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Abstract

etal

[-Galactosidase enzyme catalyzes breakdown of lactose into glucose and galactose. Bonding between glucose and galactose mol-

ecules is broken by addition of water molecule. Lactose intolerance is becoming a major issue in world especially in south Asia. By
using B-galactosidase enzyme in dairy products, we can minimize the problem of lactose intolerance in people of all ages. Lactose
reduced milk and related dairy products are being produced by enzymatic hydrolysis of lactose for the people facing lactose in-
tolerance showing the decline in 3-galactosidase level. Being a hygroscopic sugar, lactose has tendency to absorb flavor and odors
ultimately causing many problems in refrigerated dairy products. One of the common defects is production of sandy and rough
texture or crystal formation in frozen dairy products known as lactose crystallization. This problem can be minimized by hydrolyz-
ing with (3-galactosidase enzyme. 3-Galactosidase is also used in productions of GOSs (glacto oligo saccharides), used as prebiotics
and beneficial to human health by facilitating the growth of intestinal microflora. Improved whey degradability can be achieved by

[-galactosidase, in which lactose hydrolysis has been occurred.

In this review, a brief introduction of f-Galactosidase enzyme, class, sources, reaction, enzyme activity assay, and uses in food
industry are discussed briefly. ONPG assay method is normally used to measure enzyme activity of 3-Galactosidase. Most common

use of this enzyme is in dairy products for lactose intolerant people.
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B-Galactosidase: An Introduction

B-Galactosidase having the EC # 3.2.1.23 belongs to class hy-
drolases. It is widely present in microorganisms, plants and ani-
mals [1]. E. coli is mostly used for the study of 3-Galactosidase. It
is obtained from different microorganisms including bacteria (E.
coli, Lactobacillus thermophiles, Leuconostoc citrovorum, Bacillus
circulans), yeast (Kluyveromyces lactis, Kluyveromyces fragilis),
fungi (Aspergillus niger, Aspergillus oryzae) [3]. B-Galactosidase
has a wide range of pH to work. 3-Galactosidase obtained from
fungal sources have range of pH from 2.4 to 5.4 while that ob-
tained from yeast and bacteria has pH range of 6.0 to 7.2 [5] Tem-
perature range for fungal -Galactosidase is 50 - 60°C, for yeast
B-Galactosidase 30 - 40°C and for bacterial -Galactosidase is 40

- 65 °C [3]. Fungal 3-Galactosidase enzyme doesn’t need any ion or
co factor for its activity while that 3-Galactosidase obtained from
yeast or bacterial sources need ions i.e., Mn*?, Mg*? and K* for work-
ing. B-Galactosidase activity is reduced or completely stopped by
Ca*? and other heavy metals [5,12]. Among plants it is found in tis-
sues of different fruits i.e., apricots, almonds, apples, peaches, pa-

paya, strawberry fruits and also found in animal organs [5-8].

Reaction

B-Galactosidase enzyme catalyzes breakdown of lactose into
glucose and galactose. Bonding between glucose and galactose
molecules is broken by addition of water molecule, so this is a hy-

drolysis reaction [4].
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Figure 1

B-Galactosidase: Enzyme activity assay

ONPG (O-nitrophenyl- -D-Galactopyranoside) test is normally
used for B-Galactosidase assay. On addition of 3-Galactosidase en-
zyme, bond present in ONPG between o-Nitrophenyl and galactose
is broken down resulting in the formation of a galactose molecule
and an o-Nitrophenyl molecule. Amount of ONPG is determined by
spectrophotometric assay. Because ONPG is a colorless compound
while it’s cleaved product o-Nitrophenyl a yellow colored product.
So activity of B-Galactosidase enzyme can be measured by change
in color from colorless to yellow. When (-Galactosidase continues
its activity, more and more ONPG will be degraded, so by measur-
ing this color intensity by spectrophotometer, enzyme activity can
be calculated. The absorption maximum for o-Nitrophenyl is 420
nm. By taking optical density (OD) of the solution at 420, activity of
B-Galactosidase will be calculated. Is the color of solution is more
yellow; this is the indication that more ONPG is degraded by the
B-Galactosidase enzyme resulting the higher absorbance [4,14,15].

Applications in milk industry

This enzyme is extensively used by the food industry to improve
sensory properties of foods including taste and flavor, solubil-
ity and digestibility of different products especially milk products
[5, 9]. Lactose reduced milk and related dairy products are being
produced by enzymatic hydrolysis of lactose for the people facing
lactose intolerance showing the decline in (-galactosidase level
[2, 16]. Being a hygroscopic sugar, lactose has tendency to absorb
flavor and odors ultimately causing many problems in refrigerated
foods. One of the common defects is production of sandy and rough
texture or crystal formation in frozen dairy products known as lac-
tose crystallization. This problem can be minimized by hydrolyzing
with B-galactosidase enzyme [10,11]. B-Galactosidase is also used
in productions of GOSs (glacto oligo saccharides), used as prebi-
otics and beneficial to human health by facilitating the growth of
intestinal microflora [14]. Improved whey degradability can be
achieved by B-galactosidase, in which lactose hydrolysis has been

occurred [12].

Figure 2

Key points

Mostly work is done on (3-galactosidase for the problem of lac-
tose intolerance and production of GOSs. [3-galactosidase mainly
emphases on the improvement of innovative milk-based products
with hydrolyzed lactose, that can be suitable for the lactose intoler-
ant people. This can be used to improve the technological, textural,
physical and scientific properties of non-fermented dairy prod-
ucts. Catabolism of lactose is preferred using enzymes especially
[B-galactosidase, due to lower solubility ranges of lactose. As high

concentration of lactose found in fermented dairy productsi.e., ice

cream, butter, cheese curd, yogurt, etc., can prompt extreme lactose
crystallization. This lactose crystallization ultimately results in
coarse and abrasive surface of texture of dairy products. Catabo-
lism of lactose in milk-based products also increases the adapt-
ability, richness and better physical properties. Use of beta-galac-
tosidase prior to condensation of milk may decrease the lactose
contents to a favorable level, on which lactose can’t be problematic
as cause of lactose crystallization. There are also research studies
on improving the sensory and textural properties of frozen foods
to counteract lactose crystallization. Moreover, 3-galactosidase can

also be used as constructive agent for production of various galac-
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to-oligo-saccharides intended to be used as prebiotics for benefi-

cial gut microflora and probiotics.

Future Perspectives

Apart from applications of 3-galactosidase enzyme in improv-

ing of dairy products, gene of [-galactosidase is now being tried

to use in the viral replicons and transposons for the cancer gene

therapy [17]. The use of immobilized (3-galactosidase in hydroly-

sis of lactose is a topic of considerable scientific and technological

interest.
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