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Abstract: Thirty-five Bacillus isolates were obtained from traditionally fermented locust bean (¨iru¨) in Akure,
South-western part of Nigeria. Twelve of the bacillus isolates were identified as Bacillus licheniformis, twenty-
one as Bacillus subtilis and two as Bacillus cereus according to physiological and biochemical properties. The
B. licheniformis isolates were selected for this study due to scarcity of reports on its use as starter culture for
the fermentation of African locust bean. The B. licheniformis isolates were screened for proteolytic activity on
skim milk agar. B. licheniformis isolate LBBL-11 exhibited the highest proteolytic activity with an average area
of clear zone measuring 960 mm . This particular isolate was studied for protease production in an optimized2

medium. Studies revealed that protease production by B. licheniformis LBBL-11 increased exponentially from
18 hour to 42 hour but reached a maximum at 48 hour. Studies on the physicochemical properties of the protease
showed that the optimum temperature for the protease activity was 60°C. The enzyme was found to be 95%
stable at 60°C after 60 minutes of incubation while at 70°C, it was about 60% stable. The optimum pH of the
protease was 8.0 and the enzyme was stable over a wide range of pH 5.0-11.0 though a decrease of about 30%
and 18% if its original activity was observed at pH 5.0 and 6.0 respectively. B. licheniformis LBBL-11 is a
promising Bacillus species that can be used as a starter culture for the production of fermented locust bean
condiment (¨iru¨) under controlled conditions.
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INTRODUCTION The main microorganisms responsible for the

Alkaline proteolytic fermented foods from legumes Bacillus  spp  with  B. subtillis as the predominant
are found in various parts of the world, these include the species [11, 12]. There have been many reports on use of
Japanese natto, Thai Thus-nao, Indian kenima and B. subtillis as starter culture for fermentation of African
African iru [1-4]. ‘Iru’ is a product of alkaline fermentation locust bean [7, 9, 13, 14] but there is scarcity of  report  on
of African locust bean which is used as a food  condiment B. licheniformis which formed 34% of the identified
in Nigeria and other west African countries [1]. Bacillus  isolates  in  this  study. Hence the purpose of

Proteolysis has been reported as the main metabolic this  study  was  to  examine  the  proteolytic  activity of
activity during the fermentation of African locust bean B. licheniformis isolates from traditionally fermented
which also contributes to the development of texture and locust bean, ‘iru’, evaluate the protease production from
flavour of fermented products [1, 5-7]. The desired state B. licheniformis LBBL-11 which exhibited the highest
of fermentation of the condiments is indicated by the protease activity and determine some properties of the
characteristic ammonia odour produced as a result of protease.
breakdown of amino acids during fermentation [8]. The
proteolytic system of Bacillus also contributes to the MATERIALS AND METHODS
liberation of bioactive peptides which could play a
significant role in the enzymatic process involved in Microorganisms: Traditionally fermented African locust
fermentation [9]. The combination of high pH and free bean condiment ‘iru’ was purchased from three different
ammonia and relatively high temperatures above 40°C locations  in  a  local  market  in  Akure,  Nigeria. 0.1 g of
make it very difficult for other microorganisms that might the  sample  was  suspended in 5.0 ml sterile distilled
spoil the product to grow [10]. water,   agitated   for   30  minutes   on   a   shaker  at 75°C.

fermentation of locust bean have been identified as
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The suspension was plated out on nutrient agar and Effects of pH and temperature on activity and stability of
incubated at 37°C for 24 hours. At the end of incubation protease: The activity of the crude protease was
period, colonies were picked and purified.  Isolates  were determined  at  different  pH  values  ranging from pH 5.0
screened for proteolytic activity on skim milk agar plates to  11.0.  The  pH  was adjusted using the following
containing peptone (0.1% w v ). NaCl (0.5% w v ), agar buffers 0.05 M citrate-phosphate (pH 5.0-6.0), Tris-HCl1 1

(2.0% w v ) and skim milk (10% v v ). Plates were (pH 7.0-8.0) and glycine-NaOH (pH 9.0-11.0). Reaction1 1

incubated at 37°C for 24 hours. A clear zone of skim milk mixtures were incubated at 37°C for 1 hour and the activity
hydrolysis gave an indication of protease producing of the protease was measured, according to the assay
organisms. A total of 35 proteolytic Bacillus isolates were procedure [16].
identified in the Biotechnology Department, Federal The effect of pH on enzyme stability was determined
Institute of Industrial Research, Oshodi, Lagos, Nigeria by pre-incubating the protease without substrate at
according  to  [15]  comprising   twenty-one   isolates  of different pH values  (5.0-11.0)  using  relevant  buffers  for
B. subtilis,   twelve   of   B.   licheniformis   and   two  of 24 hours at 37°C. The residual protease activity was
B. cereus. In this study, the B. licheniformis isolates were determined according to the assay procedure [16].
coded LBBL-01 to LBBL-12 and further examined for their The effect of temperature on the enzyme activity was
proteolytic activity as previously described. Depending determined by performing the standard assay procedure
on the zone of clearance, B. licheniformis LBBL-11 which at pH 7.5 within a temperature range of 30-80°C. 
had the highest activity of protease with average clear Thermostability of protease was determined by
zone area of 960 mm was selected for further studies. incubating protease at temperatures ranging from 30-80°C2

Cultivation of microorganisms and protease production: which the residual activity was determined following the
B. licheniformis LBBL-11 was cultivated in 50 ml nutrient standard assay procedure.
broth  and  incubated  at  37°C  in  a  shaking  incubator
(150 rpm) for 72 hours. Protease production and growth of RESULTS AND DISCUSSION
culture were monitored every 6 hours. At the end of each
cultivation period, the optical density of the fermentation Proteolytic activity of Bacillus licheniformis isolates:
broth at 660 nm was measured in a Biochrom uv/visible
spectrophotometer to obtain the cell growth after which
the fermentation broth was centrifuged at 10,000 rpm at
4°C. The clear supernatant was collected as source of
protease. Protease production over the 72 hour cultivation
period was determined through assay of protease activity
described below. 

Assay  of  protease   activity:  Protease activity was
assayed by modification of casein digestion method
described by [16]. 1% of casein solution was prepared in
0.005 M citrate phosphate buffer pH 7.5 and heat
denatured at 100°C for 15 minutes in water bath, cooled
and used as substrate. The reaction mixture was made up
of 1 ml of the substrate (casein)  and 1 ml of the enzyme
solution thoroughly mixed together. This was incubated
for 1 hour at 37°C, the reaction was terminated by adding
3 ml of cold (2°C) 10% Trichloroacetic Acid (TCA). The
tubes were allowed to stand for 1 hour at 2°C in a
refrigerator to allow the undigested protein to precipitate,
these were centrifuged at room temperature for 30 minutes
and the absorbance of the clear supernatant was taken at
280 nm in a Biochrom uv/visible spectrophotometer. One
protease unit was defined as the amount of enzyme that
released 1 µg of tyrosine per ml per minute under the
above assay conditions.

for 1 hour in a constant temperature water bath, after

The proteolytic activity screening on skim milk agar
showed clear zones for all the B. licheniformis isolates
LBBL-01 to LBBL-12. The proteolytic activity was
detected by the presence of a clear zone which indicated
milk  hydrolysis;  this  varied among the twelve isolates
(Fig. 1). B. licheniformis LBBL-11 showed highest
proteolytic  activity  with  an  average  clear  zone area of
960 mm . This result agrees with that of [9] that reported2

similarities on the profiles of African locust bean
fermented by some B. subtilis and B. licheniformis strains
isolated from different condiments. 

Growth  kinetics  of  Bacillus  licheniformis  LBBL-11
and   protease    production:    Protease    production   of
B.  licheniformis LBBL-11 cultivated in 50 ml nutrient
broth over a 72 hour period increased exponentially from
18  hour  reaching  the maximum yield of 18.4 U ml at the1

48 hour of cultivation (Fig. 2). It was observed that
protease production started decreasing after 48 hour. It
was  interesting  to  discover  same trend with growth of
B. licheniformis LBBL-11  (Fig. 2)  though  the  growth
was almost stationary between 42 and 48 hours after
which it started to decline. This suggests that production
of protease by this Bacillus spp. is dependent on cell
growth and involves a two staged process. Similar trend
was   reported    by [17-19]   for   studies  carried  out  on
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Fig. 1: Proteolytic activity of Bacillus licheniformis
isolates on skim milk agar

Fig. 2: Growth kinetics of Bacillus licheniformis LBBL-11
and protease production

B. subtilis. [19] reported that the trend in fermenting
beans indicate a two stage process. The first stage is
linked to the growth of Bacillus spp. and protease
production while the second stage of less activity is
linked to product ripening. 

Effect of pH on protease activity and stability: Some
properties of the protease produced from B. licheniformis
LBBL-11 such as effects of pH and temperature on the
activity and stability of enzyme were studied. Results
revealed  that  the  protease  was  active over the entire
pH   range   of   5.0   to  11.0   studied  (Fig. 3). The highest

Fig. 3: Effect of pH on protease activity and stability

protease activity (100%) was found at pH 8.0 while at pH
5.0, about 69% of the maximum enzyme activity was
obtained, increasing to 75, 79% at pH 6.0 and 7.0. The
protease  retained  83,  78  and  74% of the maximum
enzyme activity at pH 9.0, 10.0 and 11.0. This however is
not the case with the protease from B. subtilis reported by
[20] which was isolated from fermented soybean in
Northern Thailand and had its optimum pH at 6.5. The
results of this study agree with the report by [21] who
observed three proteases, S, N and B from thermophilic
Bacillus stearothermophilus TLS33 with optimum pH
values of 8.5, 7.5 and 7.0 respectively. The protease S was
active over a very broad pH range and about 60% of
proteolytic activity was still detectable at pH 6.0 and 10.0.
In contrast proteases N and B retained relatively little
activity above pH 9.0. This implies that the protease
produced from B. licheniformis LBBL-11 under study
might be a mixture of two or more proteases since the
study was carried out on the crude protease.

The ability of this protease from B. licheniformis
LBBL-11 to maintain high activity over the entire pH
studied indicates this Bacillus spp’s potential for use as
starter culture for fermentation of African locust bean,
‘iru’ under varied conditions of pH. The effect of pH on
stability of protease under study showed that the enzyme
had optimum pH for stability at 7.0 while it retained 86%
of  its  activity   at  pH  11.0  and  70%  at pH 5.0 (Fig. 3).
This result agrees with an earlier report by [22] that
increasing pH values of the fermented African locust bean
with the fermentation time from acidity to alkalinity
indicated a degradation of proteins (proteolysis) by the
strains studied. 
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Fig. 4: Effect of Temperature on protease activity and
stability

Effect  of temperature on protease activity and stability:
In studying the effect of temperature on protease activity,
it  was  found   that  the  optimum  temperature  was  60°C
(Fig. 4). Protease activity increased with temperature
within the range of 30 to 60°C. A reduction in enzyme
activity was observed at temperatures above 60°C though
the protease still retained 50% of its optimal activity at
80°C. Similar report was obtained for Bacillus sp. JB-99
[23]. Study on thermostability of protease showed that the
enzyme was 95% stable at 60°C while 40 and 75% of the
original activities were lost respectively at 70 and 80°C
(Fig. 4). 

There is scarcity of reported work on effect of
temperature on protease from Bacillus species isolated
from fermented legumes to enable much comparison
however this protease demonstrated a higher
thermostability than that reported by [20] which was a
protease from B. subtilis isolated from fermented soybean
with optimum temperature of 45°C. 

CONCLUSION

The properties of protease from B. licheniformis
LBBL-11 obtained from this study show that this isolate
can be a good starter culture for fermentation of African
locust bean, ‘iru’ under controlled conditions. 
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