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ABSTRACT

a-Galactosidase was produced by Aspergillus oryzae on red gram plant waste-wheat bran based media in solid-
state fermentation (SSF). Optimum temperature for a-galactosidase production was 35 °C and upto 4 cm of bed
height of substrate had no inhibitory effect on enzyme production. Hydrolysis of galactooligosaccharides in soymilk
was carried out by a-galactosidase. Optimum temperature and pH for the hydrolysis of raffinose and stachyose of
soymilk were 55°C and 5.2-6.2, respectively. The enzymatic treatment for 3 h completely removed the raffinose
oligosaccharides in soymilk. Crude extract also showed considerable amount of invertase activity.
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INTRODUCTION abundant agro-industrial waste as substrate
(Holker and Lenz 2005, Krishna, 2005). Studies
a-Galactosidase ofD-galactoside galactohydrolase, On the production of fungal enzymes in SSF have
E.C.3.2.1.22) is a carbohydrase, widely distribute¢epeatedly shown that SSKy comparison with
in microorganisms, plants and animals, whictsubmerged fermentation (SmF) provides higher
catalyses the hydrolysis af-D-galactose from Volumetric productivities, is less prone to
melibiose, raffinose, stachyose, verbascose arffoblems with substrate inhibition and yields
more complex polysaccharides (Dey and Pridharfinzymes with a higher temperature or pH stability.
1972). It is traditionally produced by the Also, the fermentation time may be shorter and the
submerged fermentation technique using fungilegradation of the enzymes by undesirable
(Rezessy-Szabo et al., 2006). In recent years, tfgotease is minimum (Pandey et al., 1999, Holker
solid-state fermentation has gained importance fd#t al., 2004). Among the various groups of
the production of microbial enzymes due tomicroorganisms used in SSF, the filamentous
economical advantages over conventionafungi are most exploited because of their ability t
submerged fermentation (Pandey et al., 200@row on complete solid substrate and production
Couto and Sanroman, 2005). SSF has developedhWide range of extracellular enzymes (Lekha and
eastern countries over many centuries, and ha&nsane 1994).
been gaining more attention even in westerAmong the protein sources, soy products have an
countries, due to the possibility of using cheap anexcellent nutritional status and soy protein
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contains enough of all the essential amino acids eermentation media and production of a-
meet biological requirements when consumed afalactosidase under SSF conditions

the recommended level of protein intake (LeBland@en grams of finely chopped solid substrate which
at al, 2004, Cruz and Park1982). The passed through sieve of 120 (for flour 400um
consumption of soy products, however, has beesieve was used) was taken into 250 ml conical
limited due to the presence of nondigestibldlasks and were moistened with mineral salt
oligosaccharides such as raffinose and stachyossplution (1:2 w/v) having pH 5.5 as described
which are not eliminated by usual soy processingreviously (Shankar and Mulimani, 2007). The
(Leske et al., 1993). Monogastric animals lack thélasks were autoclaved at 1¥ifor 15 minute and
ability to synthesize sufficienti-galactosidase in cooled to room temperature. Theoryzae spore
their intestinal system to hydrolyzegalactosides suspension was prepared by adding 10 ml of
present in soybeans and other legumes. Thus, thesierile distilled water containing 0.1% Tween-80
sugars (raffinose and stachyose) pass into larde the extensively sporulated culture grown on
intestine, where the intestinal microflora acts orPDA slants, vigorously agitated for 2 min, and 1ml
them, causing flatulence and gastrointestinal1x10 spores) of this spore suspension was used
disturbance. These disturbances reduce both fead inoculum. After inoculation, the flasks were
efficiency in monogastric animals and generalncubated at 35°C for different period of
consumer acceptance of soy foods (Carrena-Silvacubation.

et al., 2006 and Rackis 1981). There are only feWwo study the effect of temperature (flasks
reports on the production afgalactosidase under containing red gram plant waste and wheat bran
SSF conditions and its possible application irsupplemented with 20 % soybean flour), the
reduction of galactooligosaccharides in soymilkincubation temperature was varied from 20°%65

In the present investigation, the productionaef The effect of substrate bed height om
galactosidase was studied in SSF Aspergillus  galactosidase production was studied in uniform

oryzae and its use in reduction of oligosaccharidesized (100 ml) beakers varying height from 1-5 cm
in soymilk. and SSF was carried out as above.

Extraction and assay of a-galactosidase

MATERIALSAND METHODS Enzyme extraction was carried out by adding 1:10
(w/v) dry fermented mass to sodium acetate buffer
Chemicals and soybean seed cultivars (0.2M) of pH 4.8 to each flask and agitated for 1h

Soybean seeds were procured from the Puld¥ orbital shaker at 200 rpm. The contents of the
Research Station Gulbarga, Karnataka State, Indiiasks were filtered through muslin cloth to
PNPG p-nitrophenylea-D-galactopyranoside), Separate the fermgnted bran and centr_ifuged at
fructose, sucrose, raffinose, and stachyose weRP00 rpm for 10 min. The clear suspension, thus
purchased from Sigma chemicals (USA). For th@btained was used fon-galactosidase assay.
SSF process, the solid substrates red gram plasfizyme activity was assayed according to the
waste (RGPW), collected during harvest of rednethod of Dey and Pridham (1972). One ml of
gram crop; wheat bran (WB) and other substraté§action mixture containing 0.1 ml of suitably
were collected locally. Other media ingredientgliluted enzyme + 0.8 ml of 0.2 M acetate buffer

used were of analytical grade_ (pH 48) + 01 ml Of 2mM PNPG was added a.nd
incubated at 50 for 15 min. The reaction was
Microor ganism arrested by adding 3ml of 0.2M MZO; solution.

Aspergillus oryzae capable of producing The absorbancavas measured at 405nm in a
extracellular a-galactosidase was isolated bySPectrophotometer (Elico Ltd, India). One unit of

Prashanth and Mulimani (2005). The fungus wa§nZyme activity was defined as the amount of

grown on potato dextrose agar (PDA) slants anfnzyme, which  produced 1 pmol  of
stored at 4C. paranitrophenol per minute under assay
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conditions.a-Galactosidase production under SSFSepar ation of oligosaccharidesby HPLC
was expressed as U/g dry fermented mass. Eattigh performance liquid chromatography (HPLC)

sample was tested in triplicate. analysis was performed with a Shimadzu HPLC
(Shimadzu Corporation, Japan), equipped with LC
Preparation of soymilk 10ATVP pump and refractive index detector.

Soymilk was prepared according to the method ofample injection was via a Rheodyne injector
Mulimani and Ramalingam (1995). Soybeans werequipped with a 20 ul sample loop. Carbohydrates
ground to flour and defatted with hexane (l:1were separated on a Phenomenex Bondclone 10u
w/v). The fat free soybean flour was suspended i@HO column (column of size 300x 3.9mm). The
10 volumes of distilled water and boiled. Un-mobile phase consisted of acetonitrile:water
dissolved residues were separated from soymilk b{f0:30, v/v). The flow rate was fixed at 1ml/min.
centrifugation for 5 min at 5000 rpm. The Chromatographic data were collected and plotted
supernatant, which contained soymilk, was storedsing Class-VP 6.1 software. The peak
at 4°C until further use. identification of the chromatographs was done by
comparing the retention times with the standards.
Estimation of oligosaccharidesin soymilk
Fifteen milliliter of soymilk was poured into 35 ml Treatment of soymilk by enzyme
absolute ethyl alcohol and centrifuged at 6000 rpmihe  enzymatic treatment of soymilk was
for 15 min at 37°C. The centrifugate was performed by taking 4 ml of soymilk (pH 6) and 4
concentrated and redissolved in 15 ml distilledinits of a-galactosidase and incubated for 3 h at
water. The amounts of sucrose, raffinose andifferent temperatures and pH. At the end of the
stachyose were estimated by the method of Tanakacubation period, the reaction was arrested by
et al., (1975). TLC was prepared by dissolving 30gdding 0.2 ml of 0.3M barium hydroxidged 0.2
of cellulose—G powder in 45 ml of double distilledml 0.18M zinc sulfate and the precipitated protein
water to obtain 0.2 mm thick plates and air-driedwas removed by centrifugation. The galactose
The hydrolyzed soymilk was loaded (@ of liberated was estimated as reducing sugar (Nelson,
syrup) in triplicate with standard sugars (sucrosel944). In a typical experiment, 50 ml of soymilk
raffinose and stachyose). Sample loaded TLC platgas mixed with 50 units ofi-galactosidase and
was developed by using solvent system nincubated at 58 for 3 h with occasional shaking.
propanol: ethylacetate: water (6:1:3) and air-driedThe reaction was stopped by placing the mixture
After the run, one part of TLC (where standardn a boiling water bath for 15 min, followed by the
solutions were loaded) was sprayed with sprayingddition of 2 ml of 0.2M barium hydroxide and 2
reagent (1%u-naphthol in 90 ml of 95% ethanol Ml of 0.18 M zinc sulfate. The precipitated protein
containing 10 % orthophosphoric acid) and théavas removed by centrifugation and the supernatant
other part (where hydrolyzed samples are loadedjus obtained was subjected to TLC and HPLC as
was covered with paper while spraying. Then théescribed above.
plates were air-dried and kept in hot air oven at
100 °C for 10-15 minutes. Corresponding to the
detected spot in the unsprayed region of TLC, thRESULTS AND DISCUSSION
plate was scraped and dissolved in 3 ml of water
and after keeping forl2 h at room temperature, theroduction of a-galactosidase under solid- state
solution was filtered through Whatman No.1 filterfermentation
paper. One milliliter of filtrate was taken and 1mlFrom Figure 1, it was evident that red gram plant
of 0.02 M thiobarbituric acid was added, followedwaste (RGPW) with wheat bran (1:1, w/w)
by addition of 1 ml of concentrated hydrochloricsupplemented with soybean flour (20%) served as
acid. The reaction mixture was incubated inthe best substrate far-galactosidase production
boiling water bath for 6 min and cooled in ice-coldoy A. oryzae. Rice flour, corn flour and wheat
water. The yellow color developed was read aflour were less effective for the enzyme
432.5 nm in a spectrophotometer, (Elico, Indiaproduction. Low enzyme titers in these flours
and  concentrations of the  constituentcould be due to stickiness of the substrate that
carbohydrates were calculated with workingmight have prevented the penetration of mycelia
standards. deep into the medium, hence affected the growth
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as well as enzyme production. After potential substrate fom-galactosidase production
supplementation of 20 % soybean flour, there walsy a strain ofA. oryzae in SSF. Liu et al., (2007)
increase irn-galactosidase synthesis, which couldreported that maximum activity efgalactosidase
be attributed to the presence of raffinosevas observed when wheat bran (83.2%) was used
oligosaccharides (the natural substrates dor along with soybean meal (16.64 % w/w) in SSF by
galactosidase). During the study ofa- a novel strain oA foetidus ZU-G1. Figure 1 also
galactosidase biosynthesis froRenicillin sp in showed that the maximuma-galactosidase
SSF, higher enzyme vyield was observed wheaccurred on % day of incubation which was
wheat bran, soybean meal and beet pulp wemhorter compared tou-galactosidase produced
mixed in appropriate quantity (Wang et al., 2004)from thermophilic fungusHumicola sp. which

In another study by Annunziato et al., (1986), theéequired 6 days to attain maximum enzyme
defatted soy flour was  found as production (Kotwal et al., 1998)

a-Galactosidase activity (U/g)

1 2 3 4 5 6 7
Incubation period (days)

Figure 1 - Production ofx-galactosidase bxspergillus oryzae in SSF using red gram plant waste
+ wheat bran + soy flour-@—); rice flour (A ---); corn flour (o—);) and wheat flour

(—A).

Effect of temperature on a-galactosidase metabolic heat liberated in SSF. Temperature
production below 25° resulted minimum enzyme production
Table 1 shows the optimum temperature dor (data not shown), which might be attributed to
galactosidase production under SSF conditions b§elay in the spore germination due to low
A. oryzae. Beyond 35°C, a decrease in enzymetemperature. It has been reported that a short
production was observed (data not shown). Fungilevation of temperature helps to promote the
can grow over a wide range of temperatures, suddngal spores to germinate quickly (Wang et al.,
as 20-55°C, which could be exploited against the2004).

inhibition of growth, or enzyme production due to

Table 1 - Effect of some parameters on production and optimeonditions for hydrolysis of
galactooligosaccharides in soymilk Bgpergillus oryzae a-galactosidase.
Parameters Optimum condition
a. Effect of temperature om-galactosidase production in SSF %5
b. Effect of substrate bed height argalactosidase production 4cm
C. Effect of pH on hydrolysis of raffimand stachyose in soymilk 5.2-6.2
d. Effect of temperature on hydrolysis of raffinosel atachyose in soymilk 55
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Effect of bed height on a-galactosidase galactosidase fromMortierella vinacea, which
production exhibited maximum hydrolysis of raffinose and
Bed height of the substrate consisting of RGPW stachyose at 50° (Thananunkul et al., 1976).
WB (1:1), supplemented with 20% soybean flouotwal et al.,, (1998) reported maximum
was varied from 1 - 5 cm. Table 1 showed that thaydrolysis of these sugars at 0 The advantage
optimum production obi-galactosidase was up to of usingA. oryzae a-galactosidase could be that
4cm, and higher bed height resulted in decrease #ince it has higher temperature optima (56260
enzyme production. This could be attributed to théhe contaminants during the enzyme treatment of
inhibition of growth of microorganism due to soymilk would be restricted to thermophilic
metabolic heat generated during the fermentatiomnicroorganisms. Figure 2A shows TLC separation
In SSF, aeration has essential functions: oxygepattern of raffinose oligosaccharides in soymilk.
supply for aerobic metabolism, and removal ofSoymilk sample initially contained 625 mg of total
CO,, heat, water vapors and volatile componentsligosaccharides per 100 ml of soymilk, out of
produced during metabolism. Aeration also hagvhich 481 mg of stachyose and 144 mg of
very important effect on hydration properties inraffinose were the main constituents. In the
SSF (Gervais and Molin, 2003). Liu et al., (2007)enzymatic treatment of oligosaccharides in
used different layer of pledges orgalactosidase soymilk, thea-galactosidase (50 U) was incubated
production. The result revealed that six layers ofvith soymilk at different incubation period, i.e.,
pledges were better than eight layers for enzym@5- 3 h. The 3h incubation resulted more than

production. 95% of hydrolysis, and after 1 and 2h, 75 and 93

% degradation of these sugars 0Ccurred (Fig. 2B).
Hydrolysis of oligosaccharides from soymilk The interesting result was that that around 90%
Effect of pH on hydrolyss of raffinose and oligosaccharides hydrolysis was observed within
stachyose in soymilk 2.5 h. The hydrolysis after 2 h was very slow

The extracellulam-galactosidase produced underprobably due to substrate depletion; it could also
SSF condition exhibited the optimum pH of 5.2-be due to the product inhibition (Sugimoto and
6.2 for the hydrolysis of raffinose and stachyos&/an buren 1970). Thananunkul et al., (1976)
present in soymilk (Table 1). The enzyme workedested the ability oM. vinacea in three different
effectively at this broad pH range (pH of naturaforms (undisrupted, disrupted and entrapped) for
soymilk was 6.3 and that of commercial soymilkthe hydrolysis of raffinose and stachyose from
6.1) to hydrolyze the raffinose and stachyose afoymilk and found that mycelial homogenate
soymilk, obviating the need for pH adjustment.  showed highest hydrolysis ratio (i. e., 33%) in.6 h
Galactosidase from the funiortierella vinacea  Partially purified a-galactosidase fronA. saitoi
(Thananunkul et al., 1976) and guary4@opsis completely decomposed raffinose and stachyose
tetragonolobes) exhibited maximum hydrolysis at into their monomers after 3h of incubation
pH of 4.0-4.5 and 5.0, respectively (Shivanna an@Sugimoto Van buren 1970). HPLC analysis of the
Ramakrishnal989). enzyme sample treated for 2h indicated the

complete hydrolysis of raffinose and more than
Effect of temperature on hydrolysis of raffinose  85% hydrolysis of stachyose (Fig. 3). The
and stachyose in soymilk extracellular enzyme preparation showed invertase
The enzyme showed maximum activity alS®r  activity (data not shown). Figure 3B indicated the
the hydrolysis of raffinose and stachyose opresence of sucrose peak in raw soymilk sample.
soymilk (Table 1). This was in comparisonde
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Figure 2 - A. TLC separation pattern of galactooligosacchesith soymilk (lane: 1, 2 and 3,
standard sugars, stachyose, raffinose and suctase; 4: untreated soymilk and lane
5: After 3h incubation witlu-galactosidase) B. Percentage hydrolysis afte2fhand
3 h incubation withu-galactosidase fromspergillus oryzae.

After the treatment with crude enzyme solution,There are some reports of using genetically
the sucrose peak almost disappeared, indicatingodified organisms for soymilk treatment (Mital
the presence of invertase activity in the crudand Steinkrous, 1975; LeBlanc et al., 2004). The
extract (Fig. 3C.). The advantage of invertaseisage of genetically modified organisms might
activity is that it aids in hydrolyzing the rely on the still controversial decision about the
accumulated sucrose to glucose and fructose amgceptability in nutrition and other food
thereby increases the sweetness and palatability pfeparations. In the present studids, oryzae
soymilk (Mulimani and Ramalingam, 1995A. capable of producing-galactosidase was used and
fumigates secreted invertas@-fructofuranosidase) could be considered as the excellent host for the
anda-galactosidase, which were able to hydrolyzesafe production of harmless products (Barbasgaard
raffinose oligosaccharidedRezende et al, 2005) et al., 1992). Among the various microbes used in
Viana et al., (2006) treated the soymilk withfood industry, fungi with GRAS status as enzyme
extracellulara-galactosidase fronbebaryomyces producers have many advantages. The furgus
hansenii UFV-1 and found that after 4 h at%) oryzae having GRAS status producedi-

the amount of stachyose and raffinose was reducgalactosidase in inexpensive medium under SSF.
by 100%. Song and Chang, (2006) treated pint®he properties ofi-galactosidase described here,
bean flour with crudea-galactosidase fronA. especially the broad pH and temperature optima
awamori NRRL from wheat bran based substratdor the hydrolysis of galactooligosaccharides in
with soy tofu whey. After 2 h of incubation, soymilk suggested its possible application to
complete hydrolysis of raffinose oligosaccharidesemove the flatulence-inducing compounds from
was observed. Similarlyx-galactosidase from a soymilk and the prOCess of enzymatic treatment
thermophilic fungusHumicola sp hydrolyzeda-  could have potentiality of commercialization.
galactosides from soymilk completely within 2h of

incubation period (Kotwal et al., 1998).
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Figure 3 - HPLC separation pattern of raffinose oligosacatesiof soymilk before and after

treatment withAspergillus oryzae a-galactosidase produced under SSF
A. Standard Sugars (1. Galactose 2. Sucrose 3inBsdf 4. Stachyose)
B. Soymilk before enzyme treatment

C. Soymilk after treatment with-galactosidase.
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