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Isolation of B-mannanase-producing bacteria from
Roi Et Rajabhat University

Surachai Rattanasuk!”

ABSTRACT: Thirty eight mannanase-producing bacteria were isolated from 12 soil samples, which located inside
and outside Roi Et Rajabhat University. The mannanase screening was carried out on Luria-Bertani agar containing
locust bean gum (LBG) stained with iodine solution. After screening, two isolates that exhibited the highest halo
ratio were selected and named KP1 and KP4. Mannanase activity was determined by DNS method using LBG as
substrate at 50, 55 and 60 °C. The mannanase activity of KP1 and KP4 at 60°C for 5 mins. was 0.89 and 1.17 U/min,
respectively, and at 60°C for 30 mins. was 0.35 and 0.26 U/min, respectively. KP1 and KP4 strains were identified by
partial 16S rDNA gene sequence, biochemical test and morphology. The results of bacterial identification revealed

that KP1 as Bacillus subtilis and KP4 as Bacillus amyloliquefaciens.
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Introduction

Mannanases are potential enzyme that can
randomly hydrolyze the 1,4—[3-D-mannosidic
linkages (McCleary, 2012) in the main chain of
mannans and heteromannans and also applied
in bio-bleaching of pulp and paper, hydrolytic
agent in detergent industry, hydrolysis of coffee
extract, improvement of animal feed, fish feed
additive slime control agent and pharmaceutical
application (Chauhan et al., 2012). Microorganisms
are preferred for source of enzyme because of
their rapidly growth and production. Microbial
mannanases has been found in many species
such as Acinetobacter sp. (Titapoka et al., 2008),
Bacillus amyloliquefaciens (Mabrouk and El
Ahwany, 2008), Bacillus sp. (Lin et al., 2007;
Zhang et al., 2009; Singh et al., 2010),

Cellulosimicrobium sp. (Kim et al., 2011),
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Chryseobacterium indologenes (Rattanasuk and
Ketudat-Cairns, 2009), Klebsiella oxytoca
(Titapoka et al., 2008), Aspergillus niger (Kote et
al., 2009; Norita et al., 2010), Penicillium occitanis
(Blibech et al., 2011), Scopulariopsis candida
(Mudau and Setati, 2008), Trichoderma reesei
(Eneyskaya et al., 2009) and Streptomyces sp.
(Bhoria et al., 2009).

Mannans are complex polysaccharides
that are found in seed of leguminous plant and
plant cell walls such as palm seeds, konjac, locust
bean gum (LBG), coffee beans, and copra meal.
Copra meal contains high amount of mannose in
the form of galactomannan (Hossain et al., 1996).
Itis considered as an abundant agricultural waste
in Thailand. Therefore, it seems to be a suitable
source for the prebiotic mannooligosaccharides
(MOS) production.
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In this study, mannanase-producing bacteria
were isolated from soil residing in Roi Et Rajabhat
University using the selective media containing
LBG as carbon sources. The reducing sugars
liberated from thermo-stability of mannanase
activities at 50, 55 and 60 °C were determined
using Dinitrosalicylic Colorimetric Method. The
isolates bacteria exhibiting high mannanase
activities were identified and characterized using
16S rDNA gene. The bacteria that produce the
highest mannanase activity would be applied for
production of MOS.

Materials and methods

Sample source

Twelve soil samples collected from various
locations inside and outside Roi Et Rajabhat Uni-
versity were used for screening mannanase-

producing bacteria.

Coconut meal preparation

Residual coconut meal after processing was
bought from a Tawat Din Dang market, Roi Et. This copra
meal was dried by incubating at 60 °C for 3 hrs.

and then milled to obtain a particle size of 0.5 mm.

Mannanase-producing bacterial screening

One gram of soil sample was suspended in
5 ml sterilized 0.8% NaCl and was then
well-mixed. Five hundred microliters of the mixed
suspension were transferred into 50 ml of
sterilized Luria-Bertani (LB) broth (Bertani, 1951)
containing with 1% copra meal. The inoculated
broth was incubated at 35 °C, 150 rpm for 48 hrs.
The appropriate dilution of each cultured broth
was spread on LB agar medium containing 1%
LBG (Sigma, USA), and the plates were
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incubated at 35 °C for 18 hrs. Mannanase-pro-
ducing bacteria were evaluated by flooding iodine
solution. The twelve colonies with high halo ratio
(ratio of clearing zone to colony diameter) after
flooding an iodine solution were collected and
kept in -20 °C.

Mannanase activity determination

Mannanase activity of each isolated was
performed using LBG (Sigma) as substrate. Sub-
strate was prepared by boiling 1 g LBG in 100 m
of 50 mM sodium phosphate buffer, pH 7.0 for 30
min. It was cooled and centrifuged at 4000 rpm
to remove the insoluble and then autoclaved at
121 °C for 20 mins. The supernatant obtained
after centrifugation of the culture broth with in-
duced by using 1% LBG for 24 hrs., was used as
a crude mannanase. An aliquot of 500 pl of crude
mannanase was mixed with 500 pl of substrate
and the solutions were incubated at 50, 55 and
60 °C for 5 and 30 mins. Escherichia coli K12
cultured supernatants were used as negative
control. The mannanase activity was inhibited by
adding DNS-reagent. The reducing sugar liber-
ated in the mannanase reaction was measured
as D-mannose reducing equivalents by the DNS
method (Nelson, 1944; Somogyi, 1952). One unit
of enzyme is defined as the amount of enzyme
liberates reducing sugars equivalent to 1 pmol
D-mannose standard per minute under the ex-

perimental conditions described above.

Biochemical characterization

The selected bacteria were cultured on LB
agar plate and determined by Gram’s staining.
Bacterial biochemical tests were evaluated by

using an API test kit.
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16S rDNA sequence analysis

Single colony of selected bacteria was
resuspended with 10 pl sterilized distilled water
and boiled for 5 mins. The supernatant of cell
lysate was added to PCR with fD1 and rP2 primers
(Rattanasuk and Ketudat-Cairns, 2009; Weisburg
et al.,, 1991). The amplified 16S rDNA products
were ligated into the pGem®-T Easy vector
(Promega, USA) and sent to Macrogen Company
(Korea) for automated DNA sequencing. The
resulting sequences were compared with other
DNA sequences deposited in GenBank database
using the BLAST program.

Results and discussion

Mannanase-producing bacterial screening
Thirty eight mannanase-producing bacteria
were isolated from 12 soil samples collected from
various locations inside and outside Roi Et
Rajabhat University. The screening based on the
clear zones formed on LB agar containing 1%
LBG and stained with iodine solution (Fig. 1).
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Figure 1 Clear zone formed on LB agar containing

1% LBG stained with iodine solution.

Mannanase activity determination

Mannanase activity of twelve isolates was
performed using LBG in 50 mM sodium phos-
phate buffer, pH 7.0 as substrate. Twelve bacte-
ria exhibiting high halo ratio were further selected
for determining the mannanase activity. The re-
sults indicated that crude mannanase from the
supernatants of the bacterial cultures of the
strains named KP1 and KP4 had high mannanase
activity at 50, 55 and 60 °C (Table 1). KP4 shows
the highest mannanase activity with 1.17 Unit/ml
at 60 °C for 5 mins.

Table 1 Mannanase activity at various temperatures (Unit/ml)

50 °C 55°C 60 °C
Bacterial 5 min 30 min 5 min 30 min 5 min 30 min
KP 1 0.49 0.27 0.85 0.38 0.89 0.35
KP 6 0.17 0.02 0.58 0.22 0.74 0.18
KP7 0.19 0.02 0.14 0.02 0.07 0.01
KP 8 0.17 0.02 0.09 0.01 0.06 0.02
KP 4 1.01 0.34 0.95 0.28 1.17 0.26
KP 29 0.16 0.12 0.45 0.08 0.16 0.03
KP 12 0.13 0.02 0.22 0.04 0.02 0.04
KP 9 0.14 0.01 0.12 0.07 0.19 0.04
KP 30 0.03 0.02 0.13 0.05 0.10 0.02
KP 38 0.89 0.07 0.18 0.02 0.08 0.01
KP 36 0.05 0.13 0.19 0.06 0.24 0.15
KP 35 0.15 0.03 0.05 0.12 0.15 0.08
E. coli 0.00 0.00 0.00 0.00 0.00 0.00




194

Biochemical characterization and 16S rDNA
sequence analysis

For the Gram staining, KP1 and KP4 are Gram
positive bacilli. From APl analysis, the results
indicated that KP1 was belonged to Bacillus
subtilis and KP4 was belonged to Bacillus
amyloliquefaciens (data not shown). The
sequencing of 16S rDNA sequence of the both
KP1 and KP4 were compared with other
bacterial sequences deposited in the GenBank
database using the BLAST algorithm. The results
showed that both 16S rDNA sequences of KP1
and KP4 strain were identical to Bacillus subtilis
and Bacillus amyloliquefaciens, respectively, with
the level of confidence of 99 and 99%.

Mannanase producing bacteria are important
to a prebiotic MOS production. Many researchers
attempt to ind new source of mannanase includ-
ing bacteria, fungi and plant seed (Soumya et al.,
2010; Chauhan et al., 2012). The application of
mannanase used for MOS production is more
attention. Cuong et al. (2013) produced MOS from
copra pulp by partial enzymatic hydrolysis using
recombinant Aspergillus niger [3-mannanase and
used as dietary supplement in shrimp farms. The
result demonstrated that MOS could increase in
weight gain, specific growth rate, feed conversion,
feed intake and probiotic bacteria (Cuong et al.,
2013). Pourabedin et al. (2014) also studied the
effects of MOS and virginiamycin on the cecal
microbial community of chickens. The results
indicated that MOS promoted the growth of
Lactobacillus spp. and Bifidobacterium spp.
(Pourabedin et al., 2014). Bacillus species are an
important source of enzymes which have long

been used for the production of various industrial
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enzymes (Schallmey et al., 2004). From this
research, we focused on the screening of
mannanase-producing bacteria. The results
showed KP1, Bacillus subtilis and KP4, Bacillus
amyloliquefaciens exhibited high mannanase
activity at 50, 55 and 60 °C. Both strains will be
used as bacterial cultures for producing MOS in

the near future.

Acknowledgements

This work was supported by Roi Et Rajabhat
University Grant No. 90571. The author thanks
Kumsriwai K. and Summat P. for their research
assistant. Jatama K. was thanked for manuscript

correction.

References

Bertani, G. 1951. STUDIES ON LYSOGENESIS I.: The
Mode of Phage Liberation by Lysogenic Escherichia
coli1. J. bacteriol. 62(3): 293.

Bhoria, P., G. Singh, and G. S. Hoondal. 2009. Optimiza-
tion of mannanase production from Streptomyces SP.
PG-08-03 in submerged fermentation. BioResources.
4(3): 1130-1138.

Blibech, M., R. E. Ghorbel, F. Chaari, I. Dammak, F.
Bhiri, M. Neifar, and S. E. Chaabouni. 2011.
Improved mannanase production from Penicillium
occitanis by fed-batch fermentation using acacia
seeds. ISRN microbiol. Doi: 10.5402/2011/938347.

Chauhan, P. S., N. Puri, P. Sharma, and N. Gupta.
2012. Mannanases: microbial sources, production,
properties and potential biotechnological
applications. Appl. Microbiol. biotechnol. 93(5):
1817-1830.

Cuong, D., V. Dung, N. Hien, and D. Thu. 2013. Prebiotic
evaluation of copra-derived mannooligosaccharides
in white-leg shrimps. J. Aquacult. Res. Dev. 4(5):
Doi.org/10.4172/2155-9546.1000188.



KHON KAEN AGR. J. 42 SUPPL. 4 : (2014).

Eneyskaya, E.V., E. V. Eneyskaya, G. Sundqvist, A. M.
Golubev, F. M. batullin, D. R. Ivanen, K. A.
Shabalin, H. Brumer, and A. A. Kulminskaya. 2009.
Transglycosylating and hydrolytic activities of the
[-mannosidase from Trichoderma reese. Biochimie.
91(5): 632-638.

Hossain, M. Z., J. I. Abe, and S. Hizukuri. 1996. Multiple
forms of [3-mannanase from Bacillus sp. KKO1.
Enzyme Microb. Technol. 18(2): 95-98.

Kim, D. Y., S. J. Ham, H. J. Lee, Y. J. Kim, D. H. Shin, Y.
H. Rhee, K. H. Son, and H. Y. Park. 2011. A highly
active endo—ﬁ—1,4—mannanase produced by
Cellulosimicrobium sp. strain HY-13, a hemicellulolytic
bacterium in the gut of Eisenia fetida. Enzyme
Microb. Technol. 48(4): 365-370.

Kote, N. V., A. G. G. Patil, and V. Mulimani. 2009.
Optimization of the production of thermostable
endo--1, 4 mannanases from a newly isolated
Aspergillus niger gr and Aspergillus flavus gr. Appl.
Biochem. biotech. 152(2): 213-223.

Lin, S.S., W. F. Dou, H. Y. Xu, H. Z. Li, Z. H. Xu, and Y.
H. Ma. 2007. Optimization of medium composition
for the production of alkaline [3-mannanase by
alkaliphilic Bacillus sp. N16-5 using response
surface methodology. Appl. Biochem. biotech. 75(5):
1015-1022.

Mabrouk, M. E., and A. M. El Ahwany. 2008. Production of
946-mannanase by Bacillus amylolequifaciens 10A1
cultured on potato peels. Afr. J. Biotechnol. 7(8).

McCleary, B. V. 2012. -D-Mannanase. Methods Enzymol.
160: 596-610.

Mudau, M. M., and M. E. Setati. 2008. Partial purification
and characterization of endo-f-1, 4-mannanases
from Scopulariopsis candida strains isolated from
solar salterns. Afr. J. Biotechnol. 7(13): 2279-2285.

Nelson, N. 1944. A photometric adaptation of the
Somogyi method for the determination of glucose. J.
biol. Chem. 153(2): 375-379.

195

Norita, S., M. Rosfarizan, and A. Ariff. 2010. Evalu-
ation of the activities of concentrated crude
mannan-degrading enzymes produced by
Aspergillus niger. Mal. J. Microbiol. 6(2): 171-180.

Pourabedin, M., Z. Xu, B. Baurhoo, E. Chevaux, and X.
Zhao. 2014. Effects of mannan oligosaccharide and
virginiamycin on the cecal microbial community and
intestinal morphology of chickens raised under sub-
optimal conditions. Can. J. Microbiol. 60(5): 255-266.

Rattanasuk, S., and M. Ketudat-Cairns. 2009. Chryseo-
bacterium indologenes, novel mannanase-producing
bacteria. Sonklanakarin J. Sci. Technol. 31(4): 395.

Schallmey, M., A. Singh, and O. P. Ward. 2004. Develop-
ments in the use of Bacillus species for industrial
production. Can. J. Microbiol. 50(1): 1-17.

Singh, G., A. Bhalla, and G. S. Hoondal. 2010. Solid state
fermentation and characterization of partially purified
thermostable mannanase from Bacillus sp. MG-33.
BioResources. 5(3): 1689-1701.

Somogyi, M. 1952. Notes on sugar determination. J. Biolo.
Chem. 195(1): 19-23.

Soumya, R. S., and E. T. Abraham. 2010. Isolation of
beta-mannanase from Cocos nucifera Linn hausto-
rium and its application in the depolymerization of
beta-(1,4)-linked D-mannans. Int. J. Food Sci. Nutr.
61(3): 272-281.

Titapoka, S., S. Keawsompong, D. Haltrich, and S. Niti-
sinprasert. 2008. Selection and characterization of
mannanase-producing bacteria useful for the forma-
tion of prebiotic manno-oligosaccharides from copra
meal. World J. Microbiol. Biotech. 24(8): 1425-1433.

Weisburg, W. G., S. M. Barns, D. A. Pelletier, and D. J.
Lane. 1991. 16S ribosomal DNA amplification for
phylogenetic study. J. Bacteriol. 173(2): 697-703.

Zhang, M., X. L. Chen, Z. H. Zhang, C. Y. Sun, L. L.
Chen, H. L. He, B. C. Zhou, and Y. Z. Zhang . 2009.
Purification and functional characterization of endo-
B-mannanase MANS5 and its application in oligosac-
charide production from konjac flour. Appl. Microbiol.
Biotech. 83(5): 865-873.



