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Description
Title of Invention: METHOD FOR PREPARING IMP
FERMENTED BROTH OR GLUTAMIC ACID FERMENTED
BROTH AS RAW MATERIAL FOR PREPARATION OF

NATURAL FLAVOR
Technical Field

The present invention relates to a method for preparing an inosine-5'-monophosphate
(IMP) fermented broth or a glutamic acid fermented broth as a raw material for
preparation of a natural flavor, and more particularly to a method of preparing an IMP
fermented broth or a glutamic acid fermented broth by a two-step [ermentation process
comprising a first fermentation step for fungal fermentation and a second fermentation
step for bacterial fermentation, an IMP fermented broth and glutamic acid fermented
broth prepared thereby, a method for preparing a natural (lavor, which comprises a step
of preparing the IMP fermented broth or glutamic acid fermented broth, a natural

flavor prepared thereby, and a food composition comprising the same.

Background Art

Amino acids and peptides are used as flavor components. In recent years, natural
flavoring materials including amino acids and peptides extracted by fermenting
vegetable protein sources, such as soybeans, wheat or corn, with microorganisms, such
as fungi, Bacillus, lactic acid bacteria or yeast, and hydrolyzing the fermentation
product, have been developed in various ways.

Generally, technology has been developed to improve the extracted taste components
(amino acids and peptides) by increasing the degree of hydrolysis of the vegetable
protein sources or increase price competitiveness by increasing the yield in terms of
mass. However, when only vegetable protein sources are used, there is a disadvantage
in that no nucleic acid component is present in the resulting flavoring material, and
thus the umami taste intensity of the flavoring material is weak. In addition, flavoring
materials are required to contain glutamic acid together with nucleic acids such as
inosine monophosphate (IMP) or guanosine monophosphatc (GMP) in order to
increase the commercial value thereof.

In recent years, in order to overcome the above-described shortcoming of the
vegetable protein hydrolysate, natural nucleic acid-containing materials such as yeast
extracts have generally been used. However, the yeast extracts may adversely affect

the inherent flavor of processed foods due to an off-flavor and off-odor resulting from
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the peculiar fermented odor thereof, and the nucleic acid content thereof is limited
{maximum nucleic acid content: 20%). In addition, mixtures of vegetable protein
materials with yeast extracts for use in natural processed foods have low price compet-
itiveness compared to conventional flavoring materials such as monosodium glutamate
(MSG), nucleic acid IG, or hydrolyzed vegetable protein (HVP).

Meanwhile, IMP together with GMP is a substance that is widely used as a food
flavoring additive. When IMP is used specifically with monosodium glutamate (MSG),
it has a significant ability to improve taste. Thus, IMP is a nucleic acid-based flavoring
substance that is receiving attention as a flavoring substance.

Methods for fermenting IMP and GMP for use as flavoring substances include a
method of degrading yeast RNA, and a method of preparing IMP and GMP by two
steps (fermentation and chemical phosphorylation) after preparation of inosine and
guanosine. However, in recent years, in various countries, including Europe, standards
for natural flavors have been strengthened and regulations have become more severe,
and thus flavors which are not made of only natural components but are prepared by
performing chemical processes or adding additional components are not recognized as
natural flavors. For this reason, natural nucleic acid components should be prepared
using a method directly fermenting sugar with bacteria.

Under such circumstances, the present inventors have made extensive efforts to
prepare a natural flavor containing no additional component without performing any
chemical process, and as a result, have found that, when an IMP or glutamic acid
fermented broth produced by a two-step fermentation process comprising a first fer-
mentation step for fungal fermentation and a second fermentation step for bacterial fer-
mentation is used, a variety of effective flavors can be produced even when only the
fermented broth is used for a subsequent reaction, thereby completing the present

invention.

Disclosure of Invention
Technical Problem

It is an object of the present invention to provide a method of preparing an inosine-
5'-monophosphate (IMP) fermented broth or a glutamic acid fermented broth by a [irst
fermentation step for fungal fermentation and a second fermentation step for bacterial
fermentation.

Another object of the present invention is to provide an IMP fermented broth or
glutamic acid fermented broth prepared by the above method.

Still another object of the present invention is to provide a method for preparing a

natural flavor, the method comprising preparing an IMP fermented broth or a glutamic
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acid fermented broth by a [irst fermentation step for fungal fermentation and a second

fermentation step for bacterial fermentation.
Yet another object of the present invention is to provide a natural flavor prepared by

the above preparation method and a food composition comprising the same.

Solution to Problem

To achieve the above objects, in one aspect, the present invention provides a method
for preparing an inosine-5'-monophosphate (IMP) fermented broth or a glutamic acid
fermented broth, the method comprising the steps of: (a) fermenting a vegetable
protein source with fungi to obtain a grain fermented broth; and (b) fermenting the
grain fermented broth with bacteria.

The prepared IMP and/or glutamic acid fermented broth may be used as a raw
material for preparing a natural flavor. In other words, a natural flavor may be prepared
using the IMP and/or glutamic acid fermented broth.

FIG. I schematically shows a method for preparing a natural flavor according to the
present invention.

A glutamic acid fermented broth, an IMP fermentcd broth and a grain fermented
broth are prepared by a first fermentation step for fungal fermentation and a second
fermentation step for bacterial fermentation, and are finally subjected to a reaction or
treatment suitable for cach flavor, thereby preparing various natural flavors.

Thus, the present invention is characterized in that a natural IMP fermented broth or
a glutamic acid fermented broth that are used as raw materials for preparing natural
flavors are prepared by a two-step fermentation process comprising a first fermentation
step for fungal fermentation and a second fermentation step for bacterial fermentation.

The first fermentation step for fungal fermentation is a step of producing peptides
and amino acids using a protein source. When only the first fermentation step for
fungal fermentation is carried out, large amounts of peptides and amino acids can be
produced, and thus glutamic acid that may be used as a flavor can be produced.
However, there is a disadvantage in that a nucleic acid substance, such as IMP or
guanosine monophosphate (GMP), which can give an umami taste, cannot be
produced. In addition, there is a problem in that, when a vegetable protein source is
used, it is subjccted only to a proteolytic process, and thus the peptide and amino acid
that can be produced depend on the concentration or content of protein in the protein
source. For example, when bean is used, the content of glutamic acid in the produced
fermented broth will be less than 0%, and when wheat gluten is used, the content of
glutamic acid in the produced fermented broth will be less than 15%.

Meanwhile, the second fermentation step for bacterial fermentation is a step of
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preparing nucleic acid and glutamic acid fermented broths. When only the second fer-
mentation step for bacterial fermentation is carried out, nucleic acid and glutamic acid
can be effectively produced, but there is a shortcoming in that the content of other
amino acids and peptides is produced in a concentration of less than 1%, and thus the
fermented broth with bacteria cannot be used as a flavor, even though it has a good
umami taste. In other words, there is a shortcoming in that, in order to use the
termented broth, obtained only by bacterial fermentation, as a flavor, additional
components are required to be added to the fermented broth so that the fermented broth
can be applied to foods.

Accordingly, the present inventors have developed a method of producing a
fermented broth that is used as a raw material for a natural flavor, while overcoming
the shortcoming of each of the fungal fermentation process and the bacterial fer-
mentation process. In addition, the present inventors have found that, when the IMP
fermented broth or glutamic acid fermented broth prepared by the developed method is
used, a natural flavor can be prepared using only the prepared fermented broth without
adding any additional component and without carrying out any chemical process.

To prepare a nucleic acid and glutamic acid fermented broth using the two-step fer-
mentation process, various mineral salts, amino acids and vitamins together with a
carbon source and a nitrogen source are required. Particularly, in the prior art, yeast
extract or hydrolyzed vegetable protein (HVP) was used as the nitrogen source, but in
this case, there were shortcomings in that the resulting fermented broth had an off-
flavor and an off-odor and in that the yield is somewhat low. In addition, the content of
flavoring components in the resulting culture broth, as well as the overall flavor,
greatly differs depending on various materials that are used for bacterial fermentation.
Thus, in the present invention, a grain fermented broth (grain protein hydrolysate),
which is obtained by fungal fermentation (first fermentation step) and can contain
various amino acids and peptides while serving as a nitrogen source, is used as a
substrate for the second fermentation step for bacterial fermentation.

In conventional processes for preparing nucleic acid or MSG using bacteria, special
importance was attached to increasing only the concentrations of nucleic acid and
MSG in culture broths and the yields thereof. This increase was effective in increasing
the umami taste, but in some cases, it adversely affected the flavor of the resulting
flavoring substances. However, when a natural flavor is prepared using the IMP or
glutamic acid fermented broth of the present invention through additional mixing and
reaction processes, there is an advantage in that the flavor can be improved by con-
trolling the concentrations of IMP and glutamic acid, which are umami taste
components, as well as various amino acids, saccharides, organic acids and inorganic

ions, etc.
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Herein, each step of the inventive method for preparing an IMP or glutamic acid
fermented broth will be described.

Step (a) of the method of the present invention is a step of fermenting a vegetable
protein source with fungi to obtain a grain fermented broth.

In step (a), fungal fermentation is performed using a vegetable protein source,
thereby obtaining a grain fermented broth that contains various amino acids and
peptides and includes components such as glutamine, which can be used as a nitrogen
source in the second fermentation step for bacterial fermentation. Specifically, fungi
are cultured using a grain material as a substrate to prepare a protease-containing cell
culture broth, which is then added to a vegetable protein source, followed by hy-
drolysis, thereby preparing a grain protein hydrolysate. Then, the grain protein hy-
drolysate is filtered, and cells are removed therefrom, thereby preparing a grain
fermented broth. The grain protein hydrolysate may have a total nitrogen content of
2% (w/v) or more in order to provide a nitrogen source for the second fermentation
step for bacterial fermentation.

As the vegetable protein source, any material known in the art may be used in the
present invention, as long as it can be fermented with fungi. Examples of the vegetable
protein source include, but are not limited to, soybean, corn, rice, wheat gluten, etc.
Meanwhile, when wheat gluten is used, it can advantageously increase the yield of
bacterial fermentation, because it contains a large amount of glutamine. Thus, wheat
gluten may preferably be used as the vegetable protein source.

As the fungi, any fungi may be used in the present invention, as long as they can
ferment the vegetable protein source to prepare the grain fermented broth of the
present invention. The fungi that are used in the present invention may preferably be
Aspergillus sp. microorganisms, and more preferably Aspergillus orizae or Aspergillus
sojae microorganisms, but are not limited thereto.

In an example of the present invention, the first fermentation step for fungal fer-
mentation was carried out using Aspergillus sojae CICC_080124P (KCCM11026P) as
described in Korean Patent Registration No. 10-1191010 (corresponding to PCT Inter-
national Publication No. W0O2011-046249).

As used herein, the term "grain fermented broth" refers to a product obtained by
fermenting a vegetable protein source (grain) with fungi. The grain fermented broth
may be used as a substrale (or the second fermentation step [or bacterial fermentation
and may also be used in a final step of preparing a flavor by subjecting the grain
fermented broth to filtration and cell removal processes after fermentation. Thus, the
grain fermented broth may be used for two purposes as described above.

Step (b) is a step of fermenting the grain fermented broth, obtained in step (a), with
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bacteria. In this step, an IMP fermented broth and a glutamic acid fermented broth,
which are used as raw materials for a natural flavor, can be prepared. Specifically, the
grain fermented broth obtained in the first fermentation step for fungal fermentation is
used as a substrate for bacterial fermentation, and the IMP fermented broth and the
glutamic acid fermented broth may be prepared by subjecting the grain fermented
broth to bacterial fermentation in a medium supplemented with a carbon source.

The bacterial fermentation can be performed by a general bacterial culture method
known in the art, and preferably, it may be composed of three steps: flask culture,
scalp-up culture, and main culture. Specifically, flask culture and expansion culture are
performed using primary culture medium and secondary culture medium in order to
achieve scale-up, after which bacterial fermentation is performed using the grain
fermented broth of step (a) as a substrate in main culture medium while continuously
supplying additional sugar, thereby obtaining an IMP fermented broth and a glutamic
acid fermented broth.

The medium for the bacterial fermentation may comprise a carbon source such as
glucose, fructose or the like. Particularly, the medium for preparing the glutamic acid
fermented broth may comprise raw sugar as a carbon source. The medium may
comprise various mineral salts, vitamins, amino acids and the like, and the composition
of the medium may vary depending on the desired fermentation product that is the IMP
fermented broth or the glutamic acid fermented broth.

For example, when the IMP fermented broth is to be prepared, the main culture
medium may comprise glucose, fructose, magnesium sulfate, phosphoric acid,
potassium hydroxide and the grain fermented broth. Preferably, the main culture
medium may comprise, based on the total volume of the medium, 4.4-5.2 wt% of
glucose, 3.7-4.3 wt% of fructose, 1.3-1.7 wt% of magnesium sulfate, 2.0-2.4 wt% of
phosphoric acid, 1.4-1.8 wt% of potassium hydroxide, and 0.5-0.9 wt% of the grain
fermented broth. In addition, when the glutamic acid fermented broth is to be prepared,
the main culture medium may comprise glucose, fructose, raw sugar, betaine,
magnesium sulfate, potassium phosphate and phosphoric acid, and preferably, it may
comprise, based on the total weight of the medium, 0.5-0.7 wt% of glucose, 0.9-1.1
wt% of fructose, 4.5-5.5 wt% of raw sugar, 0.005-0.015 wt% of betaine, 0.3-0.5 wt%
of magnesium sulfate, 0.8-1.0 wt% of potassium phosphate and 0.2-0.4 wt% of
phosphoric acid.

In addition, the medium may, if necessary, comprise small amounts of other
components, for example, iron sulfate, manganese sulfate, copper sulfate, zinc sulfate,
CAPA, NCA (nicotinamide), biotin, calcium chloride, thiamine, vitamin C, and the
like. Typical examples of each of the media comprising these components are shown in
Tables 5 to 8 and 9 to 12.
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As arcsult of the fungal fermentation in step (a), the vegetable protein source is de-
composed into amino acids and peptides, and inorganic ions, such as calcium,
magnesium and phosphate ions, and vitamins are eluted from the protein source. The
amino acids produced by the fungal fermentation include glutamine, cysteine, me-
thionine, valine, leucine, isoleucine and the like, and may be used as a nitrogen source
in the bacterial fermentation in step (b). Particularly. a high concentration of glutamine
is an essential component for purine biosynthesis and can act as a major promoter for
production of high contents of IMP and glutamic acid. In addition, the eluted inorganic
ions and vitamins can be helpful in the growth of bacterial cells in the bacterial fer-
mentation. In an example of the present invention, it was shown that, when the product
obtained by the fungal fermentation was used as a nutrient source, the proliferation and
growth of bacterial cells became faster (FIG. 4). This further demonstrates the
advantage of the two-step process of the present invention.

As used herein, the term "bacteria” refers to any bacteria that can ferment the grain
fermented broth obtained in step (a) to produce IMP fermented broth and glutamic acid
fermented broth. To prepare a natural flavor according to the present invention, a non-
GMO strain may be used. The bacteria that are used in the present invention may be
any bacteria known in the art to have the capability to produce IMP and glutamic acid
by fermentation. For example, when an IMP fermented broth is to be prepared,
Bacillus sp., Corynebacterium sp. or Escherichia sp. microorganisms may be used, and
when a glutamic acid fermented broth is to be prepared, Corynebacterium sp., Mi-
crobacterium sp., Bacillus sp., Streptomyces sp., Penicillium sp., Pseudomonas sp.,
Arthrobacter sp., Serratia sp., Candida sp., Klebsiella sp., Erwinia sp., Pantoea sp. or
Enterobacter sp. microorganisms may be used. More preferably, the bacteria that are
used in the present invention may be Corynebacterium sp. microorganisms. Most
preferably, Corynebacterium ammoniagenes may be used to prepare the IMP
fermented broth, and Corynebacterium glutamicum may be used to prepare the
glutamic acid fermented broth. In addition, as the bacteria, various bacteria, disclosed
in previous patent documents and known to have the capability to produce IMP and
glutamic acid, may be used. For example, the IMP fermented broth may be prepared
the Bacillus sp. or Escherichia sp. bacteria disclosed in Korean Patent Laid-Open Pub-
lication No. 10-2007-000507 (corresponding to PCT International Patent Publication
No. WO2005-095627), and the glutamic acid fermented broth may be prepared using
the Enterobacter sp. or Klebsiella sp. disclosed in Korean Patent Laid-Open Pub-
lication No. 10-2000-0029174 (corresponding to US Patent No. 7247459), but are not
limited thereto.

In an example of the present invention, to prepare an IMP fermented broth,
Corynebacterium ammoniagenes CJIPO09 (KCCM-10226) described in Korean Patent
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Registration No. 10-0397321 (corresponding to WO International Patent Publication
No. W02002-051984) was used, and to prepare a glutamic acid fermented broth,
Corynebacterium glutamicum (Brevibacterium lactofermentum) CIJ971010 (KFCC
11039) described in Korean Patent Registration No. 10-0264740 was used.

The fermented broth obtained by bacterial fermentation in step (b) has a solid content
of about 150 g/L. The present invention is characterized in that the IMP and/or
glutamic acid fermented broth obtained by the bacterial fermentation is used in a
natural flavor preparation process without adding any additional component thereto,
the fermented broth should contain large amounts of IMP and glutamic acid that are
the desired components.

Thus, the solid in the IMP fermented broth prepared by the first fermentation step for
fungal fermentation and the second fermentation step for bacterial fermentation may
preferably have an IMP content of 30% or more, and more preferably 50% or more,
but is not limited thereto. Accordingly, the concentration of IMP in the IMP fermented
broth may preferably be 50 g/L. to 150 g/L, and more preferably 70 g/L to 130 g/L.

Further, because the product produced by the first fermentation step for fungal fer-
mentation contains amino acids, the glutamic acid can be obtained at high con-
centration and high yield compared to those of IMP. The solid in the prepared glutamic
acid fermented broth may preferably have a glutamic acid content of 50% or more, and
more preferably 60% or more, but is not limited thereto. Thus, the concentration of
glutamic acid in the glutamic acid fermented broth may preferably be 75 g/L to 150 g/
L., and more preferably 90 g/L to 130 g/L.

Due to high contents of IMP and glutamic acid in the fermented broth as described
above, when the fermented broth is powdered by a process such as drying, it can be
suitably added to food.

Because the fermented broth of the present invention is characterized in that it is used
in a natural flavor preparation process without adding any additional components and
without subjecting it to an additional chemical process such as purification, all medium
components should be food grade materials in order for the fermented broth to be
included directly in food, for example, processed food. Thus, all medium components
that are added during fermentation are preferably food grade materials. In an example
of the present invention, in order to use food grade materials as medium components,
[-alanine was replaced with calcium panthothenate (CAPA), and nevertheless, it was
shown that an IMP fermented broth having an IMP concentration of 70 g/L. or more
could be prepared. Thus, the medium for bacterial fermentation according to the
present invention may preferably contain CAPA.

Meanwhile, the inventive method for preparing an IMP fermented broth or a

glutamic acid fermented broth may further comprise step (c¢) of treating the fermented
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broth, obtained by the bacterial fermentation, with activated carbon, in order to use the
fermented broth in a process of preparing a natural flavor by a filtration process. In
addition, the inventive method may comprise, after the step of treating the fermented
broth with activated carbon, a step of centrifuging or filtering the fermented broth.
After the fermented broth is treated with activated carbon, it may further be treated
with diatomaceous earth as a filtration aid. Moreover, before the fermented broth is
treated with activated carbon, it may be subjected to a pretreatment process of heating
the fermented broth to induce cell lysis, in order to increase the yield of the filtration
process that is subsequently carried out. The heating process may preferably be carried
out at 70~90 °C, and the heating time may preferably be 15 minutes or longer, and
more preferably 15-60 minutes.

Each of the IMP fermented broth and the glutamic acid fermented broth can be
prepared by the two-step fermentation process comprising steps (a) and (b), and the
prepared fermented broth can finally be subjected to a third step for reaction and can
be used in a process of preparing various flavors. Based on the IMP fermented broth
and the glutamic acid fermented broth, various natural flavors, for example, neutral
flavors, and flavors for beef, chicken, pork, kokumi and the like, can be prepared by
using different raw materials, or slightly changing the medium composition, or con-
trolling process conditions, including temperature, pressure and time, in the process of
mixing the fermented broths, or a reaction or electrodialysis process. Among the
prepared natural flavors, a flavor suitable for the purpose of each food may be added to

the food to give the optimum taste.

Therefore, in another aspect, the present invention provides a method for preparing a
natural flavor, the method comprising the steps of: (a) fermenting a vegetable protein
source with fungi to obtain a grain fermented broth; and (b) fermenting the grain
fermented broth with bacteria to prepare an IMP fermented broth or a glutamic acid
fermented broth. The method for preparing the natural flavor may further comprise
step (¢) of mixing two or more fermented broths selected from the group consisting of
the grain fermented broth of step (a) and the IMP fermented broth and glutamic acid
fermented broth of step (b).

As used herein, the term "flavor" refers to a substance that is added to improve the
flavor of food. The flavor can be classified according to its component into various
(lavors. Specific examples of the flavor include a neutral flavor, a beef flavor, a
chicken flavor, a pork flavor, and a kokumi flavor. Each of the flavors can be prepared
using the IMP fermented broth and glutamic acid fermented broth prepared by the two-
step fermentation process of the present invention. For example, the term "neutral

flavor" refers to a flavor that gives a mild and clean taste by maximizing an umami
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taste and minimizing other flavors. The terms "beef flavor”, "chicken flavor” and "pork
flavor" refer to flavors that have the flavors of beef, chicken and pork, respectively,
and term "kokumi flavor" refers to a substance producing kokumi (Japanese) that
indicates a rich taste, a thick taste, a mouth-filling taste, a dense taste or a sticky taste.

Meanwhile, the flavor of the present invention is characterized in that it is a natural
flavor and is prepared using only the fermented broth obtained by the fermentation
process without adding any additional component to the fermented broth and without
subjecting the fermented broth to an additional chemical process. Thus, the flavor of
the present invention is a natural flavor having a concept opposed to a synthetic flavor.

The inventive method for preparing the natural flavor comprises the steps of
fermenting a vegetable protein source with fungi to obtain a grain fermented flavor and
fermenting the grain fermented broth with bacteria to obtain an IMP fermented broth
or a glutamic acid fermented broth. The natural flavor of the present invention can be
prepared by preparing each of the fermented broths by the two fermentation steps
(fungal fermentation and bacterial fermentation) and using the prepared fermented
broths without subjecting the fermented broths to any treatment. Each of the fer-
mentation steps is as described above.

In addition, the inventive method for preparing the natural flavor may further
comprise, after preparing each fermented broth as described above, a step of mixing
two or more fermented broths selected from among the grain fermented broth, the IMP
fermented broth and the glutamic acid fermented broth. In this step, no additional
component is added to the fermented broths, the fermented broths are not subjected to
an additional chemical process, and the fermented broths are mixed with each other,
and then reacted under suitable conditions, including temperature, pressure and time,
according to the intended use of the desired flavor, thereby preparing various natural
flavors. Herein, the mixing ratio of the fermented broths, and temperature, pressure and
time for the reaction after the mixing process can be controlled depending on the
intended use of each flavor and are not limited to specific conditions. The present
invention is characterized in that a natural flavor is prepared using each of the
fermented broths.

Meanwhile, the mixing step may further comprise a step of electrodialyzing each of
the fermented broths according to the intended use of the flavor. The electrodialysis
step can remove off-flavor and oft-odor to eliminate an unpleasant or bitter taste from
the (lavor and enable the {lavor to have a more clean and mild taste and can be selected
according to the characteristics of the resulting flavor to be prepared.

In an example of the present invention, a flavor was prepared using the electro-
dialysis process, and the sensory attributes of the prepared flavor were compared with

those of a sample prepared without the electrodialysis process. As a result, it was
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shown that the intensity of metallic flavor, bitter taste, unpleasant intensity and color
darkness of the prepared flavor were all reduced, and thus the prepared flavor had a
clean and mild flavor and overall preference for the flavor increased (FIG. 5).

As used herein, the term "electrodialysis (ED)" refers to a process of separating ionic
components from a solution. It is theoretically based on the mass transfer principle in
which ionic components in a solution are selectively passed through a cation exchange
resin membrane and an anion exchange resin membrane by a voltage applied to an
electric field. It is a membrane process that is most frequently used together with
reverse osmosis and ultrafiltration processes. Because the electrodialysis process is not
interpreted as a chemical process, it can be used in the natural flavor preparation
process according to the purpose of the present invention. For the purpose of the
present invention, ions in the fermented broth, for example, metallic ions, particularly
monovalent and divalent cations and anions, can be removed by the electrodialysis
process, thereby removing off-odor.

Meanwhile, the mixing step of the present invention may further comprise a step of
concentrating the fermented broth and drying the concentrate to prepare powder. The
step of preparing the fermented broth into powder may be performed before or after
mixing the fermented broths, and can preferably be performed before mixing the
fermented broths. The drying can preferably be achieved by spray drying or vacuum
drying. The fermented broth can be finally prepared into powder or paste which is

suitable for addition to food.

In still another aspect, the present invention provides an IMP fermented broth or
glutamic acid fermented broth prepared by the preparation method of the present
invention. In yet another aspect, the present invention provides a natural flavor
prepared by the preparation method of the present invention. In yet another aspect, the
present invention also provides a food composition comprising the natural flavor.

The IMP fermented broth or glutamic acid fermented broth of the present invention
may be used as a raw material for preparing a natural flavor according to the
consumer's preference. A natural flavor prepared using the IMP fermented broth or
glutamic acid fermented broth of the present invention may be added to a food suitable
for its taste to maximize the taste of the food and may also be applied to animal feed.
For example, the natural neutral flavor may be added to snack seasonings, soup stocks,
commercial {lavors, dressings and the like to produce a clean taste, and the natural beel
flavor may be added to ham, sausage and the like to produce a beef flavor, and the
natural kokumi flavor may be added to soy paste, bean paste, noodle soup, curry and

the like to produce kokumi.
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Advantageous Effects of Invention

The IMP fermented broth and glutamic acid fermented broth prepared according to
the method of the present invention may be used in various ways as raw materials for
preparing natural flavors. In addition, the natural flavors prepared using the fermented
broths are prepared using natural raw materials, and thus are harmless and safe for use
in the human body, and may be added to food to produce various tastes and improve

the flavor of the food.

Brief Description of Drawings

FIG. 1 is a schematic view showing an overall process for preparing the IMP
fermented broth and glutamic acid fermented broth of the present invention and a
natural flavor using these fermented broths.

FIG. 2 shows a process of acid-hydrolyzing AMP in order to replace adenine with a
natural food grade material according to the present invention.

FIG. 3 shows a metabolic pathway for deriving CAPA to replace 3-alanine with a
natural food grade material.

FIG. 4 shows the degrec of proliferation of bacterial cells in the case in which a
vegelable protein degraded by (ungal fermentation according to the present invention
was added as a nutrient source and in the case in which the vegetable protein was not
added.

FIG. 5 shows the results of evaluating sensory attributes before and after an electro-
dialysis process.

FIG. 6 shows the results of comparison of sensory attributes between the neutral

flavor prepared in the present invention and a yeast extract.

Mode for the Invention

Hereinaller, the present invention will be described in [urther detail with reference to
examples. However, it will be obvious to those skilled in the art that these examples
arc for illustrative purposes only and are not intended to limit the scope of the present

invention.

Example 1: Fungal fermentation of vegetable protein source

For primary fungal fermentation, a substrate including grain materials such as
soybean, corn, rice or wheat was cultured using Aspergillis sp. microorganisms as a
fungal strain at a temperature of 20~35 °C for 24-72 hours, thereby preparing a fungal
culture broth containing a high concentration of protease. Then, a vegetable protein

source such as soybean, corn, rice or wheat was mixed with water to a high con-
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centration of 25-35% and sterilized, and the above-prepared fungal culturc broth
containing a high concentration of protease was added to the sterilized vegetable
protein source in a salt-free state to hydrolyze the vegetable protein source. Herein, the
fungal culture broth was added in an amount of 10-100% based on the sterilized
substrate solution, and the substrate was degraded at 40~50 °C for 48-96 hours to
prepare a grain protein hydrolysate.

Specifically, flask culture and expansion culture were performed using Aspergillus
sojae CICC_080124P (KCCM I 1026P) as described in Korean Patent Registration No.
10-1191010 (corresponding to PCT International Publication No. WO2011-046249),
and then a fungal culture broth was prepared using defatted soybean, and wheat gluten
as a substrate was hydrolyzed, thereby preparing a grain protein hydrolysate. More
specifically, 200 ml of a primary culture was dispensed in a I L flask and sterilized,
and 200 ml of fungal cells were inoculated in the flask at a density of 1.7x10" fungal
cells/400 ml and cultured at 30 °C and 100 rpm for 7 hours. Then, a secondary culture
was added to a 250 L fermentor and sterilized, and 600 ml of the primary culture broth
was inoculated therein and cultured at 30 °C and 70 rpm for 24 hours. Next, a main
culture medium was added to a 5-ton preparatory tank and heated at 90 °C for 30
minutes, after it was transferred into a 8-ton fermentor, and 100 L of waterand 2 L of a
defoaming agent were added thereto. Then, 144 L of the secondary culture broth was
inoculated in the main culture medium, and then cultured at 30 °C and 700 rpm for 48
hours, thereby preparing a fungal culture broth. Finally, a raw material for substrate
hydrolysis was added to a 5-ton preparatory tank and heated at 55 °C for 1 hour, after
which it was transferred into a 20-ton fermentor, and 100 L of water and 2 L of a
defoaming agent were added thereto, followed by sterilization. Then, 5760 L of the
fungal culture broth was inoculated in the substrate and cultured at 45 °C and 30 rpm
for 96 hours, thereby preparing a grain protein hydrolysate. The compositions of the
media used in the preparation of the grain protein hydrolysate are shown in Tables 1 to
4 below.

Table 1
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[Table 1]

Primary culture for fungal fermentation

Medium component Unit Amount %
Glucose g © 3
KH, PO, g 6 3
Yeast extract g 6 3
Water ml 182

[78] Table 2

[Table 2]
Secondary culture for fungal fermentation
Medium component Unit Amount 3
Glucose kg 1.44 1
KH2POy4 kg 1.44 1
Yeast extract kg 1.44 1
Water kg 138.6

[79] Table 3
[Table 3]

Main culture medium for fungal fermentation

Medium component Unit Amount %
Defatted soybean K 103.68 1.9
KHo POy kg 57.6 1
Water kg 5352

[80] Table 4
[Table 4]

Raw material for substrate hydrolysis

Raw material Unit Amount

-

Wheat gluten K 265C

o]
N
O
-

Water L
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filter press to remove fungal cells, thereby preparing a grain fermented broth having a
total nitrogen content of 2%(w/v) or more and a degree of hydrolysis of 50% or more.
Meanwhile, the grain fermented broth was prepared as a medium for secondary

bacterial fermentation.

Example 2: Bacterial fermentation

To prepare an IMP fermented broth and a glutamic acid fermented broth using the
grain fermented broth, a carbon source such as glucose or fructose, mineral salts such
as Fe, Mg, Mn and Zn, and vitamins were added to the grain fermented broth prepared
in Example [, followed by sterilization, thereby preparing media for bacterial fer-
mentation. The media for preparing an IMP fermented broth and a glutamic acid
fermented broth were prepared, and for each of the fermented broths, media for flask
culture (primary culture), expansion culture (secondary culture) and main culture were

prepared.

2-1: Preparation of IMP fermented broth
Using Corynebacterium ammoniagenes CJIP009 (KCCM-10226) described in

Korean Patent Registration No. 10-0397321 (corresponding to WO International Patent
Publication No. W02002-051984), an IMP fermented broth having an IMP con-
centration of 70 g/L or more was prepared.

Specifically, 50 ml of a primary culture adjusted to a pH of 7.2 using NaOH was
dispensed in a 500-ml flask and sterilized at 121 °C for 15 minutes, after the bacterial
strain was inoculated into the medium and cultured at 32 °C and 200 rpm for 22-28
hours. Then, 2.1 L of a secondary culture was dispensed in a 5-L jar, sterilized and
cooled, after which 300 ml of the primary culture broth was inoculated therein and
cultured in 2 L of air at 32 °C and 900 rpm for 27-30 hours while adjusting the pH to
7.2. Next, 8.5 L of a main culture medium was dispensed in a 30-L jar, sterilized and
cooled, after which 1500 ml of the secondary culture broth was inoculated therein and
in 5 L of air at 32 °C and 400 rpm for 5-6 days while adjusting the pH to 7.2 and
supplying an additional sugar comprising a mixture of glucose and fructose at any
time. After supply of the final additional sugar, the culture was performed for 7 hours
or longer so that the sugar could be completely consumed. The compositions of the
media used in the preparation in the IMP fermented broth are shown in Tables 5 to 8

below.

Table 5
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[Table 5]

Primary culture for preparation of IMP fermented broth
Medium component Unit Amount %

Glucose g 10 1

Grain fermented broth g 35 3.5

NaCl g 2.5 0.25

Volume of medium ml 1000

[92] Table 6

[Table 6]

Secondary culture Zor preparation of IMP fermented broth
Medium component Unit Amount %
Glucose g 78.93 8
Grain fermented broth g 21.43 2
H3POy (85%) g 2.14 0.21
KOH {85%) g 1.77 0.18
MgS047H,0 g 1.43 0.14
{NHz) 2504 q T.14 0.71
L-cysteine HCI mg 28.6

CAPA ng 21.4

Biotin mg 0.09

Thiamine mg 7.1

Fe30,7H,0 mg 28.6

MnS047HR0 g 14.3

nS047H,0 ng 14.3

Volume of medium ml 1000

[93] Table 7
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Maln medium for preparation of IMP fermented broth

Medium component Unit Amount %
H3PO4 (85%) g 22.21 2.2
KOH (85%) o) 15.86 1.6
Grain fermented broth g 7 0.7
CuS035H0 ma 12.2
FeS8037H,0 ng 36.5
ZnS0y7H,0 mg 36.5
MnSQO47H,O mg 10%.¢
L-cysteine HC1 mg 40.4

CAPA mg 34.7

NCA mg 34.9

Biotin mng 0.15
CaCl,2H,0 mg 182.6
Thiamine mg 23.5
Mg3Q47H,0 g 14.61 1.5
Glucose g 48.21 4.8
Fructose g 40.22 4
Volume of medium mi 1000

Table 8§
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[Table 8]
Additional sugar for preparation of IMP fermented broth
Medium component Unit Amount 3
Glucose g 358,97 35.9
Fructose g 299.58 30
NCA mg 172 0.08
CAPA itte} 936.9 0.09
H3POq (85%) g 55.68 5.6
MaOH {100%) g 13.5 1.4
Volume of medium ml 1000

[95]
[96]
(971

[98]

[99]

[100]
[101]

2-2: Preparation of glutamic acid fermented broth
Using Corynebacterium glutamicum (Brevibacterium lactofermentum) CJ971010

(KFCC 11039) described in Korean Patent Registration No. 10-0264740, a glutamic
acid fermented broth having a glutamic acid concentration of 90 g/L or more was
prepared.

Specifically, 30 ml of a primary culture was dispensed in a 250-ml flask and
sterilized, and the bacterial strain was inoculated in the medium and cultured for 5-8
hours. Then, 1.4 L of a secondary culture was dispensed in a 5-L jar, sterilized and
cooled, and then 20 ml of the primary culture broth was inoculated therein and cultured
for 20-28 hours. Then, 9.2 L. of a main culture medium was dispenscd in a 30-L jar,
sterilized and cooled, after which 800 ml of the secondary culture broth was inoculated
therein and cultured for 36-45 hours while supplying an additional sugar at any time.

After supply of the final additional sugar, the culture was performed for 7 hours or
longer so that the sugar could be completely consumed. The compositions of the media
used in the preparation in the glutamic acid fermented broth are shown in Tables 9 to
12 below.

Table 9
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[Table 9]
Primary culture for preparation
of glutamic acid fermented broth
Medium component Unit | Amount %
Raw sugar (98.5%) g 20.3 2
Grain fermented broth g 13 1.3
(NHz) 2S04 g 13.72 1.4
KHzPO4 g 5.2 0.5
KoHPO,4 g 10.7 1
MgS0,7H,0 g 0.5 0.05
d-biotin g 1.8
Thiamine-HCL g 9
CAPA g 9
Niacinamide
mg 60
(nicotinamide)
Volume of medium ml 1000

Table 10




20

WO 2015/620292 PCT/KR2014/001491
[Table 10]

Secondary culture for preparation
of glutamic acid fermented broth
Medium component Unit Anount %
Glucose g 81.79 8.2
Fructose g 23.14 2.3
H3POs (85%) g 2.73 0.27
Mg30O47TH,O g 1.03 0.1
Betaine g 0.14 0.01
DL-Meth g 0.15 0.01
FeS5047H,O mgy 18.6
MnS047H>0 mg 18.¢6
CusO45H,0 mg 3.6
ZnS047H,O mg 3.6
Thiamine~-HC1L mg 7.1
Vitamin C

g 7.1
{ascorbic acid)
Succinate g 1.1
d-bictin mg 17.4
Vitamin B1l2Z

g 0.057
{cyanocobalamin)
Grain fermented broth g 42.86 4.3
Volume of medium ml 1000

[103]

Table 11
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[Table 11]
Main culture medium for preparation
of glutamic acid fermented broth
Medium component Unit Amount %
Glucose ot 5.86 0.6
Fructose g 10.48 1
Raw sugar g 50 5
Betaine o) 0.97 0.1
MgS0,7HzO o 3.69 0.4
KoHPO, g 9 0.9
H3;POg4 (85%) g 3.1 0.3
Fe3047H,0 mg 22.9
Mn3047H,O mg 22.9
CuS045H-0 mg 2.3
ZnS047H0 g 2.3
CAPA mg 2.9
NCA mg 2.9
Biotin mng 0.29
CaCls,2H20 g 71.4
Thiamine-HC1 mng 0.4
Vitamin C
mg 1.7
(ascorbic acid)
Volume of medium ml 1000

[104]

Table 12
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[Table 12]
Additional sugar for preparation

of glutamic acid fermented broth

Medium component Unit | Amount %
Gluccse q 192.3 | 19.2
Fructose J 54,33 5.4
Raw sugar g 147.33F 14.7
Betzine g 0.67 0.07
Grain fermented broth q 4 0.4
CAPA g 15.87

NCA mg 15.87
Volume of mediun nl 1300

In order to prepare the IMP fermented broth using the media for preparation of the
IMP fermented broth and use the IMP fermented broth as a flavor for addition to food,
several medium components should be replaced with food grade materials so as to
satisfy the requirement of a food additive. Thus, adenine and 3-alanine necessary for
cell growth were replaced with food grade materials.

First, adenine was prepared by acid-hydrolyzing AMP to cleave a 3-N-glycosidic
bond with ribose to thereby liberate adenine. It was shown that, when culture was
performed using the adenine prepared as described above, an IMP fermented broth
having an IMP concentration of 70 g/L. or higher could be prepared (FIG. 2).

Then, as a result of examining the metabolic pathway of Corynebacterium ammo-
niagenes, it was expected that 3-alanine would be replaced with calcium panthothenate
(CAPA). Thus, culture was performed using CAPA in place of 3-alanine, and as a
result, it was shown that an IMP fermented broth having an IMP concentration of 70 g/
L or higher could be prepared (FIG. 3).

product is used in bacterial fermentation

In order to confirm the advantage of the case in which the first fermentation step for
fungal fermentation and the second fermentation step for bacterial fermentation are
continuously performed, the growth rate and degree of proliferation of bacterial cells in
the case in which the vegetable protein degraded by the first fungal fermentation step is
added as a nutrient source and in the case in which the vegetable protein is not added

were examined.
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As a result, as can be scen in FIG. 4, in the case in which the vegetable protein
degraded by the first fungal fermentation step was added as a nutrient source, the
bacterial cells proliferated at a high rate and in a large amount compared to those in the

case in which the vegetable protein was not added (F1G. 4).

Example 4: Examination of the change in flavor characteristic of glutamic acid
fermented broth according to the kind of carbon source

Carbon sources that may be used in glutamic acid fermentation include glucose),
fructose, cane molasses, raw sugar, etc. Although some other medium components
vary depending on the kind of carbon source, the glutamic acid concentration of the
resulting fermented broth does not significantly depend on the kind of carbon source.
However, the flavor of the fermented broth significantly changes depending on the
kind of carbon source, and to develop a neutral flavor, the resulting fermented broth
preferably has a cleaner flavor. Cane molasses is an excellent medium component in
terms of microbial fermentation due to various inorganic ions contained therein, but
has a shortcoming in that the value of use thereof as a neutral flavor is low, because the
color of the medium itself is too dark and a flavor caused by caramelization remains in
the resulting culture broth.

Thus, raw sugar was used in place of cane molasses in the preparation of a glutamic
acid fermented broth for preparing a neutral flavor, and the resulting change in the
flavor characteristic of the culture broth was examined. Herein, while cane molasses
was replaced with raw sugar, major inorganic ions and vitamins contained in cane
molasses were additionally added to the medium. As a result, it could be seen that,
when cane molasses was replaced with raw sugar, off-flavor was removed, and thus a
flavor characteristic suitable for preparing a neutral flavor appeared (Table 13). In
addition, the glutamic acid fermented broth prepared using raw sugar also contained a
high concentration (96 g/L. or more) of glutamic acid, which is a glutamic acid con-

centration suitable for preparing a neutral flavor.

Table 13
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[Table 13]
Change in flavor characteristic of culture broth as a function

of ratic of care molasses znd raw sugar

Cane molasses | Care molasses + Raw sugar
{100%) raw sugar (5:5) i1100%)
Neutrallity - + ++
Off-flavor + - --

Example 5: Preparation of neutral flavor
Using the glutamic acid fermented broth and IMP fermented broth prepared in

Example 2, a neutral flavor was prepared.

Specifically, in order to increase the yield of a filtration process to be performed sub-
sequently, each of the fermented broths was heated at 70~90 °C for 15 minutes or more
to induce cell lysis. This pretreatment process can increase the filtration yield to 85%
or higher. Then, to remove of[-{lavor and off-odor from the glutamic acid fermented
broth and the IMP fermented broth, activated carbon was added in an amount of 1-3%
(w/v) based on the volume of the fermented broth, which was then treated with the
activated carbon at 50~70 °C [or 2-24 hours. After treatment with activated carbon,
1-3% (w/v) of diatomaceous earth as a filtration aid was added to the fermented broth,
which was then filtered through a filter press.

The filtrate treated with activated carbon was subjected to electrodialysis to remove
monovalent and divalent ions, including Ca, Fe, K, Mg and NH, ions, to thereby
remove an off-flavor resulting from ammonia and metallic ions, thercby preparing a
neutral flavor.

When the fermented broth was subjected to electrodialysis at a flux of 5-20 L/hr.m?,
monovalent and divalent ions, such as Ca, Fe, K, Mg and Mn ions, were reduced by
30-60%. The contents of the components of the fermented broth before and after
performing the electrodialysis process are shown in Table 14 below. As can be seen
therein, the contents of inorganic ions in the fermented broth decreased after the elec-
trodialysis process, while the fermented flavor had a cleaner and milder flavor.

Finally, refined salt and maltodextrin were added to the filtrate obtained by the
culture and filtration processes as described above, and the mixture was powdered by

spray drying, thereby preparing a natural flavor of the present invention.

Table 14
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[Table 14]

e ~
Ca | Cu | % | K | Mg | Mo MayBn|Cl-|30,] BO4 | N,
(9/L}

Sefore FD
0,30 250 1<0.1) B4 (1100 137001 4230

~1
—_
feves
L

I3

Fe

R95 1 BT 1L LB
treatiient

After ED
0,21 234 10,140, 1 380 | 5720 | 3350

—~3
o
L
N
£

83,7 39 [<0.1) 0.

[

{reatnant

Example 6: Evaluation of sensory attributes caused by electrodialysis

In order to verify the flavor of the inventive neutral flavor prepared as described
above, evaluation of sensory attributes was performed.

Each of a sample from which inorganic ions were removed by electrodialysis, and a
sample not subjected to electrodialysis, was powdered, and then the sensory attributes
of the samples were evaluated by panels. The panels were professionally trained so that
they could be sensitive to sensory attributes, and the panels were provided with the
same concentration of the samples so as to evaluate the sensory attributes and intensity
of each sample.

As a result, as shown in FIG. 5, the intensity of umami taste did not substantially
differ between before and after the electrodialysis process, but in the case of the
fermented broth before the electrodialysis process, metallic flavor, bitter taste, un-
pleasantness and color darkness, which act as negative factors in sensory attributes,
were all high, and thus the cleanness and overall preference of the fermented broth
were low. However, in the case of the fermented broth subjected to the electrodialysis
process, the intensity of metallic flavor, bitter taste, unpleasant intensity, and color
darkness were all low, and thus the preferences to flavor and color were all high and
the cleanness and the overall preference were high. Accordingly, it could be seen that,
when the electrodialysis process was performed, a neutral flavor could be prepared
having a clear flavor and for which there was an improved preference, as compared to

those before the electrodialysis process.

Example 7: Comparison of sensory attributes with yeast extract
In order to examine the flavoring etfect of the neutral flavor of the present invention,

the sensory attributes thereof were compared with those of a yeast extract that is one of
natural flavors that have recently been most widely and variously used.

In some cases, the yeast extract is advantageously used in processed foods, but in
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most cascs, the use thereof in processed foods is limited, because its peculiar flavor
impairs the balance of flavors of the processed foods due to the off-flavor and off-odor
resulting from its peculiar fermented odor (called yeast extract flavor).

Thus, a simple food model was developed, and each of the yeast extract and the
inventive neutral flavor was added thereto, after which the sensory attributes thereof
were evaluated by a panel group consisting of researchers (n=45).

As aresult, as shown in FIG. 6, in the group to which the yeast extract was applied,
the intensity of yeast flavor was high, the preference to the yeast extract was low, and
the tendency to recognize the yeast extract as off-flavor and otf-odor appeared. Thus, it
was shown that the preference of the overall taste was relatively high in the neutral
flavor of the present invention.

These results suggest that off-flavor and off-odor resulting from inorganic ions were
effectively removed from the neutral flavor of the present invention, and thus the
neutral flavor produces a good flavor when being applied to food.

Additionally, the sensory attributes of the inventive neutral flavor and the yeast
extract were compared by nine trained panels using modified-quantitative descriptive
analysis. Specifically, the panels were trained for 6 hours, the sensory attributes were
repeatedly measured three times, and 6 kinds of samples were simultaneously provided
to the panels and randomly taken by the panels. A total of 16 attributes were evaluated
in a 16-point (0-15) scale. The 16 attributes evaluated were 6 aroma attributes, 5 taste
attributes, 3 flavor attributes, and 2 mouth feeling attributes. After the sample was
taken, it was rinsed out with instant rice or water, and the next sample was taken. 70 ml
of each sample contained in a ceramic cup was provided to the panel, and statistical
analysis (Mean, MANOVA, PCA) was performed.

As aresult, in the case of the natural flavor of the present invention, scorched sugar
flavor, a sour smell and Solomon's seal tea flavor were strongly felt, compared to the
yeast extract, and thus the natural flavor had a delicate and sour flavor. In addition, in
the case of the neutral flavor, a boiled potato flavor or fragrance presumably produced
from the medium component was not felt, and a boiled soy smell regarded as a
fermented odor was significantly low compared to that in the yeast extract. In addition,
the natural neutral flavor of the present invention had a significantly high mouth
coating intensity compared to other flavors manufactured by other companies,
suggesting that the natural neutral flavor can easily show a mouth coating feeling even
when it is used in a small amount. Specifically, with the individual characteristics of
the inventive natural neutral flavor, in connection with glutamic acid, the umami
intensity was very high, and the scorched grain fragrance or flavor (Solomon's seal tea)
was intense, and in connection with IMP, the umami intensity was similar to that of the

yeast extract, the scorched sugar fragrance was intense, and the neutral flavor had a
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sour taste. In addition, it could be scen that the yeast extract had a boiled potato

fragrance or flavor or a boiled soy smell.

Example §: Preparation of beef flavor
Using the grain fermented broth prepared in Example | and the glutamic acid

fermented broth and IMP fermented broth prepared in Example 2, a beef flavor was
prepared.

Specifically, in order to increase the yield of a filtration process to be subsequently
performed, each of the fermented broths was heated at 70~90 °C for 15 minutes or
more to induce cell lysis. This pretreatment process can increase the filtration yield to
85% or higher. Then, to remove off-flavor and off-odor from the glutamic acid
fermented broth and the IMP fermented broth, activated carbon was added in an
amount of 1-3% (w/v) based on the volume of the fermented broth, which was then
treated with the activated carbon at 50~70 °C for 2-24 hours. After treatment with
activated carbon, 1-3% (w/v) of diatomaceous earth as a filtration aid was added to the
fermented broth, which was then filtered through a filter press. Then, the fermented
broth filtered by the above process was used.

Meanwhile, the fermented broth obtained by the fungal fermentation and bacterial
fermentation of the vegetable protein contains sulfur-containing amino acids such as
cysteine and methionine, organic acids, sugars and the like, derived from the vegetable
protein and produced by the metabolic pathway of bacteria.

The grain fermented broth and the IMP fermented broth were mixed with each other
at a ratio of 1:4 and subjected to a Maillard reaction at 80~120 °C and 0.8-1.5 bar for
0.5-24 hours. Herein, in 10% of the IMP produced by bacterial fermentation, the bond
between the phosphate group and pentose is cleaved by high temperature to produce
pentose, and the produced pentose can be used as a precursor for the Maillard reaction,
and thus a beef flavor can be prepared even when adding additional sugar. The
Maillard reaction produced amadori rearrangement compounds, 2,6-dimethylpyrazine,
2,3-dimethylpyrazine and dimethylpyrazine, and due to these compounds, a beef flavor
was formed.

In another reaction route, after completion of the bacterial fermentation, ammonia
was not supplied in the late stage of the reaction to adjust the pH to 5-7, and
3,4-dideoxy glycosulos-3-ene was produced by the high temperature/high pressure
reaction ol components in the culture broth, [ollowed by the production of furan
compounds, thereby forming a beef flavor.

The reaction solution prepared by the above-described reaction was spray-dried or
vacuum-dried, thereby preparing a beel {lavor. Specifically, refined salt and dextrin

were added to the reaction solution to a solid content of 35-50%, and the mixture was
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spray-dricd or vacuum-dried to form powder or was concentrated to a solid content of
70% to form a paste. The beef flavor can show an effect like adding beef by the
reaction of the microbial fermented broth, even though it contains no animal raw

material.

Example 9: Evaluation of sensory attributes resulting from application of beef flavor

In order to examine whether the application of the beef flavor of the present
invention increases the flavor of beef compared to the use of a conventional seasoning

having a beef flavor, the evaluation of sensory attributes was performed.

9-1: Beef radish soup
Beef radish soup to which a conventional beef flavor was added was prepared, and

the beef tlavor of the present invention was additionally added thereto. The sensory at-
tributes of the beef flavor before and after addition of the beef flavor of the present
invention were evaluated. The sensory evaluation was performed by 84 housewives
who used seasonings.

Sensory attributes such as preference and intensity were evaluated on a 5-point scale.
As a result, as shown in Table 15 below, in the group to which the beef flavor was
applied, the preference of the overall taste was higher by 0.2 points than that before ap-
plication of the beef flavor, and particularly, the intensity and preference of beef flavor
after application of the beef flavor were significantly higher than those before ap-

plication of the beef flavor.

Table 15
[Table 15]
Difference
| After application
Attribuzes Conventional i ) {between aftsr and
of beef flavor o
beinre applicazion]
Ereference of cveral! tests 3.4 3.6 2.2
Prefersnce of appearance 3.5 37 3.2
Preferance of heef flavor 3.3 3.5 3.2
Prafersnce of desp taste 3.0 KN 3.4
Intensizy of beef flavor 3.0 3.6 9.8
lnawi intersity 3.2 2.5 3.3
Feeling of deep taste 2.8 3.3 0.4
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9-2: Tomato meat source
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To a tomato meat source comprising the same amounts of tomato and meat, the

powdered beef flavor was added, and the sensory attributes of the tomato meat source

before and after addition of the beef flavor were evaluated by 80 housewives. Sensory

attributes such as preference and intensity were evaluated on a 5-point scale.

As a result, as shown in Table 16 below, in the group to which the beet flavor was

applied, the preference of the overall taste was higher by 0.2 points than that before ap-

plication of the beef flavor, and the intensity and preference of meat flavor after ap-

plication of the beef flavor were significantly higher than those before application of

the beef flavor. Such results suggest that, even when the beef flavor is applied to a

meat flavor-based product, it can increase the meat flavor of the product to increase the

overall taste quality of the product.

Table 16
[Table 16]
) ‘ Difference (betwesn
Bfter apslication )
Attributes Conventional ) ) after and before
af teel [lavor
application)
Preference of ovarall taste 3.6 3.6 0.2
Preference of wneml taste 3.5 3.7 0.2
Intensity of unami taste 3.1 3.1 0
Praference of tomato flavor 3.8 3.8 ]
Intensity of tomats flavor 3.5 3.7 0.2
Preference of meet flaver
3.1 3.9 0.2
of product
Tntensity of meat flavor of
3. 3.8 0.3
product.

Example 10: Preparation of Kokumi flavor
Using the grain fermented broth prepared in Example 1 and the glutamic acid

fermented broth and IMP fermented broth prepared in Example 2, a kokumi flavor was

prepared.

Specifically, in order to increase the yield of a filtration process to be performed sub-
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sequently, cach of the fermented broths was heated at 70~90 °C for 15 minutes or more
to induce cell lysis. This pretreatment process can increase the filtration yield to 85%
or higher. Then, to remove off-flavor and off-odor from the glutamic acid fermented
broth and the IMP fermented broth, activated carbon was added in an amount of 1-3%
(w/v) based on the volume of the fermented broth, which was then treated with the
activated carbon at 50 to 70 °C for 2 to 24 hours. After treatment with activated carbon,
1-3% (w/v) of diatomaceous earth as a filtration aid was added to the fermented broth,
which was then filtered through a filter press. Then, the fermented broth filtered by the
above process was used.

Meanwhile, when a vegetable protein source is fermented with fungi, the contents of
low-molecular-weight peptides and amino acids in the protein source increase. In other
words, the content of low-molecular-weight peptides having a molecular weight of
2000 Da or lower is 30% or more, and preferably, the content of low-molecular-weight
peptides having a molecular weight of 1500 Da or lower is 40-60%. In addition, the
protein source has low-molecular-weight peptides, each consisting of an average of 14
or less amino acid residues. When the grain fermented broth produced by fungal fer-
mentation is used as a nutrient source in bacterial fermentation and is finally blended in
a suitable manner, a kokumi flavor composed of nucleic acid: glutamic acid: peptide at
a ratio of about 1:1:1 to 1:1:5 can be produced. Specifically, the grain fermented broth,
the IMP fermented broth and the glutamic acid fermented broth were mixed with each
other and reacted at 70~100 °C for 0.5-24 hours. After completion of the reaction,
refined salt and dextrin were added to the reaction solution to a solid content of
35-50%, and the mixture was spray-dried or vacuum-dried to form powder or was con-
centrated to a solid content of 70% to form a paste. The kokumi flavor can improve the

body feeling of a product and can show the effect of improving the salty taste.

Example | 1: Evaluation of sensory attributes resulting from application of kokumi

flavor

When the kokumi flavor of the present invention is applied, it can improve the body
feeling of a product, called the texture and weight feelings felted by the mouth, and can
show the effect of improving the salty taste of the product. To verify these effects, the

evaluation of sensory attributes was performed.

11-1: Low-salt soybean paste

In the case of a soybean paste fermented in a low-salt content state, the delicate
flavor is low, and particularly the intermediate body feeling becomes weak while the
balance of tastes is broken, and for this reason, the overall taste is reduced. To confirm

the effects of the kokumi flavor on improvements in the body feeling and salty taste of
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soybcan pastc, a conventional soybean paste, a low-salt soybcan pastc and a soybean
paste comprising 0.3% (w/w) of the kokumi flavor to the low-salt soybean paste were
presented to panels, and sensory evaluation for the overall taste of each of the soybean
pastes was performed by the panels.

Sensory attributes such as preference and intensity were evaluated on a 5-point scale.
As a result, as shown in Table 17 below, the low-salt soybean paste showed a decrease
in the overall sensory attributes compared to the conventional soybean paste, but the
soybean paste comprising the kokumi flavor added thereto showed an increase in the
sensory attributes. Specifically, delicate flavor is an attribute that influences the in-
termediate body feeling of food and is the major attribute of soybean paste. The
intensity and preference of delicate flavor were low in the case of the low-salt soybean
paste, but increased in the case of the soybean paste comprising the kokumi flavor
added thereto. In addition, in the case of the soybean paste comprising the kokumi
flavor added thereto, the intensity and preference of salty taste were higher than those
in the case of the conventional soybean paste, suggesting that the kokumi flavor can

increase the body feeling and salty taste of soybean paste.

Table 17
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[Tablc 17]
Low-zalt
Conventlonal Lew-salt
soybean paste +
soybean paste | sovbazn paste
kokamt flavor
Preference of overall taste 33 2.8 3.2
Prefezence of appearance 3.5 3.5 3.0
Preference of flavor 3.1 3.0 3.0
Prefzrence of wouth feeling 3.3 3.4 3.5
Praference of aftertaste 3.4 2.9 30
Prefezence of delicate flaver 3.2 2.9 3.3
Preference of wnanl 3.2 3.0 3.3
Preference of salty tasie 3.0 2.8 3.3
Preference of sweet zaste 3.2 3.1 3.3
Preference of sour taste 2.9 2.9 2.9
Intensity oo delicate flavor 2.9 2.5 3.
Intensity of vmani taste 3.1 2.7 3.2
Intensity of salty taste 3.2 2.9 3.4
Intensily of sweet faste 2.3 2.8 2.8
Intepaity of sour taste 2.8 2.7 2.8
Cnmensity of off-flaver/off-odor 1.2 2.2 L2
[179]
[180] 11-2: Mushroom cream soup
[181] To confirm the effect of the kokumi flavor on improvement in salty taste, mushroom
cream soup comprising 0.1% (w/w) of the kokumi flavor added thereto was presented
to panels, and the perceived intensity of the salty taste of the mushroom cream soup
was evaluated by the panels. The panels consisted of professional panels trained so that
they absolutely recognize salty taste. The sample was provided at a temperature of 40
to 50 °C, and the sample was provided in triplicate. The mean value of the perceived
intensities of the salty taste was analyzed by ANOVA. When the perceived intensity of
the salty taste was evaluated, a scale reference was applied in order to eliminate
subjective variation.
[182] As aresult, as shown in Table 18, in the case of the soup comprising the kokumi

{lavor (KF) added thereto, the perceived intensity of salty taste increased by 14.5%
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compared to the soup to which the kokumi flavor was not added. Despite the fact that
the kokumi flavor prepared by a salt-free process did not influence the salt content of
the product, it could be seen that the kokumi flavor had the effect of increasing the
salty taste of the product.

[183]

[184] Table 18
[Table 18]

Mushrocm cream soup | Mean of percaived intensities of
Increase (%) in

MaCl cencentzation galty taste
percelved 1ntersity
(%] Comprising no KP | Comprising KF
0.60% 10,3 11.8 14,5

[185]
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Claims

1. A method for preparing an inosine-5’-monophosphate (IMP) fermented broth or a
glutamic acid fermented broth, comprising:

(a) fermenting a vegetable protein source with Aspergillus sp. fungi to obtain a grain
fermented broth; and

(b) fermenting the grain fermented broth with Corynebacterium sp. or

Brevibacterium sp. bacteria.

2. The method of claim 1, wherein the IMP fermented broth or the glutamic acid

fermented broth are raw materials for preparing a natural flavor.

3. The method of claim 1, wherein the vegetable protein source is selected from the

group consisting of soybean, corn, rice, wheat, and wheat gluten.
4. The method of claim 1, wherein the Aspergillus sp. fungi is Aspergillus sojae.

5. The method of claim 1, wherein the Corynebacterium sp. bacteria is

Corynebacterium ammoniagenes.

6. The method of claim 1, wherein the Corynebacterium sp. bacteria is

Corynebacterium glutamicum.

7. The method of claim 1, wherein a medium composition for bacterial fermentation for
preparing the IMP fermented broth or the glutamic acid fermented broth comprises a food

grade material.

8. The method of claim 7, wherein the medium composition for the bacterial

fermentation comprises calcium panthothenate (CAPA).

9. The method of claim 1, wherein a medium for bacterial fermentation for preparing

the IMP fermented broth comprises glucose, fructose, magnesium sulfate, phosphoric acid,
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potassium hydroxide and a grain fermented broth.

10. The method of claim 1, wherein a medium for bacterial fermentation for preparing
the glutamic acid fermented broth comprises glucose, fructose, raw sugar, betaine,

magnesium sulfate, potassium phosphate and phosphoric acid.

11. The method of claim 1, wherein a carbon source in a medium for bacterial

fermentation for preparing the glutamic acid fermented broth is raw sugar.

12. The method of claim 1, wherein the concentration of IMP in the prepared IMP
fermented broth is 50 g/L to 150 g/L.

13. The method of claim 1, wherein the content of IMP in solids in the prepared IMP

fermented broth is 30 wt% or more.

14. The method of claim 1, wherein the concentration of glutamic acid in the prepared

glutamic acid fermented broth is 75 g/L to 150 g/L.

15. The method of claim 1, wherein the content of glutamic acid in solids in the prepared

glutamic acid fermented broth is SO wt% or more.

16. The method of claim 1, further comprising (c) treating the fermented broth, obtained

by the bacterial fermentation, with activated carbon.

17. The method of claim 16, further comprising, after treating the fermented broth with

activated carbon, centrifuging or filtering the treated fermented broth.

18. The method of claim 16, further comprising, before treating the fermented broth with
activated carbon, heating the fermented broth at a temperature of 70 to 90 °C for 15 to 60

minutes to induce cell lysis.

19. An IMP fermented broth prepared by the method of any one of claims 1 to 9, 12, 13
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and 16 to 18.

20. A glutamic acid fermented broth prepared by the method of any one of claims 1 to 8,
10, 11 and 18 to 18.

21. A method for preparing a natural flavor, comprising:

(a) fermenting a vegetable protein source with Aspergillus sp. fungi to obtain a grain
fermented broth; and

(b) fermenting the grain fermented broth with Corynebacterium sp. or
Brevibacterium sp. bacteria to prepare an IMP fermented broth or a glutamic acid fermented

broth.
22, The method of claim 21, further comprising (¢) mixing two or more fermented broths
selected from the group consisting of the grain fermented broth of step (a), and the IMP

fermented broth and glutamic acid fermented broth of step (b).

23. The method of claim 21 or 22, wherein the natural flavor is prepared using only the

fermented broth without adding any additional component.

24. The method of claim 21 or 22, wherein the natural flavor is prepared using the

fermented broth without subjecting the fermented broth to an additional chemical process.

25. The method of claim 22, further comprising, before step (¢), electrodialyzing the IMP

fermented broth or the glutamic acid fermented broth.

26. A natural flavor prepared by the method of claim 21.

27. A food composition comprising the natural flavor of claim 26.



