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Abstract Aspergillus oryzae MTCC 5341, when grown
on wheat bran as substrate, produces several extracellular
acid proteases. Production of the major acid protease
(constituting 34% of the total) by solid-state fermentation
is optimized. Optimum operating conditions obtained are
determined as pH 5, temperature of incubation of 30°C,
defatted soy flour addition of 4%, and fermentation time
of 120 h, resulting in acid protease production of
8.64 x 10° U/g bran. Response-surface methodology is
used to generate a predictive model of the combined effects
of independent variables such as, pH, temperature, defatted
soy flour addition, and fermentation time. The statistical
design indicates that all four independent variables have
significant effects on acid protease production. Optimum
factor levels are pH 5.4, incubation temperature of 31°C,
4.4% defatted soy flour addition, and fermentation time of
123 h to yield a maximum activity of 8.93 x 10° U/g bran.
Evaluation experiments, carried out to verify the predic-
tions, reveal that A. oryzae produces 8.47 x 10° U/g bran,
which corresponds to 94.8% of the predicted value. This is
the highest acid protease activity reported so far, wherein
the fungus produces four times higher activity than previ-
ously reported [J Bacteriol 130(1): 48-56, 1977].
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Introduction

Proteases occupy a central position in commerce,
accounting for nearly 65% of the global enzyme market.
They are used extensively in the detergent, leather, phar-
maceutical, and food industries [21]. Food applications of
proteases include their use in cheese-making, beer clarifi-
cation, protein hydrolysate production, pharmaceutical, and
cosmetic industries [3]. Acid proteases find application in
the production of seasoning materials, protein hydrolysates,
fermentation of soy sauce, and as digestive aids [21].

Filamentous fungi are exploited for the production of
industrial enzymes due to their ability to grow on solid
substrate and produce a wide range of extracellular
enzymes. Among the many advantages offered by the
production of enzymes by fungi are low material costs
coupled with high productivity, faster production, and the
ease with which the enzymes can be modified. Further, the
enzymes, being normally extracellular, are easily recover-
able from the media. Although several reports have
appeared recently about isolation of acid proteases from
different fungi, Aspergillus oryzae is an organism of
choice, due to its generally regarded as safe (GRAS) status
[11]. There is ample scope for searching for new molecular
species of acid proteases, since many reported activity
levels are poor [6, 23, 26, 31].

In the conventional method, media is optimized by
changing one variable at a time while keeping other factors
at a constant level [22], which is laborious and often leads
to wrong conclusions. Multivariate experiments are
designed not only to reduce the number of experiments
necessary in the optimization process but also to produce
more defined results than those available by univariate
strategies [8]. Response-surface methodology (RSM) is one
such multivariate analysis tool comprising mathematical
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and statistical techniques for generating empirical models.
It evaluates the effects of the individual factors and pro-
vides optimal levels of variables for desirable responses.
RSM is customarily used as a statistical tool in the majority
of media optimization studies [5].

The objective of this work is to optimize factors influ-
encing acid protease production by using RSM. As a part
of purification and characterization of proteases from
A. oryzae MTCC 5341, sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS—-PAGE) and zymo-
gram confirm the release of one dominant acid protease
[32]. The acid protease from A. oryzae MTCC 5341 has
been purified with a yield of 29%, having a specific activity
of 43,658 U/mg [32]. The enzyme prefers hydrophobic
amino acids at S; and S, positions and also activates
trypsinogen to trypsin [32].

Optimization of process parameters for solid-state fer-
mentation (SSF) is carried out to target this acid protease.
In a conventional one-parameter-at-a-time fashion we
identify four parameters (pH, temperature, fermentation
time, and defatted soy flour addition) affecting the yield of
the desired enzyme.

Materials and methods

The fungus used in this present study (A. oryzae MTCC
5341), isolated at the Central Food Technological Research
Institute (CFTRI) and deposited in the Microbial Type
Culture Collection, IMTECH, Chandigarh, was periodi-
cally subcultured and maintained on potato dextrose agar
slant. Fungal spores were dispensed into sterile saline
solution to prepare the inoculum for fermentation. This
spore suspension was serially diluted to obtain a spore
density of 107 spores/mL. One milliliter of this suspension
was used to inoculate 100 g dry substrate.

Hemoglobin (denatured) was from MP Biomedical Inc.
(Solon, OH); trichloroacetic acid (TCA) was from Himedia
Laboratories Pvt. Ltd. (Mumbai, India). All other chemi-
cals used were of analytical grade.

Substrate preparation and fermentation

Cereal brans, wheat, rice, and ragi (Eleucine coracana)
were purchased from local market of Mysore, India, and
were of commercial grade. Initial moisture content of the
bran was estimated by an infrared moisture meter wherein
the bran was dried to a constant weight at 105°C (Sartorius
AG, Flawil, Switzerland). Solid-state fermentation (SSF)
was carried out in 500-mL Erlenmeyer flasks. A mineral
solution containing 70 mg each of CuSO,4-5H;0,
7ZnS0,-7H,0, and FeSO4-7H,0 in 100 mL 0.2 N HCI was
added to the bran to obtain pH 5.0 (4 mL/30 g bran).
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The final moisture content of the bran was adjusted to 60%
with mineral solution before autoclaving. Erlenmeyer
flasks containing 30 g substrate were autoclaved at 121°C
for 40 min and inoculated with 1 mL spore suspension
containing 10° spores/mL. The flasks were incubated at
28-30°C and 90-95% relative humidity (RH). The activity
of the acid protease was checked at intervals of 24 h during
192 h of fermentation. The moldy bran was dried at 50°C
in a tray drier to a moisture content of less than 6%, and
stored at 4°C. The bran was extracted with 0.1 M NaCl in
water [ratio of bran-to-solvent, 1:10 (w/v)], when required.
The solution was filtered through a sterile filter membrane
(0.22 pm) to obtain an enzyme solution free of any solid
material, free of culture at 4°C.

Screening of the factors affecting protease production
Effect of carbon sources

Bran from cereals, such as wheat, rice, and ragi (Finger
millet), were used as complex sources of carbon and
nitrogen for the fungus to produce acid protease. The brans
were autoclaved at 121°C for 40 min before adding fungal
spore suspension solution. The pH of the bran was 5.0.
Inoculated flasks were incubated at 30°C. The extent of
enzyme production was monitored as a function of time.

Effect of nitrogen sources

To further increase the protein content in the solid substrate
(bran), complex sources of nitrogen such as defatted soy
flour, defatted sesame flour, casein, and peptone were
added to the bran. The effect of individual source on pro-
tease production was tested at five different levels; 2%, 4%,
6%, 8%, and 10% (w/w).

Effect of chemical additives on acid protease production

In order to study the effect of different additives on pro-
tease production, wheat bran was supplemented with sterile
phytic acid (0.4%), Al,Cl; (0.1 mM), and biotin (0.1%) in
water (passed through 0.22-pm filters). The inoculum was
added and flasks were incubated at 30°C for 120 h. At the
end of the period, the extent of enzyme production was
determined.

Effect of cultivation time, incubation pH, and temperature
on acid protease production

Wheat bran was moistened to 60%, autoclaved, and inoc-
ulated with fungal spores as described above. The extent of
enzyme production was determined every 24 h for a total
period of 192 h.
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The effect of pH on acid protease production by SSF
was carried out at pH 3, 4, and 5. Media pH was adjusted
using dilute HCI. The activity of the enzyme was moni-
tored every 48 h.

Temperature for growth and production of acid protease
was optimized by incubating the flasks containing the
inoculated bran at 25°C, 30°C, 35°C, and 40°C. The acid
protease activity was monitored every 48 h.

Optimization of factors affecting protease production
by response-surface methodology

Experimental design

The critical parameters that could affect the production of
acid protease were determined by initial experiments to be:
pH, incubation temperature, defatted soy flour addition,
and fermentation time. Response-surface methodology
(RSM) was used for studying effects of interaction among
these variables. The optimized ranges for the selected
variables were pH 3-7, incubation temperature of 25-
35°C, addition of defatted soy flour of 0-8%, and fer-
mentation time of 72—-168 h. Box-Behnken design [9] was
adopted to optimize the levels of the four factors, with
three center points yielding a set of 27 experiments. The
factors at three different levels (—1, 0, +1) with minimum
and maximum range of values were as presented in
Table 1. The treatment schedule for the model is given in
Table 2. Three replicates (treatments 13—15 in Table 2) at
the center of the design were used for estimation of the
pure error sum of squares. The experiments were ran-
domized to maximize the effects of unknown variability
due to irrelevant factors in the observed responses.

Statistical analysis

Average maximum acid protease activity was taken as the
dependent variable (response), with duplicates. The aver-
age maximum acid protease activity was taken as the
dependent variable. The response value (Y) in each trial
was the average of duplicates. A second-order polynomial

Table 1 Experimental range and levels of the four independent
variables used in RSM in terms of actual and coded factors

Variables Levels

-1 0 +1
pH 3 5 7
Temperature (°C) 25 30 35
Defatted soy flour addition (%) 0 4 8
Fermentation time (h) 72 120 168

equation, fitted to the data by multiple regression proce-
dure, resulted in an empirical model. For the four-factor
system, the following model equation was used:

Y = By + BiA + BB + B3C + ByD + B, A®

+ BpB® + B33C* + BuuD* + P, AB + B3AC (1)
+ ﬁ14AD =+ ﬁz:;BC =+ ﬁ24BD =+ ﬁ34CD + &,

where Y is the predicted response for acid protease
produced; f, is the value of the fitted response at the
center point of the design; f3;, f,, B3, and f3, are the
linear coefficients; f1, f22, P33, and fi44 are the qua-
dratic coefficients; B>, f13, B14> P23, P4, and fz4 are the
interaction coefficients; while ¢ is the random error. The
software package Design-Expert® 7.0 (Stat Ease, Inc.,
Minneapolis, USA), was used to obtain the coeffi-
cients of Eq. 1 based on the data provided in Table 2.
The responses under different combinations as defined
by the design (Table 2) were analyzed using analysis
of wvariance (ANOVA) to estimate the statistical
parameters.

Protease assay

Acid protease activity was determined using 2% hemo-
globin (acid denatured) in glycine-HCI (pH 3.2, 0.1 M)
as substrate, as reported earlier [24]. In short, activity
was determined by incubating 1 mL substrate with
400 pL. of appropriately diluted enzyme solution for
10 min at 55°C. Enzyme activity was arrested by the
addition of 2 mL of 5% TCA. The unhydrolyzed protein
was removed by filtration (Whatman no. 1). Absorbance
of the supernatant was measured at 280 nm. One unit
was defined to be the amount of enzyme that produced
an increase in absorbance of 0.001/min under the above
conditions. Protein concentration was determined by
Lowry’s method [17] using bovine serum albumin as
standard.

Results and discussion

A. oryzae MTCC 5341 produces an acid protease that has
been purified to homogeneity with molecular weight of
47 kDa [32]. The enzyme shows endoproteolytic activity
and prefers L-V, Y-T, and I-K residues at the S; and S;’
positions. To optimize the conditions for production of this
enzyme, choice of cereal bran, fermentation time, pH of
substrate, temperature of incubation, source and amount of
protein supplementation, and inclusion of chemical
additives in substrate were studied. These are described
below.
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Table 2 Experimental design

used in the RSM studies of four Run A B

C D Mean observed

independent variables with three order pH Temperature (°C) Defatted soy . Eermentation responsse

centre points for acid protease flour concentration (%) time (h) (x 10” U/g bran)

production by A. oryzae MTCC

5341 by SSF 1 +1 0 0 +1 3.6
2 0 0 -1 +1 32
3 -1 0 -1 0 1.42
4 +1 0 -1 0 2.35
5 0 +1 0 -1 4.21
6 0 0 +1 +1 4.23
7 +1 -1 0 0 2.82
8 0 0 -1 -1 2.01
9 0 -1 0 +1 1.64
10 +1 0 +1 0 5.21
11 0 +1 0 +1 5.28
12 0 -1 +1 0 221
13* 0 0 0 0 8.64
14* 0 0 0 0 8.64
15* 0 0 0 0 8.66
16 -1 -1 0 0 0.43
17 +1 0 0 -1 3.71
18 0 +1 -1 0 4.67
19 0 0 +1 -1 2.96
20 -1 +1 0 0 2.0
21 0 -1 0 —1 1.79
22 —1 0 0 —1 1.01
23 -1 0 0 +1 1.41
24 0 +1 +1 0 4.09
25 +1 +1 0 0 4.9
26 -1 0 +1 0 231
27 0 -1 -1 0 1.72

% Central value

Selection of cereal bran for SSF

Wheat bran, rice bran, and ragi (E. coracana)bran were used
as media for solid-state fermentation of A. oryzae MTCC
5341. Wheat bran was the best medium, with acid protease
activity of 4.8 x 10° U/g dry bran (100%). When grown on
rice bran and ragi bran, the fungus produced 3.57 x 10° U/g
(74.4%) and 0.5 x 10° U/g bran (11.6%), respectively
(Fig. 1a). Since wheat bran has higher protein content
(14-16%) compared with rice bran (7.5-8%) and ragi bran
(6-7%), the production of protease was probably enhanced
due to the higher protein content in the substrate. Accord-
ingly, wheat bran was preferred as the substrate for SSF.

Effect of source and amount of additional protein on
protease production

The choice of bran revealed that acid protease production

was enhanced with higher protein content in the media.
Protein sources such as defatted soy flour (45-50%
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protein); defatted sesame flour (50-55% protein), casein,
and peptone were supplemented to the wheat bran to study
their induction of enzyme activity. The protein sources
were individually tested at five different levels: 2%, 4%,
6%, 8%, and 10% (w/w). A positive response was seen at
all the levels tested. Soy flour at 4% was found to increase
the activity level from 4.8 x 10° U/g bran to 8.26 x 10°
U/g bran. Sesame flour (7.65 x 10° U/g bran), casein
(6.0 x 10° U/g bran), and peptone (5.70 x 10° U/g bran)
also increase protease production, albeit to a lesser extent
(Fig. 1b). Higher levels of protein (> 4%) sources repres-
sed the activity.

Effect of additives on protease production

SSF in presence of additives such as biotin (0.1%), phytic
acid (0.4%), and aluminium chloride (0.1 mM) reportedly
enhances protease production [30]. However, in the present
study, biotin, phytic acid, and aluminium chloride did not
significantly influence acid protease production (Fig. 1b).
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Fig. 1 a Screening of cereal brans for suitability as substrate in SSF
for acid protease production by A. oryzae MTCC 5341. The fungus
was cultivated on different cereal brans for 120 h. At the end of
fermentation, acid protease activity was determined. b Optimization
of media components for growth and production of extracellular acid
proteases. Treatments include: wheat bran (WB) alone as media
incubated at pH 5 (1), wheat bran + 4% defatted soy flour (DSF) (2),
wheat bran + 4% defatted sesame flour (3), wheat bran + 4% casein
(4), wheat bran + 4% peptone (5), WB + 4% DSF + 0.1% biotin
(6), WB + 4% DSF + 0.4% phytic acid (7), and WB + 4%
DSF + 0.1 mM Al,Cl; (8). Fermentation was done at 30°C and pH
5.0 for a period of 120 h. Each value is the average of three
experiments

Effect of cultivation time, incubation pH,
and temperature on acid protease production
by A. oryzae

Acid protease production was monitored as a function of
time of cultivation on wheat bran with addition of 4%
defatted soy flour (50% protein). Enzyme production
gradually increased with fermentation time. At the end of
120 h, 8.26 x 10° U/g bran was obtained. Fermentation
after 120 h resulted in slight reduction in the activ-
ity level, reaching a value of 7.45 x 10° U/g bran at
144 h. Fermentation time was optimized as 120 h
(Fig. 2a).
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Fig. 2 a Production of acid protease by A. oryzae as a function of
time. At the end of each fermentation time, moldy bran was extracted
with water containing 0.1 M NaCl for 60 min. Activity was
determined as described in the “Protease assay” section. b Effect
of pH on growth and production of acid protease from Aspergillus
oryzae MTCC 5341. pH of solid media during growth was 3 (E55), 4
(EXY), and 5 (). ¢ Effect of temperature on growth and production
of acid protease from Aspergillus oryzae MTCC 5341. Temperature
of incubation during growth was 25°C (&) and 30°C (mY)

The optimum pH of medium for production of extra-
cellular protease activity was 4-5, resulting in an activity
of 8.26 x 10° U/g bran (Fig. 2b). Growth at pH 3 was
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Table 3 Analysis of variance

for the fitted second-order Source Sum of daf Mean F-value Prob > F Significance
polynomial model and lack of fit squares Zum of
for acid protease production as quares
per Box-Behnken design Model 130.1695 14 9.297 29.911 <0.0001 Significant
pH (A) 16.356 1 16.356 52.62 <0.0001
Temperature (B) 17.617 1 17.617 56.677 <0.0001
Defatted soy flour (C) 2.6508 1 2.6508 8.527 0.0128
Fermentation time (D) 1.122 1 1.122 3.610 0.0817
AB 0.065 1 0.065 0.290 0.655
AC 0.9702 1 0.9702 3.121 0.102
AD 0.065 1 0.065 0.2091 0.655
BC 0.2862 1 0.2862 0.9208 0.356
BD 0.3721 1 0.3721 1.197 0.295
CD 0.0016 1 0.0016 0.00514 0.944
A? 58.417 1 58.417 187.935 <0.0001
B? 39.918 1 390918 128.422 <0.0001
c 37.689 1 37.689 121.249 <0.0001
D? 42.550 1 42550 136.889 <0.0001
Residual 3.730 12 0.3108
Lack of fit 3.729 10 0.3729 2797.356 <0.0001 Not significant
Pure error 0.00026 2 0.00013
Corr. total 133.899 26

slow, with low enzyme production (3.2 x 10° U/g bran at

the end of 192 h).

Temperature of incubation during growth had a signifi-

cant influence on protease production. Temperature of
25°C was suboptimal for growth, whereas growth ceased
above 35°C. The optimum temperature range for growth
and protease production was determined to be 30°C
(Fig. 2¢). It was also observed that, when bran was incu-
bated at 25°C, enzyme production yield gradually
increased up to the end of 160 h (3.57 x 10° U/g bran).

Based on the above results, it was concluded that pH of
the substrate, fermentation time, temperature of incubation,
and amount of defatted soy flour supplemented in the
substrate were the critical factors for acid protease activity.
The effect of these factors and their interaction for pro-
duction of acid protease were optimized by response-sur-
face methodology.

Optimization of factors influencing protease production
by RSM using Box-Behnken design

Interactive effects of the factors, viz., pH, incubation
temperature, defatted soy flour addition, and fermentation
time, were examined by RSM using Box-Behnken design.
The actual yield of acid protease (response) obtained is
presented in Table 2. The ANOVA analysis yielded the
following regression equation in terms of the levels of acid
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protease produced (Y) as a function of pH (A), temperature
of incubation (B), defatted soy flour addition (C), and
fermentation time (D).

Acid protease activity (x 10> U/g bran)
=865+1.17xA+1.21 x B+0.47
XC+031 xD+4+0.13xAXxB+049 x A
XC—-0.13xAxD—-027xBxC+0.31
x BxD+0.02x CxD~—331xA>—-2.74
X B* —2.66 x C* —2.82 x D*.

The subsequent analysis of variance showed aptness of the
model for acid protease production. The computed F-value
of 29.911 implies significance of the model. There is only a
0.01% chance that a model F-value this large could occur
due to noise. The lack-of-fit F-value is not significant, and
there is only a 37.29% chance that a lack-of-fit F-value this
large could occur due to noise. The model was found to be
highly significant and sufficient to represent the actual
relationship between the response and the significant
variables as indicated by the small model P-value
(<0.0001), large lack-of-fit P-value (0.3729), suitable
coefficient of determination (R2 = 0.9721), and adjusted
coefficient of determination (RiCljusled =0.9396) from
ANOVA (Table 3). The predicted sum of squares (PRESS)
of 21.48 indicated fit of each point in this design. Signifi-
cance of seven model terms (A, B, C, A2, Bz, C2, and Dz)
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Table 4 Analysis of variance (ANOVA) table for response-surface
quadratic model

Parameter Value
Standard deviation 0.56
Mean 3.52
R 0.9721
Adjusted R? 0.9396
Predicted R* 0.8395
F-value 29.91
PRESS 21.48
Adequate precision 19.966

and an adequate precision of 19.996 indicated low signal-
to-noise ratio (a ratio greater than 4 is desirable) (Table 4).

Response-surface curves for the variation in yield of
acid protease as a function of two variables, with the other
two kept at their central value, were constructed. The three-
dimensional response surfaces obtained were convex in
nature, suggesting well-defined optimum operating condi-
tions. The sharp convexity implied that the responses vary
significantly from the single-variable optimized conditions.
From the response for the interaction of pH with temper-
ature of incubation (Fig. 3a), protease yields increased
with increasing pH and temperature up to a value of 5.0
and 30°C, respectively. Decreased enzyme activity was

Fig. 3 a Response-surface
curve of acid protease production
from Aspergillus oryzae MTCC
5341, showing the interaction of
temperature and pH after 120 h
of incubation. Defatted soy flour

v

TR
AT

“ X,

observed at pH above 5.0 and temperatures above 30°C. At
optimum levels of these variables (pH 4-5 and 30°C), a
maximum enzyme yield of 8.64 x 10° U/g bran was
obtained. Defatted soy flour (50% protein) addition had a
favorable impact on enzyme yield up to 4% (Fig. 3b).
Accordingly, 4% protein and pH 4-5 were optimal for
maximum protease production. Any further increase in its
concentration repressed enzyme yield. Similarly the yields
of acid protease were determined to be maximum at fer-
mentation time of 120 h, beyond which activity declined
(Fig. 3c). A convex-shaped response-surface curve was
obtained when defatted soy flour addition was combined
with temperature, indicating positive influence of these
variables on acid protease production (Fig. 3d).

Analysis of response-surface curves and contour plots
indicated optimum levels of the variables necessary to
achieve better results. The results predicted by Box-
Behnken design showed that a combination of pH 5, tem-
perature of 30°C, and 4% defatted soy flour would favor
maximum protease production, yielding 8.64 x 10° U/g
bran after 120 h of fermentation. Thus, by optimizing
the fermentation parameters using RSM, the yield of
acid protease increased from 4.8 x 10° U/g bran to
8.64 x 10° U/g bran. Available reports indicated that the
optimum pH and temperatures for growth fall in the ranges
of 3—4 and 30-32°C, beyond which protease production
drastically reduces [12, 28].
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T

supplementation and
fermentation time were kept at
their central points. b Acid
protease production (x 10° U/g
bran) observed as a response to
the interaction of defatted soy
flour addition (%) and pH as
variables. Temperature and
fermentation time are kept at
their central points. ¢ Response-
surface plot of acid protease
production (x 10° U/g bran) by
Aspergillus oryzae MTCC 5341
showing interaction of
fermentation time (h) and pH at
central values of temperature and
addition of defatted soy flour. d
Acid protease production

(x 10° U/ g bran) observed as a
response to the interaction of
defatted soy flour addition (%)
and temperature as variables.
Fermentation time and pH are
kept at their central points

03

Activity units (Uf g bran)

B0
50
A0

Temperdue ('C) ©°

500 100

Actvity urits ( U/ gbran)

) tf
eIy
iy,

A
.HJ’{”:’,,( ;: ‘;r 7

Activity units U/ g bran)

0

—
400 3m

88

L]

Aike gy
wﬁ}‘,‘,"&q T

Iﬂ';::";" ':"'f‘t.' iy

e

;ﬁ.;ﬂr;,,':}a’;:,;::;;j r
Trtag 00N
l‘-" )

Adckivity urits ( Uf gbran)

¥ 3500

0w
Sy

280 - a7 5p Temperature (°C)
Defalted sayflour (56)

Ly

@ Springer



136

J Ind Microbiol Biotechnol (2010) 37:129-138

685

47 -

Activity (U/g bran)

255

04 —

I I I T I
1224 0684 0.144 0396 0935

Deviation from Reference Point

Fig. 4 Desirability graph for testing the efficacy of the model for
production of acid protease (x 10° U/g bran) from Aspergillus oryzae
MTCC 5341. Factors included in the study are A = pH of incubation,
B = temperature (°C), C = defatted soy flour addition (%), and
D = fermentation time (h)

In an attempt to test the desirability of the model, the
maximum value of the factors were determined as pH 5.4,
incubation temperature of 31°C, defatted soy flour addition
of 4.4%, and fermentation time of 123 h, yielding a max-
imum activity of 8.93 x 10° U/g bran (Fig. 4). Thus the
central values framed were close to the values predicted by
the statistical model.

In a separate set of evaluation experiments carried out to
verify the predictions, A. oryzae produced 8.47 x 10° U/g
bran, which is 94.8% of the predicted value. Table 5 shows

predicted and observed responses to random levels of
variables, wherein the two responses are similar in most
cases.

A comparison of the specific activities of acid proteases
from fungi is given in Table 6. Acid protease from the
current study reports four times higher specific activity
than the earlier reports from the same source [27]
(Table 6).

It is interesting to note that, although a number of
substrates have been tried in solid-state fermentation,
wheat bran has been the preferred choice. When wheat
bran is used solely for the production of proteases, it has
resulted in low enzyme activities [10, 14, 15, 20]. In a
report of acid protease production by A. niger Tieghem
331221, addition of protein sources such as casitone,
casein, peptone, and trader’s protein increased activity
levels of the enzyme, whereas various carbon sources
inhibited protease biosynthesis, thereby indicating the
presence of catabolic repression of protease biosynthesis
[2]. In yet another study, utilizing cheap protein sources
for protease production, Mirabilis jalapa seed powder was
used for increasing the alkaline protease activity yield
(Aspergillus clavatus ES1) by a 14-fold increment (56 U/ml)
over unoptimized media [19]. In a study on alkaline
protease production by Shewanella oneidensis MR-1,
optimization of media parameters by RSM was carried
out by adding glucose (12.5 g¢ L") and tryptone (12.5 g
L™") to the solid media, which increased protease pro-
duction by 60% (112.9 U/mL) [1]. To the best of our
knowledge, there are no reports of optimization of media
components for acid protease production from A. oryzae
by solid-state fermentation. Although RSM is used as
a statistical tool for optimizing media components for
protease production by other microorganisms such as
Neosartorya fischeri [33], Microbacterium sp. [25]
Bacillus licheniformis ATCC 21415 [18], and Bacillus

Table 5 Design for validation

L. . Run pH  Temperature  Defatted soy Fermentation ~ Observed Predicted

of predictive model using o .. . )
random levels of experimental order °C) flour addition time (h) response response
andom fevels ol experimenta (%) (x10° U/g bran) (x10° U/g bran)
factors

1 4 25 1 100 0.95 0.977

2 65 30 6 80 5.17 5.27

3 5 30 4 120 8.47 8.647

4 3 35 4 96 1.13 1.16

5 5 28 4 80 5.51 5.609

6 55 32 6 120 8.32 8.36

7 6 30 5 140 8.02 8.02

8 7 28 5 72 2.74 2.72

9 5 30 4 120 8.45 8.64

10 4 30 4 120 8.20 8.05
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Table 6 Comparison of specific activity of acid protease from A. oryzae MTCC 5341 with other reports
No. Source Substrate Specific activity (U/mg) Unit definition Reference
1 A. oryzae Trypsinogen 0.106 1 U = 1 pumol trypsinogen/min [7]
2 A. oryzae Casein 4.1 1 U = 1 umol tyrosine/min [28]
3 A. oryzae Casein 1.6 1 U = Unit increase in Asgp /30 min [13]
4 A. oryzae Casein 2.6 1 U = 0.1 increase in Agsg nm/10 min [16]
5 A. clavatus Hemoglobin 2.2 1 U = 0.1 increase in Aygp nm/60 min [26]
6 A. kawachi Casein 1.2 lkatal U = 1 ng tyrosine/sec [34]
7 A. oryzae Casein 54 1 U = 1 pumol tyrosine/min [29]
8 A. oryzae Casein 43.1 1 U =1 pumol tyrosine/min [27]
9 A. niger Hemoglobin 3,500 1 HUT = 1.1 pg tyrosine/min Amanopro
A. niger 1,242
10 Pepsin Hemoglobin 4,000 1 U = 0.001 increase in Asgy nm/min [24]
Mucor renninus 5,500
11 A. oryzae MTCC 5341 Hemoglobin 21,175 1 U = 0.001 increase in Agg nm/min Current study
172.04 1 U =1 umol tyrosine/min
8,928.27 IHUT = 1.1 pg tyrosine/min

spp. [4], A. oryzae has not been reported using this model.
Response-surface methodology offered stable responses in
predicting the combined interactions of the four variables
(pH, temperature, defatted soy flour addition, and fer-
mentation time) with respect to extracellular acid protease
production.

Conclusions

We report a study involving A. oryzae MTCC 5341 for the
production of extracellular acid protease by solid-state
fermentation. Response-surface methodology was adopted
to optimize the critical variables and to study their influ-
ence on protease production. Response-surface curves
indicate that optimum factor levels were pH 5.4, incubation
temperature of 31°C, defatted soy flour addition of 4.4%,
and fermentation time of 123 h, which would yield a
maximum activity of 8.93 x 10° U/g bran. Evaluation
experiments carried out to verify the predictions revealed
that A. oryzae produces 8.47 x 10° U/g bran, which is
94.8% of the predicted value. This paper proposes a low-
cost medium formulation that could be of industrial value,
since acid proteases find potential applications in pharma-
ceutical and food industries.

Acknowledgments The authors wish to thank Dr. V. Prakash,
Director, CFTRI, for his valuable support and suggestions. The
authors thank Dr. M. C. Varadaraj, Head, Human Resource Devel-
opment, CFTRI, for help in isolation and identification of Aspergillus
oryzae, MTCC 5341. The authors thank Dr. N. Bhaskar, Department
of Meat, Fish & Poultry Technology, CFTRI, for helpful discus-
sion.The Department of Biotechnology, Govt. of India provided the
funds for this research. K.S.V. thanks CSIR for a research fellowship.

10.

References

. Anbu P, Annadurai G, Lee J, Hur B (2008) Optimization of

alkaline protease production from Shewanella oneidensis MR-1
by response surface methodology. J Chem Tech Biotechnol
84:54-62. doi:10.1002/jctb.2004

. Chakraborty R, Srinivasan M, Sarkar SK, Raghavan KV (1995)

Production of acid protease by a new Aspergillus niger by solid
state fermentation. J Microbiol Biotechnol 10:17-30

. Chandel AK, Rudravaram R, Rao LV, Ravindra P, Narasu ML

(2007) Industrial enzymes in bioindustrial sector development,
An Indian perspective. ] Commer Biotechnol 13(4):283-291

. Chauhan B, Gupta R (2004) Application of statistical experi-

mental design for optimization of alkaline protease production
from Bacillus sp. RGR-14. Process Biochem 39:2115-2122. doi:
10.1016/j.procbio.2003.11.002

. Dahiya N, Tewari R, Tiwari RP, Hoondal GS (2005) Chitinase

production in solid state fermentation by Enterobacter sp. NRG4
using statistical experimental design. Curr Microbiol 51:222-228.
doi:10.1007/s00284-005-4520-y

. Datta A (1992) Purification and characterization of a novel pro-

tease from solid substrate cultures of Phanerochaete chrysospo-
rium. J Biol Chem 267:728-736

. Davidson R, Gertler A, Hofmann T (1975) Aspergillus oryzae

acid proteinases: purification and properties and formation of
n-chymotrypsin. Biochem J 147:45-53

. Dutta JR, Dutta PK, Banerjee R (2004) Optimisation of culture

parameters for extracellular protease production from a newly
isolated Pseudomonas sp. using response surface and artificial
neural network models. Process Biochem 39:2193-2198. doi:
10.1016/j.procbio.2003.11.009

. Ferreira SLC, Bruns RE, Ferreira HS, Matos GD, David JM,

Brandao GC, da Silva EGP, Portugal LA, dos Reis PS, Souza AS,
dos Santos WNL (2007) Box-Behnken design, an alternative for
the optimization of analytical methods. Anal Chim Acta
597:179-186. doi:10.1016/j.aca.2007.07.011

Germano S, Pandey A, Osaku CA, Rocha SN, Soccol CS (2003)
Characterization and stability of proteases from Penicillium sp.
produced by solid-state fermentation. Enzyme Microb Technol
32:246-251. doi:10.1016/S0141-0229(02)00283-1

@ Springer


http://dx.doi.org/10.1002/jctb.2004
http://dx.doi.org/10.1016/j.procbio.2003.11.002
http://dx.doi.org/10.1007/s00284-005-4520-y
http://dx.doi.org/10.1016/j.procbio.2003.11.009
http://dx.doi.org/10.1016/j.aca.2007.07.011
http://dx.doi.org/10.1016/S0141-0229(02)00283-1

138

J Ind Microbiol Biotechnol (2010) 37:129-138

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Ikasari L, Mitchell DA (1996) Leaching and characterization of
Rhizopus oligosporus acid protease from solid-state fermentation.
Enzyme Microb Technol 19:171-175. doi:10.1016/0141-
0229(95)00227-8

Kitano H, Kataoka K, Furukawa K, Hara S (2002) Specific
expression and temperature-dependent expression of the acid
protease-encoding gene (pepA) in Aspergillus oryzae in solid-
state culture (Rice-Koji). J Biosci Bioeng 93:563-567. doi:
10.1016/S1389-1723(02)80238-9

. Klapper BF, Jameson DM, Mayer RM (1973) The purification

and properties of an extracellular protease from Aspergillus
oryzae NRRL 2160. Biochim Biophys Act 304:505-512
Krishna C (2005) Solid-state fermentation systems—an over-
view. Critical Rev Biotech 25:1-30

Krishnan S, Vijayalakshmi MA (1985) Purification of an acid
protease and a serine carboxypeptidase from Aspergillus niger
using metal chelate affinity chromatography. J Chromatogr
329:165-170. doi:10.1016/S0021-9673(01)81911-7

Kundu AK, Manna S (1975) Purification and characterization of
extracellular proteinases of Aspergillus oryzae. Appl Environ
Microbiol 30(4):507-513

Lowry OH, Rosenbergh NJ, Farr AL, Randall RJ (1951) Protein
measurement with Folin phenol reagent. J Biol Chem 193:265-
275

Mabrouk SS, Hashem AM, El-Shayeb NMA, Ismail M, Abdel-
Fattah AF (1999) Optimisation of alkaline protease productivity
by Bacillus licheniformis ATCC 21415. Bioresource Tech
69:155-159. doi:10.1016/S0960-8524(98)00165-5

Mohammed H, Ahmed R, Neji G, Moncef N (2008) Optimisation
of alkaline protease production by Aspergillus clavatus ES1 in
Mirabilis jalapa powder using statistical experimental design.
Appl Microbiol Biotech 79:915-923. doi:10.1007/s00253-008-
1508-0

Pandey A, Selvakumar P, Soccol CR, Nigam P (1999) Solid-state
fermentation for the production of industrial enzymes. Curr Sci
77:149-162

Rao MB, Tanksale AM, Ghatge MS, Deshpande V (1998)
Molecular and biotechnology aspects of microbial proteases.
Microbiol Mol Biol Rev 62:597-635

Senthilkumar SR, Ashokkumar B, Raj CK, Gunasekaran P (2005)
Optimization of medium composition for alkali-stable xylanase
production by Aspergillus fisheri Fxn 1 in solid-state fermentation
using central composite rotary design. Bioresource Tech
96:1380-1386. doi:10.1016/j.biortech.2004.11.005

@ Springer

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Tari C, Genckal H, Tokatli F (2006) Optimisation of growth
medium using a statistical approach for the production of an
alkaline protease from a newly isolated Bacillus sp. L21. Process
Biochem 41:659-665. doi:10.1016/j.procbio.2005.08.012
Tello-Solis S, Rodriguez-Romero A, Hernandez Arana A (1994)
Circular dichroism studies of acid proteases from Aspergillus
niger and Aspergillus awamori. Biochem Mol Biol Int 33:759-
768

Thys RCS, Guzzon SO, Olivera FC, Brandelli A (2006) Opti-
mization of protease production by Microbacterium sp. in feather
meal using response surface methodology. Process Biochem
41:67-73. doi:10.1016/j.procbio.2005.03.070

Tremacoldi CR, Watanabe NK, Carmona EC (2004) Production
of extracellular proteases from Aspergillus clavatus. World J
Microbiol Biotech 20:639-642. doi:10.1023/B:WIBI1.0000043194.
21080.c1

Tsujita Y, Endo A (1977) Extracellular acid protease of Asper-
gillus oryzae grown on liquid media: multiple forms due to
association with heterogeneous polysaccharides. J Bacteriol
130(1):48-56

Tsujita Y, Endo A (1978) Purification and characterization of two
molecular forms of membrane acid protease from Aspergills
oryzae. Eur J Biochem 84:347-353

Tsujita Y, Endo A (1978) Presence and partial characterization of
internal acid protease of Aspergillus oryzae. Appl Environ
Microbiol 36(2):237-242

Tunga R, Banerjee R, Bhattacharyya BC (2001) Optimization of
some additives to improve protease production under SSF. Ind
J Exp Biol 39:1144-1148

Villegas E, Aubegue S, Alcantara L, Auria R, Revah S (1993)
Solid state fermentation, acid protease production in controlled
CO, and O, environments. Biotech Adv 11:387-397. doi:10.1016/
0734-9750(93)90008-B

Vishwanatha KS, Appu Rao AG, Singh SA (2009) Characteriza-
tion of acid protease expressed from Aspergillus oryzae MTCC
5341. Food Chem 114:402-407. doi:10.1016/j.foodchem.2008.
09.070

Wu LC, Hang MD (2000) Acid protease production from
Neosartorya fischeri. Lebensmittel-Wissenschaft und-Technolo-
gie 33:44-47. doi:10.1006/fstl.1999.0608

Yagi F, Fan J, Tadera K, Kobayashi A (1986) Purification and
characterization of carboxyl proteinase from Aspergillus
kawachii. Agric Biol Chem 50(4):1029-1033


http://dx.doi.org/10.1016/0141-0229(95)00227-8
http://dx.doi.org/10.1016/0141-0229(95)00227-8
http://dx.doi.org/10.1016/S1389-1723(02)80238-9
http://dx.doi.org/10.1016/S0021-9673(01)81911-7
http://dx.doi.org/10.1016/S0960-8524(98)00165-5
http://dx.doi.org/10.1007/s00253-008-1508-0
http://dx.doi.org/10.1007/s00253-008-1508-0
http://dx.doi.org/10.1016/j.biortech.2004.11.005
http://dx.doi.org/10.1016/j.procbio.2005.08.012
http://dx.doi.org/10.1016/j.procbio.2005.03.070
http://dx.doi.org/10.1023/B:WIBI.0000043194.21080.c1
http://dx.doi.org/10.1023/B:WIBI.0000043194.21080.c1
http://dx.doi.org/10.1016/0734-9750(93)90008-B
http://dx.doi.org/10.1016/0734-9750(93)90008-B
http://dx.doi.org/10.1016/j.foodchem.2008.09.070
http://dx.doi.org/10.1016/j.foodchem.2008.09.070
http://dx.doi.org/10.1006/fstl.1999.0608

	Acid protease production by solid-state fermentation using Aspergillus oryzae MTCC 5341: optimization of process parameters
	Abstract
	Introduction
	Materials and methods
	Substrate preparation and fermentation
	Screening of the factors affecting protease production
	Effect of carbon sources
	Effect of nitrogen sources
	Effect of chemical additives on acid protease production
	Effect of cultivation time, incubation pH, and temperature on acid protease production

	Optimization of factors affecting protease production by response-surface methodology
	Experimental design

	Statistical analysis
	Protease assay

	Results and discussion
	Selection of cereal bran for SSF
	Effect of source and amount of additional protein on protease production
	Effect of additives on protease production
	Effect of cultivation time, incubation pH, �and temperature on acid protease production �by A. oryzae
	Optimization of factors influencing protease production by RSM using Box-Behnken design

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


