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Abstract. Sugiwati S, Hanafi M, Lioe HN, Suhartono MT. 2020. Effect of growth conditions on g-glucosidase production by local isolate
of Aspergillus niger using rice bran substrate. Biodiversitas 21: 4058-4066. B-Glucosidase is the family of glycosyl hydrolase that have
potential role in various food industry, such as in tea, wine and vanilla industries to increase the aroma and production of isoflavone
aglycons in soybean flour. The present work produced p-glucosidase from local isolate of Aspergillus niger InaCC F57 under solid-state
fermentation (SSF) using rice bran substrate. Fermentation process was made in various conditions with respect to carbon source as
substrate, initial pH of fermentation medium, incubation time, water to substrate ratio, fermentation temperature, and addition of
Mandels mineral salts solution. The results showed that activity of -glucosidase was best at, i.e., 2.45 U/mL, with the use of rice bran
as substrate. Furthermore, optimum condition for the highest production of B-glucosidase occurred at pH 2.0, incubation time of 5 days,
water to substrate ratio of 1.5: 1, and incubation temperature of 32°C. Additionally, in optimum fermentation conditions, production of

B-glucosidase could be enhanced up to 26.22% with the presence of Mandels mineral salts solution as compared to the control.
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INTRODUCTION

Enzymes are biocatalysts to increase the rate of
chemical reactions in various industries, such as food, feed,
detergents, textiles, pharmaceuticals, and cosmetics. There
are more than 500 industrial products that involve the use
of enzymes. Demand for industrial enzymes is increasing
due to increase in the need for enzymes for sustainable
production processes (Kumar et al. 2014). Currently,
almost 99% of the needs of enzymes (biocatalysts) for
industries in Indonesia are still imported from abroad such
as China, India, Japan, and parts of Europe. Enzyme
requirements tend to increase every year and it is estimated
that global market demand for enzymes increases by about
7.0% (2015 — 2020) per year. Industrial enzyme
consumption in Indonesia is estimated to reach 2500 tons
with an import value of around 200 billion in 2017 with an
average volume growth rate of 5-7% per year. A value
large enough to encourage independence in producing
national commercial enzymes (Kemenristekdikti 2017).

Cellulase is one of the widely used industrial enzymes
and ranks third largest in the world. B-Glucosidase is part
of the cellulolytic enzyme complex. B-Glucosidase (B-D-
glucosidase glucohydrolase; EC 3.2.1.21) is the family of
glycosyl hydrolase that catalyzes the selective cleavage of
glucosidic linkages of alkyl and aryl [-glycosides,
disaccharides and short-chain oligosaccharides (Krisch et
al. 2010). The cellulolytic enzyme complex consists of a
variety of hydrolytic and redox enzymes acting

synergistically to convert cellulose into glucose. The
hydrolases comprise endoglucanase (EC 3.2.1.4),
cellobiohydrolases (EC 3.2.1.176), exoglucohydrolases
(EC 3.2.1.74), and B-glucosidases (EC 3.2.1.21) (Maitan-
Alfenas et al. 2015). Endoglucanases hydrolyze [B-1,4-
glucosidic linkages randomly in the middle of cellulose
chain. Cellobiohydrolases are also known as exoglucanases
continue the hydrolysis process along the cellulose chain
and cleave off cellobiose units from the ends. In the final
step, P-glucosidases are also known as B-glucoside
glucohydrolases complete the cellulose hydrolysis by
hydrolyzed cellobiose to glucose and also cleave off
glucose units from cello-oligosaccharides (Binod et al.
2019).

B-glucosidase is currently produced using either
submerged fermentation (SmF) or solid-state fermentation
(SSF) (Singhania et al. 2010). SSF offers an alternative for
low-cost enzyme production and it has different advantages
such as high productivity, cheap substrate utilization, low
energy requirement. Moreover, under SSF conditions, there
is minimal water output and lacking foam up which makes
it economically feasible (Faisal and Benjamin 2016). SSF
provides growth conditions that are similar to the
environment to which filamentous fungi are naturally
adapted. Better interaction between the microorganism and
the substrate is achieved using SSF, which results in higher
enzyme concentrations (Singhania et al. 2010). Another
advantage of SSF is the use of abundant agro-industrial
lignocellulosic wastes as carbon sources.
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Research on B-glucosidase has been more interesting in
the last few years. This is due to potential roles of the
enzymes in various biotechnological processes. In food
technology, B-glucosidase has several applications, such as
to increase the aroma quality of tea beverage (Zhang et al.
2020), production of isoflavone aglycons in soybean flour
(Yang et al. 2014), and to catalyze hydrolysis of vanillin
flavor precursor for releasing the aromatic aglycon and the
generation of vanilla flavor components during the curing
process (Rivera-Espinoza and Muriel 2013), and to
increase the amount of monoterpenes and non-isoprenoids
for aroma development in wines (Gonzales-Pombo et al.
2011). In the production of bioethanol from lignocellulosic
biomass, B-glucosidase plays important role in hydrolyzing
of cellobiose which is an intermediate compound from
cellulose hydrolysis by endoglucanase and exoglucanase
into glucose monomer (Singhania et al. 2013).

Most commercial cellulases are obtained from
filamentous fungi such as Trichoderma, Penicillium, and
Aspergillus (Zhao et al. 2018). Among them the
Ascomycete genus Aspergillus has been extensively
studied for the production of B-glucosidase (Sgrensen et al.
2013). The genus Aspergillus has potential for enzyme
industry, because almost all fungi of this genus synthesize
cellulase (Mai et al. 2018). Production of B-glucosidase
from different Aspergillus strains has been widely reported,
such as Aspergillus niger (Zahoor et al. 2011), Aspergillus
oryzae (Watanabe et al. 2016), Aspergillus terreus
(Elshafei et al. 2011), Aspergillus fumigatus (Cao et al.
2015), Aspergillus saccharolyticus (Sgrensen et al. 2014),
Aspergillus ochraceus (Asha et al. 2016), and Aspergillus
japonicus (da Silva et al. 2014). The use of A. niger as a
source of B-glucosidase has been widely applied (Qian et
al. 2012). A. niger has a long and extensively documented
history of safe use for food enzyme production. These
Aspergillus species have been used for fermentation of
food more than 2 millennia and to manufacture food
enzymes for over 50 years (Frisvad et al. 2018).

Lignocellulosic biomass residues such as wheat bran,
sugarcane bagasse, rice straw, waste paper, fruit pomace,
corn cob, and soybean can be used as carbon source and
enzyme inducer during the cellulases production (Jampala
et al. 2017; Irfan et al. 2017). These lignocellulosic
residues are abundant, renewable, cheap, and readily
procurable sources of nutrients for the growth of cellulases
producing microorganisms (Saini et al. 2017).

The objective of this research was to produce B-
glucosidase from local isolate of A. niger InaCC F57 and
evaluate cultural conditions that responsible for its
productivity. The isolate obtained from the Indonesian
Culture Collection (InaCC), Research Center for Biology,
Indonesian Institute of Sciences. The enzyme production
was performed under solid-state fermentation using
lignocellulosic biomass (rice straw, rice hull, rice bran and
brown rice flour) as a substrate. The various factors that
affect cultural conditions to maximum enzyme production
including carbon source, initial pH of fermentation
medium, fermentation incubation time, the ratio of water to
substrate, fermentation temperature, and the presence of
Mandels mineral salts solution were studied in the research.
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MATERIALS AND METHODS

Materials and reagents

Rice straw, rice hull, rice bran, and brown rice flour
were collected from local farmers in Karawang, West Java.
Potato Dextrose Agar (PDA), sodium carbonate,
CuS04.5H,0, potassium sodium tartrate, Folin Ciocalteu
reagent, Bovine Serum Albumin (BSA), sodium acetate,
acetic acid, and p-nitrophenyl-pB-D-glucopyranoside (p-
NPG) (Sigma Aldrich), Mandels mineral salts solution
(g/L): urea 0.3, (NH4)2SO4 1.4, KH,PO4 2.0, CaClz.2H,0
0.4, MgSO4.7H,O 0.3, peptone 1.0, Tween 80 0.2,
FeS04.7H,0 0.005, MnSO..7H,0 0.0016, ZnS0O..7H,O
0.0016, CoCl».6H,0 0.02.

Microorganism

Local isolate of A. niger InaCC F57 was obtained from
the Indonesian Culture Collection (InaCC), Research
Center for Biology Indonesian Institute of Sciences,
Cibinong, Bogor.

Production and extraction of -glucosidase

Solid-state fermentation was carried out in Erlenmeyer
flasks (100 mL) containing 10 g of substrate and 10 mL of
aquadest. The medium was sterilized by autoclave at 121°C
for 30 minutes. After sterilization, the medium was cooled
and inoculated with 1 mL of spore suspension (107 spores)
of A. niger and incubated at 28°C for 7 days with initial
fermentation pH of 6.0. The spore of A. niger was
determined by Hemocytometer. The enzyme was extracted
by adding 50 ml of sodium acetate buffer (50 mM, pH 5.0)
to the Erlenmeyer flasks. The flasks were shaken on a
rotary shaker at 120 rpm for 1 h at 28°C. The solution was
filtered by muslin cloth to remove mycelia and the filtrate
was centrifuged at 6000 rpm for 10 min at 4°C. The
supernatant obtained was a crude extract of B-glucosidase
and then was determined for its activity, protein content,
and specific activity.

Determination of optimum condition for B-glucosidase
production

The optimum condition for B-glucosidase production
was determined by testing the factors that affect enzyme
production, including carbon sources, initial pH of
fermentation medium, fermentation incubation time, water
to substrate ratio, incubation temperature and addition of
Mandels mineral salts solution to fermentation medium.

Effect of carbon sources on enzyme production

Effect of various carbon sources namely, rice husk, rice
straw, rice bran, and brown rice flour were determined by
added 10 mL of water to 10 g of each carbon source. The
medium of fermentation was incubated at 28°C for 7 days
and initial pH of 6.0.

Effect of initial pH on enzyme production

Effect of initial pH of fermentation medium was
performed by adjusting initial fermentation medium pH in
range 2.0, 3.0, 4.0, 45, 5.0, 5.5, 6.0, and 7.0 using 1
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mmol/L HCI or 1 mmol/L NaOH. The medium of
fermentation was incubated at 28°C for 7 days.

Effect of incubation time on enzyme production

Effect of fermentation incubation time was determined
by incubating the fermentation medium at different times in
range 1, 2, 3, 4, 5, 6, 7, 8, and 9 days with initial medium
pH of 6.0 and incubation temperature of 28°C.

Effect of water to substrate ratio on enzyme production

Effect of water to fermentation substrate ratio was
performed by variation of aquadest volume (5, 10, 15, 20,
25, and 30 mL) which added into 10 g substrate. The
medium of fermentation was incubated at 28°C for 7 days
and initial pH of 6.0.

Effect of incubation temperature on enzyme production

Effect of incubation temperature was determined by
incubating the fermentation medium at different
temperature (28, 32, and 36°C) with initial fermentation
medium pH of 6.0 and incubation time of 7 days.

Effect of Mandels mineral salts solution

Effect of Mandels mineral salts solution to [-
glucosidase production was determined by adding 15 mL
of Mandels solution into 10 g of rice bran. The
fermentation processes were performed in optimum
fermentation conditions.

B-Glucosidase assay

B-glucosidase activity assay was performed according
to Herr et al. (1978) wusing p-nitrophenyl-B-D-
glucopyranoside (p-NPG) as a substrate. The enzyme
activity assay was contained 1.0 mL of 2 mM solution of p-
NPG in 0.05 M sodium acetate buffer (pH 4.8). The
reaction was started after incubated of p-NPG solution at
40°C for 5 minutes by the addition of 100 pL of crude
enzyme solution. After 10 minutes the reaction was
stopped by addition of 2.0 mL of 1 M Na,COs solution.
The absorbance of solution was read at 405 nm. One unit
(U) of B-glucosidase was defined as the amount of enzyme
that catalyzes the hydrolysis of p-NPG to liberate 1 umol
of p-nitrophenol per minute under assay conditions.

Protein determination

The protein contents of enzyme were measured by the
Lowry method (1951) with bovine serum albumin (BSA)
as standard.

Analysis of cellulose, hemicellulose, and lignin

Determination of cellulose, hemicellulose, and lignin
contents of lignocellulosic biomass was carried out using
the Chesson method (Datta 1981).

Data analysis

The experimental design used in this study is
Completely Randomized Design (CRD). The reported data
is the mean + SD for two replications of each treatment.
Data were evaluated using One-Way Analysis of Variance
(ANOVA) at significance level of 95% (p < 0.05) in SPSS
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version 22. Significance difference between means was
compared using Duncan test at a2 = 0.05.

RESULTS AND DISCUSSION

SSF refers to the process where microbial growth and
product formation occurs on the surface of solid materials.
This process involves the absence (or near absence) of free
water; however, the moisture is absorbed to the solid
substrate to support growth and microbial metabolism (Ang
et al. 2013; Pirota et al. 2014). SSF is suitable for fungi
growth because of its moisture content and permitting of
the penetration of fungi mycelium through the solid
substrates (Grover et al. 2013). A. niger is a filamentous
fungus that is the most commonly used microorganisms in
SSF because they are able to grow on solid materials with
low water content (Shobana and Maheswari 2013).

There are several fermentation conditions on SSF
process affecting cellulase production, i.e. carbon and
nitrogen  sources of  production medium and
physicochemical parameters such as moisture content, pH,
temperature, incubation time, particle size, and aerations
(Polyanna et al. 2011; Manan and Webb 2017).

Determination of fermentation conditions for maximum
B-glucosidase production was performed by examining the
factors that affect enzyme production i.e. initial pH of
fermentation medium, fermentation incubation time and
temperature, water to substrate ratio, and addition of
Mandels mineral salt solution. In our study, determination
of optimum incubation conditions was carried out on
medium without supplemented Mandels mineral salts
solution. The addition of Mandels solution to the medium
was carried out in the production of enzymes after the
optimum fermentation conditions for B-glucosidase
production are obtained. Compared to Qiant et al. (2012)
which performed optimization of B-glucosidase production
from A. niger AS 3.4309 under SSF. Optimum incubation
conditions (initial pH, incubation temperature, fermentation
period) for fermentation process performed using optimum
solid medium containing wheat bran supplemented with
salt minerals MgSQO4.7H,0 and KH,PO..

Effect of different carbon sources on enzyme
production

The fungus A. niger used plant biomass polysaccharides
as carbon source for fungal growth by degrading these
compounds into monomeric sugars. Furthermore, these
monomeric sugars were transported into the cells and by
used catabolic pathway to convert them into biochemical
building blocks and energy (Makela et al. 2018).

The carbon source plays an important role in cell
metabolism and cellulase synthesis. In this work, carbon
source was obtained from several lignocellulosic biomass
as substrates such as rice straw, rice hull, rice bran, and
brown rice flour. Prior to use, all substrates were dried,
grounded, and sieved at 40 mesh. The size reduction of
particles would allow the increased surface area of the
substrates, thus enabling fungi to use them as carbon source
for enzyme production.
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The application of different carbon sources as inducer
for B-glucosidase production was remarkably influential for
enzyme production. This is due to a difference in amount
of components that constitute carbon source. There was a
clear variation regarding the production of B-glucosidase as
a result of different substrates used (Figure 1.A). Rice bran
was also found as the best carbon source for B-glucosidase
production in comparison with other sources, such as rice
straw, rice hull, and brown rice flour. Production of -
glucosidase from A niger strain InaCC F57 using rice bran
as a substrate reached the highest activity (2.45 = 0.16
U/mL), while the lowest one was attributed to rice hull,
with activity of 0.41 + 0.01 U/mL. Enzyme production
using rice straw substrate did not statistically differ (o =
0.05) from that obtained in brown rice flour substrate.

The different substrates that used for fermentation
medium affected soluble protein content in the crude
enzyme. There was a relationship between the secretion of
soluble protein and production of enzymatic activities
(Figure 1.B). The amount of soluble protein present in the
crude enzyme reached a maximum level in rice bran
substrate, i.e 3.49 = 0.33 mg/mL.

The use of rice bran as substrate that produces -
glucosidase with the highest activity is in accordance with
the reported by Raza et al. (2011). They made a selection
of agricultural by-products (tea waste, sawdust, wheat bran,
wheat straw, and rice straw) as substrate for B-glucosidase
production by co-culture of A. niger and A. oryzae. The
result showed that the maximum production of p-
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glucosidase was obtained when wheat bran was used as
substrate. Wheat bran contains protein, fat, fiber, ash, Ca,
Mg, P, K, S, and various essential amino acids that are
sufficient for fungal growth and enzyme production.

Cellulose is considered as inducer for B-glucosidase in
solid-state fermentation. Rice straw and rice hull are richer
in cellulose compared to rice bran, but contain a high
content of lignin. Presence of lignin makes the cellulose
more resistant against microbial attack, thus reducing
accessibility of fungi to use it for B-glucosidase production.
On the other hand, brown rice flour and rice bran contain
less lignin, but cellulose content in the flour is lower than
that in rice bran, leading to lower production of -
glucosidase. Composition of cellulose, hemicellulose, and
lignin in the lignocellulosic biomass substrates is presented
in Table 1.

Rice bran has the highest hemicellulose content
(43.27%) compared to other substrates. Hemicellulose is
composed of mainly pentoses (like xylose and arabinose)
and hexoses (like mannose, glucose, and galactose)
(Brodeur et al. 2011). The fungus A. niger can utilize
biomass polysaccharides (hemicellulose) as carbon source
for fungal growth by degrading these compounds into
monomeric sugars. Furthermore, these monomeric sugars
were transported into the cells and by used catabolic
pathway to convert them into biochemical building blocks
and energy (Makela et al. 2018). The fungus A. niger can
use these building blocks and energy for fungal growth and
increased B-glucosidase production.
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Figure 1. Effect of substrate to: A. B-glucosidase production; B. Protein content of B-glucosidase crude enzyme from A. niger InaCC

F57

Table 1. Chemical composition of lignocellulosic biomass

Lignocellulosic

Chemical composition (%6)

Biomass Crude fiber Cellulose Hemicellulose Lignin
Rice straw 28.66 + 0.22 29.11+0.19 22.74+0.13 4.13 £0.02
Rice hull 42.22+0.12 35.91+0.43 14.06 + 0.00 13.57+0.21
Rice bran 18.09 + 0.09 5.61+0.68 43.27+1.48 ND
Brown rice flour 10.29+0.19 3.38+0.06 19.04 £ 0.19 ND

Note: ND: not detected
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The main components of lignocellulosic biomass
(cellulose, hemicellulose, and lignin) were analyzed using
the Chesson method (Datta, 1981). Determination of these
components by this method done by gradual fractionation
of lignocellulose polysaccharides using hot water, 0.5 M
H.SO4, and 72% (v/v) HzSOs. The weight lost during the
fractionation stage is the weight of hemicellulose,
cellulose, and lignin. Chesson method is a gravimetric
analysis for the quantitative determination of samples
based on the mass of a solid. Mostly, collected dried solids
are weighed with an analytical balance. Gravimetric
method can provide precise analysis by carefully
performed, especially while weighing. Determination of
lignocellulosic biomass components using gravimetric
analysis does not require expensive equipment, provides
less instrumental error, and exists in scientific literature
(Ayeni et al. 2015).

Effect of initial fermentation pH on enzyme production

The hydrogen ion concentration (pH value) of
fermentation medium influenced the growth of fungi, either
directly by its action on the cell surfaces or indirectly by its
effect on the nutrient's availability (Abubakar et al. 2013).
Figure 2.A exhibits the effect of pH level of media at initial
stage of fermentation on production of B-glucosidase from
A. niger InaCC F57. Rice bran was used as support in
fermentation, with various pH levels of 2.0, 3.0, 4.0, 5.0,
5.5, 6.0, and 7.0. The pH level was only measured at initial
stage of fermentation, while pH level during fermentation
was not controlled.

Maximum B-glucosidase production was found at pH
2.0, with activity of 3.72 = 0.12 U/mL. This value did not
statistically differ from that obtained in pH 3.0 (a0 = 0.05),
resulting in an activity of 3.54 + 0.16 U/mL. Meanwhile,
the lowest B-glucosidase production was obtained at pH 5,
6, and 7, with no significant difference (a0 = 0.05) among
these pH levels.

Most filamentous fungi will grow optimally and secrete
high production of enzymes in acidic pH (Zahoor et al.
2011). This might be due to the fact that alkaline pH has
inhibitory effect on fungal growth and enzyme production.

>
3]

w w b
o o1 o
=y
o

Enzyme activity
(U/mL)

S o P =N
o v o un o w»
P T T

2.0 3.0 4.0 5.0 55 6.0 7.0
Initial pH of fermentation medium

A

BIODIVERSITAS 21 (9): 4058-4066, September 2020

Besides cultivation of fungi at an unfavorable pH will limit
the growth rate and enzyme production by reducing the
accessibility of cellulose and hemicellulose substrate (Bakri
et al. 2008).

Compared to another report, there is a difference in pH
level for maximum production of B-glucosidase. Zahoor et
al. (2011) produced B-glucosidase from A. niger NRRL 599
under liquid state fermentation using wheat bran at pH
levels ranging from 4.0-7.0. The results showed that
maximum production was achieved at pH 5.5. While Qian
et al. (2012) who produced B-glucosidase from A. niger AS
3.4309 using wheat bran substrate obtained the maximum
production pH at 6.0. The amount of soluble protein in
crude enzyme was not significantly different (o = 0.05) at
the initial fermentation pH of 2.0-5.0 with a range of values
4.29-4.45 mg/mL. The soluble protein content reached
maximum level at pH 6.0, i.e. 5.67 mg/mL (Figure 2.B).

Effect of fermentation incubation time on enzyme
production

Incubation time can be an influential factor for
production of B-glucosidase. In the experiment, incubation
was performed in 1-9 days to find maximum production of
crude enzyme from A. niger InaCC F57. We found that
more enzyme was produced as longer period of incubation,
but the production was decreased after reaching optimum
incubation time (Figure 3).

The results showed that the highest yield of B-
glucosidase was achieved on day 5, resulting in activity of
493 + 0.15 U/mL. This value was not significantly
different from that obtained in day 6 (activity of 4.63 +
0.08 U/mL) and day 7 (activity of 4.40 = 0.13 U/mL) at a. =
0.05. On day 9, there was a decrease in the activity of 3.71
+ 0.43 U/mL. The production of B-glucosidase decreased
after reaching optimum incubation time due to depletion of
macro- and micronutrient in the fermentation media; thus,
the physiological activities of fungi were markedly
inhibited, which in turn could deactivate fungal cellular
activities responsible for enzyme secretion (lkram-ul-Hag
et al. 2006).

Protein content

2.0 3.0 4.0 5.0 5.5 6.0 7.0
Initial pH of fermentation medium

B

Figure 2. Effect of initial fermentation pH on: A. B-glucosidase production; B. Protein content of B-glucosidase crude enzyme from A.

niger InaCC F57.
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Additionally, the result seemed to be similar to that
obtained by Julia et al. (2016) who produced B-glucosidase
from A. niger NRRL 3 under solid-state fermentation (SSF)
using soybean hulls and waste paper as substrate. The
result showed that the maximum enzyme activity of
soybean hulls (0.984 U/mL)—1.7 times greater than that
obtained in waste paper—was reached in fermentation
period of 4 days at 30°C. Furthermore, Raza et al. (2011)
performed co-culture of A. niger and A oryzae to produce
B-glucosidase during 1-5 days of fermentation period using
wheat bran as substrate. Their experiment concluded that
optimum incubation time was observed on day 3.

The amount of soluble protein reached the maximum
level at two and three days after fermentation, i.e. 6.94 and
7.65 mg/mL. Furthermore, the protein soluble content
decreased with increase in incubation period and was not
significantly different (oo = 0.05) in day 4 to 9 of incubation
with protein levels ranging from 4.36 to 5.22 mg/mL
(Figure 3.B).

Effect of water to substrate ratio on enzyme production

Water content in substrate may affect enzyme
production during solid-state fermentation. The effect of
substrate to water ratio on production of f-glucosidase from A.
niger InaCC F57 was exhibited in Figure 4. In this experiment,
rice bran (10 g) as substrate was mixed with different
amounts of distilled water, i.e. 5, 10, 15, 20, 25 and 30 mL.

The results showed that the lowest yield of B-
glucosidase was achieved at water to substrate ratio of 0.5 :
1, resulting in activity of 3.06 £ 0.13 U/mL. The highest
yield of B-glucosidase was achieved at water to substrate
ratio of 1.5 : 1 with an activity of 4.99 + 0.13 U/mL,
although it is not significantly different from ratio of 1 : 1
and 2 : 1 (a = 0.05). The addition of distilled water up to
25 and 30 mL caused a reduction of enzyme activity.
Therefore the production of B-glucosidase by A. niger is
better to use SSF which has lower moisture content
compared to SmF which high moisture content. This
finding was in accordance with that reported by Raza et al.
(2011), in which mixed culture fermentation consisting of
A. niger and A. oryzae was used for production of PB-
glucosidase. As a result, maximum production was
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obtained at ratio of 1 : 1, namely 10 g wheat bran and 10
mL solvent.

The highest yield of soluble protein content in (-
glucosidase crude enzyme was achieved at water to
substrate ratio of 1 : 2, i.e. 5.86 mg/mL. The increase of
water content in the fermentation medium substrate caused
a reduction in soluble protein content. The lowest of
soluble protein content was achieved at water to substrate
ratio of 3 : 1, i.e. 3.47 mg/mL (Figure 4.B).

Effect of incubation temperature on enzyme production
Incubation temperature is regarded as one of the most
important features for enzyme production in solid-state
fermentation. In the experiment, fermentation was
performed under three different temperatures, i.e. 28, 32,
and 36°C. Table 2 presents the effects of incubation
temperature on activity, protein content, and specific
activity of B-glucosidase crude enzyme. The results showed
that maximum production of B-glucosidase was achieved at
incubation temperature of 32°C with an activity of 3.47+
0.36 U/mL. The rising temperature up to 36°C caused
depletion of the enzyme activity, even though not
significantly different from that achieved at 32°C.

The optimum incubation temperature obtained in this
study is quite similar to that reported by Bansal et al.
(2012) and Zahoor et al. (2011). In their experiments, A.
niger NS-2 was used to produce p-glucosidase using wheat
bran as substrate (Bansal et al. 2012), while Zahoor et al.
(2011) produced B-glucosidase from A. niger NRRL 599,
resulting in optimum temperature for enzyme production at
30°C.

Table 2. Effect of incubation temperature on production of f-
glucosidase crude enzyme

Incubation Activit Protein igtei(\:/liftlc
temperature y concentration y
°C) (U/mL) (mg/mL) (U/mg
protein)
28 2.90+0.34% 4.70+0.67° 0.62 +0.022
32 3.47+0.36 4.96 +£0.272 0.70 £0.032
36 2.82+0.10® 3.61+0.03? 0.78 +£0.032
9.0 -
8.0 c _CI_
7.0 1
£ 601 ‘} b
€750 4 ab ab ab ab ab
o g a
E 30
2.0 1
1.0 1
0.0

1 2 3 4 5 6 7 8 9
Time of incubation (day)

B

Figure 3. Effect of fermentation incubation time on: A. B-glucosidase production; B. Protein content of B-glucosidase crude enzyme

from A. niger InaCC F57.
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Figure 4. Effect of water to substrate ratio on: A. B-glucosidase production; B. Protein content of B-glucosidase crude enzyme from A.

niger InaCC F57

Effect of Mandels mineral salts solution

Mandels mineral salts solution is a nutrient source that
consists of micronutrients (KH,POs, CaCly,, MgSOs,
FeSO4, MnSO., ZnS0O4, CoCly) and macronutrients (urea,
ammonium sulfate, peptone) (Mandels and Reese 1957).
The nutrient solution was added into medium of A. niger
InaCC F57 containing rice bran in the optimum
fermentation condition (pH 2.0; water to substrate ratio of
1.5 : 1.0, incubation temperature of 32°C, fermentation
time of 5 days), resulting in improved production of B-
glucosidase, being a 26.22% greater than that produced in
absence of Mandels mineral salts solution. The activity of
B-glucosidase from fermentation with the addition of
Mandels mineral salts solution was 3.37 + 0.28 U/mL.

The incorporation of Mandels mineral salts solution in
fermentation system for B-glucosidase production was also
reported by Raza et al. (2011). The study aimed for
selection of 10 different diluents (M-1 until M-10) for B-
glucosidase production using mixed culture of A. niger and
A. oryzae by solid-state fermentation. M-2 is the Mandels
mineral salt solution, while the other 9 diluents are mineral
salt solutions with different compositions from the Mandels
mineral salt solution. The result showed that presence of
M-2 in fermentation medium could produce a higher
amount of B-glucosidase crude enzyme in comparison with
other diluents examined. This might be due to the fact that
M-2 medium contains all additional nutrients, organic (urea
and peptone) and inorganic (ammonium sulfate) nitrogen
sources and high concentration of Tween 80 that have been
reported to increase B-glucosidase production (Chellapandi
and Jani 2008). Lee et al. (2017) found that the addition of
surfactant, Tween 80, and polyethylene glycol on growth
medium of Trichoderma harzianum KUC1716 able to
increase cellulose production. These surfactants resulted in
a morphological shift from an aggregated to a more
dispersed form, which improves fungus accessibility to
nutrients and improves the enzyme production.

In conclusion, rice straw, rice hull, rice bran, and brown
rice flour are promising fermentation substrates for
production of B-glucosidase. The results suggested that rice
bran appeared to be the best-suited inducer for obtaining
appreciable yield of B-glucosidase from local isolate of A.

niger InaCC F57, as also exerted by rice straw, rice hull,
and brown rice flour, respectively. The fermentation could
reach the highest yield of B-glucosidase at initial pH
fermentation of 2.0, incubation time of 5 days, water to
substrate ratio of 1.5 : 1.0, and incubation temperature of
32°C. Enrichment of Mandels mineral salts solution could
effectively raise activity of p-glucosidase crude enzyme up
to 26.22%, which is the highest increment compared with
absence of the solution. All the evaluated factors; the
carbon source, pH medium, incubation time, water to
substrate ratio, fermentation temperature, and Mandels
mineral salts solution affect the increase of B-glucosidase
activity.
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