
processes

Article

Evaluation of Rate of Adhesion of Lactobacillus namurensis
Strain GYP-74 to Porous Fine Ceramics

Yousuke Taoka 1,*, Kentaro Sakai 2, Hiroyuki Kinoshita 3, Hanako Fukuyama 2, Taichi Kobayashi 2,
Atsushi Hirano 2, Noriaki Kuroki 4, Michiyo Kuroki 4 and Akihiko Kimura 5

����������
�������

Citation: Taoka, Y.; Sakai, K.;

Kinoshita, H.; Fukuyama, H.;

Kobayashi, T.; Hirano, A.; Kuroki, N.;

Kuroki, M.; Kimura, A. Evaluation of

Rate of Adhesion of Lactobacillus

namurensis Strain GYP-74 to Porous

Fine Ceramics. Processes 2021, 9, 658.

https://doi.org/10.3390/pr9040658

Academic Editor: Aydin Berenjian

Received: 22 February 2021

Accepted: 5 April 2021

Published: 9 April 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Marine Biology and Environmental Sciences, Faculty of Agriculture, University of Miyazaki,
Miyazaki 889-2192, Japan

2 Center for Collaborative Research & Community Cooperation, University of Miyazaki,
Miyazaki 889-2192, Japan; k-sakai@cc.miyazaki-u.ac.jp (K.S.); fukuyamahanako@icloud.com (H.F.);
kobatai@cc.miyazaki-u.ac.jp (T.K.); hirano-atsu@cap.bbiq.jp (A.H.)

3 Department of Mechanical Systems Engineering, University of Miyazaki, Miyazaki 889-2192, Japan;
t0d165u@cc.miyazaki-u.ac.jp

4 Kuroki Kensetsu Co. Ltd., Miyazaki 883-0015, Japan; kuroki3@cello.ocn.ne.jp (N.K.);
michiyo@kurokikensetu.com (M.K.)

5 Kimura Tsukemono Miyazaki Kougyou Co. Ltd., Miyazaki 889-1403, Japan;
kmrakhk@kimura-tsukemono.com

* Correspondence: yousuketao@cc.miyazaki-u.ac.jp; Tel.: +81-985-58-7232

Abstract: This study aimed to evaluate the ratio of adherence of lactic acid bacteria (LAB) to porous
fine ceramics in order to develop a novel LAB-rich pickle container for the production of functional
fermented vegetables. Some LAB were isolated from the salted rice bran used for pickling (Nukadoko
in Japanese). These isolates were classified in Lactobacillus namurensis by phylogenetic analysis. Some
pottery-shard (PS) samples were prepared by varying the mixing rate of polyacetal (POM) resin to
clay (0–30% (v/v)) and the burning temperature (1000 ◦C or 1100 ◦C). A test of the adherence of strain
GYP-74 to the PSs was performed. The results showed that the adherence rate was significantly
higher in the PSs burned at 1100 ◦C as compared with those burned at 1000 ◦C. A pore distribution
analysis showed that pore sizes of less than a few µm and pore sizes in the range of a few µm to
a few hundred µm were mainly distributed in the PSs without and with POM, respectively. X-ray
diffraction analysis showed that both PSs with and without POM contained quartz and hematite.
The PSs burned at 1000 ◦C and 1100 ◦C specifically contained microcline and mullite, respectively.
This study revealed the basal information regarding what makes PSs adequate for LAB adhesion.

Keywords: lactic acid bacteria; adherence; polyacetal; pore distribution; porous fine ceramics;
probiotics

1. Introduction

Miyazaki Prefecture, Japan, set forth the food business promotion plan in 2013 and
set the efficient utilization of local foods including vegetables with added value as a basic
objective. Under this plan, the creation of novel local industry in the field of fisheries is
expected to occur based on an industry–academia–government collaboration. In Miyazaki,
the production of white radish is ranked fifth in Japan, and fermented radishes in a
salted rice bran bed (Nukazuke in Japanese) are a very well-known food. Nukazuke is
fermented by various microbes in salted rice bran (Nukadoko in Japanese). The storage of
the Nukadoko depends on natural fermentation by microbes. In other words, Nukadoko
produces the complex microflora. It has been reported that the bacterial flora in Nukadoko
mainly contains lactic acid bacteria (LAB) [1,2]. Through the fermentation of LAB, a
fermented flavor which is mainly based on the formation of volatile organic acids was
formed and coupled with an umami flavor. In rice bran products, LAB contributes to the
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taste and long-term preservation. Surprisingly, Nukadoko can be kept without spoilage for
100 years [1].

Eating fermented food containing sufficient LAB cells is considered to be the inges-
tion of “probiotics”. Some species of LABs have been identified as probiotics for various
host animals including aquacultured species [3–5]. Generally, probiotics are defined as
live microbial feed additives that improve the microbial condition of the host animal’s
gastrointestinal tract [6]. Probiotics include components of microbial cells that stimulate
the immune system against pathogens [7]. Probiotics can improve the health of the host in
mammalians, including humans, and in aquaculture species [8,9]. The effects of probiotics
in humans have been reported to include improvement in the resistance to infectious
disease, the modification of blood lipid profiles and blood pressure, growth enhancement
for undernourished young children, the prevention of vaginal infections and inflamma-
tory bowel diseases, inhibition of diarrhea, and protection against Helicobacter pylori
colonization of the stomach [10–14]. In addition, some LAB species produce functional
and bioactive substances such as γ-amino butyric acids (GABA). GABA is synthesized
from L-glutamic acids by L-glutamate decarboxylase [15] and provides beneficial effects in
humans such as stress relief and decreasing the blood pressure [16].

This evidence indicates that the ingestion of fermented foods such as Nukazuke is
good for human health. Thus, we planned to develop a specific fermentation container
to enrich the LAB cells to efficiently and sufficiently supply LAB to consumers. The goal
was to develop a container with a surface to which LAB can easily adhere. Bacterial
adhesion to a solid surface is the first step in the production of extracellular polymeric
substances (EPS) and the formation of biofilm and colonies [17,18]. EPS are especially
well known to be an important factor in bacterial adhesion in bridging between the cell
surface and the surface of the materials. Generally, bacteria easily or willingly adhere to
rough surfaces or to the insides of pores. It is well known that surface roughness is an
important factor for the attachment of bacterial cells to surfaces prior to biofilm formation.
In the first step, bacteria migrate towards the materials, and the bacterial cells move to
the surface of the materials by their motility or by passive moving based on the Brownian
motion [19–21]. In the next step, bacterial cells move close to the surface, and irreversible
binding between cells and surface occurs. Similarly, the bacterial attachment is very
complex due to the hydrophobicity and chemistry of the surface, flow conditions, and cell
structures [20,22–24]. In case of Staphylococcus aureus, the presence of nanoscale roughness
on a steel surface induced an increase in bacterial attachment to a steel surface [25]. In
the field of wastewater treatment, selection of materials is a key factor for induction of
initial formation of bacterial biofilms. In the case of four bacterial strains (Alcaligenes faecalis,
Cytophaga hutchinsonii, Bacillus subtilis and Escherichia coli), carbon fiber is considered as one
of the support materials for biofilms for wastewater treatment [26]. Flagella are known to
be a bacterial adhesive factor. Song et al. reported that the flagella play a role in increasing
the contact with the surface [27]. On the other hand, research on protecting against the
adherence of harmful bacterial by reducing the contact area has been carried out. These
findings indicated that the bacterial adhesion to materials, such as the container used for
bacterial fermentation, can be increased by controlling the roughness and pore size of the
surface and by enlarging the contact area.

This study aimed to examine the characteristics of pottery that are adequate for LAB
adhesion. The adherence ratio of the LAB isolated from the salted rice bran bed was
evaluated with pottery shards (PS) with different resin sizes and contents, and that were
fired at different temperatures. In this study, especially, we focused on porous ceramics as
the material and the relationship between the pore sizes and the adherence ratio of LAB.

2. Materials and Methods
2.1. Isolation of LAB

The salted rice bran used for pickling (Nukadoko) maintained by Kimura Tsukemono
Miyazaki Kougyo Co. Ltd., Miyazaki, Japan, was used for the isolation of LAB. Samples to
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isolate LAB were suspended in a sterile physiological saline solution (0.85% NaCl (w/v)),
shaken vigorously and left for 10 min at room temperature. The solution, except for
precipitate, was serially diluted in a physiological saline solution, and the diluted samples
were plated on de Man, Rogosa and Sharpe (MRS) agar plate medium consisting of 2 g
glucose, 0.5 g yeast extract, 1 g peptone, 1 g meat extract, 0.5 g sodium acetate, 0.2 g
ammonium citrate, 10 mg MgSO4·7H2O, 5 mg MnSO4·5H2O, 0.2 g K2HPO4·7H2O, 2 mL
tween 80 (50 mg/mL distilled water), 1.5 g agar and 100 mL distilled water (pH 6.5). These
plates were incubated at 28 ◦C for 24–48 h.

The white colonies were randomly picked up and streaked on Glucose-Yeast-Peptone
(GYP) agar consisting of 1 g glucose, 1 g yeast extract, 0.5 g peptone, 0.2 g meat extract,
0.2 g sodium acetate, 0.5 mL salt solution (MgSO4·7H2O 40 mg, MnSO4·5H2O 20 mg,
FeSO4·7H2O 2 mg, NaCl2 mg per 1 mL distilled water), 1 mL tween 80 (50 mg/mL distilled
water), 1.5 g agar and 100 mL distilled water (pH 6.8) containing 0.5% CaCO3 (w/v) as an
indicator for acid production. These plates were incubated at 28 ◦C for 24–72 h. This study
has been approved by the research ethics committee in the Department of Marine Biology
and Environmental Sciences, University of Miyazaki.

2.2. DNA Extraction of Strain GYP-74 and Amplification of 16S rRNA Gene by Polymerase Chain
Reaction (PCR)

Total genomic DNA was extracted from cultured cells of strain GYP-74 in GYP liquid
medium according to the method of Vural and Ozgun with a slight modification [28]. The
cells suspended in 400 µL of Tris-EDTA (TE) buffer (10 mM Tris-HCl (pH 8.0) and 1 mM
Ethylenediaminetetraacetic acid (EDAT)) were mixed with 20 µL protease K (6 mg/mL) and
80 µL sodium dodecyl sulfate (5%, w/v) at 60 ◦C for 2 h. The cell lysates were subsequently
treated with phenol/chloroform and precipitated with 99.5% ethanol solution and 3M (w/v)
sodium acetate solution. The DNA pellet was subsequently washed with 70% ethanol
solution. The DNA pellet was dried in a vacuum desiccator and re-suspended in 50 µL
of TE buffer. The solution was used as a template DNA solution for polymerase chain
reaction (PCR) assay.

The 16S rRNA gene was amplified using the universal primers pair: forward primer
27f (5′-AGAGTTTGATCCTGGCTCAG-3′) and reverse primer 1525r (5′-AAAGGAGGTGAT
CCAGCC-3′). The PCR mixture contained 2 µL of 10 × Ex Taq buffer, 0.4 µL deoxynu-
cleoside triphosphate (10 mM), 0.2 µL of each primer (1 µM in final concentration), 1 µL
of template DNA solution (1 ng/µL) and 0.1 µL of Ex Taq DNA polymerase (5 U/µL)
(Takara Bio Inc., Shiga, Japan). PCR was performed in a Takara PCR Thermal Cycler
(Takara Bio Inc., Japan) with the following PCR protocol: DNA denaturation for 2 min
at 95 ◦C (1 cycle), 30 cycles of 1 min at 95 ◦C (denaturation), 1 min at 55 ◦C (annealing)
and 1 min at 72 ◦C (extension), and final extension for 10 min at 72 ◦C (1 cycle). The PCR
products were purified by the polyethylene glycol precipitation method [29]. Sequencing
was performed with an Applied Biosystems 3730xl DNA analyzer (Thermo Fisher Scientific
Inc., Yokohama, Japan).

2.3. Basic Local Alignment Search Tool (BLAST) Analysis and Construction of Phylogenetic Tree

The nucleotide sequence of 16S rRNA of strain GYP-74 was deposited in the database
of the National Center for Biotechnology Information (NCBI). The closest known relatives
of the partial 16S rRNA gene sequence were searched using the BLAST method [30] and the
sequence data set of 16S rRNA of LAB including strain GYP-74 were aligned together using
CLUSTALX version 1.83 [31]. Pairwise evolutionary distances were calculated according
to the model of Kimura 2-parameters [32], and the phylogenetic trees were constructed by
the neighbor-joining statistical method [33] using Mega version 7.0 [34]. Bootstrap values
were set at 1000 replications.
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2.4. Adherent Test of Strain GYP-74 to PS and Morphological Observation with a Scanning
Electron Microscope (SEM)

Strain GYP-74 was selected based on phylogenetic analysis and growth rate, and used
for further experiments. PS was prepared for the adherence test. Clay was fired at 1000 ◦C
or 1100 ◦C with or without polyacetal (POM; pore size 0.2 mm or 0.5mm, blending amount
0, 10, 20 and 30%). PS was prepared by cutting the fired clay.

Thirteen PS samples (#1–#13) were prepared as follows: #1 only clay (without resin),
1000 ◦C; #2 only clay (without resin), 1100 ◦C; #3 10% resin, particle size < 0.2 mm, 1000 ◦C;
#4 20% resin, particle size < 0.2 mm, 1000 ◦C; #5 10% resin, particle size < 0.2 mm, 1100 ◦C;
#6 20% resin, particle size < 0.2 mm, 1100 ◦C; #7 30% resin, particle size < 0.2 mm, 1100 ◦C;
#8 10% resin, particle size 0.2–0.5 mm, 1000 ◦C; #9 20% resin, particle size 0.2–0.5 mm,
1000 ◦C; #10 30% resin, particle size 0.2–0.5 mm, 1000 ◦C; #11 10% resin, particle size
0.2–0.5 mm, 1100 ◦C; #12 20% resin, particle size 0.2–0.5 mm, 1100 ◦C; and #13 30% resin,
particle size 0.2–0.5 mm, 1100 ◦C.

Each PS (approx. 5 × 5 mm) was weighed and added to a test tube containing 1/100
strength MRS broth. As a control, a silicon shard was used. These test tubes were sterilized
by autoclaving, and strain GYP-74 pre-cultured in MRS broth was added to the test tubes
at 105 cfu/mL. The test tubes were incubated at 27 ◦C for 45 h. After incubation, each PS
was aseptically collected and washed with 5 mL of sterile 0.85% (w/v) NaCl solution three
times. The washed PS was crushed well in a mortar using a pestle, and serially diluted
with sterile 0.85% (w/v) NaCl solution. Each dilution was inoculated on an MRS agar plate
medium and incubated at 30 ◦C for 72 h. The colony number on the plate was counted to
calculate the cells adherent to PS.

The remaining PS was fixed with glutaraldehyde solution and dehydrated with
ethanol solutions as described above. The samples were mounted on an aluminum SEM
stub with carbon conductive tape. The cells attached to the surface of PS and to the pores
were observed and photographed with an SEM (SU3500, Hitachi, Tokyo, Japan). The cells
of strain GYP-74 cultured in MRS medium were also observed with an SEM to confirm the
cell morphology.

2.5. Analysis of the Pore Distribution Using a Mercury Porosimeter

The pore distributions were analyzed using a mercury porosimeter (AutoPore IV
9500, Micromeritics Instrument Corporation, Norcross, GA, USA). The various PSs were
fired into a circular cylindrical shape. The diameter and height were about 10 and 15 mm,
respectively.

2.6. X-ray Diffraction Analysis of the PS

The various PSs were powdered and measured using an X-ray diffractometer (X’Part
PRO MRD, PANalytical, Almelo, The Netherlands) with CuKα radiation to identify the
crystalline form. The range of the measured angle was from 10 to 70 degrees. The crystal
form was identified by comparing it with the obtained diffraction pattern and the powder
diffraction file database released by the International Center for Diffraction Data.

2.7. Statistical Analysis

Experimental data were analyzed using one way analysis of variance followed by
the Tukey-Kramer test (BellCurve for Excel, Social Survey Research Information Co., Ltd.,
Tokyo, Japan).

3. Results and Discussion
3.1. Isolation of LAB and Identification Based on Morphological Observation, BLAST Research and
Phylogenetic Analysis

Twenty strains were isolated from the salted rice bran bed. A partial length of the
16S rRNA gene nucleotide sequence (1449 bp) of strain GYP-74 was deposited in the data
bank with accession number LC327006. Figure 1 shows the result of phylogenetic analysis.
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The 16S rRNA gene sequence of strain GYP-74 used in the adherence test was located in
the cluster of Lactobacillus namurensis. BLAST searches also confirmed the identities (on
the basis of the highest score obtained) as L. namurensis NBRC 107158. The morphological
observation with an SEM showed that the cell form of strain GYP-74 was rod-shaped
(Figure 2).
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Figure 2. Morphological observation of strain GYP-74 cultured in de Man, Rogosa and Sharpe (MRS)
medium with a scanning electron microscope (scale bar, 5 µm).

Nakayama et al. reported that two species, L. namurensis and L. acetotolerans were
the dominant LAB in Nukadoko [2]. Sakamoto et al. reported that the doubling time was
significantly different between L. namurensis (6.2 h) and L. acetotolerancs (92.9 h), and that it



Processes 2021, 9, 658 6 of 11

was difficult to culture L. acetotolerancs [1]. Some studies reported that various fermented
foods by LAB such as Nukazuke with L. namurensis as a dominant LAB, fermented milk
and fish sauce showed a blood pressure-reducing effect (angiotensin converting enzyme
inhibitory effect) and antioxidant activities [35–37]. Enrichment of some LAB to porous
ceramics has potential for the improvement of lifestyle-related diseases.

3.2. Adherent Test of Strain GYP-74 to PS

Figure 3 shows the number of cells that were adherent to the PS. In the control, no
adherent cells were observed. In the case of PS without POM or with POM with the same
pore size, the adherent cell numbers in PS burned at 1100 ◦C were significantly higher
than those in PS burned at 1000 ◦C. The blending quantity of POM in PS influenced the
adherence ratio of strain GYP-74. In the case of a 0.2 mm pore size fired at 1100 ◦C, the
adherent ratio was significantly higher at the 30% POM-blending quantity (#7) than for
other groups (#5 and #6). In the case with a 0.5 mm pore size at 1100 ◦C, the adherence
ratio was significantly lower at the 30% POM-blending quantity (#13) than for other groups
(#11 and #12). The highest adherence ratio was observed among all groups at 0.2-mm pore
size, a 1100 ◦C firing temperature and a 30% POM blending quantity (#7). Figure 4 shows
pictures of the surface of the clay without resin fired at 1000 ◦C (#1) and the 30% POM
resin-containing PS fired at 1100 ◦C by electron microscopic observation. Numerous cells
were observed on the surface of #13 as compared with #1. In particular, the cells adhered
locally to the hollow parts of the pores.
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3.3. Pore Distribution Analysis

Figure 5 shows the result of an analysis of the pore distribution using a mercury
porosimeter. In the case of PS without POM (only clay) fired at 1000 ◦C, the pore diam-
eter distribution of the porous body was 0.4–50 µm, and mainly concentrated to 1 µm
(Figure 5 #1). By increasing the firing temperature to 1100 ◦C, the peak value shifted to
4–5 µm (Figure 5 #2). A tendency of the peak value to increase with the increase in the
burning temperature was observed in the case of PS with POM (Figure 5 #4, #6, #9 and
#12). The peak value obviously increased to more than 10 µm with the addition of POM
irrespective of the change in the firing temperatures. The results of the adherence test
showed that the number of adherent cells was higher in the POM-containing PS fired at
1000 ◦C (Figure 3).
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Yamamoto et al. described that the adherence ratio of beneficial bacteria to porous
fine ceramics was significantly higher in ceramics having more than a 10 µm pore size
as compared to those having a less-than-10 µm pore size [38]. This report agrees with
our result. Pereira et al. evaluated the retention of bacterial biomass to four types of
porous microcarriers (sepiolite, caly, pozzolana, and form glass) with different pore sizes,
and found that the attached bacterial biomass was higher in sepiolite (pore size: cell size
crevices) and clay (pore size: 10–100 µm) compared to pozzolana and foam glass (having
a 10–300 µm and 20–1000 µm pore size, respectively) [39]. The present study and studies
by Yamamoto et al. and Pereira et al. indicate that the adequate pore size for bacterial
adhesion is from bacterial cell sizes to less than 100 µm. Rajab et al. reported that the
cell length of L. delbrueckii subsp. lactis, L. paracasei, L. acidophilus, and L. rhamnosus was
5.2–7.6 µm, and significantly longer than other Lactobacillus strains, L. sakei subsp. sakei,
L. reuteri and L. plantarum with 1.6–2.8 µm cell length [40]. In the present study, the cell
length of L. namurensis was estimated to be approximately 2–10 µm by light-microscopic
and SEM observation. Figures 3 and 5 show that the adhered cell number was higher in
the pottery shards having more than a few µm pore size, which indicates that cell size and
pore size affected the cell adherence.

3.4. X-ray Diffraction Analysis

Figure 6 shows the results of X-ray diffraction analysis of the PS. In the case of PS
fired at 1000 ◦C (#3), microcline was specifically formed. In the case of PS fired at 1100 ◦C
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(#5), mullite was specifically formed. The quarts and hematite were detected at both
temperatures. Generally, a diameter of 10–200 µm is the pore size necessary for excellent
microbial growth because fluids containing nutrients have to pass through pores to supply
the energy to the bacteria. Kitaoka et al. reported that porous materials prepared from mud
mainly consist of silica, and no difference in their chemical characteristics was found [41].
Therefore, it is considered that the space in the porous materials strongly influenced the
bacterial adherence.
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Probiotic studies have focused on the adherence to the gastrointestinal tract in host
animals. The adherence mechanisms are related to the components present on the surface of
the epithelium of the intestine such as mucin, collagens and fibronectin [42,43]. However, it
is assumed that the mechanisms of adherence to porous materials are significantly different.
The mucus layer which covers the intestinal epithelium of humans consists of two layers:
the inner and outer layer. Basically, dominant bacteria in the intestine are detected in only
the outer layer, and bacteria show the adherence to mucin which is a main component of
mucus in the intestine. Adhesin is known as an adherence factor in bacterial cells which
exhibits a receptor-bonding ability in mucin. Many LAB have the adhesion mechanism to
intestinal mucus via glycans [44,45]. Holst et al. reported that L. plantarum has a mannose-
specific adhesin [46]. The process of bacterial adhesion to intestinal mucus is mainly
divided into three steps: (1) adhesion via adhesin, (2) aggregation among bacterial cells,
and (3) colonization to the mucus of the intestine [47]. On the other hand, the adhesion
mechanisms of bacteria to materials such as ceramics are significantly different to those
done via glycan.

In the present study, we focus on the relationship between the pore sizes and the ratio
of adherence. However, interactions between bacteria and material’s surface consist of
very complex mechanisms, and bacteria can migrate towards a surface based on physical
forces such as gravitational settling, hydrodynamic forces and Brownian motion, and/or
their own motility with flagella [21]. Some studies reported that the surface roughness and
surface wetting also affect the adherence of bacteria to the material surfaces. Katsikogianni
and Missirlis reported that bacteria preferentially adhere to surface irregularities whose
typical sizes are of the order of their own diameters [48]. Ammar et al. reconstructed the
topography of the bacterial cell and substrate surfaces using Surface Element Integration
(SEI) technique. They compared SEI predictions with those of a simple model for surface
roughness, results indicated that three parameters linked with the surface roughness have
an impact on the height of the energy barrier [49]. Some studies indicated that the cell
surface hydrophobicity of S. aureus, known as a major human pathogen, is a main factor
for its own adhesion ability, and it harbors the adhesion genes and adhesin genes [22,50].
Slullitel et al. reported that there is no superiority of ceramics against adhesion of biofilm-
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producing S. aureus and S. epidermidis, and E. coli [51]. Some reports, mainly related to
dental implants, have indicated that the surface roughness and wettability influenced
bacterial adhesion to materials [48,52]. It is generally known that bacteria prefer to grow
on available surfaces of materials than in the aqueous phase [53], and Kirov indicated that
this adherent process was related to bacterial chemotaxis and haptotaxis [54]. Taylor et al.
found that the surface roughness of poly methyl methacrylate induced a significant increase
in bacterial adhesion [55]. In further studies, the surface roughness and hydrophobicity
should be measured to comprehensively understand the adhesion mechanism of strain
GYP-74. Additionally, implementation of an adherence test with wide varieties of LAB
will support the versatility of the fermentation container prepared with porous ceramics.
The present study showed that the pore size and the distribution varied by controlling the
burning temperature and ratio of the POM content, and the adherent ratio of strain GYP-74
also varied.

4. Conclusions

This study provided the preliminary data on the relationship between L. namurensis
adherence and pore size distribution in porous fine ceramics. In this paper, we isolated
L. namurensis strain GYP-74 from salted rice bran (Nukadoko). We report that the distribu-
tion of pore size and the crystal form in the PS can be controlled by arranging the firing
temperatures. The adhesion rate of strain GYP-74 increased in the PS which had pore sizes
greater than their own cell size. When we make the fermentation container to enrich LAB,
considering the pore size and the cell size of target LAB makes the adhesion efficiency of
LAB cells increase.
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