / ) 

B



  Aspergillus oryzae...

74

[23])Carrier (

             

          

)Polycationic Carriers (   

         

        

.

 )A3 (

     50      

   

          

   [5]   

  Aspergillus oryzae
lactisKluyveromyces  

     55  50    

   [17]  

Kluyveromyces lactis  

polysiloxane–polyvinyl alcohol magnetic  

  50°         

         [8]

             

  50   60       [23]     

         

           47  

  37       

      .    

         

         

        50-20  

60)   B3(     78.65 %  61.73

 %         6070

       

   

         )C3 (    

     50   6    

70 %6  

.

 )3 (

0

20

40

60

80

100

120

0 20 40 60 80 100) 

%
  

B

0
100
200
300
400
500
600
700
800
900

1000

0 10 20 30 40 50 60 70 80 90
) 

  

(  / )  
(  / )  

A

0

20

40

60

80

100

120

0 1 2 3 4 5 6 7
) 

(%
)

C



75

     [22]     

           

      [1]

            DEAE-

cellulose82.8 %

 6015 50 %

 65 9   

     [16]         

  Kluyveromyces
lactis    polysiloxane–polyvinyl

alcohol magnetic

 35   24

          

       

             

        [19]        

magnetic Fe3O4 – chitosan  

     65%

       50   60    6

        20 %   

.

            

          

)4 ( 93.15%77.01
%     1%  5%     

             

       

[6]        5 %  

    37      72 %

           65

%.

)4 (

         

   "      

        

          

           

           

   

  [2,8].

0

20

40

60

80

100

120

( %) 

( %
)  

0 1 5



  Aspergillus oryzae...

76

0

20

40

60

80

100

120

0 2 4 6 8 10 12

(%
) 

)5 (

28.65 %

.

       [6]65%

[17]    polysiloxane-

polyvinyl alcohol10  

14%[19]   magnetic Fe3O4–chitosan

  92%      15[23]    

  53 %9[20]

Kluyveromyces marxianus YW-1

          49 %     25 %

.

)5 ( 5015

 )6(

59 %

   25

12 %29 %5 25

30.



77

 )6(30

[13]

2030

25430 %

   604

60 %427%

2520  [24]

430

86%

  [6]

460

85 %35%

.

)A,B,C 7 (

     

          

             

66.2 %81.54

 %   40.72  %61.84 %  

         49.35 %66.47 %

     .

        

        

           

        

5-4.5

  Aspergillus oryzae
        6.8-6

[8]         

    

         

       

        [1]    

  DEAE-cellulose

   5%    55°  48

       92.5%  93.7 %  

   57.1%69.7 %  

  20       [16]   

Kluyveromyces lactis
polysiloxanepolyvinyl alcohol

magnetic       

) (

90%25120

[8]          

68

73

78

83

88

93

98

103

108

( ) 

(%
)

1 20 3010

5

5

25

25



  Aspergillus oryzae...

78

Aspergillus oryzae
79 %

89 %43

  70 %  61 %      

        [20]     

     49 %    

Kluyveromyces marxianus40

4.

)7 ( :AB:C:
506

.

1-Batra , N. ; Singh, J.;Joshi, A. and Sobti, R.C.
Improved properties of Bacillius coagaulans  -
galactosidase through  immobilization .
Engineering in Life Sciences , 5(4):581.(2005).

        2-El-Shora, H. M. Properties and immobilization
of urease from leaves of chenopodium album
(C3) Bot. Bull. Acad. Sci., 42 : 251(2001).

       3-Esawy, M.A.; Mahmoud, D.A.R. and
Fattah,A.F.A. Immobilisation of Bacillus
subtilis NRC33a levansucrase and some
studies on its properties. Brazilian Journal
of Chemical Engineering  ,
25(2):237.(2008).

0

10

20

30

40

50

60

70

) 

(%
)

1/2 2 4 6

C

0

10

20

30

40

50

60

70

80

90

) 

( %
  )

A

1/2 2 4 6
0

10

20

30

40

50

60

70

) 

( %
)

1/2 2 4 6

B



79

4-Food Chemicals Codex . Committee on  food
chemicals  codex, Food and Nutrition Board
Institue of Medicine of  the National  Academies
, 998p(1993).
5-Grosova, Z.; Rosenberg,M. ; Gdovin, M. ;
Slavikova ,  L. and Rebroš, M..Production of D-
galactose using  -galactosidase and
Saccharomyces cerevisiae entrapped  in
poly(vinylalcohol) hydrogel . Food Chemistry ,
116: 96(2009).
6-Haider , T. and Husain, Q. Concanavalin a
layered calcium alginate–starch beads
immobilized - galactosidase as a therapeutic
agent for lactose intolerant patients.
International Journal of Pharmaceutics, (359)
1.(2008).
7-Haider, T. and  Husain, Q. Hydrolysis of
milk/whey lactose by  - galactosidase: A
comparative study of stirred batch process and
packed bed reactor prepared with calcium
alginate entrapped enzyme . Chemical
Engineering and Processing ,  48  : 576.(2009a).
8- Haider, T. and  Husain, Q.  Immobilization of
 -galactosidase by bioaffinity adsorption on

concanavalin a layered calcium alginate–starch
hybrid beads for the hydrolysis of lactose from
whey/milk. International Dairy Journal ,  (19):
172. (2009b).
9- James, N.; Parker, M.D. and Philip, M. P. The
official patients  sourcebook on lactose
intolerance.USA.200p. (2002).
                                                10-Klich, M.A.
Identification of common Aspergillus species .
1st Edition. Wageningen ,Nethelands.116p
.(2002).
11-Kosseva, M. R.; Panesar, P. S.; Kaur, G. and
Kennedy , J. F. Use of immobilised biocatalysts
in the processing of cheese whey. International
Journal of Biological Macromolecules( 45):
437.(2009).
12-Lowry, O.H.; Rosobrough, N.; Far, A.L.; and
Randall, R.J. Protein measurement with folin
phenol reagent. Journal of  Biological Chemistry
, 193: 265(1951).
13-Makkar,  H.  P.  S.  ;  Sharma ,  O.  P.  and Negi
,S. S. Immobilization and properties of -D-
galactosidase from Lactobacillus bulgaricus.
Journal  Bioscience , 3 ( 1): 7(1981).
14-Mariotti,M.P. ; Yamanaka,H. ; Araujo,A.R.
and Trevisan,H.C. Hydrolysis of whey lactose
by immobilized  -Galactosidase. Brazilian
Archives of Biology and Technology, 51(6
):1233(2008).

15-Monsan, P. and Combes, D. "Enzyme
stabilization by immobilization", In: Mathods in
enzymology . Klaus, M.(ed.). Academic Press,
Inc., 137( D):584(1988). 16-Neri , D. F.M. ;
Balco, V. M.; Carneiro-da-Cunh, M. G. ;
Carvalho  Jr.,  L.  B.  and  Teixeira,  J.  A.
Immobilization of  -galactosidase from
Kluyveromyces lactis onto a polysiloxane–
polyvinyl alcohol magnetic (mPOS–PVA)
composite for lactose hydrolysis. Catalysis
Communications , 9 :2334. (2008).
17-Neri, D. F.M. ; Balcão, V. M.; Costa, R. S.;
Rocha,  I. C.A.P. ; Ferreira, E.M.F.C.; Torres,
D. P.M. ; Rodrigues L.R.M. ; Carvalho Jr,  L. B.
and Teixeira, J. A. Galacto-oligosaccharides
production during lactose hydrolysis by free
Aspergillus oryzae  -galactosidase and
immobilized on magnetic polysiloxane-
polyvinyl alcohol. Food Chemistry , 115:
92.(2009).
18- Nickerson, T. A.; Vujicic, I. F. and Lin,
A.Y. Colorimetric estimation o f lactose and its
hydrolytic products. Journal of Dairy Science,
59: 386(1974).

             19- Pan, C.; Hu, B.; Li, W.; Sun, Y.; Ye, H. and
Zeng , X. Novel and efficient method for
immobilization and stabilization of  -
galactosidase by covalent attachment onto
magnetic  Fe3O4–chitosan nanoparticles .
Journal of Molecular Catalysis B: Enzymatic ,
61: 208.(2009).

            20- Puri, M.; Gupta , S. ; Pahuja , P. ; Kaur, A. ;
Kanwar , R. and Kennedy, J.F. Cell disruption
optimization and covalent immobilization of -
D-galactosidase from Kluyveromyces marxianus
YW-1 for lactose hydrolysis in milk. Applied
Microbiology and  Biotechnology,
160:98(2010).
21- Smaali, I. ; Rémond, C. ; Skhiri ,Y. and
O’Donohue, M. J. Biocatalytic conversion of
wheat bran hydrolysate using an immobilized
GH43 -xylosidase. Bioresource Technology ,
100 : 338(2009).
22- Smith , E.J. Biotechnology.5th Edition ,
Cambridge Univ. Press. , (2009).
23- Zhang , S. ; Gao, S. and Gao , G.
Immobilization of -galactosidase onto
magnetic beads. Applied Biochemistry and
biotechnology, 160:1386(2010).
24-Zhou, Z.K. Q. and Chen,  D. X.
Immobilization of -galactosidase on graphite
surface by glutaraldehyde . Journal of Food
Engineering, 48: 69.(2001).



  Aspergillus oryzae...

80

Study of Immobilization -galactosidase purified from mold Aspergillus
oryzae   by  solid state fermentations and it's applications in some dairy

products

Ali K. Jaber           Gheyath H. Majeed Alaa J.Abd Al – Manhal
Dept.Food Science , College of Agri., Univ. of Basrah,

Basrah -Iraq

SUMMARY
      Chitosan  was found to be the best immobilizer for  -galactosidase with  efficiency 76.60% .
Characteristics of the immobilized  enzyme was studied , It was found that the best amount of enzyme
to  chitosan  granules   was   0.75  ml /0.5 gm, The optimum pH  and temperature of the immobilized
enzyme were found to be the same as  for   the free enzyme ,  however ,  a  wider    range of  stability  of
both characters was observed . Immobilized enzyme activity by galactose was decreased in
comparison with the free enzyme , The immobilized enzyme was found to retain 71.35% of  -
galactosidase activity after 10 fold of use, The stability of the free and immobilized enzyme was
studied at different storage periods. It was found that the immobilized  enzyme retain all its activity
at 5ºC, but about 9% of its activity was lost at 25 ºC ,while the free enzyme lost more than 12% and
29 % of its activity when stored at 5 ºC and 25 ºC respectively for 30 days . It was found that , for
both free and immobilized enzyme , the highest hydrolysis  of the lactose was when using lactose-
acetate buffer solution which reached 66.2% and 81.54%  respectively for 6 hours incubation at 50 º C
, The lowest hydrolysis was found in  in skim milk which were 40.72% and 61.84% , While in the
whey it was 49.35% and 66.47%  respectively.

Keywords : -galactosidase , Immobilization, Chitosan , application


