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o-Galactosidases: characteristics, production and immobilization
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Summary

The enzyme o-D-galactoside galactohydrolase (E.C. 3.2.1.22), known as a-galactosidase or o-gal, catalyses the hydro-
lysis of oligosaccharides present in legumes, in particular soybean. This enzyme is not present in the gastrointestinal
tract of humans, thus restricting the consumption and nutritional benefits of legumes due to gastrointestinal discomfort,
flatulence and diarrhea caused by no metabolization of oligosaccharides such as melibiose, raffinose or stachyose. One
of the options to solve these problems is the enzymatic treatment of these food ingredients, during preparation or inside
the organism, through ingestion of the enzyme. The objective of this review is to present the main biochemical and
technological characteristics of o-galactosidases, and also to describe aspects related to their production, purification,

immobilization and applications in food products.
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The human consumption of certain legumes
such as soybeans, beans and peas has been limited
by the presence of non-digestible oligosaccharides,
particularly melibiose, raffinose and stachyose.
The main reason for this restriction is that the hu-
man being, as well as all monogastric animals, does
not produce the enzyme a-D-galactoside galacto-
hydrolase (EC 3.2.1.22), known as a-galactosidase,
in the gastrointestinal tract. This enzyme is neces-
sary for the hydrolysis of a-1,6-galactosidic bonds
found in these oligosaccharides, releasing o-D-
galactose. Since the oligosaccharides are not me-
tabolized, they are available to be fermented by
gas-producing microorganisms present in the in-
testine, causing flatulence, which can be accompa-
nied by diarrhea, headaches, dyspepsia, confusion
and decreased concentration at work [1, 2].

The benefits of soybean for human health are
clearly an important point to be considered for
its promotion as a food ingredient. Besides the
quality of its protein, studies showed that soybean
can be used preventively and therapeutically in
the treatment of cardiovascular diseases, in the
prevention of osteoporosis and for reducing the
symptoms of menopause. Besides that, it presents

anticancer effects, protective effect against obesity
and also lowers cholesterol [3, 4]. Thus, the solu-
tions to reduce the discomfort associated with the
consumption of this legume can be very benefi-
cial for health. In addition to the direct intake of
o-galactosidase enzyme during the meals, the pre-
treatment of food-ingredients with a-galactosidase
is an alternative [5].

For direct action in the gastrointestinal tract,
the enzyme must resist the stomach acid pH.
However, for the purpose of food pre-treatment,
the enzyme thermotolerance is interesting. The
immobilization of enzymes represents an alterna-
tive for increasing the stability of the biocatalyst in
relation to pH changes, temperature and composi-
tion of the reaction medium. Moreover, this pro-
cedure allows repeated use of the biocatalyst for
more than one cycle and also its use in a continu-
ous process [6].

In 1990, Alan Kligerman from AkPharma
(Edison, New Jersey, USA) developed the product
Beano, after nine years of research on flatulence-
causing vegetables. This patent is owned by Glaxo-
SmithKline (Brentford, United Kingdom), which
purchased it in 2001 from Block Drug (Jersey City,
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New Jersey, USA) [7]. In 2012, GlaxoSmithKline
sold Beano and 16 other brands to Prestige Brands
(Brentford, United Kingdom) [8]. In addition to
the ingredient a-galactosidase, obtained from
the microorganism Aspergillus niger, Beano tab-
lets also contain a second enzyme, which can be
used therapeutically, invertase. The US patent
(5445957) was received on 29 August 1995 [9]. In
April 2014, the product Beano + Dairy Defense
(Prestige Brands) was introduced, containing the
enzymes a-galactosidase and lactase. This product
is not commercialized in Brazil. In accordance to
the manufacturer’s information, Beano should
be stored at a temperature below 25 °C (77 °F),
because higher temperatures can inactivate the
enzyme. Therefore, this product should not be
used for food pre-treatment during cooking [7].

The Code of Federal Regulations Title 21
(21CFR) established by the Food and Drug
Administration (FDA) permits the use of
a-galactosidase derived from Mortierella vinaceae
var. raffinoseutilizer as food additive for direct use
in foods for human consumption [10]. In Brazil,
three species of microorganisms are listed as safe
sources of a-galactosidase for human consump-
tion, according to the Collegiate Board Resolution
(RDC) of the National Health Surveillance Agen-
cy (ANVISA) No 53 of October 7, 2014: the fungi
Aspergillus niger, Mortierella vinacea and Saccha-
romyces carlsbergensis [11]. This restriction limits
the possibilities to obtain enzymes with proper-
ties suitable for use in conditions requiring, for
example, temperature and pH stability. The prob-
lems with stability as well as difficulties in pro-
duction and purification can make these enzymes
extremely expensive for food applications, which
has motivated studies on enzyme immobilization
[12, 13]. The immobilization of enzymes in solid
or semi-solid supports is an alternative that can, in
addition to increasing the stability, allow their re-
peated use in enzyme catalysis processes, making
them more economical.

In addition to the digestive action,
a-galactosidases play an important role in the
metabolism of glycosphingolipids in lysosomes.
Their lack or absence, resulting from mutations

CH,OH
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+ ROH
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in the gene encoding for a-galactosidase A in ly-
sosomes, linked to X chromosome, is known as
Fabry disease. This deficiency results in globo-
triaosylceramide accumulation in the vascular en-
dothelium and visceral tissues, mainly affecting
the skin, heart, kidney and central nervous system.
One form of treatment for this disease is intrave-
nous enzyme replacement. For this purpose, hu-
man o-galactosidases produced in animal cells
are used, such as the algasidase beta (Fabrazyme,
Genzyme, Cambridge, Massachusetts, USA), ob-
tained by recombinant therapy in hamster ovary
and approved by FDA [14], by European Medi-
cines Agency and by National Health Surveillance
Agency in Brazil [11]. Another option is algasi-
dase alpha (Replagal; Transkaryotic Therapies,
Cambridge, Massachusetts, USA) [15], produced
by human fibroblast culture in the presence of ac-
tive transcription promoters [16]. Marketing au-
thorization of the latter product was granted by
European Commission and validated throughout
European Union on 3 August 2001 [15, 17]. This
product is also approved by National Health Sur-
veillance Agency in Brazil [18].

Structure and characteristics of a-galactosidases

In 1895, Bau, Fischer and Lindner isolated,
from a yeast strain, an enzyme able to hydrolyse
the disaccharide melibiose, melibiase. Later, the
name was changed to melibiase-galactosidase
by Weidenhagen, who studied the specific ac-
tion of the enzyme, using a variety of saccha-
rides with non-reducing a-D-galactosyl termi-
nus [19]. According to Enzyme Comission (EC),
a-D-galactoside galactohydrolase is classified
as EC 3.2.1.22. The number 3 indicates a hydro-
lase, the sub-class 3.2 of glycosylases comprises
enzymes that hydrolyse glycoside bonds, and
3.2.1 are glycosidases responsible for hydrolys-
ing O- and S-glycosyl compounds [20]. There are
two types of galactosidases, o-galactosidases and
B-galactosidases, depending on the configura-
tion of the anomeric carbon atom of galactose in
the substrate molecule upon which they act [19].
a-Galactosidase catalyses the reaction presented
in Fig. 1.

CH,OH
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Fig. 1. Reaction catalysed by the enzyme a-galactosidase [21].

196



o-Galactosidases: characteristics, production and immobilization

The hydroxyl acceptor molecule, R’OH,
is generally water, although R and R’ can be
aliphatic or aromatic groups. This means that the
enzyme can hydrolyse a single molecule of a-D-
galactoside as well as complex molecules such as
oligosaccharides or polysaccharides [21].

o-Galactosidases are widely distributed in
microorganisms, plants and animals. Among
these, microorganisms are capable of producing
a-galactosidases with high yield [2]. Since the clas-
sification of enzymes based on the type of cata-
lysed reaction and specificity towards the substrate
does not take into account evolutionary events or
sequence similarity and structure, and since the
complete sequence and the N-terminal amino acid
of many a-galactosidases obtained from plants,
animals and microorganisms have been known,
HENRISSAT [22] proposed and classified glycoside
hydrolases in families based on amino acid se-
quence similarities. Based on sequence and struc-
tural similarity, a-galactosidases from eukaryotic
and prokaryotic cells have been placed in families
27 and 36 for the classification of glycoside hydro-
lases, respectively [19, 22].

Bacterial a-galactosidases have the most com-
plex structure and their molecular weight varies
considerably between 45 kDa and 400 kDa, while
most of the yeast a-galactosidases have an average
molecular size of 50 kDa. The multimolecular
forms of this enzyme are predominantly found in
plants, although they were reported in several mi-
croorganisms, including Aspergillus niger and Mor-
tierella vinacea. For A. niger, the molecular forms
I, II, III and IV with isoelectric points of 4.15,
4.5, 4.7 and 4.8 and molecular masses of 350 kDa,
117 kDa, 117 kDa and 117 kDa, respectively, were
reported by ADEMARK et al. [23]. For M. vina-
cea, the molecular forms reported by CIvas et al.
[24] were I and II with their respective isoelectric
points of 5.4 and 8.5, and molecular masses of
240 kDa and 60 kDa. These multimolecular forms
appear due to proteolytic cleavage or due to dif-
ferential glycosylation of proteins [19].

The international unit of enzyme activity is
represented by U, and according to Enzyme Co-
mission, one unit (U) of activity is the amount
of enzyme that catalyses the consumption of
1 wmol substrate or the formation of 1 wmol
product per minute, at specific conditions of tem-
perature, pH and substrate concentration [25].
An o-galactosidase activity unit can be defined
as the amount of enzyme required to release
1 wmol of p-nitrophenol from p-nitrophenyl o-D-
galactopyranoside (PNPG) per minute under the
conditions of the standard assay [26].

Various substances may cause a reduc-

tion in the rate of the reactions catalysed by
a-galactosidases. Some of these are protein-de-
naturing agents that act non-specifically. Others
generally operate in a very specific way, either
reversibly or irreversibly, and are known as inhibi-
tors. Divalent ions such as Hg2+> Ag2+ and Cu2+
are potent inhibitors of a-galactosidases [19].

Production of o-galactosidases by fermentation

There are two processes for the production of
microbial enzymes, submerged fermentation and
solid-state fermentation. Submerged fermenta-
tion is traditionally used for this purpose, because
it allows better control of some important process
parameters, such as pH and cell multiplication,
and the recovery of extracellular enzymes and bio-
mass is facilitated [27]. The selection of the pro-
cess should be based on considerations about the
microorganisms and the products to be obtained.
For solid-state fermentation, the most commonly
used microorganisms are filamentous fungi, for
their better growth capacity at limited water ac-
tivity [28]. One of the known differences between
the submerged fermentation and the solid fer-
mentation is fungal sporulation, since it is easier
to obtain spores in the solid fermentation [27].
However, for the production and recovery of en-
zymes from the fermented medium, the presence
of spores can be an additional obstacle for product
purification. No report on a-galactosidase produc-
tion by solid-state fermentation on an industrial
scale has been published yet.

The carbon source used in microbial enzyme
production may be the most important factor in
determining the viability of the process. For the
production of a-galactosidase, glucose, galactose,
lactose, melibiose, raffinose and stachyose can be
used both on laboratory scale or on commercial
scale. Agricultural residues such as wheat bran or
flour, flour or soy meal, sorghum, maize, among
others, can also be used for the production of this
enzyme. Optionally, raffinose or melibiose can be
added in the medium to induce the expression of
a-galactosidase [19]. It is important that the most
specific inducers of a-galactosidase activity, which
are the carbohydrates melibiose, raffinose and
stachyose, and also the monosaccharide galactose,
are not cheap and easily available resources. Thus,
the use of agroindustrial residues derived from
soybean, beans and other natural sources of these
carbohydrates can be an important aspect in the
development of an economical industrial process.
As an example, the study with soybean vinasse by
SANADA et al. [2] can be mentioned.

The main physical and chemical parameters
that affect the production of a-galactosidase by
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submerged fermentation are pH, temperature,
aeration and agitation. The pH is a critical para-
meter in microbial growth and thereby in the
production of the enzyme. a-Galactosidases ob-
tained from yeasts, fungi and plant seeds showed
a broad range of optimum pH, between 3 and 6.
More acidic forms of a-galactosidase, active at pH
2.5-4.5, were observed in fungi, including A. niger
[19].

In order to achieve optimum yield, the fer-
mentation should be carried out at a constant
temperature. The optimum temperature for
o-galactosidase production is between 30 °C and
37 °C [25, 29]. The rate of aeration and agitation
are also factors affecting the success of the fer-
mentation process. Aeration may be beneficial for
growth and performance of the microbial cells by
improving the mass transfer features related to the
substrate, product and oxygen, as well as agitation
is an important parameter for adequate mixing
and heat transfer. Few reports were published that
describe the best conditions of agitation and aera-
tion to produce a-galactosidase. GOTE [19] report-
ed an aeration of 0.8 1 of air-per 1| of medium per
minute and agitation of 6.67 Hz for the maximum
production of a-galactosidase from Bacillus stea-
rothermophilus, and also 0.5 | of air-per 11 of me-
dium per minute and stirring of 4 Hz for improved
production of a-galactosidase by Circenella musae.

Microorganisms used for the production of
o~galactosidase

Filamentous fungi have been used for centuries
as producers of many metabolites and enzymes,
and are used in biotechnological processes for the
production of pharmaceuticals and food ingre-
dients [30]. Many fungi naturally secrete proteins
and have been exploited commercially as “facto-
ries” of enzymes, either of fungal or heterologous
origin [31].

Among the filamentous fungi of major indus-
trial and biotechnological interest is the species
A. niger, widely used for the production of organic
acids and extracellular enzymes. It is one of the
most common species of the genus Aspergillus,
belonging to the class of Ascomycetes [32-34].
Fermentations with 4. niger, both submerged or
in solid state, were developed at laboratory and
industrial scales, and this fungus is the most im-
portant source of a-galactosidase for human con-
sumption in Brazil.

The filamentous fungus Mortierella vinacea is
a Zygomycete, a terrestrial fungus presenting hy-
phae with chitinous cell walls. Fungi of the genus
Mortierella can grow in yeast extract, fish meal or
other media rich in nutrients. The cultivation and
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growth of Mortierella fungi are affected by the
carbon source and the addition of mineral nitro-
gen source. Monosaccharides are most commonly
used for growth. Yeast extract and soy flour are
widely used as sources of nitrogen. In particular,
the balance between carbon and nitrogen in the
medium influences the fungal culture [34]. Culti-
vation of M. vinacea in submerged fermentation is
not a simple process, especially because the fun-
gal biomass does not grow homogeneously in the
liquid medium. In order to standardize the initial
biomass concentration, a suspension of spores
can be prepared from a solid culture, which can
be then transferred to a pre-culture to form ve-
getative cells to be used as inoculum. Besides this
initial preparation, fermentation with M. vinacea
usually takes many days, which demands signifi-
cant energy and other inputs, and increases the
chance of contamination. Moreover, a great por-
tion of a-galactosidases produced by M. vinacea is
intracellular, which requires a step of cell lysis for
recovery.

Yeasts are used to obtain high concentrations
of enzymes economically through genetic ma-
nipulation and adjustment of culture conditions,
screening of producing microorganisms, short
fermentation cycles and use of low cost fermen-
tation media. Yeasts of the genus Saccharomyces,
which are Ascomycetes, are the most employed
industrially [35]. Saccharomyces carlsbergensis is
a yeast species known to present an unusual ge-
nomic structure. One genomic assembly is struc-
turally similar to Saccharomyces cerevisiae, while
the other is similar to Saccharomyces monacensis
[33]. The taxonomic name Saccharomyces pasto-
rianus is also attributed to this species, which has
been traditionally used in the production of lager
beer. Industrial fermentations with yeasts of the
genus Saccharomyces are well established and easy
to operate, which represents an advantage for its
use at enzyme production.

Tab. 1 shows the enzymatic activity values ob-
tained by three microorganisms, Aspergillus niger,
Mortierella vinacea and Saccharomyces carlsbergen-
sis, in certain conditions, according to the litera-
ture. The highest enzymatic activity values found
in literature for o-galactosidases were obtained
from strains not approved for food applications,
such as Neosartorya fischeri with 310.42 U-ml!
in the crude extract [39]. The enzymes obtained
from this microorganism showed different cha-
racteristics such as stability at temperatures
between 60 °C and 70 °C. CHEN et al. [40] report-
ed heterologous expression of a-galactosidase
using an enzyme gene (designated as RmgalB)
cloned from the thermophilic fungus Rhizomucor
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Tab. 1. Values of a-galactosidase activity for Aspergillus niger, Mortierella vinacea
and Saccharomyces carlsbergensis on different carbon sources.

Microorganism Enzyr[rbém_?]ctivity Carbon source Ferment[it]ion time Reference
A. niger 3.42 Locust bean gum 168 [23]
A. niger 4.07 Guar gum 168 [23]
M. vinacea 0.95 Lactose 1%, D-glucose 1% and steep liquor 1% 72 [36]
S. carlsbergensis 1.79 Extracted biomass used in the production of beer - [37]
S. carlsbergensis 0.37 Melibiose 15 [38]
S. carlsbergensis 0.40 Raffinose 15 [38]
S. carlsbergensis 1.05 Stachyose 15 [38]

miehei and expressed in Pichia pastoris. The gene
belongs to the family 36 of glycoside hydrolases,
has an open reading frame (ORF) of 2241 bp en-
coding 746 amino acids with two introns. The re-
combinant a-galactosidase (RmgalB) was secreted
at high level, 1953.9 U-ml-l, which is the highest
yield achieved for an a-galactosidase. The enzyme,
purified as a tetramer, showed a single band corre-
sponding to a molecular mass of 83.1 kDa in dena-
turing polyacrylamide gel electrophoresis. The en-
zyme exhibited a specific activity of 505.5 U-mg'!
and also showed specificity for raffinose and
stachyose. The optimum temperature for the ac-
tivity of RmgalB was 55 °C and the optimum pH
was 5.5.

Recovery and purification of a-galactosidase

After the fermentation, recovery and purifica-
tion steps are chosen according to the enzyme ori-
gin (intracellular or extracellular) and to its physi-
co-chemical and biological properties, inherent to
each enzyme. The level of purification of an en-
zyme depends primarily on the use for which it is
intended, e.g. high purity is required for therapeu-
tic applications. In general, purification depends
on the number of steps employed in the process
because, at each stage, loss of activity takes place.
So in order to increase the yield, a minimum num-
ber of steps should be performed [28].

The first step in the enzyme purification is to
isolate it from the cultured cells. The enzyme
o-galactosidase is predominantly extracellular, be-
ing secreted into the fermentation medium [1, 28].
In this case, the isolation can be done by cen-
trifugation or filtration [15]. However, a number
of a-galactosidases of fungal and bacterial origin
are reported to be intracellular and, in such cases,
the recovery was done either by French press, cell
homogenizer, by grinding with an abrasive or by
sonication. Moreover, in a few cases, organic sol-
vents were used for the extraction of intracellular

a-galactosidase [19]. Normally, a-galactosidases
occur in the cell in association with several other
glycosidases, so several isolation techniques are
required to obtain a pure enzyme. One of the
purification techniques consists in precipitation
of proteins using ammonium sulphate, a method
based on solubility differences that proteins ex-
hibit depending on ionic strength of the solution.
At low concentrations, neutral salts increase the
solubility of many proteins, a phenomenon called
“salting-in”. However, when the salt concentration
is increased, generally the maximum point of the
protein solubility is reached, and further increase
will result in less water available to solubilize the
proteins. Finally, the protein begins to precipitate
when there are no sufficient water molecules to
interact with protein molecules, and this pheno-
menon is called “salting-out” [41]. Dialysis is per-
formed subsequently to remove ammonium sul-
fate from the enzymatic solution [42].

Chromatography is another important method
for protein purification, especially the ion-ex-
change chromatography, which is a separation
process based on the affinity of sample compo-
nents with ionic groups to a solid matrix. The sta-
tionary phase, electrically charged, is capable of
retaining solutes of opposite sign charges, which
are present in the mobile phase. Ion exchangers
covalently bound to the matrix are classified into
anionic and cationic [43].

Considering the high costs of the purifica-
tion procedures, and also the losses of activity
associated with them, obtaining of a crude extract
with considerable enzymatic activity is the first
step in the development of a feasible industrial
process. In this context, most of the values of en-
zymatic activity reported in Tab. 1 would not be
economical for a scale-up. This fact, together with
the restrictions of species approved for food ap-
plications, represents an obstacle for promoting
the production and use of a-galactosidases. The
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development of strategies to overcome these dif-
ficulties could be directed either towards strain
and process improvement, e.g. through directed
evolution or metabolic engineering, or towards op-
timized application, e.g. through enzyme immobi-
lization.

Immobilization of o-galactosidase

Although enzymes present excellent catalytic
properties, the enzymatic properties usually have
to be improved before application on an indus-
trial scale [44]. Immobilization of enzymes offers
a simple solution to the challenges of applying
them on a large scale. In general, immobilized en-
zymes showed certain advantages over soluble en-
zymes, such as higher thermal stability, reusability,
wide range of optimum pH, storage stability in-
crease and easy separation from the reaction mix-
ture, which leads to significant reductions in cost
[45, 46].

The immobilization mechanisms can be clas-
sified essentially to gel entrapment, physical ad-
sorption or covalent binding [47]. Several methods
have been developed, including entrapment in cal-
cium alginate and cellulose acetate fibres, covalent
binding to chitosan, polyurethane foam, gelatin
or bone powder. However, use of some of these
methods resulted in low immobilization productiv-
ity or continuous leaking of the enzyme. For exam-
ple, entrapment in calcium alginate, despite being
a simple and widely used method, exhibited poor
stability and a high porosity gel, resulting in loss of
the enzyme [29, 47]. Some reports were published
on o-galactosidase immobilization in calcium al-
ginate and polyacrylamide gel with application to
reduce soymilk oligosaccharides, but a polyacryl-
amide support should not be used in food process-
ing due to its toxicity [29].

Alginate is a linear copolymer derived from
seaweed, consisting of o-L-guluronic and B-D-
manuronic acid units. It is widely used due to its
thickening, stabilizing and gelling properties. Its
gel structure is relatively stable at acidic pH and
easily disintegrated under alkaline conditions [48].
Alginate is widely used in the food, pharmaceuti-
cal, cosmetics, textile and paper industries due
to its non-toxicity, biodegradability and biocom-
patibility [26, 39]. Alginate supports are usually
prepared by cross-linking between the carboxylic
group of a-L-guluronic acid and a solution con-
taining cationic binders, such as calcium chloride.
Although the gel of calcium alginate does not
show toxicity against cells, it may be chemically un-
stable in the presence of calcium chelators such as
phosphate, lactate or citrate, and cations such as
sodium or magnesium, which are able to remove
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calcium atoms and liquefy the system [49, 50].

To overcome some of the limitations of the
use of alginate, such as high porosity, enzyme
leakage and low mechanical strength, the use of
chitosan, a natural cationic polymer produced by
N-deacetylation of chitin, has been reported, as
a coating material for the alginate spheres to im-
prove their stability and resistance [39, 49, 51].
Chitin is the second most abundant natural poly-
mer in nature after cellulose, and is found e.g. in
exoskeletons of marine crustaceans. Chitosan has
many advantages such as biodegradability and bio-
compatibility, non-toxicity, antibacterial proper-
ties, hydrophilicity and affinity for proteins [45].
However, it is not sufficiently soluble at neutral
pH, but only in acidic media such as acetic acid
or hydrochloric acid solutions. Chitosan can be
used as an outer coating of alginate microcapsules,
or by ionic complexation with alginate, which
presents negative charge [39, 50].

Immobilization of enzymes in hydrocolloid
matrix can be increased with the use of glutaral-
dehyde. In addition to activating the microspheres,
glutaraldehyde allows connection at multiple
points, since it promotes the reaction between free
amino acids of the matrix and the enzyme, thus
forming covalent bonds. In this way, the formed
polymer network allows greater flexibility to con-
formational changes required for enzyme activity
[52, 53]. The use of glutaraldehyde for treating al-
ginate microspheres, to promote covalent bonds
between the matrix and the enzyme, was presented
as an alternative to avoid the loss of enzyme from
the microspheres [47]. However, due to toxicity
of this cross-linking agent, the formed hydrogels
should be washed and cleansed in order to remove
unreacted agents, as these are harmful to health
[54].

Another possibility for enzyme recovery, which
also avoids food contamination by enzyme sub-
units, is chemical crosslinking without a carrier.
The presence of a carrier reduces the enzyme ac-
tivity per mass or volume, considering that the
carrier has no catalytic function. Thus, the use of
cross-linked enzyme crystals (CLEC) or cross-
linked enzyme aggregates (CLEA), which are
produced by enzyme crystallization and enzyme
precipitation, respectively, followed by cross-
linking, can also be a promising alternative [55].
BHATTACHARYA et al. [56] obtained high hydroly-
sis efficiency when using combined cross-linked
enzyme aggregates (combi-CLAEs) of lignocel-
lulolytic enzymes and accessory enzymes, includ-
ing a-galactosidases. Studies on the application of
o-galactosidase-CLAE:s for food applications are,
however, very scarce.
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The use of permeabilized cells containing in-
tracellular a-galactosidase, instead of free or im-
mobilized enzymes, is another alternative for re-
ducing galacto-oligosaccharides in food products.
VIaNA et al. [57] evaluated the use of Debaryo-
myces hansenii, a generally recognized as safe
(GRAS) yeast, for the treatment of soy milk. Per-
meabilization of D. hansenii cells was achieved by
incubation of the cell suspension in the presence
of a 50% (v/v) ethanol solution, which reduced
the permeability barrier of the cell envelope to
substrates and products, allowing free diffusion.
The permeabilized cells, containing intracellular
o-galactosidase, hydrolysed 70% and 100% of raf-
finose and stachyose, respectively, after incubation
for 6 h, while immobilized a-galactosidase hydro-
lysed only 47% of raffinose in the same period.

CONCLUSION

Soybeans and other legumes such as beans
and peas present many benefits for human health,
however, their consumption is limited by the
presence of non-digestible oligosaccharides such
as melibiose, raffinose or stachyose. The use of
the enzyme o-galactosidase, by direct ingestion
or to pre-treat the food ingredients, is an alterna-
tive to reduce the discomfort associated with the
consumption of these food products. This enzyme
can be obtained from various sources, among
which microorganisms are able to produce it with
high yield and productivity. In Brazil, only the mi-
croorganisms Aspergillus niger, Mortierella vinacea
and Saccharomyces carlsbergensis are listed as safe
sources for obtaining a-galactosidase, which re-
stricts the possibilities of obtaining an enzyme with
adequate properties for use in conditions that re-
quire temperature stability and pH, for example.
Immobilization of the enzymes in hydrocolloids
such as alginate and chitosan, crosslinking without
a carrier or the use of permeabilized cells are al-
ternatives to increase stability and to allow repeat-
ed use of the enzyme, thus enhancing the econo-
mical feasibility of the enzymatic process.
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