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Abstract MANS, the main extracellular saccharide hydro-
lase from Bacillus sp. MSJ-5, is an endo-{3-mannanase with
a demand of at least five sugar moieties for effective
cleavage. It has a pH optimum of 5.5 and a temperature
optimum of 50°C and is stable at pH5-9 or below 65°C.
MANS has a very high ability to hydrolyze konjac flour,
10 U/mg of which could completely liquefy konjac flour
gum in 10 min at 50°C. HPLC analysis showed that most
glucomannan in the konjac flour was hydrolyzed into a
large amount of oligosaccharides with DP of 2—6 and a very
small amount of monosaccharide. With the culture super-
natant as enzyme source, the optimum condition to prepare
oligosaccharides from konjac flour was obtained as 10 mg/ml
konjac flour incubated with 10 U/mg enzyme at 50°C for
24 h. With this condition, more than 90% polysaccharides
in the konjac flour solution were hydrolyzed into oligo-
saccharides and a little monosaccharide (2.98% of the
oligosaccharides). Konjac flour is an underutilized agricul-
tural material with low commercial value in China. With
MANS, konjac flour can be utilized to generate high value-
added oligosaccharides. The high effectiveness and cheap-
ness of this technique indicates its potential in industry.
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Introduction

During the past two decades, many types of oligosacchar-
ides are actively developed for their excellent physiological
properties beneficial to human health (Solange and Ismael
2007; Hirayama 2002). Several oligosaccharides such as
glycosylsucrose, fructooligosaccharides, maltooligosacchar-
ides, isomaltooligosaccharides (branched oligosaccharides),
galactooligosaccharides, xylooligosaccharides, isomaltulose
(palatinose), and lactosucrose are produced on an industrial
scale (Sako et al. 1999; Nakakuki 2002). In contrast,
mannooligosaccharides are received less attention. Man-
nooligosaccharides are non-digestible oligosaccharides pos-
sessing important physiological properties to behave as
dietary fiber and prebiotics. They have beneficial effects on
the growth of intestinal microorganisms, especially Bifido-
bacteria, decrease enteric pathogenic bacteria, regulate
immunoreactions, and improve the integrity of intestinal
mucosa, thereby increasing the human health level and the
breeding animal worth (Wong and Saddler 1993; Gomes
and Steiner 1998; Kobayashi et al. 1987; Dhawan and Kaur
2007; Moreira and Filho 2008). Lu et al. (2002) reported
that a tetrasaccharide fraction from Amorphophallus konjac
had beneficial effects on diabetes. These studies show that
mannooligosaccharides are valuable oligosaccharides to be
developed. Although it was reported that various manna-
nases from bacteria, fungi, and plants could hydrolyze
mannan, glucomannan galactomannan, or galactogluco-
mannan to produce mannooligosaccharides (McCleary
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1988; Daskiran et al. 2004; Shimahara et al. 1975; Araki
1983; Hossain et al. 1996; Reese and Shibata 1965;
Yamaura et al. 1993, Dhawan and Kaur 2007; Moreira
and Filho 2008), an economic and viable technique to
produce mannooligosaccharides is yet rare.

A. konjac is widely planted in Asia, especially in China.
Every year, about 1,300,000 tons (fresh weight) of konjac
corms are cropped in China (Sheng and Teng 2008). The
flour produced from konjac corms is an underutilized
agricultural material with low commercial value in China,
mainly used as a gelling and thickening agent and an
ingredient in foods (Kurakake and Komaki 2001). Since
glucomannan is the main component of konjac flour,
konjac flour should be a good material to produce
mannooligosaccharides.

In this paper, Bacillus sp. MSJ-5, as a mannanase-
producing bacterium, was screened from the konjac field in
Sichuan province of China. The (-mannanase MANS
secreted by this strain was purified and characterized, and
a cheap and effective technique to prepare oligosaccharides
from konjac flour with MANS was proposed.

Materials and methods

Materials Locust bean gum and xylans were purchased
from Sigma. Beta-1,4-mannan and (3-1,4-mannooligosac-
charides (M2-M6) were purchased from Megazyme.
Konjac powder was purchased from Limao Agricul Tural
Products Development (Chongqing, China).

Screening and identification of strain MSJ-5 Bacillus sp.

MSJ-5 was screened from the konjac field in Sichuan
province of China with the procedure described in the
Electronic supplementary materials. Cellular morphology
was examined using scanning electron microscopy. The
16S rRNA gene of MSJ-5 was amplified by PCR from
genomic DNA and sequenced as described by Hu and Li
(2007). The obtained 16S rRNA gene sequence was aligned
with its closely related neighbor sequences retrieved from
GenBank using CLUSTAL X (v 1.83). Neighbor-joining
trees were constructed using MEGA version 3.1 by
neighbor-joining method and Kimura two-parameter model.
The 16S rRNA gene sequence of Bacillus sp. MSJ-5 was
deposited in GenBank under the accession number
FJ393326. Bacillus sp. MSJ-5 was deposited in China
Center for Type Culture Collection as a patent strain under
the number M208258.

Production and purification of the (-mannanase from
Bacillus sp. MSJ-5 Strain MSJ-5 was inoculated in 50 ml
optimized liquid medium containing (g/l) 25 konjac
powder, 35 yeast extract powder, 10 soybean powder, 5
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KH,PO,4 (pH7.0) in a 500-ml flask and incubated on a
rotary shaker (220 rpm) at 32°C for 32 h to reach
the highest 3-mannanase activity in the culture. Then, the
culture was centrifuged at 10,000xg, 4°C for 15 min. The
supernatant was collected and used as crude mannanase
enzyme. For mannanase purification, solid (NHy4),SO4
powder was added to the supernatant to 40% saturation.
Precipitate was removed by centrifugation (10,000 rpm,
4°C, 10 min), and solid (NH,4),SO,4 was further added to the
supernatant to 60% saturation. The resulting precipitate was
dissolved in 50 mM phosphate buffer (pH6.6) and dialyzed
against 20 mM phosphate buffer (pH6.6). The enzyme
solution was then purified by gel filtration on a Bio-gel P60
column, which was eluted with 20 mM phosphate buffer
(pH6.6). The fractions with [3-mannanase activity were
further purified by anion-exchange chromatography on a
DEAE-Sepharose column, which had been pre-equilibrated
with 10 mM phosphate buffer (pH7.0). Proteins were
eluted with a linear gradient of 0 to 1 M NaCl at a flow
rate of 0.6 ml/min, and the fractions with [3-mannanase
activity were collected. Its purity and molecular mass was
determined with a sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) system (Bio-Rad) as
described by Laemmli (1970).

Protein determination and enzyme assay Protein content
was measured by the method of Bradford (1976). Beta-
mannanase activity was assayed using the method of Zhang
et al. (2000). Briefly, 0.1 ml properly diluted enzyme
solution was mixed with 0.9 ml locust bean gum (0.5%) in
20 mM pH6.0 phosphate buffer, and the mixture was
incubated at 50°C for 10 min. The reducing sugar released
in the mixture was determined with mannose as the
standard using DNS method (Miller 1959). One unit of
enzyme activity was defined as the amount of enzyme used
for the production of 1umol of reducing sugar per min.

Characterization of the 3-mannanase MANS from Bacillus.
sp. MSJ-5 To determine the optimal temperature, the
activity of the purified 3-mannanase toward locust bean
gum was assayed at pHS5.5 in a range of 35-70°C. To assay
the enzyme thermal stability, the purified 3-mannanase was
incubated at different temperatures (35-70°C) for 1 h, and
the remaining activities were measured at pHS5.5 and 50°C.
To determine the optimal pH, the 3-mannanase activity of
MANS was measured at 50°C in the range of pH3.0-10.0
(pH3.0-6.0, 20 mM citric acid buffer; pH6.0-8.0, 20 mM
phosphate buffer; pH8.0-10.0, 20 mM glycine—-NaOH
buffer). To assay effect of pH on the enzyme stability, (3-
mannanase MANS5 was incubated in various buffers of
different pH values (as shown above) for 1 h, and then the
residual activity was measured at pH5.5 and 50°C. The K,,,
and V. values were determined by Lineweaver—Burk
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Fig. 1 The form of strain MSJ-5 observed using scanning electron
microscope. Strain MSJ-5 was cultured in LB broth at 35°C for 24 h

plots, which was made by linear regression with initial rates
determined with 2.5-45 g/l locust bean gum or konjac flour at
50°C using an enzyme concentration ([E]) of 0.25 U/ml. k.
values were calculated with the formula keyt = Vinax/[E]-

Hydrolysis of mannooligosaccharides, mannan, and konjac
powder Purified MANS5 was added to the sugar substrates,
which were prepared in ddH,O as in the following: 0.5 U/mg
[3-mannanase was added to 1 mg/ml mannooligosacchar-
ides or 5 mg/ml mannan, and 5 U/mg (3-mannanase was
added to 10 mg/ml konjac powder. The mixture was
incubated at 50°C for 24 h for mannoseoligosaccharides
and mannan and 48 h for konjac flour and then terminated
by heating in boiling water for 5 min. The mixture was

centrifuged at 10,000xg, 4°C for 5 min, and the supernatant
was filtrated with a cellulose nitrate membrane (0.22 um)
for HPLC analysis.

HPLC analysis of sugars The hydrolytic products were
analyzed using LC-10 AD high-performance liquid chro-
matography (Shimadzu, Japan), equipped with an HPX-
42C Aminex column (Bio-Rad) and a RID-10A refractive
index detector. The column was maintained at 75°C and
eluted with ddH,O at a flow rate of 0.4 ml/min.

Results
Identification of strain MSJ-5

Among the strains screened from the konjac field, strain no.
5 displayed the best mannanase production ability (Fig. S1).
This strain, named MSJ-5, was selected as a good producer
of mannanase. Strain MSJ-5 could form a clear hydrolytic
zone on the locust bean gum-containing medium plate
(Fig. S2). It is a gram-positive, rod bacterium (0.7—
0.8 x 2.1-3.0um) without flagella (Fig. 1). It forms an
oval spore in the middle of the cell after 48-h cultivation
(Fig. S3). The colonies are white, circular with convex with
entire margins when cultured in 36 h. After 36 h, they
spread rapidly and form flowery margins because of the
high movement ability of this strain (Fig. S4, S5). Blast
in GenBank database showed that the 16S rRNA gene
sequence of strain MSJ-5 has more than 99% identity to
those of four Bacillus species (Baccillus velezensis, Bacillus
polyfermenticus, Bacillus amyloliquefaciens, and Bacillus
subtilis). A distance-based neighbor-joining tree was con-
structed with Bacillus species (Fig. 2), which also showed
that strain MSJ-5 is most related to the four Bacillus species

831 B. velezensis CR-502T (AY603658)

0.005
| —| 45 B. sp. MSJ-5
68 B. polyfermenticus GR010 (DQ659145)
99 B. amyloliquefaciens NBEC 155357 (AB325583)
73 B. subtilis subsp. subtilis CECT 39T (AJ276351)

100

72 B. subtilis subsp. spizizenii NRRL B-23049" (AF074970)
B. licheniformis DSM 13T (X68416)

90|

B. pumilus DSM 27" (AY456263)

L: B. aquimaris JCM 115457 (AF483625)
B. marisflavi ICM 115447 (AF483624)

B. luciferensis LMG 184221 (A1419629)

B. weihenstephanensis DSM 118217 (AB021199)

Fig. 2 Neighbor-joining phylogenetic tree based on 16S rRNA gene
sequences of Bacillus sp. MSJ-5 and other Bacillus species. Percent
bootstrap values above 40 (1,000 replicates) are indicated at nodes.
Scale bar=0.005 substitutions per nucleotide position. Sequence

B. endophyticus CIP 1067787 (AF295302)
alignment and comparison was performed using CLUSTAL X (v

1.83). Neighbor-joining trees were constructed using MEGA version
3.1 by neighbor-joining method and Kimura two-parameter model
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above. Based on these results, strain MSJ-5 could be
determined to belong to genus Bacillus. Therefore, it was
named as Bacillus sp. MSJ-5.

Production, purification, and characterization
of the mannanase from Bacillus. sp. MSJ-5

After being cultured in the optimized medium for 32 h, the
activity of the 3-mannanase secreted by Bacillus sp. MSJ-5
reached 651 + 31 U/ml, which was relatively high when
compared to those reported (Mao et al. 2007; Yoon and Lim
2007; Zakaria et al. 1998; Zhang et al. 2000). The crude
enzyme had high activity to mannan, slight activity to
soluble starch, and no activity to cellulose or xylan,
suggesting that mannanase is the main saccharide hydrolase
in the fermentation broth. The mannanase in the culture was
purified with ammonium sulfate precipitation, gel filtration,
and ion exchange chromatography as described in “Materi-
als and methods”, which resulted in a 19-fold purification
and a final yield of 18.86% (Table 1). SDS-PAGE showed
the enzyme reached electrophoresis degree purity with a
molecular mass of 40.5 kDa (Fig. S6). Analysis of the
enzyme form by gel filtration chromatography showed that
it is a momomer (Fig. S7). The purified 3-mannanase from
strain MSJ-5 was named MANS.

With locust beam gum as substrate, MANS5 displayed an
optimum pH of 5.5. After incubation at 50°C in pH6-9
buffer for 1 h, the enzyme activity remained above 70%.
The optimal temperature of MANS5 was 50-60°C. After
incubation at 35-65°C for 1 h, the remaining activity kept
above 50%, whereas the enzyme activity lost rapidly when
the incubation temperature was higher than 65°C (Fig. 3)
Ag" and Fe** markedly inhibited the enzyme activity with
the degree about 90%, while Mn?" and Cu®" could inhibit
35-40% the enzyme activity. Li", Zn>", and Fe** had slight
inhibitory effect. Among the investigated metal ions, no
metal ion had significant activating effects on the activity of
MANS5. The most activating effect occurred to Co®" with
just 8.6%. One millimolar EDTA decreased the enzyme
activity to 33.9% of the control (Table 2).

Table 1 Purification of (3-mannanase MANS from culture broth of
Bacillus sp. MSJ-5

Purification step ~ Total Total Specific  Yield Purification
activityx protein activity (%)  (fold)
10°(U)  (mg)  (Umg)

Crude enzyme 147 518 283 100 1

(NH4),SO4 121 161 751 824 27

Bio-gel P60 449 173 2,598 306 9.2

DEAE-Sepharose  27.7 5.1 5,383 189 19
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Fig. 3 a, b Effects of pH (a) and temperature (b) on the activity
(squares) and stability (circles) of 3-mannanase MANS. To determine
the optimal temperature, the activity of the purified (3-mannanase
toward locust bean gum was assayed at pHS5.5 in a range of 35-70°C.
To assay the enzyme thermal stability, the purified 3-mannanase was
incubated at different temperatures (35-70°C) for 1 h, and the
remaining activities were measured at pH5.5 and 50°C. To determine
the optimal pH, the 3-mannanase activity of MANS was measured at
50°C in the range of pH3.0-10.0 (pH3.0-6.0, 20 mM citric acid
buffer; pH6.0-8.0, 20 mM phosphate buffer; pH8.0-10.0, 20 mM
glycine-NaOH buffer). To assay effect of pH on the enzyme stability,
3-mannanase MANS was incubated in various buffers of different pH
values (as shown above) for 1 h, and then the residual activity was
measured at pH5.5 and 50°C

MANS had activity to mannan, konjac flour, and locust
bean gum ([3-1,4-mannan), but no activity to yeast mannan
(a-1,6-mannan), showing that it is (3-mannanase. MANS
had a lower K, value to konjac powder than to locust bean
gum, showing that it had higher affinity to konjac powder.
However, the catalytic efficiency (ke./Kn) of MANS to
konjac powder (glucomannan) was a little lower than to



Appl Microbiol Biotechnol (2009) 83:865-873

Table 2 Effects of metal ions

and EDTA on the activity Reagents Relative activity (%) Reagents Relative activity (%)
of 3-mannanase MANS5
Control 100 Cca*' 1032 + 32
Li* 98.1 + 0.5° Mg 1064 + 12
?The activity of -mannanase Ni* 1013 + 2.5 Ccu** 576 + 4.4
MANS in the presence of 1 mM Na* 1039 + 1.5 Co** 108.6 + 7.5
each refigent was me.as.ured, Ag' 98 + 25 Ba2" 105.6 + 2.1
respectively. The activity of o 2t
-mannanase MANS5 without Mn 629 + 1.0 Fe 88.1 + 0.2
any reagent was taken as control St 103.5 £ 3.0 Fe** 114 + 6.0
(100%). The experiments were 7nt 86.1 + 6.6 EDTA 339 + 6.4

performed in triplicate

locust bean gum (galactomannan; Table 3). In addition,
mannobiose (0.1-0.4 mM) had little inhibitory effect on the
activity of MANS (Fig. S9).

Analysis of the hydrolysis of mannooligosaccharides
and mannan by MANS

One milligram per milliliter (3-mannooligosaccharides
with DP of 2-6 was incubated with 0.5 U/mg MANS at
50°C for 24 h, respectively. Then, the hydrolytic products
were analyzed by HPLC. MANS efficiently cleaved
mannooligosaccharide M5 and M6, and low activity was
detected on M4. M2 and M3 were not digested at all even
incubated with large amount of MANS for 24 h (Fig. S10).
The main products released from M5 and M6 were
oligosaccharides with DP of 2-3 and 2-4, respectively,
with no monosaccharides. These results showed that
MANS was a strict endo-3-mannanase exhibiting an action
pattern with a demand of at least five sugar moieties for
effective cleavage. During the 24 h hydrolysis of M6, the
mole ratio of M2, M3, and M4 was about 1:1:1, suggesting
that MANS seemed to preferably hydrolyze M6 as M-
M|M-M-M-M. This cleavage pattern was different from
that of most of the (3-mannanases reported, which prefer-
entially hydrolyzed the central mannosidic linkage of M6

Table 3 Kinetic parameters of MANS on locust bean gum and konjac
powder

Km Vmax X 103 kcat X 104 kcat/Km x 103
(mg/ml) (MM min mg) (/s) (ml/mg/s)
Locust 11.67 3.33 5.07 4.34
bean gum
Konjac 7.50 2.50 3.81 5.08
powder

#The K., and V. values were determined by Lineweaver—Burk plots,
which was made by linear regression with initial rates determined with
2.5-45 g/l locust bean gum or konjac powder at 50°C using an
enzyme concentration ([£]) of 0.25 U/ml (Fig. S8). k., values were
calculated with the formula key = Vinax /[E]-

(Larsson et al. 2006; Ootsuka et al. 2006; Hrmova et al.
2006). M2 and M3 were the main hydrolysis products when
M5 was hydrolyzed. M4 was detected during the
hydrolysis of M5, and equal amount of M1 was not
detected (Table 4), indicating that MANS could not cleave
a monosaccharide from the end of a carbohydrate chain,
and the formation of M4 during M5 hydrolysis should
result from transglycosylation.

Five milligrams per milliliter (3-1,4-mannan was incu-
bated with 0.5 U/mg MANS at 50°C, and samples were
taken at 10 min, 1 h, and 24 h, respectively, for product
analysis by HPLC. MANS displayed the same hydrolysis
pattern as hydrolyzing M6 and mainly produced M2, M3,
and M4 from f3-1,4-mannan (Fig. S11), which was different
from most (3-mannanases whose main products released
from 3-1,4-mannan were M2 and M3 (Larsson et al. 2006;
Le Nours et al. 2006; Tamaru et al. 1995). There were very
few oligosaccharides with DP value above 4 accumulated,
perhaps due to MANS's preferable hydrolysis of M5 and
M6 to oligosaccharides with DP of 2, 3, and 4. The amount
of M2, M3, and M4 increased rapidly from 10 min to 1 h
and remained steady from 1 to 24 h. The amount of
monosaccharide remained at very low level throughout the
whole process, further showing that MANS was an endo-3-
mannanase.

Analysis of oligosaccharides produced by the hydrolysis
of konjac flour by 3-mannanase MANS

Ten milligrams per milliliter konjac flour in ddH,O was
prepared for the hydrolysis of MANS. When konjac flour
was dissolved in water in a concentration of 10 mg/ml, a
gum-like solution was formed. However, the gum-like
solution was liquefied to water-like solution in 10 min
when incubated with 10 U/mg MANS at 50°C, indicating
that MANS had high ability to hydrolyze konjac flour. After
48 h hydrolysis, products were analyzed by HPLC. The
main saccharide in konjac flour is glucomannan, which is
composed of 3-1,4-linkage mannose and glucose residues
in the ratio of 1.6:1 (Cescutti et al. 2002). HPLC analysis
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Table 4 Product analysis of

B-mannooligosaccharides Substrates Time Products concentration (mM)
hydrolyzed by [3-mannanase
MANS5 M6 M5 M4 M3 M2 M1
M6 10 min 0.212 B.D.L 0.548 0.407 0.503 N.D.
I h 0.156 B.D.L 0.405 0.359 0.386 N.D.
24 h 0.158 B.D.L 0.485 0.435 0.488 N.D.
M5 10 min - 0.096 0.179 0.460 0.573 N.D.
1 h - 0.077 0.210 0.571 0.690 N.D.
24 h - 0.050 0.068 0.532 0.553 N.D.
M4 10 min - - 1.380 N.D. N.D. N.D.
1 h - - 1.378 N.D. N.D. N.D.
B.D.L below detection limit, 24 h _ _ 1.233 0.099 0.032 N.D.

N.D. not detected

showed that most glucomannan component in the konjac
flour solution was hydrolyzed, and a large amount of
oligosaccharides of DP 2—6 were produced with a very little
amount of monosaccharide after 48 h hydrolysis (Fig. 4).
On the HPLC spectrum, the retention time of glucose is
shorter than that of mannose, suggesting that gluco-
mannooligosaccharides may have shorter retention time
than mannooligosaccharides. Since the retention time of the
highest peak in the product was shorter than that of M3 and
longer than that of M4 on the HPLC spectrum, it could be
speculated that the dominant product should be gluco-
mannotrisaccharides. In addition, there is a small peak at
the position corresponding to M3 on the HPLC spectrum,
showing that the product contained a little M3. These
results suggested MANS5 was a good endo-f3-mannanase,
which could hydrolyze konjac flour with high effectiveness
to produce oligosaccharides of DP 2—6.

400000 -

350000 -

300000

250000

200000

Peak area

150000

100000 -

50000 -
0 T T T T T L T . VIA
M6 M5 M3 M2 M1

Fig. 4 The amount of oligosaccharides and monosaccharide released
from the hydrolysis of 10 mg/ml konjac flour by 10 U/mg f3-
mannanase MANS at 50°C for 48 h. The amount of oligosaccharides
and monosaccharide was represented by the peak area in HPLC
spectra, which was calculated by the software of class-vp 6.14
provided by the HPLC system (Shimadzu, Japan)
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Optimization of oligosaccharides preparation from konjac
flour by (3-mannanase MANS

In order to develop an economic and viable technology, the
conditions to prepare oligosaccharides from konjac flour
with MANS were optimized. Since mannanase is the main
saccharide hydrolase in the fermentation broth, the culture
supernatant of Bacillus sp. MSJ-5 was used as enzyme
source in order to reduce the cost. Firstly, an optimum of
substrate concentration was studied. Various concentrations
of konjac flour in the range of 1-30 mg/ml were hydrolyzed
by 0.1 U/mg the enzyme for 1 h. The reduced sugar
concentration in the reaction mixture was measured, and the
ratio of the reduced sugar concentration to the konjac flour
concentration was calculated. The result showed that the
ratio no longer increased when the substrate concentration
was more than 10 mg/ml (Fig. S12). The same result was
obtained when the enzyme concentration increased (data
not shown). Therefore, 10 mg/ml should be an optimum
substrate concentration. Then, an optimum of enzyme
concentration was studied with 10 mg/ml konjac flour as
substrate. The products were analyzed by HPLC after the
substrate was hydrolyzed by 1, 5, and 10 U/mg enzyme for
12 h, respectively. When 5 U/mg enzyme was used, the
amount of oligosaccharides with DP of 2—6 accounted for
72.6% of the amount of all the saccharides in the reaction
mixture according to the peak area in the HPLC spectrum,
and it accounted for 77% when 10 U/mg inoculated enzyme
was used (Fig. S13). Therefore, 5-10 U/mg was the
optimum of enzyme amount for konjac flour hydrolysis.
Finally, an optimum of hydrolytic time was studied with
10 mg/ml konjac flour and 10 U/mg enzyme. Ten milligrams
per milliliter konjac flour was incubated with 10 U/mg
enzyme at 50°C, and samples were taken for product
analysis by HPLC in 20 min and 1, 2, 12, 24, and 48 h,
respectively (Fig. 5). When konjac flour was hydrolyzed for
24 h, the amount of oligosaccharides with DP of 2-6
reached 90.9% of the amount of all the saccharides in the
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Fig. 5 Effect of hydrolytic time 0010
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reaction mixture according to the peak area in the HPLC
spectrum, and the amount of oligosaccharides increased
only a little when the time increased to 48 h (Table 5).
Therefore, 24 h was an optimum time for konjac flour
hydrolysis. Taken together, the optimum condition to
prepare oligosaccharides from konjac flour with the crude
enzyme of MANS was that 10 mg/ml konjac flour was
incubated with 10 U/mg enzyme at 50°C for 24 h. With this
condition, more than 90% polysaccharides in the konjac
flour solution were hydrolyzed into oligosaccharides with
DP of 2-6, and only a very small amount of monosac-
charide (2.98% of the oligosaccharides) was produced
(Table 5).

Discussion

Because of their functional properties beneficial to human
health, oligosaccharides are widely used in foods, bever-

Table 5 Effect of reaction time on the hydrolysis of konjac powder
with the optimum concentrations of substrate and enzyme

Time Sum of all Oligosaccharides Monosaccharide
saccharides (area) of DP 2-6 (area) (area)

20 min 845,311 431,122 4,004

1 h 886,870 473,652 8,004

2 h 692,611 492,193 11,987

12 h 903,648 697,087 29,476

24 h 890,018 808,822 24,845

48 h 899,773 831,021 27,269

The area of every saccharide appeared on the HPLC spectrum was
calculated by the software of class-vp 6.14 provided by the HPLC
system (Shimadzu, Japan)

ages, and confectionary, especially in functional food.
Oligosaccharides are now mainly produced with enzyme
technology from saccharides such as starch, chitin, xylan,
and mannan, etc. (Sako et al. 1999; Nakakuki 2002).
Glucomannan is a proper material to produce oligosacchar-
ides since it is composed of (3-1,4-linkage mannose and
glucose residues in the ratio of 1.6:1 (Cescutti et al. 2002;
Moreira and Filho 2008). Glucomannan is the main
component of konjac flour, which is produced in a large
amount in China. Since the price of konjac flour is very low
(30-50%/ton), konjac flour should be a cheap and good
material to produce oligosaccharides. However, there have
been few reports on oligosaccharide production with konjac
flour.

To prepare oligosaccharides from konjac flour by
enzyme technology, a 3-mannanase, which can effectively
hydrolyze konjac flour to produce oligosaccharides, is
essential. In this article, an endo-f3-mannanase MANS with
high konjac flour-hydrolyzing ability was purified and
characterized. MANS is secreted by Bacillus sp. MSJ-5
screened from konjac field. Mannanase seems to be the
main extracellular saccharide hydrolase secreted by this
strain because no other cellulase or hemicellulase activity
was detected in the strain culture. Therefore, the culture
supernanant can be used as mannanase without purification.
Similar to a lot of reported (3-mannanases (Mendoza et al.
1994; Zakaria et al. 1998; Zhang et al. 2000; Hagglund
2002), the purified MANS has a pH optimum of 5.5 and a
temperature optimum of 50°C and is stable at pH5-9 or
below 65°C. End product such as mannobiose has little
inhibition to MANS activity. All these characters make it
suitable to be applied as an enzyme in a technical process.
MANS is a strict endo-3-mannanase with a demand of at
least five sugar moieties for effective cleavage. It preferably
hydrolyzes M6 as M-M|M-M-M-M, which is uncommon
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in the cleavage patterns of the (3-mannanases reported.
Most (-mannanases preferentially hydrolyze the central
mannosidic linkage of M6 (Larsson et al. 2006; Ootsuka et
al. 2006; Hrmova et al. 2006). Transglycosylation, a
common action of many [3-mannanases (Schroder et al.
2006; Puchart et al. 2004; Le Nours et al. 2006), also
occurred in the hodrolysis of mannoseoligosaccharides by
MANS. The most remarkable characteristic of MANS is
its high ability to hydrolyze konjac flour. An enzyme
amount of 10 U/mg could completely liquefy konjac flour
gum in 10 min at 50°C. Moreover, HPLC analysis
showed that most glucomannan in the konjac flour was
hydrolyzed into oligosaccharides with DP of 2—6 with a
very small amount of monosaccharide, which may result
from transglycosylation.

Since [3-mannanase MANS has high ability to hydrolyze
konjac flour to produce oligosaccharides, and mannanase is
the main saccharide hydrolase in strain MSJ-5 culture, an
economic and viable technology to prepare oligosacchar-
ides from konjac flour with Bacillus sp. MSJ-5 culture as
enzyme source was explored. By optimizing the concen-
tration of konjac flour and enzyme and hydrolytic time, the
optimum condition to prepare oligosaccharides from konjac
flour with the crude enzyme of MANS was that 10 mg/ml
konjac flour was incubated with 10 U/mg enzyme at 50°C
for 24 h. With this condition, more than 90% saccharides in
the konjac flour solution were hydrolyzed into oligosac-
charides with DP of 2—6, and only a very small amount of
monosaccharide (2.98% of the oligosaccharides) was
produced. To our knowledge, this is the first report about
a viable technique to prepare oligosaccharides from konjac
flour. Although it is a laboratory-scale result, the high
effectiveness and cheapness of this technique indicates its
potential in industry.
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