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Abstract Thermo alkaline mannanase was purified from the
bacteria of Bacillus pumilus (M27) using the techniques of
ammonium sulphate precipitation, DEAE-Sephadex ion ex-
change chromatography and Sephacryl S200 gel filtration
chromatography with 111-fold and 36 % yield. It was deter-
mined that the enzyme had 2 sub-units including 35 kDa and
55 kDa in gel filtration chromatography and SDS-PAGE
electrophoresis systems. The optimum pH and temperature
was determined as 8 and 60 °C, respectively. It was also
noticed that the enzyme did not lose its activity at a wide
interval such as pH 3–11 and at high temperatures such as
90 °C. Additionally, the effects of some metal ions on the
mannanase enzyme activity. Moreover, the clarifying efficien-
cy of purified mannanase enzyme with some fruit juices such
as orange, apricot, grape and apple was also investigated.
Enzymatic treatment was carried out with 1 mL L−1 of puri-
fied mannanase for 1 h at 60 °C. It was determined that the
highest pure enzyme was efficient upon clarifying the apple
juice at 154 % rate.
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Introduction

Commonly found in nature, the mannanase (EC 3.2.1.78) is an
extracellular enzyme which is located within the structures of
mannans and heteromannans (galactomannan, glucomannan
and galactoglucomannan) - part of the hemicellulose fraction
of the trees with soft and hard tissues, locust bean seeds, beans
and other leguminous plants- and which hydrolyzes the β-1,4-
D-mannosidase bonds (Tenkanen et al. 1997).

The mannanases are produced by animals, plants and mi-
croorganisms. The mannanase is purified and characterized
from some types of fungi such as Agaricus bisporus,
Aspergillus tamarii, A. aculeatus, A. awamori (Civas et al.
1984; Christgau et al. 1994; Kurakake and Komaki 2001;
Setati et al. 2001; Tang et al. 2001), from some types of
bacteria such as Bacillus agaradhaerens, B. AM001,
B. stearothermophilus, B. subtilis, Clostridium thermocellum,
Flavobacterium spp., Paenibacillus curdlanolyticus,
Dictyoglomus thermophilum (Akino et al. 1989; Talbot and
Sygusch 1990; Mendoza et al. 1994; Zakaria et al. 1998;
Gibbs et al. 1999; Halstead et al. 1999; Bettiol and Showell
2002; Pason et al. 2006) and from some other organisms such
as Lycopersicones culentum (plant), Gastropoda pulmonata
(snail), Pomacea insular (snail), Littorina brevicula (mollusk)
(Filichkin et al. 2009; Charrier and Rouland 2001; Yamamura
et al. 1996). The microbial β-mannanases are commonly used
in improving the quality of food, softening of pulps in paper
and pulp industry, reducing the viscosity of coffee extracts, oil
extraction and detergent industries (Dhawan and Kaur 2007).

Although Bacilllus spp. is soil-borne microorganisms, it is
a major contamination agent in dairy food-products including
meat, spices, cereals, baby food, rice, and vegetables. Due to
their ability to form spores, these microorganisms continue
their vital functions in the process of preparation of
many foods (milk and fruit juice pasteurization, packaging,
etc.). A few strain belonging to this genus (B. licheniformis,
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B. subtilis, B. thuringiensis and B. pumilus) are commonly
found in meat and meat products and traditional European
sausages, but making food-borne disease incidence is low
(Drobniewski 1993; Matarante et al. 2004; Yamanaka et al.
2007). The many species within the genus Bacillus are poten-
tial to secrete some extracellular enzymes such as high amy-
lase, proteases, xylanases and cellulases. So, they play an
important role in many biotechnological processes (Demir
et al. 2011; Nadaroglu et al. 2010; Nadaroglu and Demir
2012).

In this study, β-1,4-mannanase enzyme produced extracel-
lularly from the B. pumilus (M27) bacteria that was isolated
from fermented sausage was purified, and characterized; its
utility in the fruit juice clarification industry was investigated.

Materials and methods

Characterization of test bacteria

The sausage sample which was taken from a retail shop in
Erzurum was aseptically brought to the laboratory. A 25 g
sample was added to 225-mL peptone water (Merck, 7228),
and homogenized in a stomacher (Laboratory Blender
Stomacher 400, Seward Medical, London, UK) at room tem-
perature for 3 min. The homogenate was ten times diluted in
0.85 % NaCl (Merck, 6404). 100 μL sample from dilution
tubes were plated on tryptic soy agar (TSA) plates and incu-
bated at 30 °C during 24–48 h. Different colonies were select-
ed and analysed for Gram staining, cell morphology, oxidase
and catalase reaction, presence of endospore, pH and temper-
ature necessities, and the effect of NaCl concentration on the
growth of isolates (Matos et al. 2006; Adiguzel and Atasever,
2009). Sugar fermentation patterns of test isolates were deter-
mined using the API 50CHB-test strips (bioMérieux, France).
Based on Bergey’s manual of systematic bacteriology, M27
was identified as Bacillus pumilus (Holt and Noel 1984).

At the end of the study, test strain (M27) was cultured on
TSA medium and harvested with a scraper for total DNA
extraction. Scrape cells were washed twice in 1 mL of STE
buffer (50 mM Tris, 150 mM NaCl, 50 mM Na2-EDTA) and
then it was resuspended in STE (500 μL) to lysate at 75 °C,
30 min. The lysate was administered twice in CTAB/NaCl
mixture and, DNA was extracted using phenol: chloroform:
isoamyl alcohol (25:24:1) and precipitated in isopropanol as
described by Adiguzel (2008).

Oligonucleotide primers were specifically developed to
anneal the conserved positions in the 3′ and 5′ regions of the
bacterial 16S rRNA genes; those were used to proliferate the
16S rRNA gene from purified genomic DNA. Whereas the
forward primer UNI16S-L (5′-ATTCTAGAGTTTGATCAT
GGCTCA-3′) corresponded to the positions from 11 to 26 of
Escherichia coli 16S rRNA, and the reverse primer UNI16S-

R (5′-ATGGTACCGTGTGACGGGCGGTGTGTA-3′)
corresponded to all positions from 1,411 to 1,393 of E. coli
16S rRNA (Adiguzel et al. 2011). As mentioned by Beffa
et al. (1996), the condition of PCR reaction was actualized,
and, therefore, the PCR product was cloned to the pGEM-T
vector system (Promega, UK).

The 16S rRNA gene sequence was created using the
Applied Biosystems model 373A DNA sequencer after
performing PCR amplification and cloning of the 16S rRNA
gene of our strain (Macrogen, Korea). Then, BLAST search
(Altschul et al. 1990) was used to compare this sequence with
the one obtained from GenBank (Adiguzel et al. 2009). The
related database was benefited for obtaining the 16S rRNA
gene sequence of the species that were considered to be like
the most closely our strain.

Purification of mannanase from B. pumilus (M27)

The purification process included 3 steps as ammonium sul-
fate precipitation, DEAE-cellulose and Sephacryl S200 gel
filtration chromatography; and the extracellularly-produced
mannanase enzyme was purified from the bacteria called
B. pumilus (M27).

After filtering the crude enzyme extract, the crude enzyme
extract was centrifuged at 5,000 rpm for 15 min. Right after
this process, the enzyme homogenate ammonium sulfate was
precipitated at intervals between 0 and 20 %, 20 and 40 %, 40
and 60 %, 60 and 80 %, and 80 and 100 %, respectively.
Ammonia sulphate was used for the saturation of the obtained
supernatant up to 60–80 %. After dissolving the precipitate in
20 mM sodium citrate (pH: 6.0), the precipitate was placed in
a dialysis bag and dialyzed by stirred against the same buffer
for 4 h at 4 °C.

Anion exchange chromatography

After the dialysis of the suspension had been performed through
ammonium sulfate precipitation, 20 mM sodium citrate (pH:
6.0) and the previously equilibrated DEAE-cellulose ion ex-
change column (2.5×30) were realized. Until the eluate protein
detection failed, the column was washed with the same buffer.
Afterwards, the proteins attached to the column were eluted by
applying NaCl gradient from 0 up to 1 M. The fractions were
collected at a 3 mL/min flow rate as 3 mL. Absorbance of
protein elution was measured at 280 nm spectrophotometrical-
ly. Locust bean gum substrate was used to measure the relevant
activity in terms of fractions; subsequently, the active fractions
were combined allowing to be kept at 4 °C.

Gel filtration chromatography

The active fractions provided from the anion exchange col-
umn were combined, dialyzed, desalted, and concentrated,
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respectively with the anamicon membrane concentrator at 10-
kDa cutoffs. By performing the aforementioned method, an
enzyme solution was obtained, and this solution was admin-
istered to the Sephacryl S-200 column (120 cm×1 cm) pre-
equilibrated with 20 mM phosphate buffer (pH: 5.0) which
included 0.5 M NaCl. The salt concentration was adjusted
using a gradient mixer. Subsequently, the enzyme was obtain-
ed with the same buffer. Afterwards, as mentioned above, the
fractions had been analyzed, the active fractions were com-
bined, concentrated; and they were kept at 4 °C to be used
later.

All these steps performed for the purification of the
mannanase enzyme were presented in Table 1. In the first
step, mannanase enzyme’s ammonium sulfate saturation was
determined to be varying between 0 and 90 % ranges. The
range of 60–80 % included the highest rate for the precipita-
tion of the mannanase enzyme. So the mannanase enzymewas
purified 33 times more with 74.5 % efficiency, and this was
applied to DEAE-cellulose ion exchange column. In the sec-
ond step, the enzyme peaked at DEAE-cellulose ion exchange
column, and it was purified 69 times more with 31.5 %
efficiency. In the third and the last step, the concentrated
enzyme fraction was obtained from the ion exchange column,
and was applied to the Sephacryl S200 column. Just a single
peakwas achievedwith 110.6-fold purification. Besides, 36%
efficiency and 22 EU/mg protein specific activity was obtain-
ed as shown in Table 1.

Protein concentration

Bradford’s method (Bradford 1976) that uses bovine serum
albumin (BSA) in pre-determined standards was used to es-
tablish the protein concentration spectrophotometrically
(absorbance at 280 nm). Briefly, 0.1 mL sample was
added to 4.9 mL Comassie Brilliant blue solution (0.1 %, w/v)
containing phosphoric acid (0.1 %, (v/v) and mixed. Then, it
was allowed to stand at room temperature for 10 min and the
absorbance was measured at 595 nm against blind sample
which was formed by using pure water instead of enzyme.

Determination of mannanase activity

Locust bear gum substrate was used to determine the
mannanase activity (Miller 1959). A 0.1 mL enzyme solution
on the locust bean gum substrate dissolved within 0.9 mL
20 mM sodium citrate buffer (pH:6.0) was added to create the
mixture of the reaction. After fulfilling this process, the mix-
ture was incubated at 50 °C, and then through adding an
average of DNS (3,5-dinitrosalisilic acid), the mannanase
activity was specified monitoring the increase of absorbance
at 540 nm (Bailey et al. 1992).

Locust bean gum as a substrate to determine Km and Vmax
values was administered to identify the mannanase activity by
taking measurements at 540 nm. The blank solution
which was prepared by adding the enzyme-including
buffer instead of the enzyme solution was used as a sample
(Miller 1959).

SDS polyacrylamide gel electrophoresis

The sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE) was done, using a 10–30 % discontinued
electrophoresis method developed by Laemmli (1970). After
administering 20 μg protein to each sample, the electrophore-
sis process was performed in a gel casting apparatus
(Bio-RAD) execution buffer (0.25 M Tris, 1.92 M Glycine,
1 % SDS (pH: 8.3) at 4 °C.

The gel was dyed with 0.1 % Coomassie Brilliant Blue R-
250 in 50 % methanol, 10 % acetic acid, and 40 % distilled
water for 1.5 h. Subsequently, the gel was washed with 50 %
methanol, 10 % acetic acid and 40 % distilled water until
obtaining its surface as limpid. And after this process, the
electrophoretic pattern was photographed

Molecular weight determination by gel filtration

Column (3×70 cm) of Sephadex G100 was used to determine
the molecular weight of the mannanase enzyme. Performing
0.05 M Na2HPO4, 1 mM dithioerythritol, pH: 7.0 buffer, the
column was equilibrated until reaching zero absorbance.

Table 1 The purification process of mannanase from B. pumilus (M27)

Enzyme fraction Volume Activity Total activity Protein Specific activity Purification

mL EU/mL EU % (mg/mL) EU/mg Fold

Crude extract 50 25.7±0.22 1.29×102 100 128.8±1.18 0.199 –

(NH4)2SO4 48 20.1±1.11 9.65×102 74.8 3.1±0.38 6.5 32.7

DEAE-sephadex 20 15.2±0.32 3.04×102 31.5 1.1±0.3 13.82 69.45

Sephacryl S 200 20 5.5±2.5 1.1×102 36.2 0. 25±0.44 22.0 110.6

One EU of β-mannanase was defined as the amount of enzyme required to release 1 μmole of mannose reducing sugar equivalents per min under the
defined assay conditions
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Before eluting from the column with the same buffer, the
standard protein solution (bovine serum albumin, 66 kDa;
egg ovalbumin, 45 kDa; pepsin, 34 kDa; trypsinogen,
24 kDa; ß-lactoglobulin and lysozyme, 14 kDa) was admin-
istered to the column. After applying the standard protein
solution, the pure mannanase enzyme was performed to the
column, and the column was eluted under the same condi-
tions, as well. The flow-rate of the column was measured as
20 mL/h. We finally compared the elution volume with
standard proteins (Whitaker 1963).

Studies on certain in vitro chemicals and metal ions

The effect of the Mn2+, Co2+, Cu2+, Zn2+, Fe2+, Ca2+ and Ni2+

metal ions were investigated in differently inhibitory concen-
trations on the purified mannanase enzyme. Each inhibitor
solution was prepared at 1 and 5mM in the reactionmixture of
cuvette, and each solution was added in a cuvette containing
0.5 mL enzyme. Its total volume was adjusted to 3 ml with
buffer solution. A control assay of the enzyme activity was
done without inhibitors and resulting in activity was taken as
100 %. For each concentration, whole metal ions were tested
in three replications. The effect of each agent was determined
by measuring the enzyme activity using the locust bean gum
as a substrate.

Clarification of some fruit juice

The fruits collected at local markets such as peach, grape,
apple, apricot and orange were used for preparing the fruit
juice. First of all, the fruits were washed elaborately; then they
were kept in air to dry, and they were homogenized. Into the
10 g fruit sample homogenate, 2 mL enzyme solution was
added (adding 2 mL distilled water within a controlled envi-
ronment). Using 2 mL crude homogenate, the same process

was re-operated. At a natural pH value, the fruit homogenates
were processed with enzyme for 1 h at 60 °C. The juice at a
specific amount was filtered through a paper filter for 12 min,
and volume measurement of the fruit juice was carried out
before calculating the juice extract. A control was prepared
without added enzyme for all the assays (Demir et al. 2011;
Nadaroglu et al. 2010). Clarified juice yield (%) was calculat-
ed as (volume of clear juice * 100) / (volume of sample).

Statistical analysis

For determining the samples’ mannanase activities, all tests
were performed in three replications. Average±standard errors
of all obtained data were defined. The average standard errors
of the data were expressed. SPSS version 10.0 software (SPSS
Inc., Chicago, IL., USA) was used for the statistical analysis;
and Tukey test was performed for determining the significant
differences at 95 % confidence interval (p<0.05).
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Fig. 1 Purification of mannanase by ion exchange chromatography
using DEAE-sephadex
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Fig. 2 Elution profile of protein andmannanase activity on Sephacryl S200
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Fig. 3 SDS-PAGE
electrophoretic pattern of
mannanase [purified mannanase
enzyme from B. pumilus (M27)]

J Food Sci Technol (August 2015) 52(8):5292–5298 5295



Results and discussion

Isolation of test strain

The test strains isolated in this study was identified by utilizing
various conventional methods. The results obtained suggested
that the gram-positive, aerobic, motile, catalase, oxidase and
endospore positive rod and that it was reproduced well at 30–
45 °C at pH 5.0–7.0 and at 2–6 % salt concentrations. Later
on, in consequence of the analyses performed by utilizing the
API 50CHB test system, this isolate was identified to be the
Bacillus pumilus (data not shown). These results obtained
were determined to comply with the literature data (Bottone
and Peluso 2003; Parvathi et al. 2009; Liu et al. 2013).

16S rRNA gene sequence analysis

The test isolate was determined to be containing nearly 1,452
nucleotides (nt) at the end of the 16S rRNA sequence analysis.
Then, it was also determined as a result of the blast study
conducted through the GenBank database that this isolate
resembled B. pumilus (Genbank Number; KF895383) at a
rate of 99 % which indicated a strong resemblance.

As confirmed by Antara et al. (2002) and Mandal et al.
(2008), similarity of 16S rRNA gene sequences to B. pumilus
type strains was higher than 98 %, and in line with this, we
also had a similar value (≥98 %) to the one determined by
them in terms of the 16S rRNA gene sequences of B. pumilus
isolates.

Purification and characterization of mannanase
from B. pumilus (M 27)

In Figs. 1 and 2, it was presented the elution profiles of the
mannanase enzyme purified from the bacterium B. pumilus
(M27) benefiting from both anion-exchange chromatography
and gel filtration chromatography.

As could be seen in Fig. 3, the mannanase enzyme was
specified to be including 2 sub-units as 35 kDa and 55 kDa at
the end of the sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE). Sephadex G-100 gel filtration
chromatography was used to measure the molecular weight of
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Fig. 4 The effect of pH on the activity of purified mannanase from
B. pumilus (M27)
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Fig. 5 The effect of temperature on the activity of purified mannanase
from B. pumilus (M27)

Table 2 Effect of some metal ions on the mannanase activity from
B. pumilus (M27)

Chemical
compounds

Concentration
(mM)

Relative
activity (%)

Concentration
(mM)

Relative
activity (%)

None – 100±0.0 – 100±0.0

Ca2+ 1 140.0±0.1 5 140.2±0.6

Mn2+ 1 288.6±1.3 5 328.7±1.01

Co2+ 1 130.4±0.5 5 218.6±0.2

Zn2+ 1 272.2±2.3 5 315.7±2.4

Cu2+ 1 100.2±0.2 5 228.2±0.6

Fe2+ 1 343.2±1.6 5 344.1±0.3

Ni2+ 1 100.2±2.0 5 123.7±1.8

Each value represents the mean of 3 replicates experiments±standard
deviation

Table 3 Production of some fruit juice by using mannanase from
B. pumilus (M27)

Fruit (5 g) Control Mannanase Crude extract

Orange Volume 15.0±0.11 16.5±1.3 16±0.2

Yield (%) – 110.1±0.6 106.7±0.7

Apricots Volume 9.5±0.2 11.0±2.4 11.5±0.12

Yield (%) – 115.8±0.21 121.1±0.32

Grape Volume 11.5±1.01 13.5±0.16 12.0±4.1

Yield (%) – 117.4±1.45 104.3±1.21

Apple Volume 11.0±2.11 17.0±1.23 17.0±0.46

Yield (%) – 154.5±1.11 154.5±0.45

Peach Volume 6.5±0.44 7.5±0.01 14.0±0.4

Yield (%) – 115.4±0.15 215.4±1.2
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the enzyme’s active form; the graphics of log MA-Kav was
drawn and the same result was obtained.

As reported in a study that was carried out before, the beta-
mannanase gene of Aspergillus aculeatuswas propagated and
was placed on A. oryzae. The molecular weight of the obtain-
ed recombinant enzyme was determined as 45 kDa (Christgau
et al. 1994), and the molecular weight of the mannanase
enzyme obtained from A. niger was determined as 40 kDa
(Ademark et al. 1998).

The studies were carried out in 7 different environments
varying from pH 2 to pH 9 for specifying the optimum pH of
the mannanase enzyme purified and produced from
B. pumilus (M27). Acetate buffers were used from pH 2 to
5, phosphate buffers were used from pH 6 to 8, and Tris /HCl
buffers were used from pH 8 to 9. Locust bean gum substrate
was performed for measuring the activity, and the obtained
results were benefited for calculating the activity. The graphics
of activity - pH were drawn, and the results were all presented
in Fig. 4. It was determined that the optimum pH value of the
purified mannanase enzyme produced from B. pumilus (M27)
for the locust bean gum substrate was 5.0.

Optimum temperature

For the locust bean gum substrate, the activity was measured
at degrees varying between 20 and 90 °C keeping for 5 min at
each temperature for determining the optimum pH value of the
purified mannanase enzyme. As it was presented in Fig. 5, the
mannanase enzyme was fairly active between 30 and
80 °C, and this indicated the maximum activity at
60 °C. Similarly, it was also determined that the highest
pH value of beta-mannanase enzymes of A. aculeatus and
A. nigers was 5.0 and the highest operating temperature was
determined as 60–70 °C (Christgau et al. 1994; Ademark et al.
1998).

The results of Vmax and Km values

Several studies have been carried out related to Vmax and Km

values of the mannanase enzyme using the 0.3 mM locust
bean gum. Vmax was determined as 78.74 mol/min mg and Km

was determined as 0.592 mM for a pure mannanase enzyme.

The effects of some metal ions on the activity
of the mannanase enzyme purified from B. pumilus (M 27)

In this study, the effects of the Mn2+, Co2+, Cu2+, Zn2+, Fe2+,
Ca2+and Ni2+ metal ions upon the activity of the mannanase
enzyme purified from B. pumilus (M 27) was investigated. In
Table 2, the inhibition effects obtained in the study and the
activity values versus concentration were presented; more-
over, as could be understood from Table 2, whole metal ions
enhanced the activity of purified mannanase enzyme. On the

other hand, Mn2+ and Zn2+ metal ions had the highest activa-
tion, and those enhanced the mannanase activity up to 295.9
and 279.4 %, respectively. These results improved that all the
metal ions could not inhibit the mannanase enzyme purified
from B. pumilus (M 27), but they at least activated. And
because mannanase enzymes had such features, they were
regarded to be fairly convenient for the industrial use of
mannanase.

Production juice using raw fruit material (especially the
fruit with high-mannanase content) without any enzymatic
treatments requires a highly complicated process. The use of
enzymes increases the juice output, but it also reduces its
viscosity. In Table 3, the experiments results obtained from
yielding fruit juice from apple, orange, peach, grapes and
apricots were presented. On the other hand, it should also be
taken into consideration that the most significant advantage of
producing fruit juice by enzymatic treatment was compared
with the control.

As reviewed in the literature, fruit juice purification process
was performed using the mannanase enzyme. The results
obtained in our study were compatible with the ones in the
literature (Zhao et al. 2010).

Conclusions

The mannanase was firstly purified and characterized from
Bacillus pumilus (M27) This research was focused on the
food industry. To sum up, the findings obtained from the
mannanase enzyme’s catalytic activities purified from
B. pumilus (M 27) were very high, and those were resistant
to metal ions and highly stable against the temperature and
different pHs. Besides, those were efficient upon the clarifi-
cation of fruit juice; therefore, those could be regarded as
commonly applicable.
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