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Abstract
This work has been undertaken to investigate
the bio parameters such as various substrates,
initial moisture level, inoculum size, pH, incubation
temperature, incubation period, metal ions and
nitrogen sources effect on the production of laccase
in solid-state fermentation using mutant Bacillus
subtilis MTCC 2414. The laccase production was
observed with a sesame oil cake (183.32 ± 0.29
U/g), initial moisture level 80% (189.28 ± 0.52 U/
g), inoculum size 1.5% (196.12 ± 0.26 U/g), initial
pH 8 (215.20 ± 0.48 U/g), incubation temperature
37°C (225.80 ± 0.52 U/g), incubation period 48h
(258.80 ± 0.29 U/g), CuSO4 (263.16 ± 0.12 U/g)
and yeast extract (268.14 ± 0.16 U/g) in the
production medium.
Keywords: Bioparameters, solid-state
fermentation, Bacillus subtilis MTCC 2414,
laccase.
Introduction
Enzymes are delicate protein molecules
ubiquitous in occurrence, and are essential for cell
growth and differentiation (1, 2). The extracellular
enzymes are of commercial value and find multiple
applications in various industrial sectors (3).
Although there are many microbial sources
available for producing extracellular enzymes, only
a few are recognized as commercial producers
(4). Of these, strains of Bacillus sp. dominate the
industrial sector (5). Laccase (p-diphenol: oxygen
oxidoreductase; EC 1.10.3.2; also known as p-

diphenol oxidase; p-DPO; p-diphenolase) is a
copper-containing hydrolase (6), which has an
ability to catalyze the oxidation of a wide variety
of organic and inorganic compounds by coupling
it to the reduction of oxygen to water (7). There is
an increasing demand for laccase in the market
for various applications such as biopulping (8),
biobleaching (9), denim bleaching (10), organic
synthesis (11), decolorization (12), dechlorination
of xenobiotic compounds (13), bioremediation (14),
plant fiber modification, ethanol production, wine
stabilization, baking (15), cosmetic and
dermatological preparations (16), biofuel cells etc.
(17).
Solid state fermentation (SSF) has been
known for centuries and was used successfully in
the production of oriental foods (3). It has gained
much importance in the production of microbial
enzymes due to several economic advantages
over conventional submerged fermentation (SmF)
(3). Several reports on SSF have been published
on the production of fine chemicals (18-22),
enzymes (3, 23, 24), antibiotics (25-27), and
immune suppressants (28-30). Solid state
processes are of special economic interest for
countries with an abundance of biomass and agroindustrial residues, as these can be used as cheap
raw materials (3). Many microorganisms like
species of A.lipoferum (31-33), B.subtilis (34),
B.sphaericus (35), B.halodurans LBH-1 (36), E.coli
(37), M.mediterranea (38), O.iheyensis (39),
P.maltophila (40), P.syringae (41), P.fluorescens
GB-1 (42), P.putida GB-1 (43), P.desmolyticum
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NCIM 2112 (44), P.aerophilum (45),
Streptomycetes sp. (46), T.thermophilus TTC1370
(47), X.campesteris (48) have been evaluated for
the production of laccase.
High cost and low yields of commercial
enzymes have been the main problems for its
industrial production. Therefore, there is a great
need to develop a new medium with inexpensive
substrates that provides a high enzymes yield.
Solid state fermentation has generated much
interest because it reduces manufacturing cost
by utilizing unprocessed or moderately processed
raw materials (3, 49). There are a great number of
literatures reported on the use of sawdust, coconut
flesh, groundnut shell, sugarcane bagasse, banana
skin, rice straw, orange bagasse, tea waste, palm
oil waste, corn, wheat bran, barley as substrates
for the solid state production of laccase (50, 51).
However, utilization of sunflower oil cake,
sesame oil cake, cotton seed meal, apple pomace
and soybean meal for the production of laccase
has not been reported using the SSF. India is the
largest producer of apple, cotton, soybean and
rice in the world (52, 53). These relatively low priced
agro-industrial residues, containing abundant
nutrients (hemicellulose, cellulose, proteins and
starch), have a great potential to be utilized as
alternative substrates for fermentation. In the
present investigation, the productivity of
extracellular laccase by mutant Bacillus subtilis
MTCC2414 using solid agro-industrial residues
such as sunflower oil cake, sesame oil cake,
cotton seed meal, apple pomace and soybean
meal was evaluated. In addition, the culture
conditions as initial moisture content, initial pH,
inoculum size, incubation temperature and
incubation time as well as the extra
supplementation of metal ions and nitrogen
sources were optimized to maximize the
extracellular laccase production.
Materials and Methods
Experimental Chemicals : Sesame oil cake,
sunflower oil cake, cotton seed meal, soybean
meal and apple pomace were obtained from local
markets at Bangalore, India. They were dried in
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an oven at 60°C and ground in a hammer mill (54).
The ground material was passed through 30- and
50-mesh sieves (3). The fraction which passed
through the 30-mesh sieve, but retained by the
50-mesh sieve was collected and used as basic
fermentation media. All chemicals and reagents
of analytical grade were used in this research and
are mostly purchased from sigma USA and Hi
media Mumbai. All the experiments were
conducted in triplicate and mean values are
considered.
Microorganism and Inoculum preparation : The
mutant Bacillus subtilis MTCC 2414 strain that
produces laccase was employed in the present
study. The organism was mutated by UV
irradiation, Ethyl methyl sulphonate (EMS) and
Ethedium bromide (EtBr) for hyper production of
the enzyme (2, 54-63). Stock cultures were
maintained in nutrient broth medium with 70%
glycerol, cultures were preserved at -20°C (64).
The inoculum was prepared by transferring a loopful
of stock culture (mutant Bacillus subtilis MTCC
2414) to a certain volume (100 ml) of sterile nutrient
broth, stock medium, then incubated it overnight
at 37°C on a rotary shaker 200 rpm, before being
used for inoculation (2). A stock suspension was
prepared and adjusted to 7×103 cells/ml.
Solid state fermentation : Ten grams of sesame
oil cake, sunflower oil cake, cotton seed meal,
soybean meal and apple pomace were taken into
separate 250 ml Erlenmeyer flasks and 2 ml of
salt solution [0.2% K2HPO4, 0.04% CaC12, 0.02%
MgSO4, 0.0002% FeSO4, 0.001% ZnSO4] was
added. Distilled water was added in such a way
that the final substrate moisture content was 50%.
After sterilization by autoclaving, the flasks were
cooled to room temperature and inoculated with
1% (v/w) inoculum of 24h culture and incubated at
37°C for 48h.
Estimation of different moisture contents : The
moisture content of the substrates was estimated
by drying 10 g of substrates to constant weight at
105°C and the dry weight was recorded. To fix the
initial moisture content of the solid medium, the
substrates were soaked with desired quantity of
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additional water (3, 65). After soaking, samples
were dried again as described above and percent
of moisture content was calculated as follows,
Percent of moisture content (initial) of solid
medium =
(Wt. of the Substrate - Dry wt. of Substrate)
Dry wt. of Substrate

x100

Measurement of pH : The pH was determined
using 1g of fermented material in 10ml of distilled
water, and then the mixture was agitated. After
10min, the pH was measured in the supernatant
using a pH meter (3).
Determination of Laccase Activity : Laccase
activity was measured by monitoring the oxidation
of 1mM guaiacol (Hi media, Mumbai, India) buffered
with 0.2 M sodium phosphate buffer (pH 6) at 420
nm for 1 min. The reaction mixture (900 μl)
contained 300 μl of 1 mM guaiacol, 300 μl of culture
filtrate, and 300 μl of 0.2 M sodium phosphate
buffer (pH 6). One unit of the enzyme activity was
defined as the amount of enzyme that oxidized 1
μmol of guaiacol per minute. The enzyme activity
was expressed in U/ml (66).
Bioparametric Investigation on Extracellular
Laccase Production under Solid State
Fermentation
Effect of different solid substrates : In SSF, the
solid substrate not only serves as an anchor, but
also supplies nutrients to the organism. The
chemical composition of the substrate is of critical
importance. The ideal solid substrate is the one
that provides maximum nutrients to the
microorganism for its optimal growth and metabolic
function. The solid substrates, sunflower oil cake,
sesame oil cake, apple pomace, cotton seed meal
and soybean meal have been identified as ideal
substrates and used to study their effect on the
production of extracellular laccase. Each substrate
(10g) was taken into a separate 250 ml Erlenmeyer
flask and 2 ml of salt solution [0.2% K2HPO4,
0.04% CaC12, 0.02% MgSO4, 0.0002% FeSO4,
0.001% ZnSO4] was added. Distilled water was
added in such a way that the final substrate
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moisture content was 50%. After sterilization by
autoclaving, the flasks were cooled to room
temperature and inoculated with 1% (v/w) inoculum
of 24h culture and incubated at 37°C for 48h (3).
The samples were assayed as per above
mentioned protocol (66). The best solid substrate
achieved by this step for the maximum production
of laccase was fixed for the subsequent
experiments.
Effect of different initial moisture contents : To
investigate the influence of the initial total moisture
content of the substrate (sesame oil cake), the
fermentation was carried out under various initial
moisture contents (20, 30, 40, 50, 60, 70, 80, 90
and 100%) of substrate, which was adjusted with
distilled water (3). The other fermentation conditions
were sesame oil cake as substrate, 1% inoculum
level, 2ml salt solution and the fermentation was
carried out for 48h at 37°C. The samples were
assayed as per above mentioned protocol (66).
The optimum initial moisture content of solid
substrate achieved by this step for maximum
laccase production was fixed in subsequent
experiments.
Effect of different inoculum levels : Various
inoculum levels were tried (0.5, 1.0, 1.5, 2.0, 2.5,
3.0 and 3.5%) to study their effect on laccase
production (3). The fermentation was carried out
using sesame oil cake as substrate. The other
conditions were moisture content 80%, salt
solution, 2ml, incubation temperature 37°C and
incubation period 48h. The samples were assayed
as described earlier (66). The optimum inoculum
level achieved by this step was fixed in subsequent
experiments.
Effect of different initial pH : pH varying from 3.0
to 11.0 (adjusted with 1N HCl or 1N NaOH) was
used to optimize initial pH of the basal media (3).
The fermentation was carried out at 37°C to study
their effect on laccase production. The other
conditions were sesame oil cake as substrate,
1.5% inoculum level, moisture content of 80%,
salt solution 2ml, incubation temperature 37°C and
the fermentation time of 48h. The samples were
assayed as described earlier (66). The optimum

Bioparametric Investigation of Mutant Bacillus subtilis

Current Trends in Biotechnology and Pharmacy
Vol. 12 (1) 65-74 January 2018, ISSN 0973-8916 (Print), 2230-7303 (Online)

pH achieved by this step was fixed in subsequent
experiments.
Effect of different incubation temperatures : The
fermentation was carried out at various
temperatures such as 20, 25, 30, 37, 40, 45, 50°C
(3) to study their effect on laccase production. The
fermentation was carried out using the above
optimized conditions viz., sesame oil cake as
substrate, moisture content 80%, salt solution
2ml, pH8 and inoculum level 1.5% for 48h. The
samples were assayed as described earlier (66).
The optimal incubation temperature obtained in
this step was used in the subsequent experiments.
Effect of different incubation periods : Different
incubation periods (48, 72, 96, 120, 144, 168, 192,
216 and 240h) were employed to study their effect
on laccase production (3). The fermentation was
run using the above optimized conditions viz.,
substrate sesame oil cake, moisture content 80%,
salt solution 2ml, inoculum level 1.5%, pH8 and
incubation temperature of 37°C. The samples were
assayed as described earlier (66). The optimum
incubation period achieved by this step was fixed
in subsequent experiments.
Effect of different metal ions and inorganic
nitrogen sources : Different metal ions and
inorganic nitrogen sources (0.5%) K2HPO4, CaC12,
MgSO4, FeSO4, ZnSO4, KNO3, NH4Cl, (NH4)2HPO4,
NH4NO3, CuSO4 and (NH4)2SO4) were employed
to study their effect on laccase production (3). The
fermentation was carried out using the above
optimized conditions viz., substrate sesame oil
cake, moisture content 80%, salt solution 2ml,
inoculum level 1.5%, pH8, incubation period 48h
and incubation temperature of 37°C. The samples
were assayed as described earlier (66). The
optimum enzyme production was achieved by this
step was fixed in subsequent experiments.
Effect of different organic nitrogen sources :
Different organic nitrogen sources (Casein, Yeast
extract, Peptone, Serine, Histidine and Aspartate
1%) were employed to study their effect on laccase
production (3). The fermentation was carried out
using the above optimized conditions viz.,
substrate sesame oil cake, moisture content 80%,
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salt solution 2ml, inoculum level 1.5%, CuSO4
(0.5%), incubation period 48h, pH8 and incubation
temperature of 37°C. The samples were assayed
as described earlier (66). The optimum enzyme
production was achieved by this step was fixed in
subsequent experiments.
Results and Discussion
Evaluation of different agro-industrial material
for extracellular laccase production : The
fermentation profile of laccase production in SSF
varied with the type of agro material used. Highest
laccase production (183.32 ± 0.29 U/g substrate)
was observed with a sesame oil cake and the least
laccase production (170 ± 0.32 U/g substrate) was
observed with sunflower oil cake (Fig. 1). Variation
was noticed with these materials. This could be
attributed to solid materials dual role-supply of
nutrients and anchor to the growing microbial
culture which influence the microbial growth and
subsequent metabolite production. Such substrate
dependent microbial product yield variations were
also reported in the literature. These results depict
that the selection of an ideal agro biotech source
for laccase production depends primarily on the
availability of carbon and nitrogen source and thus
screening of several agro-industrial residues are
essential.
However, in the present study, among all
studied materials, sunflower oil cake supported
least production of laccase. This may be attributed
to the fact that the strains used may vary in their

Fig: 1. Effect of various substrates on laccase
production by Bacillus subtilis MTCC 2414 under SSF
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metabolic pattern compared to Bacillus subtilis
MTCC 2414 used in the present study or carbon
source material associated with sunflower oil may
not be utilized by the Bacillus subtilis MTCC 2414.
To evaluate the same, the hemicellulose and
cellulose hydrolysis ability of the strain was
investigated. This data further confirmed that high
laccase associated with sesame oil cake were
due to the maximum production of hemicellulose
and cellulose hydrolyzing enzyme by the strain
and as strain Bacillus subtilis MTCC 2414 is
hemicellulase positive hence could utilize
hemicellulose as carbon source. Hence, it could
be concluded that the selected strain requires
substrates that provide hemicellulose as its
enzymatic machinery that hydrolyzes the
polysaccharides present in substrates.
Effect of moisture level : The moisture level in
the solid-state fermentation critically affects the
process due to its interference in the physical
properties of the solid particle. Increased moisture
is believed to reduce the porosity of substrate,
thus limiting the oxygen transfer. The decreased
moisture content causes lower availability of media
nutrients to the Bacillus subtilis MTCC 2414
resulting into the lower extent of production. The
effect of total moisture content on laccase
production for 20, 30, 40, 50, 60, 70, 80, 90 and
100% moisture was investigated. The result
indicated that 80% moisture gave the higher
laccase production during fermentation compared
to other treatments. The maximum yield of laccase
production (189.28 ± 0.52 U/g substrate) was
obtained from 80% moisture (Fig. 2). The results
from the previous study stated that the reduction
in enzyme yield could occur with low and to higher
moisture level.
Effect of inoculum size : The optimum inoculum
size for laccase production (196.12 ± 0.26 U/g
substrate) by Bacillus subtilis MTCC 2414 was
1.5 ×106 CFU/g initial dry substrate (Fig. 3).
Adequate inoculum can initiate fast growth and
product formation, thereby reducing the growth of
contaminants. A decrease in enzyme production
was observed when the inoculums size was
increased beyond the optimum level. Enzyme
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production attains its peak when sufficient nutrients
are available for the biomass. Conditions with a
misbalance between nutrients and proliferating
biomass result in decreased laccase synthesis.
Effect of initial pH of the medium on laccase
production : The initial pH of the fermentation
media may change during fermentation because
the substrates employed in SSF usually have the
least buffering. Some samples from the fermented
mass were aseptically withdrawn, homogenized
and pH was checked. The pH of the medium during
fermentation was found to be between 3.0 and 11.0,
i.e. around acidic to alkaline conditions. The initial
pH is another important factor which affects the
growth and enzyme production during solid-state
fermentation. The substrate was adjusted to
different initial pH using 1N HCl and 1N NaOH prior

Fig. 2: Effect of various moisture level (%) on laccase
production by Bacillus subtilis MTCC 2414under SSF

Fig. 3: Effect of various inoculum sizes (×106) on
laccase production by Bacillus subtilis MTCC 2414
under SSF
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to inoculation. The maximum yield of laccase
production (215.20 ± 0.48 U/g substrate) was
observed in an initial pH of 8.0 (Fig. 4).
Effect of temperature : The maintenance of an
optimal process temperature is one of the major
factors in the economics of a process. Temperature
affects microbial cellular growth, spore formation,
germination and microbial physiology, thus
affecting product formation in turn. 37°C was found
to be the optimum temperature in this case. The
maximum yield of laccase production (225.80 ±
0.52 U/g substrate) was observed at 37°C (Fig.
5).

Fig. 5: Effect of various incubation temperatures on
laccase production by Bacillus subtilis MTCC 2414
under SSF

Effect of incubation period : Solid-state process
was performed for various incubation periods.
Remarkably maximal level (258.80 ± 0.29 U/g
substrate) of laccase was achieved after 48h of
fermentation (Fig. 6). Important rise in laccase
yield with increased biomass was observed during
48 - 72h of fermentation cycle. Significant variation
in laccase production was observed during different
fermentation periods.
Effect of metal ions and nitrogen sources on
laccase production : Generally, the high
concentration of metal ions and nitrogen sources
in media is effective in enhancing the production
of laccase by Bacillus subtilis MTCC 2414. The
protein content in sesame oil cake is very low so
that the nitrogen levels as well as the commercial
value decrease greatly. Hence, the exogenous
addition of various metal ions, inorganic and organic
nitrogen levels to the solid medium was studied.

Fig.6: Effect of various incubation periods on laccase
production by Bacillus subtilis MTCC 2414 under SSF

Fig. 7: Effect of various metal ions and inorganic
nitrogen sources (0.5 %w/v) on laccase production
by Bacillus subtilis MTCC 2414 under SSF

CuSO4, CaC12, MgSO4, FeSO4, ZnSO4, KNO3 and
K2HPO4 as metal ions, NH4Cl, (NH4)2HPO4, NH4NO3
and (NH4)2SO4 as inorganic nitrogen sources and
casein, yeast extract, peptone, serine, histidine
and aspartate were used as complex organic
Fig. 4: Effect of various initial pH on laccase production nitrogen sources. Based on the results it was found
that CuSO4 was the best metal ion source (263.16
by Bacillus subtilis MTCC 2414 under SSF
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± 0.12 U/g substrate) and yeast extract was the
best organic nitrogen source (268.14 ± 0.16 U/g
substrate) its supplementation led to further
increase in laccase production (Fig. 7 and 8).

Fig. 8: Effect of various organic nitrogen sources (1
%w/v) on laccase production by Bacillus subtilis
MTCC 2414 under SSF

Conclusion
The role of agro wastes in laccase production
was identified and production parameters were
determined. The sesame oil cake can be the least
expensive alternative active substrates in the
production of laccase. The optimal conditions for
laccase production using SSF for sesame oil cake
were initial pH (8), initial moisture level (80%),
inoculum size (1.5 x 106 CFU/g), incubation
temperature (37°C), incubation period (48h), CuSO4
(0.5% w/v), yeast extract (1% w/v) respectively.
Such processes would not only help in reducing
the cost of production, but also pave the way in
effective solid waste management. With the above
encouraging leads, it will be interesting to study
the sesame oil cake as substrate for the production
of other enzymes from different microbes.
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