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Abstract A Bacillus subtilis (MTCC9102) isolate was shown to produce significant
amount of keratinase under optimized conditions in solid-state fermentation using Horn
meal as a substrate. Optimized value for moisture, inoculum, and aeration were found to be
100% (v/w), 50% (v/w), and 150% (w/w), respectively, and the optimum nitrogen source
was peptone and carbon source was dextrose. Maximum keratinolytic activity was observed
at 48 h after incubation, and the optimum age (24 h) of inoculum was significant. The
influence of cultivation temperature and initial pH of the medium on keratinase production
revealed the optimum values for the temperature and pH as 37 °C and 7, respectively.
Maximum keratinase activity of the crude extract was 15,972 U/mg/ml. These results
indicate that this bacterial strain shows a high biotechnological potential for keratinase
production in solid-state fermentation, and use of the horn meal as the substrate can be
implemented for keratinous solid wastes management.
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Introduction

The biological solid waste let out by the by-product industries is a matter of concern for all
of us. Keratinous waste like horns, feather, nails, hoofs, scales, and wools are increasingly
accumulating in the environment generated from poultry and meat processing plants,
slaughterhouses, tanneries, and other industries. Horn meal is available in large quantities
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from animal by-product processing plants. These plants turn these wastes into an interesting
low-cost keratin source for biotechnological applications [1]. Keratin protein present in
keratinous waste do not degrade easily by commonly known proteases like trypsin, pepsin,
and papain due to presence of disulfide bonds [2, 3]. The chemical processes [4, 5] can
convert these keratinous wastes into useful materials, but again, chemical processing causes
environmental pollution. To overcome these situations, microbial treatments are being
considered with varying degree of success. Keratinases from Bacillus sp., specially Bacillus
licheniformis and Bacillus subtilis, fungi, actinomycetes, and soil microorganisms have
been studied for effective degradation of keratinous waste [6, 7]. Biodegradation by these
organisms offer an improved method for utilization of these waste materials into useful
products like keratin hydrolysate used for tanning [8] and keratinase, and related products
have many applications [9], including B. licheniformis PWD-1, which can degrade the
infectious form of prions in the presence of detergent and heat treatment [10].

Solid state fermentation (SSF) can use abattoir wastes, including keratinous waste, and
convert them into value-added products. It is a low-energy-consuming and environmentally
friendly process and greatly reduces pollution loads [11]. Use of low-cost natural material
in SSF is advantageous for countries where these kinds of solid bio-waste are generated in
abundance. Slaughterhouses in India discharge directly very large quantity of solid waste
every year. Today, it has become necessary for us to properly dispose this waste to protect
our environment. Technologists and scientists across the word have stimulated interest in
converting waste materials into commercially valuable products.

SSF cultivates microorganisms on moist solid support, either on inert carriers or
insoluble substrates that can, in addition, be used as carbon and energy source. SSF takes
place in the absence and near absence of free water, thus being close to the natural
environment to which microorganisms are adapted [12]. The aim of SSF is to bring the
cultivated microorganisms into tight contact with the insoluble substrate and thus to achieve
the maximum utilization of the substrate to get maximum growth and products under
optimized conditions.

Keratinase or other proteins production by microbes is influenced by number of factors
such as temperature, pH, the nature of carbon and nitrogen sources, aeration present in the
medium, and various methods, including the optimization of culture conditions and
medium composition to improve the enzyme yield [13, 14]. These factors have varied
effects on different species. Scant information is available on the factors which control the
synthesis and release of extracellular keratinases. Since the keratinase production varies
from organism to organism, the study on the nutritional and environmental factors
controlling the keratinase production from this highly potent strain of B. subtilis is required.
We report SSF technique to produce keratinase using B. subtilis MTCC 9102 on horn meal
as a substrate.

Materials and Methods

Microorganisms

The bacterial culture (new B. subtilis strain MTCC9102 was isolated in our laboratory from
the horn meal shown to produce significant amount of keratinase in the culture medium,
including horn meal powder by liquid state fermentation) was grown in nutrient broth (HI-
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Media Pvt. Ltd. Mumbai, India) overnight at 37 °C and was used as an inoculum (OD 0.6 at
600 nm) for SSF.

Substrates

Horn meal (prepared at CLRI) grinded to fine powder was used as a source of keratin.

Solis State Fermentation (SSF) and Optimization of Influential Parameters

To observe the substrate supports for keratinase production, a premix (100% w/w) of
substrate powder and wheat husk was added to 2.5 ml of 50 mM phosphate buffer (pH 7.4)
in Erlenmeyer flask followed by autoclaving at 121 °C, 15 psi pressure for 15 min and
cooled to room temperature. The flasks were inoculated with 2.0 ml of 24-h grown bacterial
culture (optical density at 600 nm between 0.59 and 0.61) under sterile conditions and
incubated at 37 °C temperature. Keratinase production was investigated using basic culture
parameters, which includes water quality, moisture content (30%, 50%, 100%, 150%,
200%, and 300%, v/w), inoculum size (10%, 30%, 50%, 100%, 150%, and 200%, v/w), co-
carbon sources (dextrose, fructose, maltose, sucrose, and lactose at 10.0%, w/w), co-
nitrogen sources (NH4Cl, (NH4)2SO4, NH4HCO3, yeast extract, beef extract, and peptone at
1%, w/w), and incubation periods (24, 36, 48, 72, 120, and 144 h). To optimize the effect of
aeration on keratinase production, wheat husk (50%, 100%, 150%, 200%, 250%, 300%,
350% w/w) was studied. The constant amount (5 g) of substrate (horn meal) has been taken
as the reference for the entire ratio, for instance, the meaning of 100% (v/w) moisture is the
mixture of 5 g of substrate in 5 ml of phosphate buffer. Uninoculated flasks served as
negative controls, where as the inoculated flasks without any co-carbon or co-nitrogen
source served as positive controls. In each experiment, flasks were kept in triplicate under
identical conditions to minimize error. Keratinase production was expressed as mean and
standard deviations from the results obtained.

Keratinase Extraction from Fermented Matter

For isolation of keratinase produced under SSF, a known quantity of fermented matter was
mixed with distilled water (1:10, w/v) by stirring on a magnetic stirrer for 20 min at room
temperature (25 °C). The slurry was then squeezed through cheesecloth followed by
centrifugation at 10,000×g for 10 min at 4 °C to remove the insoluble matters. The clear
supernatant was used for the keratinase assay, and the keratinase recovery was expressed as
total units (U) of crude keratinase per milligrams per milliliter of the crude sample proteins.

Protein Estimation and Keratinase Assay

The total protein quantification was performed by Lowry’s method [15], and keratinase
activity was assayed with azokeratin [16, 17] as a substrate with some modifications. An
enzyme sample (0.5 ml) was incubated with 5 mg of azokeratin in 1.5 ml of phosphate
buffer (pH 6.0) at 40 °C for 25 min, and the reaction was stopped by the addition of
trichloroacetic acid (final concentration, 100 g/l). After centrifugation at 10,000×g for
10 min, the absorbance of the supernatant fluid was determined at 440 and 595 nm. The
average of both wavelengths was taken as the final OD. One unit of enzyme activity was
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the amount of enzyme that caused a change of absorbance of 0.01 at the average of 440 nm
and 595 nm in 25 min at 40 °C.

Statistical Analysis

Results are represented as mean ± SD of at least three experiments. A probability level of
P<0.05 was considered statistically significant, and the analysis was done by Student’s t
test.

Results

Effect of Initial Moisture Content of the Substrate and Moistening Agent on Keratinase
Production

Initial moisture content and type of moistening agents of the medium have shown a great
influence on keratinase production by B. subtilis MTCC-9102 strain. Out of different
moistening agents, phosphate buffer (pH 7.4) gave maximum keratinase yield (Fig. 1).

With an increase in the initial moisture content of the substrate from 30% to 100%,
keratinase production was concomitantly enhanced, but further increase beyond 100%
resulted in a steady decline (Fig. 2).

Effect of Inoculum Size on Keratinase Production

As shown in Fig. 2, with an increase in inoculum size from 10% to 50%, keratinase
production enhanced dramatically after 30%. Increasing the inoculum size between 50%
and 200% resulted in the reduction in keratinase production by B. subtilis MTCC9102.
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Fig. 1 Influence of different moistening agents on the production of keratinase
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Effect of Co-carbon and Co-nitrogen Sources on Keratinase Production

As depicted in Fig. 3, optimum keratinase production was observed when SSF was carried
out with dextrose (10%, w/w) as co-carbon source. Among the tested nitrogen compounds,
supplementation of 1% (w/w) peptone gave optimum production followed by ammonium
sulfate. Yeast extract and beef extract were found to be almost equally significant.

Effect of Co-nitrogen & Co-carbon sources
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Fig. 3 Production of keratinase under the influence of co-nitrogen and co-carbon sources
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Effect of Aeration and Incubation Period

In all wheat husk compositions, the 150% aeration exhibited the peak keratinase production
as shown in Fig. 4, followed by 200%. There is no significant production at 50% and sharp
declination was found at 250%.

As shown in the Fig. 5, the peak value of keratinase production was observed at 48 h
and least at 24 h with no significant activity at 72 h and others.

Keratinase Assay

The maximum keratinase activity was found to be 15,955 U/mg/ml of the total proteins
present in crude samples under all optimized parameters (Fig. 5).

Discussion

The present investigation relates to a simple, novel, low-cost process for the high-level
production of keratinase from B. subtilis using horn meal, a cheap source of carbon and
nitrogen provided in SSF. Although some of solid substrates have been used for the
production of bacterial keratinase, use of horn meal for keratinase production has been
reported here for the first time in SSF. The major advantage of the present method of
keratinase production is the possible commercial application of horn meal, which is available
in large quantity and, at present, finds limited usage. Utilization of horn meal as fermentation
substrates by microorganisms offers a low-cost microbial technology for obtaining proteolytic
enzymes coupled with environment protection. The cost of horn meal production (large
scale—above 100–150 tons/month) in India roughly comes to Rs 7–8/kg (manufacturer and
exporter: P. Subbarj & Company, Chennai, India). Due to its large availability, horn meal is a
potentially viable substrate for the keratinase production in SSF from B. subtilis MTCC9102.

To avoid the dilution factors by the optimization of moisture content and inocula size on
the enzyme yield, we have expressed the enzyme activity in the terms of total unit (U) per
milligram per milliliter of total crude proteins of the extract. To maintain the optimized
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Fig. 4 Different values of wheat husk to optimize the aeration for optimum production of keratinase
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moisture content at 100%, we used centrifuged inocula with appropriate dilution. The
biochemical characterizations of crude enzyme were found to be same as previously
reported by us [18], and the keratinase produced under optimized influential parameters has
shown maximum enzyme activity of 15,955 U/mg/ml.

In most of the cases, the time required for the optimum keratinase production by bacteria
or fungus may be as long as 48 h to 9 days [19, 20], but in the present study, the keratinase
production by B. subtilis strain MTCC9102 on horn meal has demonstrated that optimum
keratinase production occurred within a short duration (post 36 h–72 h of incubation), with
optimum production within 48 h of incubation.

The major crucial factor in SSF system that influences the microbial growth and product
yield is the initial moisture content of the substrate [21, 22]. Since growth of microbes and
product formation takes place at or near the surface of moist solid substrate [23], maximum
yield of keratinase requires optimization of the moisture content. For example, in the
present study, after optimization of moistening agents, 100% initial moisture (phosphate
buffer, pH 7.4) content of the substrate was found to be optimum for keratinase production
by B. subtilis MTCC9102, whereas 50% and 150% initial moisture contents, respectively,
although lesser, but was significant for keratinase production in SSF. Although the effect of
phosphate on the keratinase production may not be ignored, it can be correlated that 50 mM
phosphate buffer at 100% of the substrate was optimum for the keratinase production by B.
subtilis MTCC9102. However, depending upon the type of microorganisms and type of
substrates, the initial moisture content for optimum desired yield may vary. For example,
Uyar and Baysal [24] reported 30% moisture level of wheat bran is optimum for alkaline
protease production by Bacillus sp., whereas optimal moisture level was reported to be 74%
with wheat bran for protease production by Pseudomonas sp. [25], and in our present study,
40% moisture level with reference to total solid matter (horn meal and wheat husk) was
found to be optimum. A reduction in keratinase production with further increase in moisture
content beyond 100% may be due to decrease in porosity and/or air content of the substrate
causing interference with the microbial activity [26]. This is validated from our current
optimization work of the aeration, which showed maximum keratinase production at 150%
of wheat husk followed by at 200%.
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The inoculum optimization parameter should also be given a proper consideration
because it played a crucial role in enzyme production. In the present study, 50% of
inoculum (optical density at 600 nm 0.59±0.05) was found to be suitable for optimum
keratinase production by B. subtilis MTCC9102 strain on horn meal, whereas Uyar and
Baysal [24] reported a 20% and 25% (v/w) inoculum level requirement for the production
of alkaline protease by a Bacillus sp. when grown on wheat bran and lentil husk,
respectively, and these work support our results, which shows that 20% inoculum size with
respect to solid matter is optimum. However, with the increase in inoculum level beyond
50%, the production of keratinase by B. subtilis MTCC9102 declined. This might be due to
exhaustion of nutrients in the fermentation mash.

The choice of nitrogen and carbon sources has a major influence on the yield of
enzymes. The findings from other laboratories suggested that different bacteria have
different preferences for either organic or inorganic nitrogen for growth and enzyme
production, although complex nitrogen sources are usually used for alkaline protease
production [21, 27]. B. subtilis MTCC9102 strain used in the present study has shown a
preference for organic nitrogen sources compared to inorganic nitrogen for keratinase
production, but surprisingly, this strain gave ammonium sulfate as second preference, which
we are unable to explain. In a sharp contrast to these observations, organic nitrogen sources
like peptone and yeast extract were found to suppress the protease production of an
alkaliphilic strain of Arthrobacter ramosus MCM B351 [28]. Chen et al. [29] described
complete inhibition of the extracellular protease production from Geobacillus caldopro-
teolyticus strain SF03 in presence of glucose, a versatile source of carbon; however, present
study shows that keratinase synthesis is enhanced when dextrose and other carbohydrates
are supplied as co-carbon source to the fermentation medium. This observation is in
accordance with the report of Prakasham et al. [21] describing no repressive effect of
glucose on enzyme production by Bacillus sp. The data presented in the current study show
that optimum keratinase production by B. subtilis MTCC9102 is supported when the
optimized parameters were being combined together as shown in the results.

Conclusion

B. subtilis used in the present study could utilize horn meal (biological keratinous solid
wastes) as low-cost waste residues for keratinase production in SSF. The keratinase
produced by B. subtilis is free of undesirable flavor showing its advantages if used in
leather, food, detergent, cosmetics, and pharmaceutical industries. The keratinase
production in SSF by using horn meal or other keratin containing bio-wastes will help to
treat this waste with cheap production of pharmacokinetic proteins.
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