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DESCRIPTION

[TECHNICAL FIELD]

[0001] The present invention relates to a hyaluronic acid and a method for producing a
quadruply coated lactic acid bacteria having excellent intestinal mucoadhesive ability and
selective antagonism using same. More particularly, the present invention relates to a
hyaluronic acid, which is complexed with a fermented product of a lactic acid bacteria, and a
method for producing a qudruply coated lactic acid bacteria using same. Especially, it relates to
a method for producing quadruply coated lactic acid bacteria which are coated by a water-
soluble polymer, a hyaluronic acid, a coating agent having porous particles, and a protein, and
has excellent intestinal mucoadhesive ability and selective antagonistic action.

[BACKGROUND OF THE INVENTION]

[0002] More than 400 kinds of microorganisms such as Bacteroides, Eubacteria, Bifidobacteria
and Lactobacilli are inhabited in the intestines of human body. In the intestine of healthy
people, beneficial bacteria such as lactic acid bacteria and harmful bacteria have inhabited in
the form of microflora. Since the intestinal microflora is disturbed by harmful environment,
unhygienic food intake, and taking antibiotics, the lactic acid bacteria decrease and the harmful
bacteria such as Escherichia coli and Salmonella increase.

[0003] Probiotics are microbial agents that live in the gastrointestinal tract of humans and
animals, and have beneficial effects on humans and animals. The microbial agents include
Lactobacilli, Bifidobacteria, and Enterococci.

[0004] The intestinal physiological activity functions of lactic acid bacteria include maintaining
the balance of intestinal flora, inhibiting the growth of harmful bacteria, preventing diarrhea,
protecting intestinal epithelial cells, inhibiting the absorption of toxic substances, and inhibiting
carcinogenesis. In order for lactobacilli to act as probiotics, they must bind to the intestinal
mucosa and proliferate and have pathological resistance against harmful bacteria.

[0005] In order for the lactic acid bacteria to adhere to the intestinal mucosa of the host, they
must be adhered to each other by competition with the host strains. Nurmi and Rantala
introduced competitive exclusion of harmful microorganisms for the first time and reported that
Salmonella infection was reduced as a result of inoculation of chicken intestinal contents into
freshly hatched chicks. The intestinal microflora of chickens were better adhered to the
adsorbed part of the barrier surface cells, produced fatty acids and other antimicrobials, and
were reported to be advantageous in competition for nutrients.

[0006] Lactic acid bacteria have the property of adsorbing to the intestinal mucosa of the host.
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It is known that lipoteichoic acid, polysaccharide, and protein, which are components of the cell
wall of lactic acid bacteria, are involved in adhesion to the intestinal mucosa. The cell structure
of lactic acid bacteria consists of a cell membrane and a cell wall surrounding the cell
membrane. The cell walls functionally represent the shape of the lactic acid bacteria and
surround the cell membrane to protect the lactic acid bacteria from the external environment.
The four major components of the cell wall are peptidoglycan, teichoic acid, S-layer, and
polysaccharide, which are involved in binding to the intracellular extracellular matrix. ECM is a
stable macromolecular organization that is the basis of epithelial cells and endothelial cells.
Lactic acid bacteria bind to dendritic cells (DCs) of the intestinal mucosa, and then transmit
various cellular signals including the action of the cells to prevent immune diseases.

[0007] When lactic acid bacteria are adhered smoothly to the intestinal mucosa through
competitive exclusion, they produce a variety of substances that affect other microorganisms in
the intestine. Among them, lactic acid inhibits the survival of other microorganisms by acidifying
the intestinal contents.

[0008] In general, in order for lactic acid bacteria to enhance an intestinal regulation in the
intestines, the ability of the lactic acid bacteria to bind to intestinal mucosa should be better
than that of Escherichia coli and Salmonella to bind to the intestinal mucosa. However, the
lactic acid bacteria, which are classified as Gram-positive bacteria are less able to bind to
intestinal mucosa than Gram-negative bacteria such as Escherichia coli and Salmonella. In
addition, lactic acid bacteria have different adhesion ability according to the source of
separation. The lactic acid bacteria in the genus Lacfobacillus have relatively good adhesion
affinities to the small intestine mucosa, and probiotics of the genus Bifidobacterium have
excellent adhesion affinities to the large intestine mucosa. In addition, since the plant-derived
probiotics have been attached to plant surfaces and evolved symbiotically, the attachment
efficiency to the intestinal mucosa of an animal is reduced.

[0009] On the other hand, conventional coated techniques for lactic acid bacteria have been
classified according to the survival rate when passing through the gastrointestinal tract from
the first generation to the fourth generation. The first generation is uncoated lactic acid
bacteria, the second generation is enteric coated lactic acid bacteria, the third generation is
microencapsulated lactic acid bacteria, and the fourth generation is protein-coated lactic acid
bacteria. Thus, these all lactic acid bacteria have been focused on how many lactic acid
bacteria reach the gastrointestinal tract when they pass through the gastrointestinal tract with
uncoated lactic acid bacteria. In addition, quadruply coated lactic acid bacteria based on the
hyaluronic acid referred to as the fifth generation coated technology (see Korean Patent No.
10-1280232) significantly improved the heat tolerance, acid tolerance, and bile tolerance
compared with the conventional single or tertiary coated lactic acid bacteria, and contributed
greatly to the survival rate of the lactic acid bacteria.

[0010] The conventional technology for manufacturing quadruply coated lactic acid bacteria
based on hyaluronic acid used hyaluronic acid which is a natural polymer as a coating agent
and has remarkably improved heat tolerance, acid tolerance, and bile tolerance compared with
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conventional single or tertiary coated lactic acid bacteria. However, there are still limitations in
the effect of competitive exclusion of intestinal mucosa attachment efficiency, settling time, and
gram negative pathogenic strains.

[0011] In KR 2007 0104140 A is described a multi-microcapsule of lactic acid bacteria and a
method for preparing the same. A first coating material is prepared by sterilizing and
gelatinizing low-fat skimmed milk, glycerin, and a media solution, and homogenizing a mixture
of lactic acid bacteria and the resultant material. A second coating material is prepared by
mixing refined process oil, polyglycerol fatty acid ester, and glycerin succinylated fatty acid into
the first coating material, and homogenizing the mixture. A third coating material is prepared by
mixing, gelatinizing, and homogenizing carbohydrate, protein, germ type binder, and emulsifier,
and homogenizing a mixture of the second coating material and the resultant material. The
third coating material is sprayed in sterilized cool water.

[0012] In KR 2013 0143229 A is described a method for preparing tyndallized lactobacillus
acidophilus dead cell raw material which is stable without browning at the time of preparation
thereof. For preparation a two-stage tyndallization process of tyndallization at normal pressure
and tyndallization through reduced-pressure concentration is used.

[DETAILED DESCRIPTION OF THE INVENTION]

[TECHNICAL PROBLEM]

[0013] Accordingly, the present inventors have researched to overcome the limitations of
conventional coated techniques for lactic acid bacteria and to develop coated techniques for
lactic acid bacteria that remarkably improved intestinal mucosa attachment efficiency, intestinal
mucosal fixation time, and competitive inhibition effect on intestinal harmful bacteria. As a
result, 'hyaluronic acid' in which fermented products of lactic acid bacteria were complexed
with(or combined with) hyaluronic acid, a natural polymer substance was developed. The
present inventors have accomplished the present invention that the hyaluronic acid complexed
with fermented products of lactic acid bacteria can be used as a lactic acid bacterial coating
agent exhibiting a desired effect after confirming that it exhibits inhibiting proliferation of
harmful bacteria and the promoting proliferation of beneficial bacteria.

[0014] Accordingly, an aspect of the present invention is to provide a hyaluronic acid
complexed with a fermented product of a lactic acid bacteria, wherein the hyaluronic acid
complexed with the fermented product of a lactic acid bacteria is prepared by a process
comprising: adding hyaluronic acid to a tyndallized culture medium of a lactic acid bacteria in a
ratio of 0.001 to 1 part by weight of hyaluronic acid to 100 parts by weight of a tyndallized
culture medium of a lactic acid bacteria; and dissolving the hyaluronic acid in the culture
medium of a lactic acid bacteria upon stirring, preferably followed by concentration under a
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reduced pressure at 30 to 60 °C.

[0015] Another aspect of the present invention is to provide lactic acid bacteria coated with the
functional hydrated hyaluronic acid.

[0016] Another aspect of the present invention is to provide a method for preparing a
quadruply coated lactic acid bacteria, the method comprising:

1. (a) conducting a primary coating by mixing a water-soluble polymer with a lactic acid
bacteria;

2. (b) conducting a secondary coating by mixing a hyaluronic acid complexed with a
fermented product of a lactic acid bacteria with the primarily coated lactic acid bacteria of
step (a), wherein the hyaluronic acid complexed with the fermented product of a lactic
acid bacteria is prepared by a process comprising adding hyaluronic acid to a tyndallized
culture medium of a lactic acid bacteria in a ratio of 0.001 to 1 part by weight of
hyaluronic acid to 100 parts by weight of a tyndallized culture medium of lactic acid
bacteria; and dissolving the hyaluronic acid in the culture medium of a lactic acid
bacteria upon stirring, followed by concentration;

3. (¢) conducting a tertiary coating by mixing a coating agent having porous particles with
the secondarily coated lactic acid bacteria of step (b); and

4. (d) conducting a quaternary coating by mixing a protein with the tertiarily coated lactic
acid bacteria of step (c);

wherein the water-soluble polymer in step (a) is at least one selected from the group consisting
of carboxymethylcellulose (CMC), hydroxyethylcellulose (HEC), xanthan gum(XG), guar gum
(GG), polyvinylpyrrolidone (PVP), carbopol, sodium alginate, and propylene glycol alginate,

wherein the coating agent having porous particles in step (c) is at least one selected from the
group consisting of alginate, maltodextrin (MD), chitosan, starch, polyethyleneglycol (PEG),
triacetin, propylene glycol, acetyl triethyl citrate, triethyl citrate, and glycerin.

[0017] Another aspect of the present invention is to provide quadruply coated lactic acid
bacteria produced by the method for preparing the above-mentioned quadruply coated lactic
acid bacteria.

[TECHNICAL SOLUTION]

[0018] An embodiment according to an aspect of the present invention provides hyaluronic
acid complexed with a fermented product of a lactic acid bacteria , wherein the hyaluronic acid
complexed with the fermented product of a lactic acid bacteria is prepared by a process
comprising: adding hyaluronic acid to a tyndallized culture medium of a lactic acid bacteria in a
ratio of 0.001 to 1 part by weight of hyaluronic acid to 100 parts by weight of a tyndallized
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culture medium of a lactic acid bacteria; and dissolving the hyaluronic acid in the culture
medium of a lactic acid bacteria upon stirring, preferably followed by concentration under a
reduced pressure at 30 to 60 °C.

[0019] Another embodiment according to an aspect of the present invention is to provide lactic
acid bacteria coated with a hyaluronic acid obtained as described before.

[0020] Another embodiment according to an aspect of the present invention is to provide a
method for preparing a quadruply coated lactic acid bacteria, the method comprising:

1. (a) conducting a primary coating by mixing a water-soluble polymer with a lactic acid
bacteria;

2. (b) conducting a secondary coating by mixing a hyaluronic acid complexed with a
fermented product of a lactic acid bacteria with the primarily coated lactic acid bacteria of
step (a), wherein the hyaluronic acid complexed with the fermented product of a lactic
acid bacteria is prepared by a process comprising adding hyaluronic acid to a tyndallized
culture medium of a lactic acid bacteria in a ratio of 0.001 to 1 part by weight of
hyaluronic acid to 100 parts by weight of a tyndallized culture medium of lactic acid
bacteria; and dissolving the hyaluronic acid in the culture medium of a lactic acid
bacteria upon stirring, followed by concentration;

3. (¢) conducting a tertiary coating by mixing a coating agent having porous particles with
the secondarily coated lactic acid bacteria of step (b); and

4. (d) conducting a quaternary coating by mixing a protein with the tertiarily coated lactic
acid bacteria of step (c);

wherein the water-soluble polymer in step (a) is at least one selected from the group consisting
of carboxymethylcellulose (CMC), hydroxyethylcellulose (HEC), xanthan gum(XG), guar gum
(GG), polyvinylpyrrolidone (PVP), carbopol, sodium alginate, and propylene glycol alginate,

wherein the coating agent having porous particles in step (c) is at least one selected from the
group consisting of alginate, maltodextrin (MD), chitosan, starch, polyethyleneglycol (PEG),
triacetin, propylene glycol, acetyl triethyl citrate, triethyl citrate, and glycerin.

[0021] Another embodiment according to an aspect of the present invention provides
quadruply coated lactic acid bacteria produced by a method for preparing a quadruply coated
lactic acid bacterium as described before.

[0022] Hereinafter, the present invention will be described in detail.

[0023] The present invention provides a hyaluronic acid complexed with a fermented product
of a lactic acid bacteria, wherein the hyaluronic acid complexed with the fermented product of a
lactic acid bacteria is prepared by a process comprising: adding hyaluronic acid to a tyndallized
culture medium of a lactic acid bacteria in a ratio of 0.001 to 1 part by weight of hyaluronic acid
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to 100 parts by weight of a tyndallized culture medium of a lactic acid bacteria; and dissolving
the hyaluronic acid in the culture medium of a lactic acid bacteria upon stirring, followed by
concentration.

[0024] In the present invention, the hyaluronic acid is obtained by combining the culture
medium of lactic acid bacteria with hyaluronic acid. It refers to hyaluronic acid complexed with
components which exhibit an inhibitory action on the growth of harmful bacteria in the
intestines and components which have no effect on the beneficial bacteria or help the growth
of the bacteria.

[0025] Meanwhile, the present inventors intend to utilize the fermented products of lactic acid
bacteria to extract components that do not affect lactic acid bacteria or contribute to the growth
of lactic acid bacteria, since representative strains of bacteria classified as beneficial bacteria in
intestinal bacterial flora are lactic acid bacteria. Thus the present inventors intend to develop a
coating agent exhibiting a desired effect by combining the lactic acid bacterial culture medium
with hyaluronic acid.

[0026] In other words, hyaluronic acid was prepared by combining adhesion inhibitor against
harmful bacteria, such as lipoteichoic acid and peptidoglycan which are representative
components contained in the cell structure, and the lactic acid bacterial culture medium which
inhibits the growth of harmful bacteria and promotes the growth of beneficial bacteria with
hyaluronic acid.

[0027] More specifically, the hyaluronic acid in the present invention may be prepared by
adding hyaluronic acid in a ratio of 0.001 to 1 part by weight relative to 100 parts by weight of
the tyndallized culture medium of lactic acid bacteria, dissolving it by stirring, and using a
method of vacuum evaporation at 30 to 60 °C. More preferably, it is prepared by mixing 0.001
to 0.5 part by weight and most preferably 0.001 to 0.25 part by weight, of hyaluronic acid
relative to 100 parts by weight of the tyndallized culture medium of lactic acid bacteria. By the
above-mentioned method, the fermented products of lactic acid bacterial are complexed with
hyaluronic acid to indicate antimicrobial action against noxious bacteria in the intestines, and
indicate promoting proliferation of beneficial bacteria. In particular, the culture medium of lactic
acid bacteria obtained by pressurization and tyndallization has adhesion inhibitor for harmful
bacteria such as lipoteichoic acid and peptidoglycan which are representative components
contained in lactic acid bacteria or its culture medium, and has an effect inhibiting the growth of
harmful bacteria and increasing the growth of beneficial bacteria.

[0028] Meanwhile, in the present invention, the tyndallized culture medium of a lactic acid
bacteria is prepared by a process comprising the following steps:

1. (a) heating the culture medium of lactic acid bacteria at 110 to 135 °C for 3 to 7 minutes
under pressure;

2. (b) cooling the pressurized and heated culture medium of step (a) to 25 to 35 °C;

3. (¢) heating the cooled culture medium of step (b) at 105 to 115 °C for 8 to 12 minutes
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under pressure;

4. (d) cooling the pressurized and heated culture medium of step (c) to 25 to 35 °C; and

5. (e) heating the cooled culture medium of step (d) at 75 to 85 °C for 20 to 40 minutes,
followed by cooling to 25 to 35 °C.

[0029] The lactic acid bacteria for producing hyaluronic acid are lactic acid bacteria which
produce fermented products of an antibacterial component and is at least one and more
selected from the groups consisting of Lacfobacillus sp., Bifidobacterium sp., Streptococcus
sp., Lactococcus sp., Enterococcus sp., Pediococcus sp., Leuconostoc sp., Weissella sp.,
Preferably lactic acid bacteria is at least one and more selected from the groups consisting of
Lactobacillus acidophilus IDCC 3302, Lactobacillus bulgaricus, Lactobacillus casei,
Lactobacillus fermentum, Lactobacillus gasseri, Lactobacillus helveticus, Lactobacillus
rhamnosus, Lactobacillus johnsonii, Lactobacillus paracasei, Lactobacillus plantarum,
Lactobacillus reuteri, Lactobacillus salivarius, Bifidobacterium bifidum, Bifidobacterium breve,
Bifidobacterium infantis, Bifidobacterium lactis, Bifidobacterium longum, Enterococcus faecium,
Enterococcus faecalis, Streptococcus faecium, Streptococcus faecalis, Streptococcus
thermophilus, Lactococcus lactis subsp. lactis, Lactococcus lactis subsp. Cremoris,
Pediococcus acidolacticii, Pediococcus pentosaceus, Leuconostoc carnosum, Leuconostoc
citreum, Leuconostoc gasicomatatum, Leuconostoc gellidum, Leuconostoc inhae, Leuconostoc
kimchii, Leuconostoc lactis, Leuconostoc mesenteroides subsp. , mesenteroides, Leuconostoc
paramesenteroides, Weissella cibaria, Weissella confusa, Weissella koreensis, Weissella sol,
and Weissella viridescens, more preferably Lactobacillus acidophilus IDCC 3302, but is not
limited to.

[0030] The hyaluronic acid in the culture medium of lactic acid bacteria not only inhibits the
adhesion of the intestinal mucosa of Salmonella typhimurium, which is regarded as harmful
bacteria in the intestines, but also inhibits its growth (Examples 2 and 3) .

[0031] According to another example of the present invention, in order to evaluate the effect of
functional hydrated hyaluronic acid on the growth of beneficial bacteria in the intestines,
Lactobacillus rhamnosus represented by Lactobacillus, Bifidobacterium longum represented by
Bacillus bifidus, and Enterococcus faecium represented by Lactococcus lactis were treated with
functional hydrated hyaluronic acid. As a result, proliferation of each microorganism was
significantly promoted in the groups treated with functional hydrated hyaluronic acid (Example
4). Meanwhile, according to the example of the present invention, it has been confirmed that
conventional hyaluronic acid does not exhibit such an effect of inhibiting harmful bacteria and
promoting the proliferation of beneficial bacteria, whereas the functional hydrated hyaluronic
acid according to the present invention exhibited such unique functional characteristics by
combining lactic acid bacteria fermented products.

[0032] As a result of the above-mentioned experimental results, the hyaluronic acid can be
used as a coating agent for enhancing the proliferation of enteric bacteria in the intestines and
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exhibiting a selective antagonism to inhibit the growth of harmful bacteria, thereby increasing
the adhesion and adhesion time of the intestinal mucosa of lactic acid bacteria.

[0033] Accordingly, the present invention provides lactic acid bacteria coated with the
hyaluronic acid.

[0034] The present invention also provides a method for producing quadruply coated lactic
acid bacteria having an excellent adherence of the intestinal mucosa and a selective
antagonism using the functional hydrated hyaluronic acid.

[0035] The process for preparing quadruply coated lactic acid bacteria of the present invention
comprises:

1. (a) conducting a primary coating by mixing a water-soluble polymer with a lactic acid
bacteria;

2. (b) conducting a secondary coating by mixing a hyaluronic acid complexed with a
fermented product of a lactic acid bacteria with the primarily coated lactic acid bacteria of
step (a), wherein the hyaluronic acid complexed with the fermented product of a lactic
acid bacteria is prepared by a process comprising adding hyaluronic acid to a tyndallized
culture medium of a lactic acid bacteria in a ratio of 0.001 to 1 part by weight of
hyaluronic acid to 100 parts by weight of a tyndallized culture medium of lactic acid
bacteria; and dissolving the hyaluronic acid in the culture medium of a lactic acid
bacteria upon stirring, followed by concentration;

3. (¢) conducting a tertiary coating by mixing a coating agent having porous particles with
the secondarily coated lactic acid bacteria of step (b); and

4. (d) conducting a quaternary coating by mixing a protein with the tertiarily coated lactic
acid bacteria of step (c);

wherein the water-soluble polymer in step (a) is at least one selected from the group consisting
of carboxymethylcellulose (CMC), hydroxyethylcellulose (HEC), xanthan gum(XG), guar gum
(GG), polyvinylpyrrolidone (PVP), carbopol, sodium alginate, and propylene glycol alginate,

wherein the coating agent having porous particles in step (c) is at least one selected from the
group consisting of alginate, maltodextrin (MD), chitosan, starch, polyethyleneglycol (PEG),
triacetin, propylene glycol, acetyl triethyl citrate, triethyl citrate, and glycerin.

[0036] In addition, the process for preparing quadruply coated lactic acid bacteria of the
present invention comprises:

1. (a) conducting a primary coating by mixing a carboxymethyl cellulose(CMC) with a lactic
acid bacteria;

2. (b) conducting a secondary coating by mixing the hyaluronic acid complexed with a
fermented product of a lactic acid bacteria with the primarily coated lactic acid bacteria of
step (a), wherein the hyaluronic acid complexed with the fermented product of a lactic
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acid bacteria is prepared by a process comprising adding hyaluronic acid to a tyndallized
culture medium of a lactic acid bacteria in a ratio of 0.001 to 1 part by weight of
hyaluronic acid to 100 parts by weight of a tyndallized culture medium of lactic acid
bacteria; and dissolving the hyaluronic acid in the culture medium of a lactic acid
bacteria upon stirring, followed by concentration;

3. (¢) conducting a tertiary coating by mixing a coating agent having porous particles with
the secondarily coated lactic acid bacteria of step (b); and

4. (d) conducting a quaternary coating by mixing a protein with the tertiarily coated lactic
acid bacteria of step (c)

wherein the coating agent having porous particles in step (c) is at least one selected from the
group consisting of alginate, maltodextrin (MD), chitosan, starch, polyethyleneglycol (PEG),
triacetin, propylene glycol, acetyl triethyl citrate, triethyl citrate, and glycerin.

[0037] In addition, the process for preparing a quadruply coated lactic acid bacterium of the
present invention comprises

1. (a) conducting a primary coating by mixing a water-soluble polymer with a lactic acid
bacteria;

2. (b) conducting a secondary coating by mixing the hyaluronic acid complexed with a
fermented product of a lactic acid bacteria with the primarily coated lactic acid bacteria of
step (a), wherein the hyaluronic acid complexed with the fermented product of a lactic
acid bacteria is prepared by a process comprising adding hyaluronic acid to a tyndallized
culture medium of a lactic acid bacteria in a ratio of 0.001 to 1 part by weight of
hyaluronic acid to 100 parts by weight of a tyndallized culture medium of lactic acid
bacteria; and dissolving the hyaluronic acid in the culture medium of a lactic acid
bacteria upon stirring, followed by concentration;

3. (¢) conducting a tertiary coating by mixing a maltodextrin(MD) having porous particles
with the secondarily coated lactic acid bacteria of step (b); and

4. (d) conducting a quaternary coating by mixing a protein with the tertiarily coated lactic
acid bacteria of step (c),

wherein the water-soluble polymer in step (a) is at least one selected from the group consisting
of carboxymethylcellulose (CMC), hydroxyethylcellulose (HEC), xanthan gum(XG), guar gum
(GG), polyvinylpyrrolidone (PVP), carbopol, sodium alginate, and propylene glycol alginate.

[0038] In addition, the process for preparing quadruply coated lactic acid bacteria of the
present invention comprises:

1. (a) conducting a primary coating by mixing a water-soluble polymer with a lactic acid
bacteria;

2. (b) conducting a secondary coating by mixing the hyaluronic acid complexed with a
fermented product of a lactic acid bacteria with the primarily coated lactic acid bacteria of
step (a), wherein the hyaluronic acid complexed with the fermented product of a lactic
acid bacteria is prepared by a process comprising adding hyaluronic acid to a tyndallized
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culture medium of a lactic acid bacteria in a ratio of 0.001 to 1 part by weight of
hyaluronic acid to 100 parts by weight of a tyndallized culture medium of lactic acid
bacteria; and dissolving the hyaluronic acid in the culture medium of a lactic acid
bacteria upon stirring, followed by concentration;

3. (¢) conducting a tertiary coating by mixing a coating agent having porous particles with
the secondarily coated lactic acid bacteria of step (b); and

4. (d) conducting a quaternary coating by mixing a whey protein with the tertiarily coated
lactic acid bacteria of step (¢) ;

wherein the water-soluble polymer in step (a) is at least one selected from the group consisting
of carboxymethylcellulose (CMC), hydroxyethylcellulose (HEC), xanthan gum(XG), guar gum
(GG), polyvinylpyrrolidone (PVP), carbopol, sodium alginate, and propylene glycol alginate,

wherein the coating agent having porous particles in step (c) is at least one selected from the
group consisting of alginate, maltodextrin (MD), chitosan, starch, polyethyleneglycol (PEG),
triacetin, propylene glycol, acetyl triethyl citrate, triethyl citrate, and glycerin.

[0039] Preferably, the process for preparing a quadruply coated lactic acid bacterium of the
present invention comprises:

1. (a) conducting a primary coating by mixing carboxymethyl cellulose(CMC) with a lactic
acid bacteria;

2. (b) conducting a secondary coating by mixing the hyaluronic acid complexed with a
fermented product of a lactic acid bacteria with the primarily coated lactic acid bacteria of
step (a), wherein the hyaluronic acid complexed with the fermented product of a lactic
acid bacteria is prepared by a process comprising adding hyaluronic acid to a tyndallized
culture medium of a lactic acid bacteria in a ratio of 0.001 to 1 part by weight of
hyaluronic acid to 100 parts by weight of a tyndallized culture medium of lactic acid
bacteria; and dissolving the hyaluronic acid in the culture medium of a lactic acid
bacteria upon stirring, followed by concentration;

3. (¢) conducting a tertiary coating by mixing maltodextrin(MD) having porous particles with
the secondarily coated lactic acid bacteria of step (b); and

4. (d) conducting a quaternary coating by mixing whey protein with the tertiarily coated
lactic acid bacteria of step (c).

1. (a) conducting a primary coating by mixing a water-soluble polymer with a lactic acid
bacteria:
The water-soluble polymer was selected by evaluating the cross-linking ability with the
functional hydrated hyaluronic acid to increase the surface binding strength of lactic acid
bacteria. Specifically, a water-soluble polymer, which is used as the cell membrane
coating agent and has excellent cross-linking ability of functional hydrated hyaluronic
acid of the present invention is selected from the group consisting of
carboxymethylcellulose (CMC), hydroxyethylcellulose (HEC), xanthan gum (XG), guar
gum (GG), polyvinylpyrrolidone (PVP), carbopol, sodium alginate, and propylene glycol
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alginate. It is preferably carboxymethyl cellulose (CMC), hydroxyethylcellulose (HEC),
xantha gum (XG), guar gum (GG), polyvinylpyrroridone and carbopol, more preferably
carboxymethyl cellulose (CMC), polyvinylpyrrolidone (PVP), carbopol, and most
preferably carboxymethyl cellulose (CMC).

[0040] The primary coating is performed by mixing the water-soluble polymer and at a ratio of
0.1 to 10 parts by weight relative to 100 parts by weight of the tyndallized lactic acid bacterium
culture medium. The mixing ratio of the water-soluble polymer relative to 100 parts by weight
of the tyndallized culture medium of the lactic acid bacteria is, for example, 0.1, 0.2, 0.3, 0.4,
05,06,07,08,09,10,11,12,13,14,15,16,1.7,1.8,19,2.0,2.1,22,23,24,25,
26,27,2.8,2.9,3.0,31,32,33,34,35,36,3.7,3.8,39,40,41,42 43,44,45,4686,
47,48,49,50,51,52,53,54,55 56,57,58,59,6.0,6.1,6.2,6.3,6.4,6.5, 6.6, 6.7,
6.8,69,70,71,72,73,74,75,76,7.7,78,7.9,80, 8.1, 8.2, 8.3, 84,85, 86, 8.7, 8.8,
8.9,9.0,91,9.2,93,94,95,96,9.7,9.8, 9.9, 10.0, and is not limited to the above values if it
is within the range of 0.1 to 10 parts by weight relative to 100 parts by weight of the tyndallized
culture medium of lactic acid bacteria.

[0041] Preferably, the water-soluble polymer is mixed at a ratio of 0.1 to 5 parts by weight, and
most preferably 0.1 to 0.5 part by weight relative to 100 parts by weight of the tyndallized
culture medium of lactic acid bacteria.

[0042] Preferably, the primary coating may be performed by mixing carboxymethyl cellulose
(CMC) as the water-soluble polymer and a ratio of 0.1 to 10 parts by weight relative to 100
parts by weight of the tyndallized culture medium of lactic acid bacteria. Specifically, the mixing
ratio of CMC relative to 100 parts by weight of the tyndallized culture medium of the lactic acid
bacteria is, for example, 0.1, 0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,1.0,1.1, 1.2, 1.3, 1.4, 1.5, 1.6,
1.7,18,1.9,2.0,21,22,23,24,25,26,2.7,2.8,2.9, 3.0, 3.1,3.2,33, 34,35, 36, 3.7,
3.8,39,40,41,42,43,44,45,46,4.7,48,49,50,5.1,52,53,54,55,56,5.7,5.8,
59,6.0,6.1,62,63,64,65,66,6.7,68,69,70,71,72,73,74,75,76,7.7,7.8,7.9,
8.0,8.1,8.2,83,84,85,86,8.7,88,8.9,9.0,9.1,9.2,93,94,95,96,9.7,9.8,9.9,10.0
and is not limited to the above values if it is within the range of 0.1 to 10 parts by weight
relative to 100 parts by weight of the tyndallized culture medium of lactic acid bacteria.
Preferably, as the water-soluble polymer, CMC is mixed at a ratio of 0.1 to 5 parts by weight,
and most preferably 0.1 to 0.5 part by weight relative to 100 parts by weight of the tyndallized
culture medium of lactic acid bacteria.

[0043] In the example of the present invention, it was confirmed that carboxymethyl cellulose
(CMC) was excellent in crosslinking with functional hydrated hyaluronic acid which is a
secondary coating agent (see Table 3).

[0044] Therefore, when this base was applied at a concentration of 0.1 % (w/v) to 0.4 % (w/v),
it showed the highest crosslinking ability at 0.2 % (w/v) (see Table 4).
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[0045] (b) conducting a secondary coating by mixing the functional hydrated hyaluronic acid
with the primarily coated lactic acid bacteria of step (a):

In the step (b), the secondary coating is performed by mixing the hyaluronic acid and the
primary coated lactic acid bacteria of the step (a). The hyaluronic acid is capable of controlling
harmful bacteria in the intestines by combining fermented products of antibacterial lactic acid
bacteria that inhibits harmful bacteria in the intestines.

[0046] The functional hydrated hyaluronic acid is mixed at a ratio of 0.001 to 1 part by weight
relative to 100 parts by weight of the tyndallized culture medium of lactic acid bacteria.
Specifically, the mixing ratio of the hyaluronic acid is mixed with, for example, 0.001, 0.002,
0.003, 0.004, 0.005, 0.006, 0.007, 0.008, 0.009, 0.010, 0.011, 0.012, 0.013, 0.014, 0.015,
0.016, 0.017, 0.018, 0.019, 0.020, 0.021, 0.022, 0.023, 0.024, 0.025, 0.026, 0.027, 0.028,
0.029, 0.030, 0.031, 0.032, 0.033, 0.034, 0.035, 0.036, 0.037, 0.038, 0.039, 0.040, 0.041,
0.042, 0.043, 0.044, 0.045, 0.046, 0.047, 0.048, 0.049, 0.050, 0.051, 0.052, 0.053, 0.054,
0.055, 0.056, 0.057, 0.058, 0.059, 0.060, 0.061, 0.062, 0.063, 0.064, 0.065, 0.066, 0.067,
0.068, 0.069, 0.070, 0.071, 0.072, 0.073, 0.074, 0.075, 0.076, 0.077, 0.078, 0.079, 0.080,
0.081, 0.082, 0.083, 0.084, 0.085, 0.086, 0.087, 0.088, 0.089, 0.090, 0.091, 0.092, 0.093,
0.094, 0.095, 0.096, 0.097, 0.098, 0.099, 0.100 parts by weight of hyaluronic acid relative to
100 parts by weight of the tyndallized culture medium of lactic acid bacteria. It is not limited to
the above values as long as it is within the range of 0.001 to 1 part by weight relative to 100
parts by weight of the culture medium of lactic acid bacteria. Preferably, the hyaluronic acid is
mixed at a ratio of 0.001 to 0.05 part by weight, and more preferably 0.001 to 0.005 part by
weight relative to 100 parts by weight of the tyndallized culture medium of lactic acid bacteria.

[0047] (c) conducting a tertiary coating by mixing a coating agent having porous particles with
the secondarily coated lactic acid bacteria of step (b):

The porous coating agent is a coating agent of a base having porous particulate nature in the
cells, and serves to block the inflow of external moisture and wet air. The porous particles can
be used as the above-mentioned tertiary coating agent. They include alginate, maltodextrin
(MD), polyethyleneglycol (PEG), triacetin, acetyl triethyl citrate or triethyl citrate, preferably
alginate, maltodextrin (MD) and polyethyleneglycol (PEG), and most preferably maltodextrin
(MD).

[0048] The porous coating agent is mixed at a ratio of 0.1 to 10 parts by weight relative to 100
parts by weight of the tyndallized culture medium of lactic acid bacteria. Specifically, the mixing
ratio of the porous coated agent is, for example, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0,
11,12,13,14,15,16,1.7,1.8,19,2.0,21,22,23,24,25,26,2.7,2.8,2.9, 3.0, 3.1,
3.2,33,34,35,36,3.7,38,39,40,4.1,42,43,44,45,46,47,48,49,5.0,5.1,52,
53,54,55,56,57,58,59,6.0,6.1,6.2,6.3,64,65,66,6.7,68,6.9,7.0,7.1,7.2,7.3,
74,75,76,7.7,78,7.9,8.0,81,82,83,84,8.5,86,8.7,88,8.9,9.0,9.1,92 93,94,
9.5,9.6,9.7, 9.8, 9.9, 10.0 but is not limited to the above values if it is within the range of 0.1 to
10 parts by weight relative to 100 parts by weight of the culture medium of lactic acid bacteria.

[0049] Preferably, the porous coating agent is mixed at 0.1 to 5 parts by weight, and more
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preferably 0.1 to 0.5 parts by weight relative to 100 parts by weight of the tyndallized culture
medium of lactic acid bacteria.

[0050] Preferably, maltodextrin (MD) as the porous coating agent is mixed at a ratio of 0.1 to
10 parts by weight relative to 100 parts by weight of the tyndallized culture medium of lactic
acid bacteria. Specifically, the mixing ratio of MD is, for example, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7,08,09,10,11,12,13,14,15,16,1.7,18,1.9,2.0,2.1,22,23,24,25,26,27,
28,29, ,3.0,3.1,32,33,34,35,36,3.7,3.8,3.9,40,41,42,43,44,45,46,4.7,4.38,
49,50,5.1,52,53,54,55,56,5.7,58,59,6.0,6.1,62,6.3,6.4,6.5 6.6,6.7,6.8, 6.9,
70,71,72,73,74,75,76,7.7,7.8,7.9,8.0,81,82,83, 84,85, 86, 8.7, 88, 8.9, 9.0,
9.1,9.2,93,94,9.5 96, 9.7,9.8, 9.9, 10.0, but is not limited to the above values if it is within
the range of 0.1 to 10 parts by weight relative to 100 parts by weight of the culture medium of
lactic acid bacteria.

[0051] Preferably, the MD is mixed with 0.1 to 5 parts by weight, and more preferably 0.1 to
0.5 part by weight relative to 100 parts by weight of the culture medium of lactic acid bacteria
as the porous coating agent.

[0052] (d) conducting a quaternary coating by mixing a protein with the tertiary coated lactic
acid bacteria of step (c):

The protein is mixed with the tertiary-coated lactic acid bacteria to fill the voids of the tertiary
coating with a porous particle structure, but is not limited to, and is preferably a protein
selected from the groups consisting of skimmed milk powder, whey protein, isolated soybean
protein, and more preferably whey protein.

[0053] The protein as the quaternary coating agent is mixed at a ratio of 1 part by weight to 30
parts by weight of protein relative to 100 parts by weight of the culture medium of lactic acid
bacteria. Specifically, the mixing ratio of protein as the quaternary coated agent is, for example,
1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29 and 30. When the ratio is within the range of 1 to 30 parts by weight relative to 100 parts by
weight of the tyndallized culture medium of lactic acid bacteria, it is not limited to the above
values. Preferably, the protein, which is the quaternary coating agent, is mixed at a ratio of 1
part by weight to 10 parts by weight, and most preferably 5 parts by weight to 10 parts by
weight, based on 100 parts by weight of the culture medium of lactic acid bacteria.

[0054] Preferably, as the quaternary coating agent, the whey protein may be mixed at a ratio
of 1 to 30 parts by weight of protein relative to 100 parts by weight of the tyndallized culture
medium of lactic acid bacteria. Specifically, for example, whey protein is mixed at a ratio of 1, 2,
3,4,5,6,7,8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, but it is not limited to the above values if the ratio is within the range of 1 to 30 parts by
weight based on 100 parts by weight of the tyndallized culture medium of lactic acid bacteria.
Preferably, as the quaternary coating agent, the whey protein is mixed at a ratio of 1 to 10
parts by weight, and most preferably 5 to 10 parts by weight relative to 100 parts by weight of
the tyndallized culture medium of lactic acid bacteria.
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[0055] The quadruply coated lactic acid bacteria produced by the method of the present
invention have excellent adhesion to the intestinal mucosa as compared with conventional
uncoated, single coated, dual coated, tertiary coated lactic acid bacteria as well as quadruple
coated lactic acid bacteria. According to one example of the present invention, the quadruply
coated lactic acid bacteria using the functional hydrated hyaluronic acid are superior to the
conventional quadruple-coated lactic acid bacteria on adhesion to the intestinal mucosa in vitro
and in vivo. This effect is very significant in that it is excellent even in the presence of resident
flora in an environment similar to a human intestinal mucosa.

[0056] Meanwhile, in order for the coated lactic acid bacteria to adhere to the intestinal
mucosa after reaching the host's intestine, they must compete with the host's resident flora. In
addition, in order for lactic acid bacteria to adhere to the intestinal mucosa to exhibit beneficial
physiological activity, it is preferable to suppress the growth of noxious bacteria in the intestinal
mucosa and to promote the proliferation of beneficial bacteria. Therefore, it can be said that
the quadruply coated lactic acid bacteria of the present invention is very superior to
conventional uncoated, single coated , dual coated , tertiary coated and quadruple coated
lactic acid bacteria. Specifically, according to one example of the present invention, since the
quadruply coated lactic acid bacteria using the functional hydrated hyaluronic acid has a
superior competitive inhibition ability to harmful bacteria compared to conventional uncoated or
quadruply coated lactic acid bacteria, it was found that the ability of the lactic acid bacteria to
enhance the intestinal mucosal adhesion can be improved even in the presence of resident
flora. In addition, according to the method of the present invention, the functional hydrated
hyaluronic acid, which is a secondary coating agent of quadruply coated lactic acid bacteria,
has an effect of inhibiting proliferation of harmful bacteria while promoting the proliferation of
beneficial bacteria. Thus it was found that the antagonistic effect was selectively exerted only
on the harmful bacteria.

[0057] In addition to excellent adherence to the intestinal mucosa and selective antagonism
against harmful bacteria, the quadruply coated lactic acid bacteria of the present invention are
structurally stable due to the quadruple coating, effectively blocking external environmental
factors such as moisture and air, and excellent in acid tolerance and bile tolerance.

[0058] The quadruply coated lactic acid bacteria of the present invention are also
characterized in that it is prepared as described above. The quadruply coated lactic acid
bacteria of the present invention maintain the excellent acid tolerance and bile tolerance of
conventional quadruply coated lactic acid bacteria. In addition, compared with uncoated and
quadruple coated lactic acid bacteria, it has excellent ability to inhibit harmful bacteria among
intestinal flora, so that it can be efficiently normalized when harmful bacteria increase. It also
contributes to the efficient normalization of intestinal microflora by helping the proliferation of
lactic acid bacteria, which are beneficial bacteria in intestinal microflora.

[0059] According to another example of the present invention, when the hyaluronic acid of the
present invention can be used as a coating agent for dual or tertiary coated lactic acid bacteria
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as well as a quadruply coated lactic acid bacterium, it showed much improved adhesion to the
intestinal mucosa compared with that of lactic acid bacteria coated with conventional hyaluronic
acid. Thus, it was found that hyaluronic acid itself can be used as a coating agent exhibiting
excellent adherence to the intestinal mucosa and antagonism against harmful bacteria.

[0060] In addition, dual or tertiary coated lactic acid bacteria using the functional hydrated
hyaluronic acid of the present invention exhibited equivalent acid tolerance and bile acid
tolerance as compared with dual or tertiary coated lactic acid bacteria using conventional
hyaluronic acid, and it was suggested that the protective effect of lactic acid bacteria inherent
in hyaluronic acid was maintained in the process of manufacturing the hyaluronic acid.

[0061] The lactic acid bacteria coated with the hyaluronic acid of the present invention not only
exhibits the same degree of acid tolerance and bile tolerance as the lactic acid bacteria coated
with conventional hyaluronic acid, but also exhibits excellent adhesion to the intestinal mucosa
and selective antagonism against harmful bacteria. Such lactic acid bacterial coating agents
and lactic acid bacteria coated methods have not been reported in the past, and the inventors
of the present invention reported this effect by using the functional hydrated hyaluronic acid for
coating of lactic acid bacteria, which is the first report in the present invention.

[EFFECTS OF THE INVENTION]

[0062] The hyaluronic acid of the present invention has an effect of exhibiting a selective
antagonism by exhibiting inhibiting proliferation of harmful bacteria and promoting proliferation
of beneficial bacteria. The lactic acid bacteria coated with the hyaluronic acid of the present
invention have an effect of exhibiting superior adhesion to the intestinal mucosa and selective
antagonism against the harmful bacteria as compared with lactic acid bacteria coated with
conventional hyaluronic acid.

[0063] Particularly, the hyaluronic acid of the present invention can be used as quadruply
coated lactic acid bacteria by mixing lactic acid bacteria with a water soluble polymer, a
hyaluronic acid, a coating agent having porous particles and a protein, and thus it not only
exhibits excellent adhesion to the intestinal mucosa and selective antagonism against harmful
bacteria which are not present in conventional uncoated, single, dual, tertiary and quadruple
coated lactic acid bacteria, but also has excellent acid tolerance and bile tolerance. Therefore,
it does not lose

the physiological activity function inherent in lactic acid bacteria.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0064]

FIG. 1 is a photograph having the shape of functional hydrated hyaluronic acid.
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FIG. 2 shows the results of evaluation of the growth inhibitory ability of functional hydrated
hyaluronic acid on Salmonella typhimurium KCTC 2054.

FIG. 3 is a photograph showing evaluation of the proliferation promoting effect of Lactobacillus
rhamnosus, which is a material of functional hydrated hyaluronic acid containing the culture
medium of Lactobacillus acidophilus IDCC 3302 (A: control group of conventional hyaluronic
acid treatment, B: treatment group of functional hydrated hyaluronic acid).

FIG. 4 is a photograph showing evaluation of the proliferation promoting effect of
Bifidobacterium longum, which is a material of functional hydrated hyaluronic acid containing
the culture medium of Lactobacillus acidophilus IDCC 3302 (A: control group of conventional
hyaluronic acid treatment, B: treatment group of functional hydrated hyaluronic acid).

FIG. 5 is a photograph showing evaluation of the proliferation promoting effect of Enterococcus
faecium, which is a material of functional hydrated hyaluronic acid containing the culture
medium of Lactobacillus acidophilus IDCC 3302 (A: control group of conventional hyaluronic
acid treatment, B: treatment group of functional hydrated hyaluronic acid).

FIG. 6 compares intestinal fixation of dual coated Lactobacillus acidophilus IDCC 3302 using
functional hydration hyaluronic acid, and dual coated Lactobacillus acidophilus IDCC 3302
using conventional hyaluronic acid and uncoated Lactobacillus acidophilus IDCC 3302.

FIG. 7 is a diagram evaluating the effect of dual coated Lactobacillus acidophilus IDCC 3302
using functional hydration hyaluronic acid, and dual coated Lactobacillus acidophilus 1DCC
3302 using conventional hyaluronic acid and uncoated Lacfobacillus acidophilus IDCC 3302 on
the growth of intestinal salmonella.

FIG. 8 is a diagram comparing intestinal fixation of tertiary coated Lacfobacillus acidophilus
IDCC 3302 using functional hydration hyaluronic acid, and tertiary coated Lactobacillus
acidophilus IDCC 3302 using using conventional hyaluronic acid and uncoated Lacfobacillus
acidophilus IDCC 3302.

FIG. 9 is a diagram evaluating the effect of tertiary coated Lactobacillus acidophilus IDCC 3302
using functional hydration hyaluronic acid, and tertiary coated Lactobacillus acidophilus 1DCC
3302 using using conventional hyaluronic acid and uncoated Lactobacillus acidophilus 1DCC
3302 on the growth of intestinal salmonella.

FIG. 10 is a diagram comparing intestinal fixation of quadruply coated Lactobacillus acidophilus
IDCC 3302 using functional hydration hyaluronic acid, and quadruply coated Lactobacillus
acidophilus IDCC 3302 using conventional hyaluronic acid and uncoated Lacfobacillus
acidophilus IDCC 3302.

FIG. 11 is a diagram evaluating the effect of quadruply coated Lactobacillus acidophilus IDCC
3302 using the functional hydration hyaluronic acid, and quadruply coated Lacfobacillus
acidophilus IDCC 3302 using using conventional hyaluronic acid and uncoated Lacfobacillus
acidophilus IDCC 3302 on the growth of intestinal Saimonella.
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FIG. 12 is a SEM photograph showing the shape of the uncoated Lacfobacillus acidophilus
IDCC 3302 used in the present invention.

FIG. 13 is a SEM photograph showing the shape of the primary coated lactic acid bacteria
mixed with Lactobacillus acidophilus IDCC 3302 and carboxymethyl cellulose.

FIG. 14 is an SEM photograph showing the shape of secondary coated lactic acid bacteria
mixed with functional hydrolyzed hyaluronic acid in Lactobacillus acidophilus IDCC 3302, which
is primary coated with carboxymethylcellulose.

FIG. 15 is an SEM photograph showing the shape of tertiary coated lactic acid bacteria mixed
with maltodextrin in Lactobacillus acidophilus IDCC 3302 secondary coated with
carboxymethylcellulose and functional hydrated hyaluronic acid.

FIG. 16 is an SEM photograph showing the shape of quaternary coated lactic acid bacteria
mixed with whey proteins in lactobacillus acidophilus IDCC 3302, which is tertiary coated with
carboxymethylcellulose, functional hydrated hyaluronic acid, and maltodextrin.

[MODE FOR CARRYING OUT INVENTION]

[0065] Hereinafter, the present invention will be described in detail.

[0066] However, the following examples are illustrative of the present invention, and the
present invention is not limited to the following examples.

<Example 1>

The preparation of functional hydrated Hyaluronic acid

[0067] The adhesion inhibitor against harmful bacteria, such as lipoteichoic acid and
peptidoglycan which are representative components contained in the Lactobacillus acidophilus
IDCC 3302 cell structure, and the lactic acid bacterial culture medium which inhibits the growth
of harmful bacteria and promotes the growth of beneficial bacteria were complexed with
hyaluronic acid. To do this, the Lactobacillus acidophilus IDCC 3302 broth was subjected to a
pressure and heat treatment (pressure gauge of 1.2 atm) at 121°C for 5 minutes, and the
bacterial medium was cooled to 30°C. The bacterial medium was further a pressure and heat
treatment at 110 °C for 10 minutes (pressure gauge of 0.8 atm), cooled to 30 °C, and further a
pressure and heat treatment at 80 °C for 30 minutes, and finally cooled to 30 °C to prepare an
lactic acid bacteria medium that inhibits adhesion.



DK/EP 3351618 T3

[0068] The culture medium was concentrated by vacuum evaporation to 1/10 of the initial
volume at 60 °C, and 0.01 to 1 % (w/v) of hyaluronic acid was added thereto. After thoroughly
stirring and dissolving, the culture was further concentrated by vacuum evaporation at 50 °C
and dried. As shown in FIG. 1, a raw material of functional hydrated hyaluronic acid was
prepared.

<Example 2>

Adhesion inhibitory ability of Functional hydrated Hyaluronic Acid

[0069] In order to evaluate an ability of adhesion inhibitory of functional hydrated hyaluronic
acid on harmful bacteria, an in vitro model of Caco-2 cell line, which is a human epithelial cell
line, was used. The in vifro model of Caco-2 cell line shows mature intestinal cell
characteristics such as polarization, functional brush border and hydrolytic enzyme secretion.
Since it is necessary for the ligand of the lactic acid bacteria to interact with a specific receptor
in order for the lactic acid bacteria to bind to the intestinal mucosa cells, Caco-2 cells in the
intestines are known to be one of the most useful in vitro models for studying the intestinal
fixation of lactic acid bacteria (Microbiol. 59(12):4121-4128, Gut. 35:483-489, and FEMS
microbiology Lett. 91:213-218).

[0070] Specifically, when functionalized hyaluronic acid was first treated with Caco-2 cells and
the Salmonella typhimurium KCTC 2054 as indicator bacteria was attached, the number of
Salmonella typhimurium KCTC 2054 cells attached to Caco-2 cells was measured. This was
converted to inhibition rate.

[0071] As a control group, conventional hyaluronic acid was used instead of the functional
hydrated hyaluronic acid. More specifically, the Caco-2 cell monolayer was inoculated with 1.2

x 10° cells/ml of Caco-2 cells in DMEM added with 10 % (v/v) fetal calf serum and 20 pl/ml
gentamicin. The culture medium was aliquoted with 1 ml per well of tissue culture plate (BD,
USA), cultured for 7 days, and then washed twice with phosphate buffered saline (PBS, pH
7.2). 0.5 ml of the functional hydrated hyaluronic acid solution was added to each well in which
a Caco-2 monolayer was formed, and it was reacted for 90 minutes. A hyaluronic acid solution

was used as a control. 0.5 ml (1 x 108 cfu / ml) of Salmonella typhimurium KCTC 2054 sample
was added thereto and reacted for 90 minutes. After the reaction, the supernatant was
removed and Caco-2 cells were washed twice with PBS to remove unattached Salmonella
typhimurium KCTC 2054. Salmonella typhimurium KCTC 2054 attached to Caco-2 cells was
recovered by adding 1 ml of Tween 80 0.04 % (w/v) and viable cells were counted. The results
are shown in Table 1 below.

[Table 1]
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Adhesion inhibitory ability of Sa/monella typhimurium KCTC 2054 on functional
hydrated Hyaluronic acid

Classification Control group- Functional hydrated
hyaluronic acid hyaluronic acid

Adhesion inhibition rate (%) of <1% 46 %

Salmonella typhimurium

[0072] As shown in Table 1, the control hyaluronic acid showed almost no adhesion inhibition
rate of Salmonella typhimurium while the functional hydrated hyaluronic acid showed 46 %
adhesion inhibition ratio. Thus, when the functional hydrated hyaluronic acid was used as a
coating agent for lactic acid bacteria, lactic acid bacteria would be adhered to the intestinal
mucosa and it would be helpful for competitive elimination with harmful bacteria in the
intestines.

<Example 3>

Antagonism of harmful bacteria of functional hydrated hyaluronic acid

[0073] In order to evaluate the antibacterial activity against the harmful bacteria in the
intestinal flora of functional hydration hyaluronic acid, the minimum inhibitory concentration
(MIC) of Salmonella typhimurium KCTC 2054 was determined and the effects on the harmful
bacteria in the intestinal flora were compared. The experimental method was modified by using
the bacterial growth inhibition test suggested in the Korean Pharmacopoeia. The details are as
follows.

1) Preparation of test solution of Saimonella typhimurium KCTC 2054

[0074] To prepare Salmonella typhimurium KCTC 2054 test solution, 1 loop of Salmonella
typhimurium KCTC 2054 grown in Brain Heart Infusion agar (BHI agar, BD, USA) was
suspended in 5 ml of sterilized BHI fluid medium to obtain 0.15 at ODggnm. This solution was

used as test solution.

2) Operation

[0075] Functional hydrated hyaluronic acid powder was added to 20 ml of BHI fluid medium to
a concentration of 1 to 10 % (w/v), and the suspension was stirred for 5 to 10 minutes.
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[0076] The suspension was centrifuged (5,000 RPM/15 min) and the supernatant was filtered
and sterilized with a membrane filter (0.45 um). 2 ml of the filtered and sterilized solution of
each concentration was put into a sterilized 4 ml test tube and 2 % (v/v) of Salmonella
typhimurium KCTC 2054 test solution was inoculated. As a control, conventional hyaluronic
acid was used instead of the functional hydrated hyaluronic acid. After inoculation, the cells
were grown at 37 °C for 24 hours.

3) Judgment

[0077] The concentration at which the growth of the microorganism was observed was
determined after the incubation for 24 hours, and the concentration value at that time was
defined as the MIC value.

[0078] The results are shown in Table 2 and FIG 2.
[Table 2]

Antagonism to Salmonella typhimurium KCTC 2054 of the functional hydrated
hyaluronic acid

Classification Control group-  jFunctional hydrated
hyaluronic acid jhyaluronic acid

Concentration of minimum growth 10 % 4 % (wiv)
inhibition of> Salmonella typhimurium

[0079] As shown in Table 2 and FIG. 2, the MIC value of the Salmonella typhimurium KCTC
2054 strain as a functional hydrated hyaluronic acid was evaluated. As a result, the functional
hydrated hyaluronic acid showed a minimum inhibitory concentration (MIC) at a concentration
of 4 % (w/v), indicating the effect of inhibiting the growth of harmful bacteria.

<Example 4>

Proliferation promoting action of beneficial bacteria of functional hydration hyaluronic
acid

[0080] In order to evaluate the influence of beneficial bacteria of functional hydration
hyaluronic acid, Lactobacillus rhamnosus, Bifidobacterium longum, Enterococcus pneumatum,
and Enterococcus faecium represented by lactic acid bacteria were used. More specifically, for
the preparation of the test bacterial culture medium of three kinds of intestinal beneficial
bacteria, three kinds of beneficial bacteria grown in de Man-Rogosa-Sharpe agar (MRS, BD,
USA) were suspended in the sterilized MRS culture medium and the suspension is used as a
test.
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[0081] The functional hydrated hyaluronic acid powder of Lactobacillus acidophilus IDCC 3302
is added to 20 ml of the MRS fluid medium to a concentration of 4 % (w/v), and the suspension
is stirred for 5 to 10 minutes. As a control group, normal hyaluronic acid was used instead of
functional hydrated hyaluronic acid powder.

[0082] After centrifugation of the suspension (5,000 RPM/15 min), supernatant is filtered and
sterilized with membrane filter (0.45 um). 2 ml of filtered and sterilized solution was put into a
sterile 4 ml test tube and three kinds of beneficial bacteria were inoculated in 2 % (v/v) each.
After the inoculation, while the cultures were incubated at 37 °C for 24 hours, the growth of the
bacteria was observed under a microscope to compare the degree of proliferation with the
control group. The results are shown in FIGS. 3 to 5.

[0083] As shown in FiGS. 3 to 5, in the Lactobacillus rhamnosus (FIG. 3), Bifidobacterium
longum (FI1G. 4) and Enterococcus faecium (FiG. 5) treated with functional hydrated hyaluronic
acid according to the present invention, it was confirmed that the growth of each bacteria was
promoted as compared with the control group treated with conventional hyaluronic acid.

<Example 5>

Selection of crosslinking agents for surface coated of lactic acid bacteria

[0084] The most suitable coated crosslinking agent was selected by evaluating the crosslinking
ability of the water-soluble polymer forming the surface of the lactic acid bacteria and the
functional hydrated hyaluronic acid. More specifically, a solution of functional hydrated
hyaluronic acid dissolved in a concentration of 4 g/l and a solution of a water-soluble polymer
dissolved in a concentration of 1 % (w/v) in a third distilled water were mixed at a volume ratio
of 1:1 (v/v). The mixture was stirred vigorously for 1 minute, and then left at room temperature
for 30 minutes. The crosslinking affinity was determined by comparing with the result obtained
by mixing only the third distilled water with the functional hydrated hyaluronic acid. When
crosslinking is formed, the average molecular weight of the functional hydrated hyaluronic acid
increases and the viscosity of the solution increases. The viscosity was measured and
compared by measuring the time required for descent through a certain section using
ViscoClock (S| Analytics) by adding the solution to a viscometer (Ubbelogdevisceter, Sl
analytics) whose measurement time increased with increasing viscosity in a constant
temperature water bath at 24 °C (Table 3).

[0085] As can be seen in Table 3 below, the functional hydrated hyaluronic acid formed a good
crosslinking with all the water-soluble polymers used in the experiment, and was found to form
the best crosslinking with carboxymethylcellulose (CMC) in particular.

[Table 3]
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Selection of crosslinking agents for surface coated of lactic acid bacteria
Classificat -ion Control Chitosan {Polyvinyl CMC {Gum

group Pyrrolidone Arabic
Descendant time 548 584 595 625 {560
(sec)

[0086] To determine the optimum concentration of CMC which is a coated crosslinking agent
that best forms the crosslinking with functional hydration hyaluronic acid, the functional
hydrated hyaluronic acid was dissolved in tertiary distilled water at a concentration of 4 g/L to
prepare a solution by adding CMC from 0.1 to 0.4 % (w/v). ViscoClock was used to
comparatively compare the crosslinking formation, and the time required to descend through a
certain section was measured to compare the relative viscosity

[0087] The results are shown in Table 4 below.
[Table 4]

Optimal CMC concentration for crosslinking with functional hydrated hyaluronic
acid

Concentratio n (w/v) {None 0.1% 0.2% 0.3% 0.4%
Descendant time (sec) {548 625 632 583 567

[0088] As shown in Table 4, the optimal CMC concentration for the crosslinking with functional
hydration hyaluronic acid showed a descending time of 632 sec when 0.2 % (w/v) was used,
indicating that the crosslinking ability was excellent.

<Example 6>

Dual coated lactic acid bacteria using the functional hydrated hyaluronic acid

<6-1> Preparation of functional hydrated dual coated lactic acid bacteria

[0089] In the present invention, on the basis of the preparation method of the coated lactic
acid bacteria described in an example of the Korean patent (No. 10-1280232), functional
hydrated dual coated lactic acid bacteria were sequentially prepared by using CMC-Na, a
surface thin film coating agent of the lactic acid bacteria as a primary coating agent and using
hyaluronic acid as a secondary coating agent prepared in the example 1. As a control group,
dual coated lactic acid bacteria were prepared using conventional hyaluronic acid instead of
functional hydrated hyaluronic acid.
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<6-2> Acid Tolerance of Functional Hydrate dual Coated Lactic Acid Bacteria

[0090] After lactic acid bacteria are orally ingested, they are exposed to gastric juice when they
pass through the stomach of the digestive organs of the human body. This similar environment
is prepared under the conditions of a test tube, and the survival rate of dual coated lactic acid
bacteria using the functional hydrated hyaluronic acid and dual coated lactic acid bacteria
using conventional hyaluronic acid was compared to evaluate the acid tolerance.

[0091] More specifically, 10 % HCI was added to the MRS medium to titrate the pH to 2.3 and
2.5, followed by sterilization. 1 g of the sample was added to the MRS medium adjusted to the
each pH value, and reacted for O hours, 1 hour and 2 hours. After that, viable cells were
counted. The lactic acid bacteria used in the experiment were 12 Lactobacillus sp., four
Bifidobacterium sp., one Streptococcus sp., one Enterococcus sp, one Lactococcus sp.. They
were manufactured as dual coated lactic acid bacteria using the functional hydrated hyaluronic
acid and dual coated lactic acid bacteria using hyaluronic acid, respectively, and then the
manufactured dual coated lactic acid bacteria were compared each ther.

[0092] The results are shown in Table 5 below.
[Table 5]

Acid tolerance results of functional hydrated hyaluronic acid dual coated lactic acid
bacteria

Coating Microorganism pH 2.3 (x10®8  {pH 2.5 (x108 CFUI/g)
CFUJg)
OHrl 112 1Viabill 0 1 1 1 2 |Viabil
Hr { Hr { ity Hr { Hr {Hr§ ity
(%) (%)
Lactobacillus 1301911711 55 11301101174 57
acidophilus IDCC
3302
Lactobacillus 1251821621 50 11251 92 i67| 54
bulgaricus
Lactobacillus 1451951751 52 11451105i811 56
casel
Lactobacillus 1221821641 53 11221 92 {68} 56
fermentum
Lactobacillus 1481891741 50 {1481 99 179] 54
gasseri
Lactobacillus 1601921831 52 {160} 98 i8] 55
helveticus
Lactobacillus 1201711571 48 1120} 81 {60{ 50
Jjohnsonii
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Acid tolerance results of functional hydrated hyaluronic acid dual coated lactic acid
bacteria
Coating Microorganism pH 2.3 (x10®8  {pH 2.5 (x108 CFU/g)
CFU/g)
OHr{ 1 { 2 {Viabil{ 0 1 § 2 {Viabil
Hr { Hr { ity Hr { Hr {Hr§ ity
(%) (%)
Lactobacillus 14301891 71{ 55 {130} 99 {74} 57
paracasei
Lactobacillus 122183169{ 57 {122{ 93 {73} 60
plantarum
Dual coati_ng us_ing Lactobaci//us 1321771581 44 1132187 i6ai 49
hyaluroni c acid {reuteri
Lactobacillus 144191179 55 1144{101{80]{ 56
rhamnosus
Lactobacillus 121§{81{62{ 52 {121{91 64 53
salivarius
Bifidobacterium {132{82i67§ 51 §132§ 92 {73] 56
bifidum
Bifidobacterium {14287 {76§{ 54 (142§ 97 82§ 58
breve
Bifidobacterium {124{75{64§{ 52 {12485 73§ 59
lactis
Bifidobacterium {14293 182§ 58 {142{102§88{ 62
longum
Enterococcus 152{90i79{ 52 {152{101§86; 57
faecium
Lactococcus 105§81 352§ 50 {1057 91 §61§ 59
lactis
Streptococcus 1023551447 44 (102§ 65 52§ 51
thermophilus
Dual coating using {Lactobacillus 120§ 71360} 50 {120 81 {64} 54
function al hydrated jacidophilus IDCC
hyaluron ic acid {3302
Lactobacillus 1151621517 45 {115172 {58§ 51
bulgaricus
Lactobacillus 125{72{60} 48 (125§ 82 {65§ 52
casei
Lactobacillus 112{69§52§ 47 112179 §59§ 53
fermentum
Lactobacillus 138§711{60} 44 {138 81 {69} 50
gasseri
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Acid tolerance results of functional hydrated hyaluronic acid dual coated lactic acid
bacteria
Coating Microorganism pH 2.3 (x108 pH 2.5 (x108 CFUIqg)
CFU/qg)
OHr{ 1 §{ 2 {Viabil{ O 1 2 {Viabil
Hr { Hr { ity Hr { Hr {Hr§ ity
(%) (%)
Lactobacillus 12062 {55} 46 (120§ 72 {61i{ 51
helveticus
Lactobacillus 110§55146% 42 {110y 65 {57 52
Jjohnsonii
Lactobacillus 110{58{47}{ 43 {110] 68 {59 54
paracasei
Lactobacillus 112§62i56} 50 {1123 72 {59 53
plantarum
Lactobacillus 122 {57 348§ 40 §{122§ 67 §i57{ 47
reuteri
Lactobacillus 124{70{60}{ 49 (124§ 80 {521 42
rhamnosus
Lactobacillus 102{523§42F 42 102§ 62 §48§ 48
salivarius
Bifidobacterium {112{58 48§ 43 {11268 60§ 54
bifidum
Bifidobacteri um {122{62 {53} 44 {122} 72 {67{ 55
breve
Bifidobacterium {104{56 3147 { 46 {104} 76 {58§ 56
lactis
Bifidobacteri um {122{67 {58 % 48 {122{ 77 {73§{ 60
longum
Enterococcus 123i603i513 42 {1231 70 68 56
faecium
Lactococcus 101§58§47§ 47 {1011 68 {54 54
lactis
Streptococcus 103§43 139§ 38 {103) 63 47§ 46
thermophilus

[0093] As shown in Table 5, the acid tolerance of dual coated lactic acid bacteria using the
functional hydrated hyaluronic acid and dual coated lactic acid bacteria using the conventional
hyaluronic acid were compared to each other. As a result, it showed similar acid tolerance in
each experimental group.
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[0094] These results suggest that the characteristic of hyaluronic acid which protects lactic
acid bacteria was not destroyed during the preparation of functional hydrated hyaluronic acid.

<6-3> Bile tolerance of dual coated lactic acid bacteria using the functional hydrated
hyaluronic acid

[0095] Bile acid is made in the liver, flows out into the small intestine of the bile ducts, and is
absorbed again by the ileum at the end of the small intestine. This process affects lactic acid
bacteria that have settled in the small intestine.

[0096] Thus, the survival rates of dual coated lactic acid bacteria using the functional hydrated
hyaluronic acid and dual coated lactic acid bacteria using hyaluronic acid were compared in
vitro when exposed to bile acids. More specifically, 0.3 % of bile acid was added to the culture
medium or not and the both culture media were sterilized. Each medium was inoculated with 1
g each of dual coated lactic acid bacteria using the functional hydrated hyaluronic acid and
dual coated lactic acid bacteria using hyaluronic acid as a control group. After incubation for 5
hours, viable cells were counted to compare the bile tolerance.

[0097] The results are shown in Table 6 below.
[Table 6]

Bile tolerance results of dual coated lactic acid bacteria using the functional
hydrated hyaluronic acid
Coating Microorganism MRS MRS+0.3% {Viablity(%)
bile
Dual coating using Lactobacillus 230 147 64
hyaluronic acid acidophilus IDCC
3302
Lactobacillus 160 105 66
bulgaricus
Lactobacillus casei {150 97 65
Lactobacillus 170 115 68
fermentum
Lactobacillus 172 115 67
gasseri
Lactobacillus 168 109 65
helveticus
Lactobacillus 194 126 65
Jjohnsonii
Lactobacillus 215 129 60
paracasei
Lactobacillus 227 131 58
plantarum




DK/EP 3351618 T3

Bile tolerance results of dual coated lactic acid bacteria using the functional
hydrated hyaluronic acid
Coating Microorganism MRS MRS+0.3% §Viablity(%)
bile
Lactobacillus reuteri {168 104 62
Lactobacillus 175 119 68
rhamnosus
Lactobacillus 168 109 65
salivarius
Bifidobacterium 215 137 64
bifidum
Bifidobacterium 200 110 55
breve
Bifidobacterium 225 121 54
lactis
Bifidobacterium 220 125 57
longum
Enterococcus 135 74 55
faecium
Lactococcus lactis 121 72 60
Streptococcus 110 63 58
thermophilus
Dual coating using Lactobacillus 220 149 68
functional hydrated acidophilus IDCC
hyaluronic acid 3302
Lactobacillus 150 100 67
bulgaricus
Lactobacillus casei {140 9 65
Lactobacillus 166 112 68
fermentum
Lactobaci//us 152 97 64
gasseri
Lactob_aci//us 148 97 66
helveticus
_Lactobagi//us 124 80 65
Jjohnsonii
Lactobaci_//us 115 69 60
paracasei
Lactobacillus 197 74 58
plantarum
Lactobacillus reuteri {158 97 62
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Bile tolerance results of dual coated lactic acid bacteria using the functional
hydrated hyaluronic acid
Coating Microorganism MRS MRS+0.3% §Viablity(%)
bile
Lactobacillus 165 112 68
rhamnosus
Laqtob_aci//us 148 9% 65
salivarius
Bifidobacterium
bifidum 115 73 64
Bifidobacterium 100 55 55
breve
Biﬁc_jobacterium 125 67 54
lactis
Bifidobacterium 120 76 64
longum
Ente_rococcus 145 95 66
faecium
Lactfococcus lactis {131 85 65
Streptococcus 120 127 58
thermophilus

[0098] As shown in Table 6 above, the bile tolerance of dual coated lactic acid bacteria using
the functional hydrated hyaluronic acid and dual coated lactic acid bacteria using the
conventional hyaluronic acid was compared each other, and the bile tolerance in each
experimental group was similar with almost no difference. Therefore, the functional hydrate
hyaluronic acid was not destroyed during the manufacturing process, and thus it is considered
that similar effect of functional hydrated hyaluronic acid was observed after coating with lactic
acid bacteria.

<6-4> Non-competitive adhesion of functional hydrated dual coated lactic acid bacteria

[0099] The Caco-2 cell monolayer was inoculated with 1.2 x 10° cells/ml of Caco-2 cells in
Dulbecco's Modified Eagle's Medium (DMEM, Hyclo ne, USA) added with 10 % (v/v) fetal calf
serum and 20 ul/ml gentamicin. The solution was aliquoted with 1 ml per well of tissue culture
plate (BD, USA), cultured for 7 days, and then washed twice with phosphate buffered saline
(PBS, pH 7.2).

[0100] 1 ml of uncoated lactic acid bacteria, hyaluronic acid dual coated lactic acid bacteria,
and functional hydrated hyaluronic acid dual coated lactic acid bacteria were placed in each
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well where Caco-2 monolayer was formed and they were reacted for 90 minutes. The dual
coated lactic acid bacteria were prepared based on the dual coated lactic acid bacteria
preparation method of Korean Patent No. 10-1280232.

[0101] After the reaction, the supernatant was removed and 1 ml of Tween 80 0.04 % (w/v)
was added to recover the sample of lactic acid bacteria attached to Caco-2 cells, and the
number of bacteria to be observed using a hemocytometer was measured. Adhesion efficiency
was calculated by the ratio of the number of adhering bacteria to the initial number of bacteria.

[0102] The results are shown in Table 7 below.

[0103] As shown in Table 7 below, the adhesion efficiency of hyaluronic acid dual coated lactic
acid bacteria was relatively higher than that of uncoated lactic acid bacteria in the evaluation of
adhesion to Caco-2 cells similar to the intestinal membrane, and the adhesion efficiency of
dual coated lactic acid bacteria using the functional hydrated hyaluronic acid was higher than
that of dual coated lactic acid bacteria using the hyaluronic acid.

[Table 7]

Non-competing ability of dual coated lactic acid bacteria using the functional
hydrate hyaluronic acid
Classification Attachment of Lactic Acid Bacteria (%)
Un- Hyaluronic acid Functional hydrated
coated {Dual coated hyaluronic acid dual
coated
Lactobacillus acidophilus {26 44 48
IDCC 3302
Lactobacillus bulgaricus {5 27 29
Lactobacillus casei 8 31 34
Lactobacillus fermentum {5 24 28
Lactobacillus gasseri 12 26 28
Lactobacillus helveticus {15 28 34
Lactobacillus johnsonii {35 47 54
Lactobacillus paracasei {17 33 40
Lactobacillus plantarum {15 29 35
Lactobacillus reuteri 8 15 18
Lactobacillus rhamnosus {34 52 56
Lactobacillus salivarius {5 14 20
Bifidobacterium bifidum {13 28 33
Bifidobacterium breve 17 34 42
Bifidobacterium lactis 24 35 40
Bifidobacterium longum {23 33 38
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Non-competing ability of dual coated lactic acid bacteria using the functional
hydrate hyaluronic acid
Classification Attachment of Lactic Acid Bacteria (%)
Un- Hyaluronic acid Functional hydrated
coated {Dual coated hyaluronic acid dual
coated
Enterococcus faecium 38 54 55
Lactococcus lactis 32 45 48
Streptococcus 14 26 32
thermophilus

[0104] When there were no microorganisms competing with lactic acid bacteria in the intestinal
mucosa cells, the basic intestinal mucosal adhesiveness showed overall improved adhesion
efficiency in dual coated lactic acid bacteria using the functionalized hydrated hyaluronic acid
as compared with dual coated lactic acid bacteria using the conventional hyaluronic acid. From
these results, it was found that the intestinal mucosal adhesion effect of functional hydrated
hyaluronic acid was equivalent or improved to that of conventional hyaluronic acid, so that the
inherent intestinal mucosal adhesion of hyaluronic acid was not destroyed during the
preparation of the functional hydrated hyaluronic acid.

<6-5> Competitive exclusion of the functional hydrated dual coated lactic acid bacteria

[0105] In general, in order for lactic acid bacteria to enhance an intestinal regulation in the
intestines, the ability of the lactic acid bacteria to bind to intestinal mucosa should be better
than that of Escherichia coli and Salmonella to bind to the intestinal mucosa. However, lactic
acid bacteria, which are classified as Gram-positive bacteria are less able to bind to intestinal
mucosa than Gram-negative bacteria such as Escherichia coli and Salmonella. Therefore, in
order to more clearly determine whether dual coated lactic acid bacteria using the functional
hydrated hyaluronic acid can exhibit beneficial physiological activity in the intestines, the
present inventors sought to evaluate the adherence ability of the lactic acid bacteria in the
presence of resident flora.

[0106] To perform the comparative test of the adhesion ability in the presence of resident flora,
the number of Salmonella typhimurium KCTC 2054 cells attached to Caco-2 cells was
measured. After salmonella typhimurium KCTC 2054 as indicator bacteria was first attached to
Caco-2 cells, the uncoated, lactic acid bacterium coated by hyaluronic acid, and dual coated
lactic acid bacteria using the functional hydrated hyaluronic acid were treated. This
measurement was converted to the inhibition rate.

[0107] More specifically, the Caco-2 cell monolayer was inoculated with 1.2 x 10° cells/ml of
Caco-2 cells in Dulbecco's Modified Eagle's Medium (DMEM, Hyclo ne, USA) added with 10 %
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(v/v) fetal calf serum and 20 uyl/ml gentamicin. The culture medium was aliquoted with 1 ml per
well of tissue culture plate (BD, USA), cultured for 7 days, and then washed twice with
phosphate buffered saline (PBS, pH 7.2).

[0108] Saimonella typhimurium KCTC 2054 were collected by centrifuging 10 ml of brain heart
infusion (BHI, BD, USA), washed twice with phosphate buffer saline, resuspended with 1 ml of

phosphate buffer saline, and diluted by serum-free DMEM at a concentration of 1 x 108
CFU/ml. Salmonella typhimurium KCTC 2054 (0.5 ml) was placed in each well in which Caco-2
monolayer was formed, and allowed to react for 60 minutes. After the reaction, lactic acid

bacteria (1 x 108 CFU/mI) were treated in the same amount and reacted for 90 minutes.

[0109] To measure the viable count of Salmonella typhimurium KCTC 2054 attached to Caco-2
cells, 1 ml of Tween 80 0.04 % (w/v) was added to recover Salmonella typhimurium KCTC
2054 from the Caco-2 cells, and the number of viable cells was measured in BG agar medium.

[0110] The adhesion inhibition ratio of Salimonella typhimurium KCTC 2054 was calculated as

follows.
[Adhesion inhibition ratio of Salmonella typhinmurium
adhesion (%)1]

[1- (Number of adhesive of Salmonella typhimurium in the
test group / Number of adhesive of Salmonella typhimurium in
DMEM x 100 (%)

[0111] The results are shown in Table 8 below.

[0112] As shown in Table 8 below, Salmonella typhimurium KCTC 2054, which is a harmful
microorganism, was first attached to Caco-2 cells similar to intestinal membranes. The harmful
bacteria are competitive with the uncoated, hyaluronic acid dual coating, and dual coated lactic
acid bacteria using the functional hydrated hyaluronic acid. As a result of comparing the
removal rates of the harmful bacteria, uncoated lactic acid bacteria that do not contain
functional substances have relatively low removal efficiency because they (less) remove
Salmonella typhimurium KCTC 2054 by a competition removal method. The dual coated lactic
acid bacteria using the functional hydrated hyaluronic acid showed significantly higher removal
efficiency of the harmful bacteria than the uncoated and hyaluronic acid dual coated lactic acid
bacteria.

[0113] Meanwhile, dual coated lactic acid bacteria using the functional hydrated hyaluronic
acid showed direct antibacterial activity against the attached Salmonella typhimurium KCTC
2054 in addition to competitive elimination. Therefore, Salmonella typhimurium was smoothly
removed from Caco-2 cells, and dual coated lactic acid bacteria using the functional hydrated
hyaluronic acid were shown to be well-settled at the site where harmful bacteria were desorbed
by hyaluronic acid.
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[0114] Meanwhile, the effect of dual coated lactic acid bacteria using the functionalized
hydrated hyaluronic acid was 47 % superior to that of the uncoated lactic acid bacteria in the
result of Lactobacillus acidophilus IDCC 3302, and it also showed an excellent effect of 33 % or
more even in comparison with the conventional hyaluronic acid dual coated lactic acid bacteria.
Thus, when functional hydrated hyaluronic acid is used as a coating agent of lactic acid
bacteria, it has been found that the inhibitory effect against harmful bacteria in the intestines is
remarkably improved as compared with conventional coating agents of lactic acid bacteria.
[Table 8]

Competitive exclusion of the functional hydrated dual coated lactic acid bacteria

Classification Competitive exclusion of Salmonella typhimurium (%)
Un- Hyaluronic acid Functional hydrated
coated Dual coated hyaluronic acid dual

coated

Lactobacillus 31 45 78

acidophilus IDCC 3302

Lactobacillus bulgaricus {22 37 67

Lactobacillus casei 38 52 82

Lactobacillus fermentum {26 39 58

Lactobacillus gasseri 32 36 62

Lactobacillus helveticus {20 34 54

Lactobacillus johnsonii {27 58 82

Lactobacillus paracasei {21 45 62

Lactobacillus plantarum {24 32 47

Lactobacillus reuteri 23 42 58

Lactobacillus 33 48 68

rhamnosus

Lactobacillus salivarius {11 23 52

Bifidobacterium bifidum {16 25 42

Bifidobacterium breve 15 24 35

Bifidobacterium lactis 18 22 38

Bifidobacterium longum {22 27 41

Enterococcus faecium {35 42 74

Lactococcus lactis 24 36 69

Streptococcus 13 27 47

thermophilus

<6-6> In vivo intestinal fixation of dual coated lactic acid bacteria using the functional
hydrated hyaluronic acid
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[0115] For the in vivo intestinal fixation of dual coated lactic acid bacteria using functional
hydrated hyaluronic acid, five 4-weeks old ICR mice were used for each test. In particular, this
experiment was carried out for selecting an experimental group effective for restoration of
lactobacilli among intestinal flora after disturbing intestinal flora by administration of antibiotics.

[0116] The experimental groups consisted of uncoated lactic acid bacteria, dual coated lactic
acid bacteria using hyaluronic acid, dual coated lactic acid bacteria using the functional
hydrated hyaluronic acid, and control group without lactic acid bacteria. The experimental
period was 6 weeks and the first 0.5 week was the adaptation period of the experimental
animals. 0.4 g/l ampicillin per day was given in drinking water for one week after the adaptation
period.

[0117] For the next 2 weeks, lactic acid bacteria were orally administered, and the number of

bacteria was 1 x 10 10 CFU/g. As a control group, PBS was orally administered instead of lactic
acid bacteria. During the next 2.5 weeks, the administration of lactic acid bacteria was
discontinued and intestinal flora changes were observed. Fecal samples were collected twice a
week during the entire test period. The number of Lactobacilli in experiment groups was
counted on LBS (Lactobacillus selective media, BD, USA) agar medium.

[0118] The results are shown in FIG 6.

[0119] As shown in FIG. 6, it was confirmed that lacto-bacillus bacteria were detected in the
feces up to 2.5 weeks after discontinuation of the treatment with dual coated lactic acid
bacteria using the hyaluronic acid and dual coated lactic acid bacteria using the functional
hydrated hyaluronic acid compared with the uncoated lactic acid bacteria. However, because
of the structure of the coated lactic acid bacteria based on hyaluronic acid alone, it is
vulnerable to gastric acid and bile acid. Therefore, both groups showed similar intestinal
fixation pattern.

<6-7> In vivo Harmful Bacteria Inhibition of Dual coated Lactic Acid Bacteria Using
Functional Hydrated Hyaluronic Acid

[0120] Antibacterial activity was investigated in a mouse model infected with Salmonella
typhimurium KCTC 2054 in order to confirm the ability of dual coated lactic acid bacteria using
the functional hydrated hyaluronic acid to inhibit harmful bacteria in vivo.

[0121] Six weeks old female ICR mice (6 mice / cage) were divided into four groups: uncoated
lactic acid bacteria, dual coated lactic acid bacteria using the hyaluronic acid, dual coated lactic
acid bacteria using the functional hydrated hyaluronic acid, and PBS(vehicle) treatment. The
mice were given 0.2 % (w/v) tetracycline at a dose of 200 uyl/mouse/day for one week to
suppress and disturbed intestinal flora. After 1 week, Salmonella typhimurium KCTC 2054 (1 x
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108 CFU / ml) was orally administered at the rate of 200 pl/mouse/day for the first 3 days of the
sample administration period and four samples were also orally administered at 200

ul/mouse/day for 2 weeks at a concentration of 1 x 10'9 CFU/g. For the next 2.5 weeks, the
sample administration was discontinued and the growth inhibition changes of the pest were
observed. Fecal samples were collected from each experimental group twice a week during
the entire test period and Salmonella bacteria were analyzed on BG agar medium.

[0122] The results are shown in FIG. 7.

[0123] As shown in FIG. 7, as a result of administration of uncoated, dual coated lactic acid
bacteria using hyaluronic acid, and dual coated lactic acid bacteria using the functional
hydrated hyaluronic acid to a mouse model which inhibited resident flora by antibiotics and was
infected with Salmonella typhimurium KCTC 2054, it was found that the growth of the uncoated
and dual coated lactic acid bacteria using hyaluronic acid, which plays a role of exclusion of
simple competition, was inhibited by competing with Salmonella typhimurium KCTC 2054, but
dual coated lactic acid bacteria using the functional hydrated hyaluronic acid inhibited
Salmonella typhimurium KCTC 2054 more than 10 times more efficiently by antagonism and
competitive exclusion.

<Example 7>

Tertiary coated lactic acid bacteria using the functional hydrated hyaluronic acid

<7-1> Preparation of Functional Hydrated Tertiary Coated Lactic Acid Bacteria

[0124] In the present invention, on the basis of the preparation method of the coated lactic
acid bacteria described in an example of the Korean patent (No. 10-1280232), the functional
hydrated tertiary coated lactic acid bacteria were sequentially prepared by using CMC-Na
which is a surface thin film coating agent of the lactic acid bacteria as a primary coating agent,
using hyaluronic acid as a secondary coating agent prepared in the example 1, and using
maltodextrin as a tertiary coating agent. As a control group, the hyaluronic acid tertiary coated
lactic acid bacteria were prepared using conventional hyaluronic acid instead of the functional
hydrated hyaluronic acid.

<7-2> Acid Tolerance of Tertiary Coated Lactic Acid Bacteria using Functional Hydrated
hyaluronic acid

[0125] Acid tolerance is exposed to gastric juice when they pass through the stomach of the
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digestive organs of the human body.

[0126] This similar environment is prepared under the conditions of a test tube, and the
survival rate of tertiary coated lactic acid bacteria using the functional hydrated hyaluronic acid
and tertiary coated lactic acid bacteria using hyaluronic acid was compared to evaluate the
acid tolerance [Table 9]. The experiment was carried out in the same manner as in Example
<6-2> of the present invention.

[0127] The results are shown in Table 9 below.

[Table 9]
Acid tolerance results of the functional hydrated tertiary coated lactic acid bacteria
Coating Microorganism pH 2.3 (x108 CFU/g) {pH 2.5 (x108 CFUI/g)
0O {1 §{2 i{Viabli {0 §1 {2 {Viabili
Hr {Hr {Hr ity (%) {Hr {Hr {Hr ity (%)
Tertiary coating {Lactobacillus 14 {11 {84 60 14 §12 {90 {64
using hyaluron jacidophilus IDCC {0 {1 0 i1
ic acid 3302
Lactobacillus 13 {10 {75 {56 13 {11 {81 i60
bulgaricus 5 {2 5 2
Lactobacillus casei {15 {11 {91 {59 15 {12 {96 {62
5 {5 5 {7
Lactobacillus 13 {10 {79 {60 13 {11 {83 i63
fermentum 2 {2 2 2
Lactobacillus 15 {10 {91 {58 15 {12 {10 {65
gasseri 8 {9 8 {9 {3
Lactobacillus 17 {11 {10 {60 17 {11 {10 {62
helveticus 0 {2 2 0 {8 {5
_Lactobagi//us 14 93 188 163 14 {10 94 167
Jjohnsonii 0 0 i1
Lactobacillus 15 {11 {85 {57 15 {11 {98 {65
paracasei 0 {0 0 {9
Lactobacillus 13 {10 {68 {52 13 {11 {79 i60
plantarum 2 5 2 i3
Lactobacillus 14 {97 {69 i49 14 {10 {84 59
reuteri 2 2 i7
Lactobacillus 15 {11 {90 {59 15 {12 {95 {62
rhamnosus 4 i3 4 {1
Lactobacillus 14 {10 {78 356 14 {11 {85 {60
salivarius 1 3 1 1
Bifidobacteri um 14 {10 {79 {56 14 {11 {88 {62
bifidum 2 {5 2 2
Bifidobacteri um 16 {10 {93 {58 16 {11 {10 {63
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Acid tolerance results of the functional hydrated tertiary coated lactic acid bacteria

Coating Microorganism pH 2.3 (x108 CFU/g) {pH 2.5 (x108 CFUI/g)

0 {1 §2 iViabli 0 {1 {2 {Viabili
Hr jHr {Hr ity (%) {Hr jHr {Hr ity (%)

breve 2 {5 2 7 2

Bifidobacteri um 14 {97 {82 57 14 {10 {94 i65

lactis 4 4 {5

Bifidobacteri um 16 {11 {10 i63 16 {12 {10 {64

longum 2 {5 2 2 2 {4

Enterococcus 16 §11 {93 {58 16 §12 {10 {62

faecium 2 {0 2 {1 0

Lactococcus lactis {13 {10 {72 {54 13 {11 {78 {58
5 {4 5 {1

Streptococcus 12 {77 {61 {50 12 {85 {63 {52

thermophilus 2 2

Tertiary coating §Lactobacillus 13 {91 {78 {58 13 {10 {84 i62

acidophilus IDCC 6 6 {1

3302

Lactobacillus 13 13

bulgaricus 1 82 {70 {54 1 92 {76 {58

Lactobacillus casei {15 {94 {84 156 15 §10 {86 {57
1 1 2

Lactobacillus 12 {90 {74 {59 12 {99 {79 {62

fermentum 7 7

Lactobacillus 15 {93 {84 {55 15 {10 {97 {63

gasseri 4 4 {1

Lactobacillus 16 {84 {97 {59 16 {90 {10 i62

helveticus 5 5 2

Lactobacillus 13 {77 {81 i61 13 {85 {87 {65

Jjohnsonii 4 4

Lactobacillus 14 {78 {81 {56 14 {88 {91 i63

paracasei 5 5

Lactobacillus 12 {86 {64 51 12 {92 {75 {59

plantarum 7 7

Lactobacillus 13 {79 {61 45 13 {87 {72 {53

reuteri 6 6

Lactobacillus 15 {90 {84 i56 15 {10 {93 {62

rhamno 0 0 30

24

Lactobacillus 13 {75 {74 54 13 {82 {83 i60

salivarius 8 8

Bifidobacteri um 13 {78 {73 {53 13 {88 {86 i62
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Acid tolerance results of the functional hydrated tertiary coated lactic acid bacteria
Coating Microorganism pH 2.3 (x108 CFU/g) {pH 2.5 (x108 CFUI/g)
0O {1 {2 i{Viabli 0 {1 §2 {Viabili
Hr jHr {Hr ity (%) {Hr jHr {Hr ity (%)
bifidum 9 9
Bifidobacteri um 15 {72 {79 {52 15 {10 {88 {58
breve 2 2 {2
Bifidobacteri um 13 {79 {70 {51 13 {96 {81 159
lactis 8 8
Bifidobacteri um 15 89 191 160 15 97 10 68
longum 2 2 3
Ente_rococcus 15 82 178 is0 15 90 193 162
faecium 0 0
Lactococcus lactis 2.)2 78 {62 {51 233 88 2.)0 56
Streptococcus 11 12
thermophilus 2 67 153 148 7 83 195 154

[0128] As shown in Table 9, the acid tolerance of tertiary coated lactic acid bacteria using the
functional hydrated hyaluronic acid and tertiary coated lactic acid bacteria using conventional
hyaluronic acid were compared to each other, and the results were equivalent to those of
tertiary coated lactic acid bacteria using conventional hyaluronic acid. These results suggest
that the characteristic of hyaluronic acid which protects lactic acid bacteria was not destroyed
during the production of functional hydrated hyaluronic acid.

[0129] Meanwhile, when the results of the above table are compared only with the results of
Lactobacillus acidophilus IDCC 3302, tertiary coated lactic acid bacteria using conventional
hyaluronic acid showed acid tolerance of 60 % (pH 2.3) and 64 % (pH 2.5). This was higher
than the acid tolerance of 50 % of dual coated lactic acid bacteria using the hyaluronic acid in
the above example <6-2>, and it was found that the coated effect was correlated with the acid
tolerance. Thus, the tertiary coating showed better acid tolerance than the dual coating, and
the protective effect of the coated was reflected in the acidic survival rate.

<7-3> Bile tolerance results of the functional hydrated tertiary coated lactic acid
bacteria

[0130] The survival rates of tertiary coated lactic acid bacteria using the functional hydrated
hyaluronic acid and tertiary coated lactic acid bacteria using hyaluronic acid were compared in
vitro when exposed to bile acids. The experiment was carried out in the same manner as in
Example <6-3> of the present invention.
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[0131] The results are shown in Table 10 below.
[Table 10]

Bile tolerance results of tertiary coated lactic acid bacteria using the functional
hydrated hyaluronic acid
Coating Microorganism MRS MRS+0.3% § Viability(%)
bile
Tertiary coating using Lactobacillus 245 181 74
hyaluronic acid acidophilus IDCC
3302
Lactobacillus 160 121 76
bulgaricus
Lactobacillus casei {180 135 75
Lactobacillus 182 141 78
fermentum
Lactobacillus 168 130 77
gasseri
Lactobacillus 152 114 75
helveticus
Lactobacillus 144 99 69
Jjohnsonii
Lactobacillus 152 103 68
paracasei
Lactobacillus 172 116 68
plantarum
Lactobacillus reuteri {210 144 69
Lactobacillus 258 185 72
rhamnosus
Lactobacillus 190 161 75
salivarius
Bifidobacterium 243 170 70
bifidum
Bifidobacterium 255 163 64
breve
Bifidobacterium 229 148 65
lactis
Bifidobacterium 240 158 66
longum
Enterococcus 260 187 72
faecium
Lactococcus lactis {185 114 62
Streptococcus 151 96 64
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Bile tolerance results of tertiary coated lactic acid bacteria using the functional
hydrated hyaluronic acid
Coating Microorganism MRS MRS+0.3% § Viability(%)
bile
thermophilus
Tertiary coating using Lactobacillus 235 164 70
functional hydrated acidophilus IDCC
hyaluronic acid 3302
Lactobacillus 150 105 70
bulgaricus
Lactobacillus casei {170 122 72
Lactobacillus 162 116 79
fermentum
Lactobacillus 178 135 72
gasseri
Lactobacillus 142 106 70
helveticus
Lactobacillus 134 84 63
Jjohnsonii
Lactobacillus 142 88 62
paracasei
Lactobacillus 162 98 61
plantarum
Lactobacillus reuteri {193 121 63
Lactobacillus 232 157 68
rhamnosus
Lactobacillus 172 111 65
salivarius
Bifidobacterium 224 134 60
bifidum
Bifidobacterium 215 133 62
breve
Bifidobacterium 219 137 62
lactis
Bifidobacterium 210 130 62
longum
Enterococcus 220 143 65
faecium
Lactococcus lactis {175 107 58
Streptoco_ccus 131 78 60
thermophilus
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[0132] As shown in Table 10, when the bile tolerance of the tertiary coated lactic acid bacteria
using the functional hydrated hyaluronic acid was compared with that of tertiary coated lactic
acid bacteria using hyaluronic acid during exposing of bile acid for 5 hours, they showed similar
survival rates of about 70 %. These results suggest that the characteristic of hyaluronic acid
which protects lactic acid bacteria was not destroyed during the production of the functional
hydrated hyaluronic acid.

<7-4> Non-competitive adhesion of tertiary coated lactic acid bacteria using functional
hydrated hyaluronic acid

[0133] The tertiary coated lactic acid bacteria were prepared on the basis of the tertiary coated
lactic acid bacteria preparation method of Korean Patent No. 10-1280232 in order to compare
the non-competitive adhesion ability in the absence of competitive microorganisms. In addition,
in order to evaluate the non-competitive adhesion, the same procedure as in Example <6-4> of
the present invention was performed.

[0134] The results are shown in Table 11 below.

[0135] As shown in the following Table 11, the adhesion efficiency of tertiary coated lactic acid
bacteria using the functional hydrated hyaluronic acid and tertiary coated lactic acid bacteria
using the hyaluronic acid was relatively better than that of uncoated lactic acid bacteria in
Caco-2 cells similar to the intestinal membrane. The adhesion efficiency of tertiary coated lactic
acid bacteria using the functional hydrated hyaluronic acid was higher than that of tertiary
coated lactic acid bacteria using the hyaluronic acid.

[Table 11]

Non-competitive adhesion of tertiary coated lactic acid bacteria using the functional
hydrated hyaluronic acid
Classification Adhesion of lactic acid bacteria (%)
Un-coated §Hyaluronic acid Functional hydrated
tertiary coating hyaluronic acid tertiary
coating
Lactobacillus 26 54 56
acidophilus IDCC
3302
Lactobacillus 5 37 42
bulgaricus
Lactobacillus casei {8 41 47
Lactobacillus 5 34 39
fermentum
Lactobacillus gasserii12 36 40
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Non-competitive adhesion of tertiary coated lactic acid bacteria using the functional
hydrated hyaluronic acid
Classification Adhesion of lactic acid bacteria (%)
Un-coated §Hyaluronic acid Functional hydrated
tertiary coating hyaluronic acid tertiary
coating
Lactobacillus 15 38 43
helveticus
Lactobacillus 35 57 63
Jjohnsonii
Lactobacillus 17 43 55
paracasei
Lactobacillus 15 39 43
plantarum
Lactobacillus reuteri {8 25 36
Lactobacillus 34 62 64
rhamnosus
Lactobacillus 5 24 35
salivarius
Bifidobacterium 13 38 46
bifidum
Bifidobacterium 17 44 53
breve
Bifidobacterium 24 45 57
lactis
Bifidobacterium 23 43 49
longum
Enterococcus 38 59 62
faecium
Lactococcus lactis {32 55 64
Streptococcus 14 36 48
thermophilus

<7-5> Competitive exclusion of the

functional hydrated tertiary coated lactic acid

bacteria

[0136] In order to more clearly determine whether tertiary coated lactic acid bacteria using the
functional hydrated hyaluronic acid can exhibit beneficial physiological activity in the intestines,
the present inventors were carried out in the same manner as in Example <6-5> of the present
invention to evaluate the adherence ability of the lactic acid bacteria in the presence of resident
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flora.
[0137] The results are shown in Table 12 below.

[0138] As shown in Table 12 below, Salmonella typhimurium KCTC 2054, which is a harmful
microorganism, was first attached to Caco-2 cells similar to intestinal membranes. The harmful
bacteria are competitive with the uncoated, hyaluronic acid tertiary coating, and tertiary coated
lactic acid bacteria using the functional hydrated hyaluronic acid. As a result of comparing the
removal rates of the harmful bacteria, uncoated lactic acid bacteria that do not contain
functional substances have relatively low removal efficiency because they (less) remove
Salmonella typhimurium KCTC 2054 by a competition removal method. The tertiary coated
lactic acid bacteria using the functional hydrated hyaluronic acid showed significantly higher
removal efficiency of the harmful bacteria than the uncoated and hyaluronic acid tertiary
coated lactic acid bacteria.

[0139] Meanwhile, the effect of the tertiary coated lactic acid bacteria using the functional
hydrated hyaluronic acid was 51 % superior to that of the uncoated lactic acid bacteria in the
result of Lactobacillus acidophilus IDCC 3302, and it also showed an excellent effect of 27 % or
more even in comparison with the conventional hyaluronic acid tertiary coated lactic acid
bacteria. Thus, if the functional hydrated hyaluronic acid is used as a coating agent for lactic
acid bacteria, it has been found that the inhibitory effect against harmful bacteria in the
intestines is remarkably improved as compared with conventional lactic acid bacteria coating

agents.
[Table 12]
Competitive exclusion of tertiary coated lactic acid bacteria using the functional
hydrated hyaluronic acid
Classification Competitive exclusion of Salmonella typhimurium (%)
Un-coated §Hyaluronic acid Functional hydrated
tertiary coating hyaluronic acid tertiary
coating
Lactobacillus 31 55 82
acidophilus IDCC 3302
Lactobacillus 22 47 72
bulgaricus
Lactobacillus casei 38 62 88
Lactobacillus 26 49 68
fermentum
Lactobacillus gasseri {32 46 72
Lactobacillus 20 54 64
helveticus
Lactobacillus johnsonii {27 68 85
Lactobacillus 21 55 72
paracasei
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Competitive exclusion of tertiary coated lactic acid bacteria using the functional
hydrated hyaluronic acid
Classification Competitive exclusion of Salmonella typhimurium (%)
Un-coated §Hyaluronic acid Functional hydrated
tertiary coating hyaluronic acid tertiary
coating
Lactobacillus 24 42 57
plantarum
Lactobacillus reuteri 23 52 68
Lactobacillus 33 58 78
rhamnosus
Lactobacillus salivarius {11 43 62
Bifidobacterium 16 45 52
bifidum
Bifidobacterium breve {15 44 55
Bifidobacterium lactis {18 42 68
Bifidobacterium 22 47 59
longum
Enterococcus faecium {35 54 64
Lactococcus lactis 24 56 63
Streptococcus 13 47 56
thermophilus

<7-6> In_vivo intestinal fixation of tertiary coated lactic acid bacteria using the
functional hvdrated hyaluronic acid

[0140] For the in vivo intestinal fixation test of tertiary coated lactic acid bacteria using the
functional hydrated hyaluronic acid, the same experiment as in Example <6-6> of the present
invention was performed.

[0141] The results are shown in FIG. 8.

[0142] As shown in FIG. 8, it was confirmed that Lacfobacillus bacteria were detected in the
feces up to 2.5 weeks after discontinuation of the treatment with tertiary coated lactic acid
bacteria using hyaluronic acid and tertiary coated lactic acid bacteria using the functional
hydrated hyaluronic acid compared with the uncoated lactic acid bacteria. The effect was
confirmed to be the best in the tertiary coated lactic acid bacteria using the functional hydrated
hyaluronic acid.



DK/EP 3351618 T3

[0143] On the other hand, Lactobacillus was detected in the feces for up to one week after
discontinuation of the uncoated lactic acid bacteria, and it was confirmed that the best fixing
performance was obtained since the tertiary coated lactic acid bacteria using the functional
hydrated hyaluronic acid group was detected by extending 1.5 weeks further.

[0144] Particularly, the tertiary coated lactic acid bacteria using the functional hydrated
hyaluronic acid were not only the adherence of the intestinal mucosa through competitive

exclusion but also proliferated, and Lactobacillus sp. was detected at a level of 1 x 103 CFU.
Thus, the tertiary coated lactic acid bacteria using the functional hydrated hyaluronic acid may
play a role in proliferating beneficial bacteria among intestinal microflora disturbed by antibiotic
and Salmonella typhimurium.

<7-7> In vivo Harmful Bacteria Inhibition with tertiary coated Lactic Acid Bacteria Using
the Functional Hydrated Hyaluronic Acid

[0145] In order to confirm the inhibitory ability of harmful bacteria with tertiary coated lactic acid
bacteria using the functional hydrated hyaluronic acid in vivo, the antimicrobial activity in the
mouse model infected with Salmonella typhimurium KCTC 2054 was performed in the same
manner as in Example <6-7> of the present invention.

[0146] The results are shown in FIG. 9.

[0147] As shown in FIG. 9, as a result of administration of uncoated, tertiary coated lactic acid
bacteria using the hyaluronic acid, and tertiary coated lactic acid bacteria using the functional
hydrated hyaluronic acid to a mouse model which inhibited resident flora by antibiotics and was
infected with Salmonella typhimurium KCTC 2054, it was found that the growth of the uncoated
and tertiary coated lactic acid bacteria using hyaluronic acid, which plays a role of exclusion of
simple competition, was inhibited by competing with Salmonella typhimurium KCTC 2054, but
tertiary coated lactic acid bacteria using the functional hydrated hyaluronic acid inhibited
Salmonella typhimurium KCTC 2054 more efficiently for a long time.

[0148] This result shows that because the antifungal activity and competition exclusion of the
intestinal microflora of the mice disturbed by the antibiotic and Salmonella typhimurium KCTC
2054 as competing bacteria are performed by tertiary coated lactic acid bacteria using the
functional hydrated hyaluronic acid, it was confirmed that the growth of harmful bacteria is
reduced by the antibacterial activity and competition exclusion. Thus the intestinal environment
was rapidly normalized by increasing the proliferation of the beneficial bacteria.

<Example 8>

Quadruply Coated Lactic Acid Bacteria using the Functional Hydrated Hyaluronic acid
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<8-1> Preparation of Quadruply Coated Lactic Acid Bacteria using the Functional
Hydrated Hyaluronic acid

[0149] In the present invention, on the basis of the preparation method of the quadruply
coated lactic acid bacteria described in an example of the Korean patent (No. 10-1280232),
quadruply coated lactic acid bacteria using the functional hydrated hyaluronic acid were
sequentially prepared by using CMC-Na which is a surface thin film coated agent of the lactic
acid bacteria as a primary coating agent, using hyaluronic acid as a secondary coating agent
prepared in the example 1, using maltodextrin as a tertiary coated agent and using whey
protein as a final quaternary coating agent. As a control group, hyaluronic acid quadruple
coated lactic acid bacteria were prepared using conventional hyaluronic acid instead of the
functional hydrated hyaluronic acid.

<8-2> Acid tolerance of quadruple coated lactic acid bacteria using the functional
hydrated hyaluronic acid

[0150] Acid tolerance is exposed to gastric juice when they pass through the stomach of the
digestive organs of the human body. This similar environment is prepared under the conditions
of a test tube, and the survival rate of quadruply coated lactic acid bacteria using the functional
hydrated hyaluronic acid and quadruply coated lactic acid bacteria using the hyaluronic acid
was compared to evaluate the acid tolerance. The experiment was carried out in the same
manner as in Example <6-2> of the present invention.

[0151] The results are shown in Table 13 below.
[Table 13]

Acid tolerance results of quadruply coated lactic acid bacteria using the functional
hydrated hyaluronic acid

Coating Microorganis m pH 2.3 (x108CFU/g) ipH 2.5 (x108
CFU/g)
0 {1 {2 Viabili{0 {1 {2 {Viabili
Hr {Hr {Hr jty (%)iHr {Hr {Hr ity (%)
Quadrupl e coating jLactobacillu s 15 {12 {10 {70 15 113 12 82
using hyaluronic  jacidophilus IDCC {0 {1 {5 0 {1 i3
acid 3302
Lactobacillu s 14 {11 {96 {66 14 113 {12 {86
bulgaricus 5 §2 5 {2 {5
Lactobacillu s caseij17 {12 {12 {69 17 {15 {14 {80
5 {5 {1 5 {5 0
Lactobacillu s 14 {11 {11 {80 14 13 {11 {82
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Acid tolerance results of quadruply coated lactic acid bacteria using the functional
hydrated hyaluronic acid

Coating Microorganis m pH 2.3 (x108CFU/g) ipH 2.5 (x108
CFU/qg)
0 {1 {2 {Viabilij0 i1 §2 Viabili
Hr {Hr {Hr {ty (%)iHr iHr iHr ity (%)
fermentum 2 {2 {4 2 {2 i6
Lactobacillu s 17 {12 {12 {68 17 {14 13 {74
gasseri 8 {9 {1 8 {9 {2
Lactobacillu s 19 {12 {13 {72 19 {16 {15 {79
helveticus 0 2 {7 0 2 10
Lactobacillu s 16 {10 {11 {74 16 {14 {13 {84
Jjohnsonii 0O {3 {8 0 {3 i4
Lactobacillu s 17 {12 {11 {69 17 {14 {13 {79
paracasei 0 {0 7 0 i0 {4
Lactobacillu s 16 {11 {11 168 16 {13 112 {78
plantarum 2 {5 {0 2 {5 i6
Lactobacillu s 15 {10 {94 62 15 {13 {12 {82
reuteri 2 7 2 {7 i5
Lactobacillu s 16 {12 {11 {72 16 {14 {13 {82
rhamnosus 4 3 {8 4 {3 i4
Lactobacillu s 16 (11 {11 74 16 {14 {13 84
salivarius 1 {3 {9 1 {3 i5
Bifidobacter ium 15 {11 {10 {72 15 {13 {12 {82
bifidum 2 {5 {9 2 {5 i5
Bifidobacter ium 17 {11 {13 {78 17 {15 {15 {88
breve 2 {5 {4 2 5 1
Bifidobacter ium 16 {10 {11 {72 16 {14 13 {82
lactis 4 7 {8 4 7 i4
Bifidobacter ium 18 {12 {13 {73 18 {16 {15 {83
longum 2 {5 {3 2 15 {1
Enterococcus 17 {12 {12 {74 17 {15 114 184
faecium 2 0 {7 2 {0 4
Lactococcus lactis {15 {11 {10 {68 15 {14 {13 {88
5 {4 {5 5 {4 i6
Streptococcu s 14 {97 {88 {62 14 {11 {10 {72
thermophilus 2 2 i7 {2
Quadrupl e coating jLactobacillu s 14 {11 {10 {69 14 {12 311 {77
using function al acidophilus IDCC {6 {1 {0 6 {1 2
hydrated hyaluron {3302
ic acid Lactobacillu s 14 {92 {85 {60 {14 {12 197 {69
bulgaricus 1 1 {2
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Acid tolerance results of quadruply coated lactic acid bacteria using the functional
hydrated hyaluronic acid

Coating Microorganis m pH 2.3 (x108CFU/g) ipH 2.5 (x108
CFU/qg)
0 1 2 Viabilii0O {1 {2 Viabili
Hr {Hr {Hr {ty (%)iHr iHr iHr ity (%)
Lactobacillu s caseii17 {13 {11 {65 17 114 {12 i75
2 4 2 2 {4 19
Lactobacillu s 13 {10 {95 {69 13 §12 {10 §79
fermentum 8 0 8 {0 {9
Lactobacillu s 17 12 {11 {65 17 {13 {12 {75
gasseri 2 {8 i2 2 {3 {9
Lactobacillu s 18 {14 {12 i70 18 {15 {13 {75
helveticus 1 4 {7 1 {4 i6
Lactobacillu s 17 {14 {12 {70 17 {15 {13 {76
Jjohnsonii 2 {7 {0 2 i7 {1
Lactobacillu s 16 {12 {11 {65 16 {13 {12 {75
paracasei 9 8 {0 9 i8 {7
Lactobacillu s 16 {12 {10 {65 16 §{13 {12 {75
plantarum 0O {6 {4 0 {6 {0
Lactobacillu s 14 {99 {86 {60 14 {10 {99 {69
reuteri 4 4 i9
Lactobacillu s 15 {11 {10 i68 15 {12 {11 {75
rhamno 2 0 3 2 i0 i4
H
Lactobacillu s 15 {12 {11 {70 15 {13 {11 {74
salivarius 8 {5 1 8 i5 7
Bifidobacter ium 14 {11 {92 {65 14 i12 {97 i68
bifidum 2 {8 2 i8
Bifidobacter ium 16 {13 {12 {76 16 {14 {13 §{82
breve 2 2 3 2 i2 i3
Bifidobacter ium 15 {12 {10 §70 15 {13 {11 {76
lactis 5 {19 19 5 {9 i8
Bifidobacter ium 17 {13 {12 {72 17 14 {13 77
longum 2 {9 {4 2 {9 {2
Enterococcus 16 {12 {11 i72 16 {13 {12 {78
faecium 1 2 i6 1 {2 i6
Lactococcus lactis {14 {10 {92 {65 14 12 {10 i74
2 8 2 18 1i5
Streptococcu s 13 {97 {83 i60 13 {11 {95 {68
thermophilus 9 9 {7




DK/EP 3351618 T3

[0152] As shown in Table 13, the acid tolerance of the quadruply coated lactic acid bacteria
using the functional hydrated hyaluronic acid showed higher acid tolerance than that of the
conventional dual and tertiary coated lactic acid bacteria, and showed higher acid tolerance at
pH 2.5. These results are believed to be due to the high acid tolerance effect inherent in
quadruply coated lactic acid bacteria using the functional hydrated hyaluronic acid. The acid
tolerance of quadruply coated lactic acid bacteria using the functional hydrated hyaluronic acid
also exhibit a pattern similar to that of conventional quadruple coated lactic acid bacteria, and
thus quadruply coated lactic acid bacteria using the functional hydrated hyaluronic acid can be
expected to be structurally stable form.

<8-3> Bile tolerance of quadruply coated lactic acid bacteria using the functional
hydrated hyaluronic acid

[0153] The survival rates of the functional hydrated hyaluronic acid and the quadruply coated
lactic acid bacteria using the hyaluronic acid were compared in vitro when exposed to bile
acids. The experiment was carried out in the same manner as in Example <6-3> of the present
invention.

[0154] The results are shown in Table 14 below.
[Table14]

Bile tolerance results of quadruply coated lactic acid bacteria using the functional
hydrated hyaluronic acid
Coating Microorganism MRS MRS+0.3% § Viability(%)
bile
Quadruple coating using Lactobacillus 245 206 84
hyaluronic acid acidophilus IDCC
3302
Lactobacillus 160 137 86
bulgaricus
Lactobacillus casei {180 153 85
Lactobacillus 182 160 88
fermentum
Lactobaci//us 168 146 87
gasseri
Lactob_aci//us 152 130 85
helveticus
_Lactobagi//us 144 113 79
Jjohnsonii
Lactobaci_//us 152 118 78
paracasei
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Bile tolerance results of quadruply coated lactic acid bacteria using the functional
hydrated hyaluronic acid
Coating Microorganism MRS MRS+0.3% § Viability(%)
bile
Lactobacillus 172 134 78
plantarum
Lactobaci//us 210 165 79
reuteri
Lactobacillus 558 211 82
rhamnosus
Laqtob_aci//us 190 161 85
salivarius
B{'f{'dobacterium 243 194 80
bifidum
Bifidobacterium 055 188 74
breve
Biﬁc_jobacterium 999 171 75
lactis
Bifidobacterium 240 182 76
longum
Ente_rococcus 260 187 79
faecium
Lactococcus lactis {185 133 72
Streptococcus 151 111 74
thermophilus
Quadruple coating using Lactobacillus 235 185 79
functional hydrated acidophilus IDCC
hyaluronic acid 3302
Lactobacillus 150 117 78
bulgaricus
Lactobacillus casei {170 130 77
Lactobacillus 162 126 78
fermentum
Lactobacillus 178 137 77
gasseri
Lactobacillus 142 107 76
helveticus
Lactobacillus 134 92 69
Jjohnsonii
Lactobacillus 142 102 72
paracasei
Lactobacillus 162 110 68
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Bile tolerance results of quadruply coated lactic acid bacteria using the functional
hydrated hyaluronic acid
Coating Microorganism MRS MRS+0.3% § Viability(%)
bile
plantarum
Lactobacillus 193 127 66
reuteri
Lactobacillus 232 160 69
rhamnosus
Lactobacillus 172 113 66
salivarius
Bifidobacterium 224 150 67
bifidum
Bifidobacterium 215 141 66
breve
Bifidobacterium 219 148 68
lactis
Bifidobacterium 210 142 68
longum
Enterococcus 220 151 69
faecium
Lactococcus lactis 175 119 68
Streptococcus 131 83 64
thermophilus

[0155] As shown in Table 14 above, the bile tolerance of quadruply coated lactic acid bacteria
using the functional hydrated hyaluronic acid and quadruply coated lactic acid bacteria using
conventional hyaluronic acid was compared. Thus, it is considered that quadruply coated lactic
acid bacteria using the functional hydrated hyaluronic acid maintain a structurally stable form
because the bile tolerance in each experimental group was similar with almost no difference.

<8-4> Non-competitive adhesion of quadruply coated lactic acid bacteria using the
functional hydrated hyaluronic acid

[0156] The quadruply coated lactic acid bacteria were prepared on the basis of the quadruply
coated lactic acid bacteria preparation method of Korean Patent No. 10-1280232 in order to
compare the adhesion ability in the absence of competitive microorganisms. In addition, in
order to evaluate the non-competitive adhesion, the same procedure as in Example <6-4> of
the present invention was performed.
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[0157] The results are shown in Table 15 below.

[0158] As shown in Table 15 below, the adhesion efficiency of quadruply coated lactic acid
bacteria using hyaluronic acid was relatively better than that of uncoated lactic acid bacteria in
the evaluation of adhesion capacity to Caco-2 cells similar to the intestinal membrane. The
adhesion efficiency of quadruply coated lactic acid bacteria using the functional hydrated
hyaluronic acid was equivalent to that of quadruply coated lactic acid bacteria using the
hyaluronic acid.

[Table 15]

Non-competitive adhesion of quadruply coated lactic acid bacteria using the
functional hydrated hyaluronic acid
Classification Adhesion of lactic acid bacteria (%)
Un-coated {Hyaluronic acid Functional hydrated
quadruple coating {hyaluronic acid quadruple
coating
Lactobacillus 26 64 66
acidophilus IDCC
3302
Lactobacillus 5 47 48
bulgaricus
Lactobacillus casei {8 51 47
Lactobacillus 5 54 49
fermentum
Lactobacillus 12 56 50
gasseri
Lactobacillus 15 58 53
helveticus
Lactobacillus 35 67 63
Jjohnsonii
Lactobacillus 17 53 49
paracasei
Lactobacillus 15 59 55
plantarum
Lactobacillus reuteri {8 45 42
Lactobacillus 34 72 68
rhamnosus
Lactobacillus 5 44 42
salivarius
Bifidobacterium 13 58 55
bifidum
Bifidobacterium 17 54 58
breve
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Non-competitive adhesion of quadruply coated lactic acid bacteria using the
functional hydrated hyaluronic acid
Classification Adhesion of lactic acid bacteria (%)
Un-coated {Hyaluronic acid Functional hydrated
quadruple coating {hyaluronic acid quadruple
coating
Bifidobacterium 24 55 59
lactis
Bifidobacterium 23 53 55
longum
Enterococcus 38 69 66
faecium
Lactococcus lactis {32 65 62
Streptococcus 14 56 53
thermophilus

[0159] It was confirmed that the adhesion ability of the quadruply coated lactic acid bacteria
using the functional hydrated hyaluronic acid was further improved according to the number of
coatings. In other words, when only the results of Lacfobacillus acidophilus IDCC 3302 were
evaluated, it was confirmed that dual coated lactic acid bacteria using the functional hydrated
hyaluronic acid (48 % adhesion rate), tertiary coated lactic acid bacteria using the functional
hydrated hyaluronic acid (56 % adhesion rate), and quadruply coated lactic acid bacteria using
the functional hydrated hyaluronic acid (66 % adhesion rate) increased adhesion rate by 20 %
or more according to the number of coatings. These results suggest that maltodextrin as the
third coating agent and whey protein as the quaternary coating agent minimize the exposure of
lactic acid bacteria to the acidic environment and that the second coating agent also maximizes
the interaction with the mucosa by reducing the exposure time.

<8-5> Competitive exclusion of quadruply coated lactic acid bacteria using the
functional hydrated hyaluronic acid

[0160] In order to more clearly determine whether quadruply coated lactic acid bacteria using
the functional hydrated hyaluronic acid can exhibit beneficial physiological activity in the
intestines, the present inventors were carried out in the same manner as in Example <6-5> of
the present invention to evaluate the adherence ability of the lactic acid bacteria in the
presence of resident flora.

[0161] The results are shown in Table 16 below.

[0162] As shown in Table 16 below, Salmonella typhimurium KCTC 2054, which is a harmful
microorganism, was first attached to Caco-2 cells similar to intestinal membranes. The harmful
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bacteria are competitive with the uncoated, hyaluronic acid quadruple coating, and quadruply
coated lactic acid bacteria using the functional hydrated hyaluronic acid. As a result of
comparing the removal rates of the harmful bacteria, uncoated lactic acid bacteria that do not
contain functional substances have relatively low removal efficiency because they (less)
remove Salmonella typhimurium KCTC 2054 by a competition removal method. The quadruply
coated lactic acid bacteria using the functional hydrated hyaluronic acid showed significantly
higher removal efficiency of the harmful bacteria than the uncoated and hyaluronic acid
quadruply coated lactic acid bacteria.

[0163] Meanwhile, the effect of the quadruply coated lactic acid bacteria using the functional
hydrated hyaluronic acid was 57 % superior to that of the uncoated lactic acid bacteria in the
result of Lactobacillus acidophilus IDCC 3302, and it also showed an excellent effect of 31 % or
more even in comparison with the conventional hyaluronic acid quadruply coated lactic acid
bacteria. Therefore, when the functional hydrated hyaluronic acid is used as coating agent for
lactic acid bacteria, it has been found that the inhibitory effect against harmful bacteria in the
intestines is remarkably improved as compared with conventional lactic acid bacteria coating

agents.
[Table 16]
Competitive exclusion of quadruply coated lactic acid bacteria using the functional
hydrated hyaluronic acid
Classification Competitive exclusion of Salmonella typhimurium (%)
Un-coated {Hyaluronic acid Functional hydrated
quadruple coating {hyaluronic acid quadruple
coating
Lactobacillus 31 57 88
acidophilus IDCC
3302
Lactobacillus 22 49 82
bulgaricus
Lactobacillus casei {38 60 92
Lactobacillus 26 52 78
fermentum
Lactobacillus 32 55 82
gasseri
Lactobacillus 20 58 75
helveticus
Lactobacillus 27 69 91
Jjohnsonii
Lactobacillus 21 58 82
paracasei
Lactobacillus 24 48 69
plantarum
Lactobacillus reuteri {23 59 78
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Competitive exclusion of quadruply coated lactic acid bacteria using the functional
hydrated hyaluronic acid
Classification Competitive exclusion of Salmonella typhimurium (%)
Un-coated {Hyaluronic acid Functional hydrated
quadruple coating {hyaluronic acid quadruple
coating
Lactobacillus 33 59 88
rhamnosus
Lactobacillus 11 47 72
salivarius
Bifidobacterium 16 49 72
bifidum
Bifidobacterium 15 47 65
breve
Bifidobacterium 18 48 78
lactis
Bifidobacterium 22 49 72
longum
Enterococcus 35 56 73
faecium
Lactococcus lactis {24 58 75
Streptococcus 13 49 77
thermophilus

[0164] The competitive adhesion inhibition of quadruply coated lactic acid bacteria using the
functional hydrated hyaluronic acid was improved to about 30 % as compared with the simple
adhesion ability evaluated in the above Example <8-4>. These results suggest that if the
conventional quadruple coated lactic acid bacteria multiply by increasing the adhesion
efficiency through competition exclusion, quadruply coated lactic acid bacteria using the
functional hydrated hyaluronic acid was expected to increase the chance of adhesion by
decreasing the activity of competing strain Salmonella typhimurium by combining competitive
exclusion with antimicrobial activity.

<8-6> In vivo intestinal fixation of quadruply coated lactic acid bacteria using the
functional hydrated hyaluronic acid

[0165] For the in vivo intestinal fixation test of quadruply coated lactic acid bacteria using the
functional hydrated hyaluronic acid, the same experiment as in Example <6-6> of the present
invention was performed.
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[0166] The results are shown in FIG. 10.

[0167] As shown in FIG. 10, it was confirmed that /actobacillus bacteria were detected in the
feces up to 2.5 weeks after discontinuation of the treatment with quadruply coated lactic acid
bacteria using hyaluronic acid and quadruply coated lactic acid bacteria using the functional
hydrated hyaluronic acid compared with the uncoated lactic acid bacteria. The effect was
confirmed to be the best in quadruply coated lactic acid bacteria using the functional hydrated
hyaluronic acid.

[0168] On the other hand, Lactobacillus was detected in the feces for up to one week after
discontinuation of the uncoated lactic acid bacteria, and it was confirmed that the best fixing
performance was obtained since quadruply coated lactic acid bacteria using the functional
hydrated hyaluronic acid group was detected by extending 1.5 weeks further.

<8-7> In vivo Hamful Bacteria Inhibition of Quadruply coated Lactic Acid Bacteria
Using Functional Hydrated Hyaluronic Acid

[0169] In order to confirm the inhibitory ability against harmful bacteria in quadruply coated
lactic acid bacteria using the functional hydrated hyaluronic acid in vivo, the antimicrobial
activity in the mouse model infected with Salmonella typhimurium KCTC 2054 was performed
in the same manner as in Example <6-7> of the present invention.

[0170] The results are shown in FIG. 11.

[0171] As shown in FIG. 11, as a result of administration of uncoated, quadruply coated lactic
acid bacteria using the hyaluronic acid, and quadruply coated lactic acid bacteria using the
functional hydrated hyaluronic acid to a mouse model which inhibited resident flora by
antibiotics and was infected with Salmonella typhimurium KCTC 2054, it was found that the
growth of the uncoated and quadruply coated lactic acid bacteria using hyaluronic acid, which
plays a role of exclusion of simple competition, was inhibited by competing with Salmonella
typhimurium KCTC 2054, but quadruply coated lactic acid bacteria using the functional
hydrated hyaluronic acid inhibited Salmonella typhimurium KCTC 2054 more efficiently for a
long time.

[0172] Meanwhile, quadruply coated lactic acid bacteria using the functional hydrated
hyaluronic acid, which have both antimicrobial activity and competition exclusion, suppresses
the growth from the beginning after infection with Salmonella typhimurium KCTC 2054, so that
the influence of the harmful bacteria Salmonella typhimurium KCTC 2054 harmful bacteria less
affected. Thus, because of the increased number of lactic acid bacteria by the proliferation of
lactic acid bacteria, it helped to maintain the normal flora even after 2.5 weeks of
discontinuation.

<Example 9>
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Electron microscope (FE-SEM) structure analysis

[0173] Structural analysis of quadruply coated Lactobacillus acidophilus IDCC 3302 using the
functional hydrated hyaluronic acid prepared in Example 1 was carried out by electron
microscopic photographing. The structure analysis of quadruply coated lactic acid bacteria
using the functional hydrated hyaluronic acid were shown in FIGS. 12 to 16 by electron
microscopic stepwise.

[0174] As shown in FIGS. 12 to 16, when CMC-Na was mixed with lactic acid bacteria, it was
observed that the surface of the lactic acid bacteria was coated with CMC-Na as forming a film-
like thin film (FIG. 13). In addition, it was observed that the structure of the functional hydrated
hyaluronic acid structure became denser by mixing CMC-Na and the functional hydrated
hyaluronic acid (Fig. 14). Maltodextrin, a porous particle, was added to prevent external
moisture and temperature from being easily transferred to bacteria (Fig. 15). Finally, the cells
were coated with whey protein and the cells were not exposed to the outside (Fig. 16).

[0175] Thus, as the first to fourth coatings were sequentially added, it was confirmed that the
coating agents used with the lactic acid bacteria protected the lactic acid bacteria more densely
and firmly.

[INDUSTRIAL APPLICABILITY]

[0176] The functional hydrated hyaluronic acid of the present invention has an effect of
exhibiting a selective antagonism by exhibiting a proliferation inhibitory action against harmful
bacteria and a proliferation promoting action for beneficial bacteria. The functional hydrated
hyaluronic acid of the present invention can be used as quadruply coated lactic acid bacteria
by mixing a lactic acid bacterium with a water-soluble polymer, a functional hydrated hyaluronic
acid, a coating agent having porous particles and a protein. And thus, the functional hydrated
hyaluronic acid not only exhibits excellent adhesion to the intestinal mucosa and selective
antagonism against harmful bacteria which are not present in conventional uncoated, single,
dual, tertiary and quadruple coated lactic acid bacteria, but also has excellent acid tolerance
and bile tolerance. Therefore, the functional hydrated hyaluronic acid has an effect of not
losing the physiological activity inherent in lactic acid bacteria, and thus is highly industrially
applicable.

REFERENCES CITED IN THE DESCRIPTION



DK/EP 3351618 T3

Cited references

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Patent documents cited in the description

o KK101280232 [G008] [O089] [0180] (01331 [0148] [0138]
o RKEZ0070104140A [00141]
o KRZO130143229A [0G1 2]

Non-patent literature cited in the description

» Microbiol., vol. 59, 124121-4128 {48851
» Gut., vol. 35, 483-489 [4G88}
« FEMS microbiology Lett., vol. 91, 213-218 [83&8]



10

15

20

25

30

35

DK/EP 3351618 T3

PATENTKRAV

1. Hyaluronsyre komplekseret med et fermenteret produkt af en maelkesyrebakterie,
hvor hyaluronsyren komplekseret med det fermenterede produkt af en maelkesyre-
bakterie fremstilles ved en fremgangsmade, som omfatter: tilfersel af hyaluronsyre til
et tyndaliseret kulturmedie af en maelkesyrebakterie i et forhold pa 0,001 til 1 vaegtdel
af hyaluronsyre til 100 veegtdele af et tyndaliseret kulturmedie af en meaelkesyre-
bakterie; og oplgsning af hyaluronsyren i kulturmediet af en maelkesyrebakterie under

omrgring, efterfulgt af koncentrering.

2. Hyaluronsyre ifglge krav 1, hvor det tyndaliserede kulturmedie af en maelke-

syrebakterie fremstilles ved en fremgangsmade omfattende falgende trin:

(a) opvarmning af kulturmediet af maelkesyrebakterie ved 110 til 135°C i 3 til 7
minutter under tryk;

(b) afkeling af det tryksatte og opvarmede kulturmedie fra trin (a) til 25 til 35°C;
(c) opvarmning af det afk@lede kulturmedie fra trin (b) ved 105 til 115°C i 8 til 12
minutter under tryk;

(d) afkeling af det tryksatte og opvarmede kulturmedie fra trin (c) til 25 til 35°C; og
(e) opvarmning af det afkslede kulturmedie fra trin (d) ved 75 til 85°C i 20 til 40
minutter, efterfulgt af afkeling til 25 til 35°C.

3. Hyaluronsyre ifslge krav 1 eller 2, hvor meelkesyrebakterien er i det mindste én
meelkesyrebakterie valgt fra gruppen bestaende af Lactobacillus sp., Bifidobacterium
sp., Streptococcus sp., Lactococcus sp., Enterococcus sp., Pediococcus sp.,

Leuronostoc sp., og Weissella sp..

4. Meelkesyrebakterie belagt med hyaluronsyren ifglge krav 1 eller 2.

5. Fremgangsmade til fremstilling af en fire-gange belagt meelkesyrebakterie, hvilken

fremgangsmade omfatter:

(a) udferelse af en primaer beleegning ved blanding af en vandoplgselig polymer
med en maelkesyrebakerie;
(b) udferelse af en sekundaer beleegning ved blanding af en hyaluronsyre kom-

plekseret med et fermenteret produkt af en meelkesyrebakterie med den primeert
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belagte meelkesyrebakterie fra trin (a), hvor hyaluronsyren komplekseret med det
fermenterede produkt af meelkesyrebakterien fremstilles ved en fremgangsmade,
som omfatter tilfarsel af hyaluronsyre til et tyndaliseret kulturmedie af en meelke-
syrebakterie i et forhold pa 0,001 til 1 vaegtdel af hyaluronsyre til 100 vaegtdele af

5 et tyndaliseret kulturmedie af maelkesyrebakterie; og oplgsning af hyaluronsyren i
kulturmediet af en maelkesyrebakterie under omrgring, efterfulgt af koncentration;
(c) udfgrelse af en tertieer belaegning ved blanding af et beleegningsmiddel, som
omfatter porgse partikler, med den sekundeert belagte meelkesyrebakterie fra trin
(b); og

10 (d) udferelse af en kvaterneer beleegning ved blanding af et protein med den
tertieert belagte meaelkesyrebakterie fra trin (),
hvor den vandopl@selige polymer i trin (a) er i det mindste én valgt fra gruppen
bestaende af carboxymethylcellulose (CMC), hydroxyethylcellulose (HEC),
xanthangummi (XG), guargummi (GG), polyvinylpyrrolidon (PVP), carbopol,

15 natriumalginat og propylenglycolalginat, hvor beleegningsmidlet, som omfatter
porgse partikler, i trin (c) er i det mindste ét valgt fra gruppen bestaende af alginat,
maltodextrin (MD), chitosan, stivelse, polyethylenglycol (PEG), triacetin, propylen-
glycol, acetyltriethylcitrat, triethylcitrat og glycerin.

20 6. Fremgangsmade ifglge krav 5, hvor hyaluronsyren i trin (b) fremstilles ved en
fremgangsmade omfattende tilfarsel af hyaluronsyre til et tyndaliseret kulturmediet af
en meaelkesyrebakterie i et forhold pa 0,001 til 1 vaegtdel af hyaluronsyre til 100
vaegtdele af et tyndaliseret kulturmedie af en meaelkesyrebakterie; og oplgsning af
hyaluronsyren i kulturmediet af en maelkesyrebakterie under omrgring, efterfulgt af

25 koncentration under et reduceret tryk ved 30 til 60°C.

7. Fremgangsmade ifelge krav 5, hvor proteinet i trin (d) er i det mindste ét valgt fra

gruppen bestaende af skummetmaelkspulver, valleprotein og isoleret soyabgnne-

protein.

30
8. Fremgangsmade ifelge krav 5, hvor meaelkesyrebakterierne er i det mindste én valgt
fra gruppen bestaende af Lactobacillus sp., Bifidobacterium sp., Streptococcus sp.,
Lactococcus sp., Enterococcus sp., Pediococcus sp., Leuronostoc sp., og Weissella
sp..

35

9. Fremgangsmade ifelge krav 5, hvor fremgangsmaden omfatter
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(a) udferelse af den primeere belaegning ved blanding af den vandoplgselige
polymer med et kulturmedie af meelkesyrebakterien i et forhold pa 0,1 til 10
vaegtdele af den oplaselige polymer til 100 veegtdele af kulturmediet af meelke-
syrebakterien;

(b) udferelse af den sekundaere beleegning ved blanding af hyaluronsyren med
kulturmediet af maelkesyrebakterien i et forhold pa 0,001 til 0,5 veegtdele af
hyaluronsyren til 100 veegtdele af kulturmediet af meelkesyrebakterien;

(c) udferelse af den tertieere belaegning ved blanding af belaegningsmidlet, som
omfatter porgse partikler, med et kulturmedie af meelkesyrebakterien i et forhold
pa 0,1 til 10 veegtdele af belaegningsmidlet til 100 veegtdele af kulturmediet af
meelkesyrebakterien; og

(d) udferelse af den kvaterneere beleegning ved blanding af proteinet med et
kulturmedie af meelkesyrebakterien i et forhold pa 1 til 30 veegtdele af proteinet til

100 veegtdele af kulturmediet af maelkesyrebakterien.

10. Fire gange belagt meelkesyrebakterie fremstillet ved fremgangsmaden ifelge krav
5.

11. Fire gange belagt meelkesyrebakterie ifslge krav 10, hvor meelkesyrebakterien er i
det mindste én valgt fra gruppen bestdende af
Lactobacillus sp., Bifidobacterium sp., Streptococcus sp., Lactococcus sp., Enterococc

us sp., Pediococcus sp., Leuconostoc sp., og Weissella sp..
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DRAWINGS
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FIG. 4
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FIG. 5
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FIG. 12

FIG. 13
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FIG. 15
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FIG. 16
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