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M.A. ABDEL-NABY, AA SHERIF, A.B. EL-TANASH AND AT MANKARIOS. 1999. Tannase 
enzyme from Aspergillus oryzae was immobilized on various carriers by different 
methods. The immobilized enzyme on chitosan with a bifunctional agent 
(glutaraldehyde) had the highest activity. The catalytic properties and stability of the 
immobilized tannase were compared with the corresponding free enzyme. The bound 
enzyme retained 20· 3% of the original specific activity exhibited by the free enzyme. The 
optimum pH of the immobilized enzyme was shifted to a more acidic range compared 
with the free enzyme. The optimum temperature of the reaction was determined 
to be 40°C for the free enzyme and 55 °C for the immobilized form. The stability at 
low pH, as well as thermal stability, were significantly improved by the 
immobilization process. The immobilized enzyme exhibited mass transfer limitation as 
reflected by a higher apparent Km value and a lower energy of activation. The 
immobilized enzyme retained about 85% of the init\al catalytic activity, even after being 
used 17 times. 

INTRODUCTION MATERIALS AND METHODS 

Tannins are high molecular weight polyphenolic compounds 
Carriers for enzyme immobilization 

that exist in a variety of plant species. Tannase (tannin acyl 
hydrolase, EC 3.1.1.20) is the enzyme responsible for the Chitin, colloidal chitin, chitosan and Dowex 50 W were from 
decomposition of hydrolysable tannins, especially gallo­ Sigma, DEAE-Sephadex A-25 was from Pharmacia and 
tannins, to glucose and gallic acid (Lbuchi et al. 1972). acrylamide and Na-alginate were from BDH. All other chemi­

Applications of tannase are concentrated in the leather­ cals were of analytical grade. 

processing, food and pharmaceutical industries (Giovanelli 

1989; Majumdar and MoudgaI1994). 


Preparation of tannase enzyme For ind us trial application, the immobilized form ofenzyme 
offers several advantages, including repeated use of the Tannase enzyme was prepared from the cell-free extract of 
enzyme, ease of product separation, improvement of enzyme A. oryzae according to EI-Tanash (1997). The specific activity 
stability and continuous operation in packed-bed reactors. of this crude enzyme was 72·2 U mg- 1 protein. One unit of 
However, there are few reports on immobilized tannases enzyme activity (U) is defined as the amount of the enzyme 
(Weetal and Dater 1974; Katwa etal. 1981; WeetaI1985). which releases one micromole of gallic acid from tannic acid 

This work describes the immobilization of Aspergillus ory­ per minute under the assay conditions. 

zae tannase. The properties of the immobilized enzyme were 

compared with those of the free enzyme. 


Determination of tannase activity 

Tannase activity was determined by measuring the amount 
of gallic acid released from tannic acid (Sigma). Unless other­Correspondence to: Dr M.A. Abdel-Naby, Department ofChemistry of 

,vatural and Microbial Products, National Research Center, Dokki, wise specified, the assay mixture consisted of O' 5 ml tannic 
CaIro, Egypt. acid (2%, w/v) in citrate-phosphate buffer (0'1 mol 1-1, 
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pH5'S) and 0'5ml enzyme solution or weighed amount of 
the immobilized enzyme. The reaction was incubated at 40°C 
for 30 min (Nishira and Mugibayashi 1958). The released 
gallic acid was determined as reported by Nishira and Mugi­
bayashi (1959). The results were confirmed by the method 
reported by Deschamps et al. (1983) for the estimation of 
tannase activity. One unit of enzyme activity (U) is defined 
as the amount of the enzyme which releases one micromole 
of gallic acid per minute under the assay conditions. 

Immobilization methods 

Physical adsorption. Aminoalkylsilane-alumina (AS-alu­
mina) was prepared by the method of Weetal (1972). The 
carrier (AS-alumina or colloidal chitin, 1 g) was incubated 
with the enzyme solution (500 U A. oryzae tannase) dissolved 
in 1 ml 0·1 mol 1-1 acetate buffer (pH 5· 5) at 4°C overnight. 
The unbound enzyme was removed from the carrier by wash­
ing with 0·1 mol 1-1 acetate buffer (pH 5'5) until no activity 
or soluble protein was detected (Ohtakara and Mitsutomi 
1987). 

Ionic binding. Anion exchanger (DEAE-Sephadex A-25, 1 g) 
equilibrated with citrate buffer (0'1 moll-I, pH 6'0), or cation 
exchanger (Dowex 50 W, 1 g) equilibrated with tris-HCl 
huffer (0'1 mol I-I, pH 8'0), was incubated with the enzyme 
solution (500 U A. oryzae tannase) dissolved in the same 
buffer for 12 h at 4°C. The unbound enzyme was removed 
by washing with 0·01 mol NaCI until no activity or soluble 
protein was detected (Kusano et al. 1989). 

Covalent binding. Chitosan (l g) was dissolved in 100 ml 
0·1 moll-I HCl containing 2· 5% (v/v) glutaraldehyde (GA) 
for 2 h at 30°C. The solubilized chitosan was precipitated by 
the addition of 1 ml 1·0 moll-I NaOH. The precipitate was 
separated hy filtration (using a sintered glass funnel) and 
washed with distilled water to remove the excess GA. The 
wet chitosan was mixed with 5·0 ml of the enzyme solution 
(500 U A. orzyae tannase) and stirred for I h at 30°C. The 
unbound enzyme was removed by washing with distilled 
water until no protein or activity was detected (Ohtakara and 
MitSlitomi 1987). Chitin (1 g) was shaken with lOml 2· 5% 
(v/v) GA. Chitin was then collected by filtration (using a 
sintered glass funnel) and washed with distilled water ~o 

remove the excess GA. The wet chitin was mixed with 5·0 ml 
of the enzyme solution (500 U A. oryzae tannase) for 2 h at 
30°C. The unbound enzyme was removed by washing with 
Jistilled water as described above (Ohtakara and Mitsutomi 
19R7). 

Entrapment. 
(i) In polyacrylamide: The entrapment of the enzyme was 
carried out in 7% (w/v) acrylamide with a 3·0% (w/w, of 
the total monomer content) crosslinker (N,N methylene-bis­
acrylamide) concentration, as described by Roy et al. (l984). 
The added enzyme activity for entrapment was 100 U (A. 
oryzae tannase) 10 ml- 1 gel. The gel was washed with saline, 
cut into 2 x 2 x 2 mm fragments and kept in tris-HCI buffer 
(IOmmol I-I, pH7'5) at 4'0°C for 72h to remove the 
unbound enzyme. 
(ii) In Ca-alginate: IOml 5% (w/v) Na-alginate were mixed 
with 100 U ofA. oryzae tannase. The entrapment was carried 
out by dropping the mixture into 100 mmoll- I CaClz solu­
tion. The resulting beads (1·0-}· 5 mm diameter) were col­
lected and washed with distilled water to remove the unbound 
enzyme (Abdel-Naby 1993). 

Properties of the free and immobilized tannase 

Effect of pH. The effect of pH on the free and immobilized 
tannase was studied using citrate buffer (0'1 mol 1- I, pH 3· 5­
5· 5), citrate-phosphate buffer (0'1 mol I-I pH 6--7" 5) and 
phosphate buffer (0'1 moll-I, pH 7'0-8'0). 

pH stability. The free and immobilized enzyme were incu­
bated in universal buffer (0'1 mol I-I) of variou~ pH values 
(3'0-10) at l5 dc. After 30 min, the enzym~ samples were 
cooled at 4 DC and dialysed against distilled water. The 
residual enzyme activity was assayed under the standard con­
ditions. 

Thermal stability. The enzyme samples were incubated with 
citrate-phosphate buffer (0'1 mol I-I) at the optimum pH 
value (5-5 for the free enzyme and 4·5 for the immobilized 
enzyme) at a designated temperature (50-70°C) for 5-60 min. 
The residual activity was assayed under the standard 
conditions. 

Protein estimation 

The protein was estimated using the method developed by 
Bradford (1976). The protein content of the immobilized 
enzyme was calculated by subtracting the amount ofunbound 
protein from the protein originally added. 

Operational stability of the immobilized tannase 

Chitosan-immobilized tannase (1 g, wet) containing about 
19·31 U A. oryzae tannase was incubated with 20ml 2% 
(w/v) tannic acid in citrate-phosphate buffer (0'1 moll-I, 
pH 4'S) at 55°C for 60 min. At the end of the reaction, 
the immobilized enzyme was collected by centrifugation at 
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5000 rev min -I 2500 g for 15 min, washed with distilled 
water, and resuspended in 20 ml freshly prepared substrate 
to start a new run. The supernatant fluid was assayed for 
gallic acid. 

Reproducibility 

All the experiments were repeated at least four times and the 
results were reproducible. The data points represented the 
mean values within ±5·0% of the individual values. 

RESULTS AND DISCUSSION 

Tannase enzyme from A. oryzae was immobilized on various 
carriers by different methods of immobilization including: 
physical adsorption on AS-alumina and colloidal chitin; ionic 
binding onto Dowex 50 Wand DEAE-Sephadex A-25; coval­
ent binding on chitosan and chitin; and entrapment on poly­
acrylamide and Ca-alginate. The immobilized tannase activity 
was evaluated (Table I). The immobilized enzyme prepared 
by covalent binding to chitosan had the highest immobilized 
activity (I07U g-l carrier) and the highest immobilization 
yie!i (~·6%). -Thus, chitosan was used as a carrier through 
this study. 

The specific activity of the immobilized tannase (14-65 U 
mg- 1 protein) was 20-3% of the original specific activity 
(72'2 U mg- 1 protein) exhibited by the free enzyme. This 

Table 1 Immobilization of Aspergillus oryzae tannase 

drop in specific activity may be due to diffusional limitation 
(i.e. resistance of the substrate to diffuse into the immo­
bilization matrix and resistance of the products to diffuse 
out), as reflected by the apparent lower energy of activation 
for the immobilized enzyme (5'77 vs 6·75 kcal mol-I, see 
below). This apparent lower energy of activation for the 
immobilized enzyme has been reported to be an indication of 
diffusional limitation (Kitano et III. 19R2). On the other hand, 
Gottschalk and Jaenicke (1991) rcported that the immo­
bilization of the enzyme by covalent binding (as in the present 
case) would lead to a decrease in the flexibility of the enzyme 
molecule, which is commonly rdlccted by a decrease in cata­
lytic activity. The decrease in specific activity after enzyme 
immobilization has been previously reported (Siso et at. 1990; 
Gottschalk and Jaenicke 1991). 

The optimum pH of the immobilized enzyme was shifted 
to acidic range (pH 4- 5) from pH 5'5, which was the optimum 
for the free enzyme (Fig. 1). The acidic shift in the optimum 
pH for catalytic activity as an effect of immobilization on the 
cationic matrix (as in the present case) was in agreement with 
the general observation that the positively-charged supports 
displace pH-activity curves of the enzymes attached to them 
towards lower pH values (Krajewska et al. 1990). 

The pH stability of the free and immobilized A. oryzae 
tannase was compared in the pH range 3,0-10,0 at 25°C 
during 30min incubation periods (Fig. 2). The pH stability 
of the immobilized tannase was also shifted to a more acidic 

Specific 
Added Unbound Immobilized activity of the Immobilization 
enzyme enzyme enzyme immobilized yield 

Carrier (A) (B) (I) enzyme =I1(A-B) % 

Physical adsorption (U g-I carrier) (U g-I carrier) (U g-l carrier) (U mg<' protein) 
AS alumina 500 340 31'5 10·80 19·64 
Colloidal chitin 500 235 59-5 12·31 22-45 

Ionic binding (U g - 1 carrier) (U g-I carrier) (U g-' carrier) (U mg­ 1 protein) 
Dowex SOW 500 168·5 23·5 8-20 7·09 
DEAE-Sephadex 500 97-4 48-0 10·50 11·83 

Covalent binding (U g-I carrier) (U g-l carrier) (U carrier) (U mg-' protein) 
Chitin 500 109-0 87·.j. 1\·23 22·25 
Chitosan 500 98'4 107-0 1+65 26·6() 

Entrapment (U 10 ml- 1 gel) (U 10 ml- 1 gel) (U 10 ml -I gel) (U mg- I protein) 
Polyacrylamide* 100 27·3 13-3 10·77 18·29 
Ca-alginatct 100 67·9 4·7 8·67 14-64 

.. Final gel concentration, 7°Al. 

t Final gel concentration, 5%_ 
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unge (pH 3·0-6· 5) than that of the free enzyme (+ 5-6'0). 
This effect may have been caused by the mieroemironmental 
pH of the chitosan matrix. At high H 4 conccntrations, the 
amino groups of chitosan would be protonatetl, therehy 
attracting hydroxyl ions which would maintain a higher 
mieroenvironmental pH than in the bulk solution, and thus 
stahilize the immobilized enzyme (Bissett and Sternberg 

i' IIf/Ii). 
The temper,lture dependence of the activity of soluhle 

.tllli immobilizcd tannase was studied in 0·1 moll l citrate­
piJo"phatc buffer at the optimum pH for the catalytic activity 
(.;; 1'11'1 he frce enz) me and +5 for the immobilized enzyme). 

The free enzyme had an optimum temperature of abollt 
40°C, whereas that of the immobilized enzyme was shifted 
to 55 °C (Fig. 3). The increase in the optimum temperature 
is probably a consequence of enhanced thermal stability. The 
activation energy (obtained from Arrhenius plots) for the 
immobilized enzyme was 5'77 kcal mol-I, which is lower 
than that of the free enzyme (6'75 kcal mol-I). Kitano etal. 
(1982) and Allenza et at. (1986) reported that the activation 
energy of the immobilized enzyme was lower than that of the 
free enzyme because the internal diffusion of the substrate 
into the carrier-enzyme system was the rate-limiting step. 

The rates of heat inactivation of soluble and immobilized 
tannase were investigated in the temperature range 50 to 
70°C. As shown in Fig. 4, the thermal inactivation process of 
the immobilized enzyme corresponded well to the theoretical 
curves of a simple first-order reaction. This is probably 
because the steric position of the enzyme molecules immo­
bilized in the active form is relatively similar (Ivony et al. 
1983). In general, the immobilization process on chitosan 
protected the enzyme against heat inactivation. For example, 
the calculated half-life values (Table 2) show that heat inac­
tivation of the free enzyme at 50, 60,and 70°C are 1'33, 
2·22 and 3·13 times faster, respectively, than those of the 
immobilized enzyme. The deactivation rate constant at 60°C 
for immobilized tannase is 1·73 x 10-2 min -I, which is lower 
than that of the free enzyme (3'80 x 10-2min -I). Using 
the Arrhenius equation. the activation energy for thermal 
denaturation of the free enzyme is about 20·9 kcal mol-I, 
which is 4·1 kcal mol- l lower than that of the immobilized 
enzyme (Table 2). 

Lineweaver-Burk plots of the free and immobilized A. 
Ofj'Zlle tannase gave Km (Michaelis constant) of 12·5 mg ml- I 
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Fig. 3 Effect of temperature on the activity of free and chitosan­
immobilized tannase. (0), Free enzyme; (e), immobilized enzyme 
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Fig.4 Heat inactivation offree and chitosan-immobilized 
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Table 2 Comparison of thermal stabilities of both free and 
chitosan-immobilized Aspergillus oryzae tannase 

Property Free enzyme Immobilized enzyme 

Half-life (min) 
50°C 
60°C 
70°C 

90 
18 
8 

120 
40 
25 

Deactivation constant 
rate (min -I) 

50°C 
60°C 
70 c C 

0'77 X 10-2 

HO X 10- 2 

8'60 X 10-2 

0·57 X 10-2 

1·73 X 10-2 

2·77 X 10-2 

Activation energy of 
denaturation (kcal 
mol-I) 

20·9 25'0 

and 20 mg ml-I, respectively, with tannic acid. The Vmax (the 
maximum reaction rate) of the free and immobilized tannase 
were 83 and 40 U mg- I protein, respectively. This increase 
in K,., value after immobilization may be partially due to mass 
transfer resistance of the substrate into the immobilization 
medium (chitosan). Mass transfer resistance appears to be 
drastic in macromolecule substrates such as tannins. Also, it 
could explain why the substrate had low accessibility to the 
enzyme-active sites. On the other hand, mu!tiple fixation of 
the enzyme by the effect of covalent binding (as in the present 
case) would also lead to a decrease in the flexibility of the 

enzyme molecule, which is commonly reflected by a decrease 
in catalytic activity (Gottschalk and Jaenicke 1991). The 
increase in Km 	 value and decrease in V max after enzyme 
immobilization have also been reported by other investigators 
(Bissett and Sternberg 1978; Ohtakara and Mitsutomi 1987; 
Krajewska eta!' 1990; Abdel-Naby 1993). 

The activities of both free and immobilized A. oryzae 
tannase towards different tannin substrates are listed in 
Table 3. The immobilized enzyme, like the free enzyme, 
decomposes a yariety of tannins. However, the rate of gallic 
acid release from tannin obtained from the leaves and bark of 
Acacia nilotica and A. sa linga , relative to tannic acid, was 
lower with the immobilized enzyme. It was not clear whether 
this was due to a change in the affinity of the enzyme towards 
these substrates, or to the rate of mass transfer peculiar to 
the immobilized system. 

The effects of various metal ions on the activity of the 
immobilized tannase compared with that of the native enzyme 
are listed in Table 4. Calcium ions showed no action on the 
free and immobilized enzymes. On the other hand, Mg-\ 
Co2+, FeH and Hg2+ adversely affected the activity of both 
native and immobilized enzymes. However, it was observed 
that the inhibitory effect of these ions was less pronounced 
with the immobilized enzyme. This may be due to the pro­
tection of the immobilized enzyme by the carrier. This pro­
tection may result from at least two effects: (i) structure 
changes in the enzyme molecule introduced by the applied 
immobilization procedure and consequently, lower accessi­
bility of inhibiting ions to the active site of the enzyme; and 
(ii) the chelating effect of chitosan which is known to be a 
very powerful chelating agent (Muzzareli 1973). Similar 
results have been reported for other immobilized enzymes 
(Kimura et al. 1989; Krajewska 1991). 

Table 3 Relative activity of free and chitosan-immobilized 
Aspergillus oryzae tannase on various tannins 

Relative activity (%) 

Origin of tannin substrate Free enzyme Immobilized enzyme 

Tannic acid 100 100 
Commercial tannic acid 84-1 888 
Commercial red tea 22-4 25·0 
China green tea 69·1 60·1 
Leaves of Acacia nilotlca 39·0 9·5 
Bark of A. nilotica 38'3 8'5 
Bark of A. wlinga 37·8 4-6 
Bark of A. ehrenbergina 8·5 0·0 

The activities with tannic acid (100%): free enzyme, 72'20 U 
mg- 1 protein; immobilized enzyme, 14-65 U mg- I protein. 

© 1999 The Society for Applied Microbiology, Journal of Applied Microbiology 87, 108-114 



1 

ASPERGILLUS ORYZAE TANNASE 113 

Table 4 Effect of some metal ions on the activity of free and 
chitosan-immobilized Aspergillus oryzae tannase 

Residual activity (%) 

Metal ion (5 mmoll- I
) Free enzyme Immobilized enzyme 

None'" 100 100 
CaCI1 100 100 
MgClz 71·6 86 
COClI 50·7 76 
CuSO, 41·0 56 
FeSO, 38·7 72 
ZnCl2 44·6 71·7 
HgCl1 16·3 70·0 

'" The original activities (100%): free enzyme, 72·20 U mg- 1 

protein; immohilized enzyme, 14·65 U mg- 1 protein. 

The operational stability of the immobilized A. oryzae 
tannase \\'<IS c\'aluated in repeated batch process. The results 

(Fig. 5) indicatcd that the catalytic activity of the immobilized 

enzyme was durable under repeated use. Thus, the immo­

bilized enzyme was able to keep producing a good yield of 

hydrolysis products (0'78-0'66 mmoll- gallic acid), with as' 
high as 85°0 of the initial catalytic activity after 17 runs. 

Thc O\cr~lIl performance of the immobilized A. oryzae 
tannase catalytic acti\,ity, thermal and pH stabilities, and its 
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Fig.5 ()l'rr,H ion;il ,1;Jhiltt:- of chitosan-immobilized tannase 
after I'l·,"JllIl II'" Thl' reaction mixture is described in the 
text 

possible re-use, are more promising than for the free ellZYl1ll'. 

In addition, the immobilized activity of A. OI)':::.at' tannase 

(107 U g-I carrier, 14,65 U mg- I bound protein) reached b~ 

covalent binding on chitosan was higher than for trcatmclll 

of tea cream for degradation of tannin content (Wectal <Ind 

Dater 1974), improving the fermentation rate and stability of 
beer (Giovanelli 1989), and improving the protein digesti ­

bility (Carmen et at. 1992) and synthesis of gallic acid csters 

of n-propanol and amyl alcohol (WeetaI1985). Accordingly, 

it is suggested thatA. oryzae tannase immobilized on chitosan 

by covalent binding is suitable for practical application. 

REFERENCES 

Abdel-Naby, M.A. (1993) Immobilization of Aspergillus mger NRC 
107 xylanase and /l-xylosidase and properties of the immobilized 
enzymes. Applied Biochemistry and Biotechnology 38, 69-81. 

Allenza, P., Scheri, D.S. and Detroy, R.W. (1986) Hydrolysis of 
xylan by an immobilized xylanase from Aureobasidium pullulans. 
BIotechnology and Bioengineering Symposium 17, 425-433. 

Bissett, F. and Sternberg, D. (1978) Immobilization of Aspergillus 
beta-glucosidase on chitosan. Applied and Environmental Micro­
biology 35, 750-755. 

Bradford, M. (1976) A rapid and sensitive method for the quanti­
fication of microgram quantities of protein utilizing the principle 
of protein dye binding. Analytical Biochemistry 72, 248-254. 

Carmen, A., Trevino, J. and Ortiz, L. (1992) Effect of tannins from 
Faba beans on protein utilization in.rats, Jou1J1(l1 ofthe SciQlct of 
Food and Agriculture 59, 551-551' .... ~,C"" 

Deschamps, A.M., Otuk, G. and Lebeault, J.-M. (1983) production 
oftannase and degradation ofchestnut tannin by bacteria. Journal 
ofFermentation Technology 61, 55-59. 

EI-Tanash, A.B. (1997) Studies on Some Fungi Degrading Tannins. 
M. Sc. Thesis, Mansoura University of, Mansoura, Egypt. 

Giovanelli, G. (1989) Enzymatic treatment of malt polyphenois for 
beer stabilization. Industerial Bevanda (Ita I) , 18,497-502. 

Gottschalk, N. and Jaenicke, R. (1991) Authenticity and recon­
stitution of immobilized enzymes: characterization and dena­
turation/ renaturation of glucoamylase 11. Biotechnology and 
Applied Biochemistry 14, 324-335. 

Ivony, 	K., Szajani, G. and Seres, D. (1983) Immobilization of 
starch-degrading enzymes. Journal ofApplied BiochemistlY 5, 158­
164. 

L.c., Ramakrisha, ~l. and Raghavendra-Rao, 1\1.R. (1981) 
Spectrophotometric assay of immobilized tannase. JOlIl'lllllllj'Bio­
science 3, 135-140. 

Kimura, T., Yoshida, M., Oishi, K., Ogata, 1\1. anti I\:akakuki, T 
(1989) Immobilization of exo-maltotetraohyJro!ase and pullu­
lanase. Agricultumllllld Bwlllgmil Cll('Jllislrl' 53, 18-1-3-18..J.8. 

Kitano, H., Nakamum, K. ,md lsI', 1\:. (l9il2) Kinetic studies of 
enzyme immobili;(cJ on ,mionie polymer lattices. JUI/mal of 
.ipplted iJiodll'llUslrJ'..J., .H -lO. 

Kr;ljC\\ ,].;;1, B. (I!J!J I) C r,';Ise immobilized on chitosan membrane: 
ina.... ' i\ arion III he;1\ \ Illetal iOlls. ]ilIIJ'lItII of' Chemical Technology 
1I11t! Hil!lt'(I/lII!"'-~I' 52, 131 11.2, 

KLIjc\\,b, B., l.ev].;o, \\. and Zaborska, 'Y. (1990) Urease immo­

© 199'J!lut S".;,'lIy lor Arplied Microbiology, Journal of Applied Microbiology 87, 108-114 

0 

I 

http:OI)':::.at


114 M.A. ABDEL-NABY ET AL. 

bilized on chitosan membrane: preparation and properties. Jour­
nalofChemical Technology and BIotechnology 48,337-350. 

Kusano, S., Shiraishi, T., Takahashi, S.L, Fujimoto, D. and Sakano, 
Y. (1989) Immobilization of Bacillus acidopu//ulyticus pullulanase 
and properties of the immobilized pullulanase. Journal of Fer­
mentation and Bioengineering 68, 233-337. 

Lbuchi, S., Yasuji, M. and Yamada, K. (1972) Hydrolyzing path­
way, substrate specificity and inhibition of tannin acyl hydrolase 
of Aspergillus oryzae No7. Agricultural and Biological Chemistry 
36, 1553-1562. 

Majumdar, S. and Moudgal, R.P. (1994) Effect of tannic acid on 
activation of certain digestive enzymes and alkaline phosphatase 
in intestine and glucose adsorption in adult chickens. Journal of 
Applied Animal Research 6, 105-1l2. 

Muzzareli, R.A. (1973) In Natural Chelating Polymers, Alginic Acid, 
Chitin, Chitosan. Oxford: Pergman Press. 

Nishira, 	H. and Mugibayashi, N. (1958) Tannin decomposing 
enzymes of molds: 1- determination of the enzyme activity and 
tannin decomposing activity of the selected mold. Science 
Reports, Hyogo University, Agricultural Series. Agricultural 
Chemistry 1,6-10. 

Nishira, H. and Mugibayashi, N. (1959) Tannin decomposing 
enzymes of molds II. Science Reports, Hyogo University, Agri­
cultural Series. Agricultural Chemistry 2, 1-4. 

Ohtakara, A. and Mitsutomi, M. (1987) Immobilization of thermo­
stable a-galactosidase from Pycnoporus clnnabarinus on chitosan 
beads and its application to the hydrolysis of raffinose in beet 
sugar molasses. Journal ofFermentation Technology 65, 493-498. 1Roy, P.K., Roy, U. and Dube, D.K. (1984) Immobilized cellulolytic 
and hemicellulolytic enzymes from Macrophomina phaseolina. 1
Journal a/Chemical Technology and Biotechnology 39, 165-170. 

Siso, M.L, Graber, M., Condoret, ].-M. and Combes, D. (1990) 
Effect of diffusional resistances on the action pattern of immo­
bilized alpha-amylase. Journal 0/ ChemIcal T~chnology and Bio­
technology 48, 185-200. 

Weetal, H.H. (1972) Storage stability of water-insoluble enzymes 
covalently coupled to organic and inorganic carriers. Bwchemia et 
Biophysica Acta 212, \-7. 

Weetal, H.H. (1985) Enzymatic gallic acid estrification. Bio­
technology and Bioengineering 27, 124-127. 

Weetal, II.H. and Dater, c.c. (1974) Immobilized tannase. Bio­
technology and Bioengineering 16, 1095-1099. 

© 1999 The Society for Applied Microbiology, Journal of Applied Microbiology 87, 108-114 


