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Abstract

Production of galactooligosaccharides by an immobilized g-galactosidase from Aspergillus niger CAD 1
in sodium alginate was investigated. The ranges of temperature and pH for the maximum stability of im-
mobilized #-galactosidase were 20~45T and 4.0~5.5, respectively. The activation energy for the immob-
ilized A-galactosidase was 13,400 cal /mole. At the concentration of the immobilized 8-galactosidase 0.12
unit /g in sodium alginate the yield of galactooligosaccharides in cheese whey containing 20% lactose
was 18% after incubation for 72 hr at 45°C. The remaining activity for the immobilized g-galactosidase

10 times repeated use 87%.
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Fig. 1. Arrhenius plot of the g-galactosidase
activity from Aspergillus niger CAD 1 against
temperature. ¢-€: Soluble g-galactosidase, Ei-8&
: Immobilized g-galactosidase.
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Fig. 2. Thermal stability of the soluble and
immobilized S-galactosidase from Aspergillus
niger CAD 1. ¢-@: Soluble g-galactosidase, BB
. Immobilized g-galactosidase,
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Fig. 3. Stability at various pH values of the
soluble and immobilized 8-galactosidase from As-
pergillus miger CAD 1. pH 2.0~3.0, 0.2M Gly-
cine-HCI buffer: pH 3.5~5.5, 0.2M sodium acet-
ate buffer: pH 6.0~7.5, 0.2M imidazole-HC! buf-
fer; pH 8.0~9.0, 0.2M tris-malate buffer. ¢-¢:

Soluble B-galactosidase, EB-B: immobilized g-gal-

actosidase.
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Fig. 4. Semibatch production of galactooligo-
saccharides using the immobilized S-galactosidase
from Aspergillus niger CAD 1 in cheese whey
containing 20% lactose at 45°C. ¢-@: 0.04 unit /g
of bead, BB-B: 0.08 unit /g of bead, A-A: .12
unit /g of bead.
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Fig. 5. Operational stability of the immobiliz-
ed B-galactosidase from Aspergillus niger CAD
1 in cheese whey containing 20% lactose during
semibatch production of galactooligosaccharides.
@-@: Immobilized A-galactosidase.



Vol. 12, No. 1(1999)

A= 4L FR7EEsshe AENHSTIdA
2N 7F ¥HeE FA4 B4 9] 46%7F FASATL §
t}. o]} 89 A7) Abel TSNS Aspergillus pullul-
ans®) AAE o83 Wm|a42) FANA 24YE F
o AL ZEE ¥X WU, THEEZTF] 4
aboll 3ol 3HHT.

o)4te} A BE GUNIEF S ol &% 4. nig-
ere] 233} p-galactosidaser 584 a4HT E
A 9 pH Sty Ao] &1, 7HA o] AR W
of AFELuFe it AAHoE AHgE F
US Ao H7rEY

2 o

Aspergillus niger CAD 19} B-galactosidase® &
MGEF A slsle 2FESHITS AT}
At

7R3} B-galactosidase?] & AL 20~45T
2 pH ¢HYA3S 4.0~5.58 YeERILh 248t &
9] 843} ogx)= 13,400cal /moleo|ic). €71
ARIEF 0.12unit /g¢] R-galactosidase’t 34
3 F0e o 2029 FFE TR A= KA o)
3 ZHESE TG FEL 45T v 7227
% 18%= R 103] AAMSEH = 245 B
-galactosidase® 87%2] 84-2 fA1814 .

ZAlS o

B ATE A5t ARSHE 2L ol8t ke 28
o ZA=dnh

HIUFES

ok

1. 234, old4,
idase2] 243}l AFF AF, FFFIFEAIHA.
165~172 (1989).

2. ¥rgl, olEE, Z=E: LE|aFe] AW AlEEd
o AE Fge] A A7, FFHFILIA. 10,
159~169 (1988).

3. Burvall, A., Asp, N. G. and Dahlqvist, A.: Olig-
osaccharide formation during hydrolysis of lactose
with Saccharomyces lactis (Maxilact) Part
I-Quantitive aspects. Food Chem. 4, 243~247
(1979).

4. Finocchiaro, T., Richardson, T, and Olson, N, F.:
Lactase immobilized on alumina. J. Dairy Sci. 63,
215~222 (1980).

o]-81F: Candida kefyr B-galactos-

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

o1, A

A3} f-Galactosidased 25 ZAE g o] A4 67

oAIE, FFY: e MY E EF L0 né}
sgaluge] A A 2079 AXRAE. AFLE

ol 6w A%, BENEATI. p. 184-207
(1988).
o)Fd, WAL: ZAsh EAG T of. Fvl 8,

159~175 (1984).

. Olson, A. C. and Stanely, W. L.: Lactose and

other enzymes bound to a phenolformaldehyde res-
in with glutaraldehyde. J. Agri. Food Chem. 21,
448~453 (1973).

<ol HA7), A7, Wi, g3 o g-Gal-
actosidase 9] A3} YU 3o FF G, Aspergil-
lus niger CAD 1¢] &4 A4t 24 9 8483 44,
Sharof oF4) ghars] ], 24, 326331 (1985).

. 1A4d: 2338} g-galactosidase of olF ZrELE R

@ol a9 EA
70~71 (1990).
Laemmili, U. K. : Cleavage of structural proteins
during the assembly of the head of bacterio-
phage. Nature, 277, 680~685 (1970).

Lowry, O. H., Rosebrough, NIR. J., Farr, A. L.
and Fandall, F. J. : Protein measurement with
the Folin-phenol reagent, J. Biol. Chem. 133,
265~275 (1951).

A.O.A.C.: Official Method of Analysis, 13th ed.,
Assoc. Offic. Anal, Chem., Washington D, C,,
USA (1984).

Woodward, J.: Immobilized Cells and Enzymes.
IRL Press. Oxford, Washington D.C., USA, P.
39~48 (1985).

Dickson, R. C., Dickson, L. R. and Markin, J. S.:
Purification and properties of inducible g8-galactos-
idase isolated from the yeast Kluveromyces lactis.
J. Bacteriol., 137, 51~61 (1979).

Morisi, F., Pastore, M. and Vigila, A.: Reduction
of lactose content of milk by entrapped g-gal-
actosidase. 1. Characteristics of g-galactosidase
from yeast and Escherichia coli. J. Dairy Sci. 56,
1123~1127 (1972).

7184, olAa, ol Rt Aspergillus niger CAD 19} ¥
BEAA Y B-galactosidases] 2lgt ZHAESTYIF
AR PR3] A]. 32, 323-333 (1990).

Pazur, J. H., Tipton, C. L., Budovich, T., and
Marssh, J. M. : Structural characterization of
produces of enzymatic disproportionation of lac-
tose. J. Am. Chem. Soc. 80, 119~127 (1958).

Toba, T. and Adachi, S.: Hydrolysis of lactose by
microbial g8-galactosidase. Formation of oligosac-
charides with special references to 2-O-5-galacto-
pyranosyl-D-glucose. J. Dairy Sci. 11, 33~38
(1978).

Segel, 1, H. : The Arrhenius Equation-Energy of
Activation. Biochemical Calculations, 2nd Ed. Wil-
ey. p. 278~281 (1975).

Dinelli, D.: Fibre-entrapped enzymes. Biochemistry.

AU WA EE. D,



68 ZAE A=A FIFAA

7, 9~12 (1972). Biotechnol. 21, 103~107 (1985).
21. Decleire, M., Huyhn, N, Van, and Motte, J. C.:
Hydrolysis of lactose solutions and wheys by who- (19999 1¥ 234 )

le cells of Kluyvermyces bulgaricus. Appl. Microbiol.



