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B-Galactosidase is an enzyme of commercial importance owing to its multiple benefits. Among all microbial sources,
fungal species are of great interest for the production of this enzyme. Thus, the aim of this present work was to
optimize the media as well as process parameters to achieve maximum B-Galactosidase production by solid state
fermentation using the fungal isolate Rhizomucor pusillus. Various agro-industrial residues were tested for carbon as
well as for nitrogen sources. The different process parameters were also studied to observe their effects on
f-galactosidase production. Among all screened agro-industrial residues, wheat bran and corn steep liquor had the
potential to be used as carbon and nitrogen sources, respectively; whereas MgSO, was found to be a suitable salt
supplement. The optimal process parameters included particle size of 1000 microns, 50% moisture content, pH 5.5,
50 °C temperature, and 7 days of fermentation.
Keywords: B-galactosidase, agro-industrial residues, fermentation, optimization, Rhizomucor pusillus

Among all food grade enzymes, 3-galactosidase has a significant potential in the food industry
owing to its numerous health related benefits. B-Galactosidase (E.C. 3.2.1.23) or lactase has
the ability to catalyze hydrolysis as well as transgalactosylation reaction, with the formation
of monosaccharides or prebiotics, respectively. Both these reactions are of prime importance
and thus, this enzyme has commercial value, not only in the food but also in the pharmaceutical
sectors (SEN et al., 2014).

B-Galactosidase occurs widely in nature and has been extracted from different plants,
animals as well as microorganisms (Kumari et al., 2011). In contrast to all the natural sources,
microorganisms are the preferred sources in terms of their technical as well as economical
benefits. Amongst all microbes, -galactosidase from fungus is of special interest as the
enzyme synthesized is extracellular in nature and has broad stability (Awan et al., 2010a;
AKkcan, 2011).

Agro-industrial residues or wastes are those which are generated from the food as well
as agricultural industries or from the agricultural practices. Being rich in cellulose,
hemicellulose as well as in other nutrients, these wastes are one of the main reasons for
pollution and therefore should be used as potential substrates for microbial fermentation
rather than considering them as wastes (RobrIGUEZ, 2008).

Keeping in view of the above, the present study was conducted to optimize the media as
well as process parameters for the production of [-galactosidase using fungal isolate
Rhizomucor pusillus to obtain high yield of enzyme by SSF.
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1. Materials and methods

1.1. Microorganisms

B-Galactosidase producing fungal culture was isolated from rotten banana peel and identified
as Rhizomucor pusillus. The identification studies were carried out in the Institute of Microbial
Technology (IMTECH), Chandigarh, India. The phenotypic characterization was carried out
using maximum likelihood model based on Tamura-3 parameter model, and the genotypic
characterization was done using 5.8S rRNA gene sequence data. The fungal strain was grown
on modified Czapek Dox agar with the following composition in g I'': lactose 20 (w/v);
peptone 10 (w/v); yeast extract 10 (w/v); ammonium sulphate 5 (w/v); potassium di-hydrogen
phosphate 1 (w/v); di-potassium hydrogen phosphate 3 (w/v); magnesium sulphate 0.5 (w/v),
and ferrous sulphate 0.3 (w/v). The strain was incubated at 50 °C for 8 days (CI 10S, Remi
Instruments Pvt. Ltd.) and the culture was maintained at 4 °C until further use.

1.2. Inoculum preparation

Inoculum was prepared from the 9 days fully grown culture on Czapek Dox agar plates.
Spore suspension was prepared using sterile distilled water containing 0.01% triton X-100 on
the Petri plates and the spores were dislodged with sterile loop. The spore count was
determined using a haemocytometer. Spore suspension was used for the production of
enzymes under SSF.

1.3. Optimization of media and process parameters

The preliminary optimization of the media and the process parameters was carried out to
determine their effect on the p-galactosidase production. Different agro-industrial residues
(wheat bran, rice bran, rice husk, sugarcane bagasse, kinnow peel, and apple pomace) were
tested for their potential as carbon sources by using 5 g each in the respective flasks,
supplemented with (NH,),SO, at 3% (w/w). The substrate was moistened using two different
moistening agents, such as deproteinized whey and sterile distilled water. The particle size of
the chosen substrate varied from 200—3000 microns. Moreover, different nitrogen sources
(urea, sodium nitrate, peptone, ammonium sulphate, ammonium nitrate, yeast extract, casein,
corn steep liquor (CSL), fish scale, pea pod, and soya okara) were individually supplemented
at the concentration of 3% (w/w), in case of CSL, 3% (v/w), to the fermentation medium to
investigate the effect on the enzyme production using wheat bran as a carbon source (15 g).
The effect of different salt supplements on the enzyme production had been studied by adding
MgSO,, ZnSO,, FeSO,, and CaCl, (0.2% w/w) to the medium containing wheat bran as
carbon and CSL as nitrogen source.

The process parameters such as particle size (200-3000 microns), moisture content of
the media (40-90%), pH (3-9), inoculum spore density (1x10*— 1x10°spores/ml), temperature
(40-70 °C), and incubation time were also tested to get the optimum conditions for the
maximal enzyme production.

1.4. Extraction of the enzyme

The crude enzyme was extracted by mixing the fermented substrate with sodium citrate
buffer (pH 4.5) in the ratio of 1:10. The mixture was agitated in the shaker (MSW-132, MAC,
India) for 1 h. The mixture was filtered through a muslin cloth by squeezing and further

Acta Alimentaria 47, 2018



164 KAUR et

centrifuged at 7000-8000 r.p.m. (REMI C-24BL) for 10 min. The clear supernatant obtained

al.: AGRO-INDUSTRIAL RESIDUES FOR B-GALACTOSIDASE PRODUCTION

after centrifugation was assayed for the 3-galactosidase activity.

1.5. Determinat

The enzyme as

buffer (0.1 M, p
for 5 min. The
absorbance was

One unit of enzyme activity is equivalent to 1 micromole of ortho-nitrophenol liberated

ion of the enzyme activity

say was carried out by following the method of Reczey and co-workers,
(1992) along with some modifications. The culture was centrifuged at 7000-8000 r.p.m. for
10 min. The supernatant was used for enzymatic assay. The enzyme solution (0.2 ml) was
mixed with 1 ml o-nitrophenyl-B-galactosidase (ONPG) (2.5 mg ml™) in sodium citrate
H 4.5). The enzyme solution along with the substrate was incubated at 50 °C
reaction was stopped by using 1 ml of sodium carbonate (10%) and the

read at 420 nm (DR 5000, HACH, Germany).

per min under standard assay conditions.

The optimization of media and process parameters had been carried out to obtain maximal
production. The results have been summarized in the following sections.

[B-galactosidase

2. Results and discussion

2.1. Effect of the carbon sources

Among the various carbon sources tested, wheat bran gave the maximal enzyme activity
of about 4.55 IU/gram dry substrate (gds) using deproteinized whey as the moistening agent
(Fig. 1), whereas using distilled water as a moistening agent resulted in low yield
(2.55 TU/gds). However, rice bran exhibited the maximal enzyme activity of 2.67 IU/gds
using water as a moistening agent. Moreover, wheat bran concentration varied from 5 to 30
g, and the maximal enzyme activity of 7.38 IU/gds was achieved using 15 g of wheat bran
(Fig. 2). Wheat bran contains high hemicellulose as well as sugar contents and other nutrients,
suitable to be used as a substrate (Awan et al., 2010D).

which makes it

Enzyme activity, IU/gds
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Fig. 1. Effect of carbon sources on B-galactosidase production
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Fig. 2. Effect of wheat bran concentration on -galactosidase production

B-Galactosidase production using various agro-industrial residues under solid state
fermentation had been tested by Raor and co-workers (2015). Their study also revealed the
maximal enzyme production using wheat bran as a substrate moistened with deproteinized
cheese whey.

2.2. Effect of particle size

The results depicted in Figure 3 reveal that the particle size of the substrate had a significant
effect on the enzyme activity. The maximal enzyme activity of 17.55 [U/gds was achieved
using 1000 microns particle size, after which a further increase in the size resulted in lower
enzyme yields.
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Fig. 3. Effect of media parameters on f3-galactosidase production

Acta Alimentaria 47, 2018



166 KAUR et al.: AGRO-INDUSTRIAL RESIDUES FOR B-GALACTOSIDASE PRODUCTION

Smaller particle size allows nutrient absorption as well as limits oxygen diffusion and
helps assimilation of mycelia as it provides larger surface area, whereas larger particle size of
the substrate gives less surface area. Furthermore, too small particle size leads to the formation
of lumps, which may affect the availability of the nutrients to the microorganisms and creates
anaerobic environment (HATZINIKOLAOU et al., 2005).

2.3. Effect of nitrogen sources

Among the various sources, highest activity (21.27 IU/gds) was observed with corn steep
liquor as a nitrogen supplement followed by ammonium sulphate (18.56 IU/gds) as
demonstrated in Figure 3. Besides, the enzyme activity increased from 60.98 to 71.38 IU/gds
when the concentration of CSL was increased from 5 to 7% (v/w), after which with further
increase in the concentration up to 20%, a decrease in the activity was observed (Fig. 4). The
high enzyme activity obtained with corn steep liquor can be attributed to the presence of
certain nutrients, vitamins, minerals, and carbohydrates in corn steep liquor that affect the
growth and further enhance the enzyme production.

80 1

70 4
60
50 4
40 A

30 4

Enzyme activity, 1U/gds

20 4

10 4

5 7 9 11 13 15 17 19 20
CSL concentration, % v/w

Fig. 4. Effect of CSL concentration on 3-galactosidase production

2.4. Effect of salt supplements

The fermentation medium supplemented with MgSO, depicted the maximum enzyme activity
(79.79 1U/gds) as compared to the other supplements (Fig. 3). In addition, the effect of
MgSO, on the enzyme production was studied by varying the concentration from 0.025-2%
(w/w). The enzyme activity increased up to 82.17 IU/gds with increasing the concentration
of MgSO, upto 0.5%, after which with further increase in the concentration, decrease in the
enzyme activity was observed (Fig. 5).

Mg ions are reported to enhance the catalytic activity as well as stability of the enzyme
(CraiG et al., 2000). Further, it also acts as an inducer for B-galactosidase production (JURADO
et al., 2004). Finally, magnesium ions have also been reported to improve the secretion of the
enzyme as this ion helps in the membrane permeabilization (KarrEn & Ruiz, 2002).
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2.6. Effect of pH

The highest enzyme activity of 89.30 IU/gds was obtained at pH 5.5 (Fig. 6). Lower enzyme
activities were obtained at acidic as well as alkaline pH, since pH of the enzyme affects the
microbial cells by interfering with the functioning of the enzyme and nutrient transport across
the cell (Kumari et al., 2011).

2.7. Effect of inoculum spore density

The fermentation media consisting of 15 g wheat bran moistened with 50% of whey
supplemented with 7% CSL and 0.5% MgSO, at pH 5.5 was inoculated with varying
concentrations of inoculum and incubated at 50 °C for 8 days. From the results, it was
observed that with the increase in the inoculum size up to 1x10° spores/g, there was an
increase in the enzyme activity (94.13 IU/gds), thereafter with further increase, a decrease in
the activity was observed (Fig. 6). This may be due to the increased competition among the
cells for the nutrient availability, which might have led to the decrease of growth and further
reduced enzyme activity (AnisHa et al., 2008; Awan et al., 2010b).

Similar reports indicated an increase of about 61% of the enzyme activity using 1x10°
spores/g in contrast to 1x10° and 1x107 spores/g, when B-galactosidase production was
carried out by Penicillium canescens using wheat bran and whole wheat in the ratio of 7:3 as
substrates under solid state fermentation conditions (Assamol et al., 2015).

2.8. Effect of temperature

The maximum enzyme activity of 99.90 IU/gds was achieved at 50 °C, after which a decline
in the activity was observed with the further increase in temperature up to 70 °C (Fig. 6).

Temperature is an important factor that has a profound effect on the activity of the
microbial cell or enzymes. Microbial cells are most active at their optimum temperature, and
any change of temperature on either side of the optimum range can affect the metabolism
of the cell and further the production. EL-GinDy and co-workers (2009) had reported
the maximum [B-galactosidase activity of 1.145 U mg! by Chaetomium thermophile and
1.259 U mg! from Talaromyces lanuginosus at 45 °C using wheat bran and lupine seed
powder as substrates, inoculated with 200 CFU ul™, respectively.

2.9. Effect of incubation time

The optimized fermentation media consisted of 15 g wheat bran moistened with 50% whey,
supplemented with 7% CSL and 0.5% MgSO, at pH 5.5. The above media was inoculated
with 1x10° spores/g suspension and incubated at 50 °C. The production was carried out for
eleven days, and the samples were withdrawn at 24 h time intervals to determine the optimum
fermentation time. It was seen that there was an increase in the activity up to six days of
fermentation, and the maximum enzyme activity of 101.89 IU/gds was obtained on the 7%
day. Thereafter, with further increase in the fermentation time, a decrease in the activity was
observed (Fig. 7).

The maximal B-galactosidase activity (386.6 ONP ml™! min') had been reported to be
achieved after seven days of fermentation at 30 °C (NizamuppIN et al., 2008).
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Fig. 7. Effect of incubation time on B-galactosidase production

3. Conclusions

In the present investigation, the fungal isolate Rhizomucor pusillus had been used for the
B-galactosidase production under solid state conditions. The media and the various process
parameters had been optimized to achieve the maximal enzyme activity. The maximal
enzyme activity was obtained with wheat bran (15 g) as a substrate moistened with
deproteinized whey (50%), supplemented with corn steep liquor (7% ,v/w) as nitrogen and
magnesium sulphate (0.5% w/w) as salt supplement. The optimum pH, inoculum size, and
temperature were found to be 5.5, 1x10° spores/ml-and 50 °C, respectively. The maximal
enzyme activity of 101.89 IU/gds was obtained on 7" day of fermentation. The utilization of
agro-industrial residues for the enzyme production further adds to the advantage, as higher
yields of enzyme was obtained with less production cost.
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