
[DESCRIPTION] 

[Invention Title] 

NOVEL RHIZOPUS OLIGOSPORUS STRAIN AND ANTIMICROBIAL 

COMPOSITION INCLUDING THE SAME  

[Technical Field] 

The present application relates to a Rhizopus oligosporus CJCC02-20 strain 

deposited with Accession No. KCCM12893P; an antimicrobial composition including 

any one or more selected from the group consisting of the strain, a spore of the strain, a 

culture of the strain, a concentrate thereof, and a dried product thereof as an active 

ingredient; a food composition including the antimicrobial composition; a feed 

composition; a quasi-drug composition; a health functional food composition; or a 

pharmaceutical composition for preventing or treating microbial infectious diseases 

caused by fungi, bacteria, or a combination thereof, which includes the antimicrobial 

composition.  

[Background Art] 

Fermented foods manufactured in  traditional way are always vulnerable to 

fungi and food poisoning bacteria in the process of storing, manufacturing, and 

distributing raw materials.  It is known that fungi and food poisoning–causing bacteria 

can survive even after heat treatment, causing deterioration and spoilage of food, or 

food poisoning. 

In order to prevent deterioration and growth of food poisoning bacteria, and to 

maintain the quality of the food for  long time, many studies have been conducted on 

antimicrobial substances.  Among antimicrobial substances, there is an increasing 

need for research on natural preservatives with excellent safety and economic feasibility 

in particular.  

As a representative natural preservative, bacteriocins refer to natural 

antimicrobial proteins or protein-based materials produced by microorganisms. 

Bacteriocins have been proved to be safe because they are proteins that can be 

degraded in the human body.  This implies that the need for research on bacteriocins 
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is increasing in contrast to the secondary metabolites of existing antibiotics that cause 

side effects in the human body.  With respect to the bacteriocins, studies have thus far 

been conducted mainly on lactic acid bacteria–derived bacteriocins.  Although the 

lactic acid bacteria–derived bacteriocins have been granted GRAS (generally 

recognized as safe) designation, they are not widely used because their antimicrobial 

activity range is specific to Gram-positive bacteria. 

With regard to the antimicrobial properties of Rhizopus oligosporus, antibiotic 

peptides (ABP) and linoleic acid, which are antimicrobial substances produced from the 

culture broth of Rhizopus oligosporus, are known to control Gram-positive bacteria 

belonging to the genus of Staphylococcus and Bacillus (Roubos-van den Hil et al., 

2010).  However, the antimicrobial activity against specific Gram-positive 

microorganisms has only been reported, and no effect on various strains causing 

deterioration or food poisoning has been reported.  Further, Rhizopus oligosporus is a 

useful bacterium in fermented foods, and thus, when the bacteriocins are applied to 

fermented foods, they might not exhibit a specific activity against deterioration-causing 

fungi and food poisoning bacteria, and therefore it is difficult to industrialize fermented 

foods to be manufactured and distributed.  

[Disclosure] 

[Technical Problem] 

Accordingly, the present inventors have made extensive efforts to develop a 

method for inhibiting various fungi and bacteria, while remaining harmless to the human 

body, and as a result, they have confirmed that Rhizopus oligosporus CJCC02-20, a 

novel strain isolated from tempeh, not only has an antimicrobial activity against fungi, 

but also shows an antimicrobial activity that specifically inhibits only major harmful 

microorganisms in food, such as food poisoning bacteria, thereby completing the 

present application.   

[Technical Solution] 

The present application relates to a Rhizopus oligosporus CJCC02-20 strain 

deposited with Accession No. KCCM12893P; an antimicrobial composition including 
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any one or more selected from the group consisting of the strain, a spore of the strain, a 

culture of the strain, a concentrate thereof, and a dried product thereof as an active 

ingredient; a food composition including the antimicrobial composition; a feed 

composition; a quasi-drug composition; a health functional food composition; or a 

pharmaceutical composition for preventing or treating microbial infectious diseases 

caused by fungi, bacteria, or a combination thereof, which includes the antimicrobial 

composition.  

It is one object of the present application to provide a Rhizopus oligosporus 

CJCC02-20 strain deposited with Accession No. KCCM12893P. 

It is another object of the present application to provide an antimicrobial 

composition, including any one or more selected from the group consisting of the 

Rhizopus oligosporus CJCC02-20 strain, a spore of the strain, a culture of the strain, a 

concentrate thereof, and a dried product thereof as an active ingredient. 

It is still another object of the present application to provide a food composition 

including the antimicrobial composition. 

It is yet another object of the present application to provide a feed composition 

including the antimicrobial composition. 

It is even another object of the present application to provide a quasi-drug 

composition including the antimicrobial composition. 

It is further another object of the present application to provide a health 

functional food composition including the antimicrobial composition.  

It is still further another object of the present application to provide a 

pharmaceutical composition for preventing or treating microbial infectious diseases 

caused by fungi, bacteria, or a combination thereof, which includes the antimicrobial 

composition. 

[Advantageous Effects] 

The antimicrobial composition including the Rhizopus oligosporus CJCC02-20 

strain according to the present application has an antimicrobial activity against fungi and 

3 



bacteria, and thus can be effectively used in food, pharmaceuticals, quasi-drugs, health 

functional foods, etc.  

[Brief Description of Drawing] 

Fig. 1 is a result of measuring the antimicrobial activity of the Rhizopus 

oligosporus CJCC02-20 strain against Aspergillus oryzae, Aspergillus niger, and 

Escherichia coli using a paper disk assay.  

[Detailed Description of Embodiments] 

Hereinbelow, the present application will be described in detail.  Meanwhile, 

each of the explanations and exemplary embodiments disclosed herein can be applied 

to other explanations and exemplary embodiments.  That is, all combinations of 

various factors disclosed herein belong to the scope of the present application. 

Furthermore, the scope of the present application should not be limited by the specific 

disclosure provided hereinbelow. 

Additionally, those of ordinary skill in the art may be able to recognize or confirm, 

using only conventional experimentation, many equivalents to the particular aspects of 

the invention described herein. Furthermore, it is also intended that these equivalents 

be included in the present application. 

In order to achieve the objects above, one aspect of the present application 

provides a Rhizopus oligosporus CJCC02-20 strain deposited with Accession 

No. KCCM12893P. 

The present inventors have identified a novel strain belonging to Rhizopus 

oligosporus having an excellent antimicrobial activity against fungi that cause 

deterioration and contamination of fermented foods and food poisoning–causing 

bacteria, as follows. 

Various types of Rhizopus oligosporus were isolated from the traditional tempeh 

and tested for fungi, such as mold and yeast, and food poisoning bacteria, and as a 

result, the Rhizopus oligosporus strain with excellent antimicrobial activity was selected, 

and the gene sequencing was carried out to identify the selected strain. The 18S rRNA 

4



    5 

nucleotide sequence of the selected strain was represented by SEQ ID NO: 1, the ABP 

(antibiotic peptide) gene sequence was represented by SEQ ID NO: 2, and the 

Chitinase (Chi2) gene sequence was represented by SEQ ID NO: 3.  Based on the 

gene analysis, the strain was identified as a Rhizopus oligosporus strain, named 

Rhizopus oligosporus CJCC02-20, and deposited at the Korean Culture Center of 

Microorganisms (KCCM), an International Depositary Authority, under the Budapest 

Treaty on December 9, 2020, with Accession No. KCCM12893P. 

According to one embodiment of the present application, the newly isolated 

Rhizopus oligosporus CJCC02-20 has an excellent antimicrobial activity against fungi 

and food poisoning–causing bacteria, and thus exhibits an antimicrobial activity that can 

simultaneously act on various fungi and food poisoning–causing bacteria (Example 3).  

The fungi and bacteria may be microorganisms belonging to the genus of 

Aspergillus, Bacillus, or Escherichia, but are not limited thereto.  

In one embodiment of the present application, the Rhizopus oligosporus 

CJCC02-20 may have an antimicrobial activity against Aspergillus oryzae, Aspergillus 

niger, both of which are fungi, or a combination thereof, but the types of fungi are not 

limited thereto.  

In one embodiment of the present application, the Rhizopus oligosporus 

CJCC02-20 may have an antimicrobial activity against Bacillus cereus, Escherichia coli, 

or a combination thereof, but the types of bacteria are not limited thereto.  

In one embodiment of the present application, the Rhizopus oligosporus 

CJCC02-20 may have a specific antimicrobial activity against Aspergillus oryzae, 

Aspergillus niger, or Escherichia coli, but is not limited thereto.  

The Aspergillus oryzae and Aspergillus niger are known as strains that cause 

degradation and contamination of fermented foods, and Bacillus cereus and Escherichia 

coli are known as food poisoning–causing bacteria, and thus, the Rhizopus oligosporus 

CJCC02-20, which has an excellent antimicrobial activity against those microorganisms, 

can be used for various purposes. 

As another aspect to achieve the objects above, the present application 
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provides a composition including any one or more selected from the group consisting of 

the newly isolated Rhizopus oligosporus CJCC02-20 strain, a spore of the strain, a 

culture of the strain, a concentrate thereof, an extract thereof, and a dried product 

thereof; and a carrier.  

In particular, the carrier may be a naturally occurring carrier or one which is not 

naturally occurring.  

In one embodiment of the present application, the dried product may be a 

freeze-dried product.  

Additionally, the composition may further include a cryoprotectant.  For 

example, the composition may further include at least one cryoprotectant selected from 

the group consisting of glycerol, trehalose, maltodextrin, skim milk powder, and starch. 

The cryoprotectant of the present application may be contained in an amount of 0.01% 

to 20% by weight and 0.01% to 10% by weight based on the total weight of the 

composition.  Specifically, the glycerol may be contained in an amount of 5% to 20% 

by weight, the trehalose may be contained in an amount of 2% to 10% by weight, the 

maltodextrin may be contained in an amount of 2% to 10% by weight, the skim milk 

powder may be contained in an amount of 0.5% to 2% by weight, and the starch may be 

contained in an amount of 0.1% to 1% by weight in the composition. 

As still another aspect to achieve the objects above, the present application 

provides an antimicrobial composition including any one or more selected from the 

group consisting of the newly isolated Rhizopus oligosporus CJCC02-20 strain, a spore 

of the strain, a culture of the strain, a concentrate thereof, an extract thereof, and a 

dried product thereof as an active ingredient. 

In particular, the strain may be in a liquid state or a dry state, but is not limited 

thereto. 

The antimicrobial composition may have an antimicrobial activity against fungi, 

bacteria, or a combination thereof, and specifically, it may have a specific antimicrobial 

activity against Aspergillus oryzae, Aspergillus niger, or Escherichia coli, and may have 

an enhanced antimicrobial activity against Bacillus cereus, but is not limited thereto. 

As used herein, the term “spore” refers to the reproductive cells of bacteria, etc.  



For the purpose of the present application, the spore means the reproductive cells of 

the Rhizopus oligosporus CJCC02-20 strain.  

In the present application, the spore of the Rhizopus oligosporus CJCC02-20 

exhibits an antimicrobial activity against fungi and food poisoning bacteria, and thus can 

be used by being contained in foods, feeds, pharmaceuticals, quasi-drugs, and health 

functional foods having antimicrobial activity.  

As used herein, the term “culture” refers to a product obtained after culturing the 

strain, and may be an undiluted culture containing cells or may be a cultured strain, or 

cells obtained by removing or concentrating the culture supernatant.  The composition 

of the culture may further contain not only components necessary for conventional 

culturing of Rhizopus oligosporus, but also components that synergistically act on the 

growth of Rhizopus oligosporus, and the resulting composition may be easily selected 

by those of ordinary skill in the art.  

As used herein, the term “concentrate” refers to that which is obtained by 

concentrating the culture.  

As used herein, the term “extract” refers to that which is obtained by extraction 

from the culture or a concentrate thereof, and may include all of an extract, a dried 

product obtained by drying a dilution or concentrate of the extract, and an extract, or a 

crude product or purified product thereof, or a fraction obtained by fractionating the 

same, as long as it is an extract that can exhibit a specific antimicrobial effect on fungi 

and bacteria of the present application. 

As used herein, the term “dried product” refers to that which is obtained by 

drying the culture, a concentrate thereof, an extract thereof, or a fraction thereof. The 

drying method may be air-drying, natural drying, spray-drying, and freeze-drying, but is 

not limited thereto. 

The newly isolated Rhizopus oligosporus CJCC02-20 of the present application 

can be cultured by way of a conventional method for culturing Rhizopus oligosporus 

strains, but the method is not limited thereto. As the medium, a natural medium or a 

synthetic medium can be used. As the carbon source of the medium, for example, 

glucose, sucrose, dextrin, glycerol, starch, etc. may be used. As the nitrogen source, 

peptone, meat extracts, yeast extracts, dried yeast, soybean, ammonium salts, nitrate 
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and other organic or inorganic nitrogen-containing compounds may be used, but the 

components are not limited thereto. As the inorganic salts included in the medium, 

magnesium, manganese, calcium, iron, potassium, etc. may be used, but the inorganic 

salts are not limited thereto. Amino acids, vitamins, nucleic acids, and related 

compounds may be added to the medium in addition to the carbon source, the nitrogen 

source, and the components of the inorganic salts.  

The antimicrobial composition may include other by-products produced in the 

process of culturing Rhizopus oligosporus CJCC02-20. 

As yet another aspect to achieve the objects above, the present application 

provides a food composition including the antimicrobial composition.  

There is no particular limitation on the types of the food, and it may include all 

foods in the ordinary sense. Non-limiting examples of foods to which the above material 

can be added include fermented food including Korean paste and salted fish, meats, 

sausages, bread, chocolates, candies, snacks, confectionaries, pizzas, instant noodles, 

other noodles, gums, dairy products including ice creams, various kinds of soup, 

beverages, teas, drinks, alcoholic drinks, vitamin complexes, etc. When the composition 

is used as a food additive, the composition may be added as it is or used together with 

other components, and may be appropriately used according to a conventional method.  

Specifically, the food composition may be a fermented food, and specifically 

Korean paste or salted fish, and more specifically tempeh, but is not limited thereto.  

Additionally, the food composition may be a sauce including tempeh, but is not 

limited thereto.  

The food composition may include a sitologically acceptable carrier. 

The type of the carrier is not particularly limited, and any carrier commonly used 

in the art may be used. 

In addition, the food composition may further include additional ingredients 

which may be conventionally used in food compositions to improve smell, taste, and 

sight.  For example, it may include vitamins A, C, D, E, B1, B2, B6, and B12, niacin, 

biotin, folate, pantothenic acid, etc.  Additionally, the food composition may further 

include minerals such as Zn, Fe, Ca, Cr, Mg, Mn, Cu, Cr, etc., and amino acids such as 
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lysine, tryptophan, cysteine, valine, etc. 

Further, the food composition may further include food additives such as 

preservatives (potassium sorbate, sodium benzoate, salicylic acid, sodium 

dehydroacetate, etc.), disinfectants (bleaching powder, higher bleaching powder, 

sodium hypochlorite, etc.), antioxidants (butylhydroxyanisole (BHA), 

butylhydroxytoluene (BHT), etc.), coloring agents (tar color, etc.), color-developing 

agents (sodium nitrite, etc.), bleaching agents (sodium sulfite), seasonings 

(monosodium glutamate (MSG), etc.), sweeteners (dulcin, cyclamate, saccharin, 

sodium, etc.), flavors (vanillin, lactones, etc.), swelling agents (alum, potassium D-

hydrogen tartrate, etc.), fortifiers, emulsifiers, thickeners (adhesive pastes), film-forming 

agents, gum base agents, antifoaming agents, solvents, improvers, dispersants, etc. 

These food additives may be selected according to the types of food and used in an 

appropriate amount. 

In particular, the present inventors confirmed that the newly isolated Rhizopus 

oligosporus CJCC02-20 of the present application has an effect of simultaneously 

inhibiting Aspergillus oryzae, a fermentative fungus for Korean paste, Aspergillus niger, 

a food contaminant, Bacillus cereus, a food poisoning bacterium, and Escherichia coli, 

which is an enteropathogenic bacterium (Example 3, Fig. 1). Additionally, when the 

antimicrobial composition was applied to tempeh, a fermented food, it was confirmed 

that the antimicrobial composition can maintain the effect of controlling food poisoning 

bacteria (Example 4), while embodying the traditional flavors, and thus can be used 

directly in all foods including fermented foods. 

As even another aspect to achieve the objects above, the present application 

provides a pharmaceutical composition for preventing or treating microbial infectious 

diseases, which includes the antimicrobial composition. 

As used herein, the term “prevention” may refer to all actions that suppress or 

delay the onset of microbial infectious diseases by administration of the pharmaceutical 

composition for preventing or treating microbial infectious diseases according to the 

present application to a subject. 
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As used herein, the term “treatment” may refer to all actions that alleviate or 

beneficially change the symptoms of microbial infectious disease by administration of 

the composition to a subject suspected of having microbial infectious diseases. 

As used herein, the term “improvement” may refer to all actions that at least 

reduce a parameter related to the condition to be treated, for example, the degree of a 

symptom. 

As used herein, the term “subject” may refer to all of the animals, including 

humans, who currently have or are at risk of having microbial infectious diseases. 

In particular, the microbial infectious disease is a disease caused by infection by 

microorganisms, and preferably, it may be a disease caused by infection by fungi or 

bacteria. 

In one embodiment of the present application, the fungus may be Aspergillus 

oryzae, Aspergillus niger, or a combination thereof, but is not limited thereto. 

In one embodiment of the present application, the bacterium may be Bacillus 

cereus, Escherichia coli, or a combination thereof, but is not limited thereto.  

In one embodiment of the present application, the microbial infectious disease 

may be any one or more selected from the group consisting of food poisoning, diarrhea, 

vomiting, enteritis, gastroenteritis, constipation, abdominal pain, and abdominal 

distention, but is not limited thereto.  

In one embodiment of the present application, an enhanced antimicrobial activity 

against Bacillus cereus, a bacterium that can cause food poisoning, and a specific 

antimicrobial activity against enteropathogenic Escherichia coli were confirmed, and 

additionally, a specific antifungal activity against Aspergillus oryzae and Aspergillus 

niger, which are fungi, was confirmed, and thus, the antimicrobial composition of the 

present application can be effectively used in the pharmaceutical composition for 

preventing or treating microbial infectious diseases. 

The pharmaceutical composition for preventing or treating microbial infectious 

diseases according to the present application may further include a pharmaceutically 

acceptable carrier, and may be formulated with the carrier to be provided as food, 
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health functional food, pharmaceuticals, quasi-drugs, feed additives, drinking water 

additives, etc.  

As used herein, the term “pharmaceutically acceptable carrier” may refer to a 

carrier or diluent which does not inhibit the biological activities or properties of a 

compound to be administered to an organism without causing irritation to the organism.  

The type of carrier that can be used in the present application is not particularly 

limited, and any pharmaceutically acceptable carrier commonly used in the art can be 

used.  Non-limiting examples of the carrier may include saline, sterile water, Ringer’s 

solution, buffered saline, an albumin injection solution, a dextrose solution, a 

maltodextrin solution, glycerol, ethanol, etc.  These can be used alone or in a mixture 

of two or more thereof.  

Additionally, other conventional additives such as an antioxidant, a buffer, and/or 

a bacteriostatic agent may be further added as necessary, and the composition may be 

formulated into injection formulations, such as an aqueous solution, a suspension, an 

emulsion, etc., pills, capsules, granules, or tablets by additionally adding a diluent, a 

dispersant, a surfactant, a binder, a lubricant, etc. 

The administration mode of the composition for preventing or treating microbial 

infectious diseases according to the present application is not particularly limited, and 

may be carried out according to a method commonly used in the art. As non-limiting 

examples of the administration mode, the composition may be administered orally or 

parenterally. The composition for preventing, improving, or treating microbial infectious 

diseases of the present application may be prepared in various formulations according 

to a desired administration mode. 

As the pharmaceutical administration forms of the antimicrobial substance of the 

present application, it may also be used in the form of a pharmaceutically acceptable 

salt thereof, and may be used alone or in combination with other pharmaceutically 

active compounds as well as in suitable assemblage. 

As further another aspect to achieve the objects above, the present application 

provides a method for preventing or treating microbial infectious diseases, including 

administering the composition for preventing or treating microbial infectious diseases 

11



into a subject. As used herein, the term “subject” may refer to all of the animals, 

including humans, who currently have or are at risk of having microbial infectious 

diseases. 

Specifically, the prevention or treatment method of the present application may 

include a step of administering the composition in a pharmaceutically effective amount 

to a subject who currently has or is at risk of having microbial infectious diseases.  

The total daily dose suitable for the composition including the extract should be 

determined within appropriate medical judgment by a physician, and the composition 

may be administered once or several times in divided doses. However, for the purpose 

of the present application, the specific therapeutically effective dose for any particular 

patient may be preferably applied differently, depending on various factors including the 

kind and degree of the response to be achieved, specific compositions including 

whether other agents are occasionally used therewith or not, the patient’s age, body 

weight, general health conditions, sex, and diet, administration time, administration 

route, secretion rate of the composition, duration of treatment, other drugs used in 

combination or concurrently with the specific composition, and similar factors well 

known in the medical arts. 

The antimicrobial substance of the present application may be administered to 

mammals such as rats, mice, livestock, humans, etc. by various routes. All modes of 

administration may be expected; for example, the composition may be administered by 

an oral, rectal, intravenous, intramuscular, subcutaneous, intrauterine, or 

intracerebroventricular injection.  

As still further another aspect to achieve the objects above, the present 

application provides a health functional food for preventing or improving microbial 

infectious diseases, which includes the antimicrobial composition.  

In particular, the meanings of the microbial infectious disease, prevention, and 

improvement are as described above.  

As used herein, the term “health functional food or nutraceutical” is the same 

term as a food for special health use (FOSHU), a functional food, and a health food, and 

refers to a food which is processed to effectively exert a body-regulating function in 
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addition to nutrient supply, thus having high medicinal and medical effects. Accordingly, 

the food may be prepared in various forms such as tablets, capsules, powders, granules, 

liquids, pills, etc. to obtain useful effects in the prevention or improvement of microbial 

infectious diseases.  

The heath functional food may include a sitologically acceptable carrier, which is 

as described above.  

The health functional food of the present application can be prepared using a 

method commonly used in the art. Raw materials and ingredients commonly added in 

the art may be added for the preparation of the health functional food. Additionally, the 

health functional food may be prepared into any formulation that is regarded as a health 

functional food, without limitation. The health functional food of the present application 

may be prepared into various formulations, and has an advantage over general drugs in 

that it is free of side effects which might occur upon long-term intake of drugs because it 

is based on food materials. Further, the heath functional food of the present application 

is of high portability, and thus can be ingested as an aid for promoting the prophylactic 

or alleviative effect on microbial infectious diseases. 

Specifically, the food may be a food prepared by adding the antimicrobial 

composition to food materials such as beverages, teas, flavors, gums, confectionaries, 

etc., or prepared as a capsule, powder, suspension, etc., and for example, it can be 

used for various foods, beverages, gums, teas, vitamin complexes, health functional 

foods, etc.  

The food may be prepared into formulations such as tablets, granules, powders, 

capsules, liquid solutions, and pills according to a preparation method known in the art, 

and the content of the composition according to the present application may be adjusted 

depending on the formulation.  Additionally, there is no particular limitation on other 

ingredients except those containing the antimicrobial composition according to the 

present application as an active ingredient, and various common flavoring agents or 

natural carbohydrates may be included as additional ingredients. 

As still further another aspect to achieve the objects above, the present 

application provides a quasi-drug composition including the antimicrobial composition.  
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As used herein, the term “quasi-drug” may refer to a product corresponding to 

any one selected from a textile product, a rubber product, or an analogue thereof used 

for the purpose of treatment, alleviation, handling, or prevention of human or animal 

diseases; a product which, not being a tool, a machine, or an analogue thereof, has 

minimal effects or does not have any effect on humans; and a preparation used for the 

purpose of disinfection, pest control, or a similar use thereof for the prevention of 

infectious diseases, which, among the products being used for the purpose of treatment, 

alleviation, handling, or prevention of human or animal diseases, excludes those which 

are not a tool, a machine, or an analogue thereof; and which, among the products being 

used for the purpose of rendering a pharmacological effect on the human or animal 

structures and functions, excludes those which are not a tool, a machine, or an 

analogue thereof.  Additionally, the quasi-drug may include external skin applications 

and personal hygiene products.  Examples of the quasi-drug composition may 

preferably include disinfecting cleaners, shower foams, mouthwash, wet tissues, 

detergent soaps, hand soaps, or ointments, but is not limited thereto. 

The quasi-drug may include a pharmaceutically acceptable carrier, which is as 

described above.  

The present inventors confirmed that the newly isolated Rhizopus oligosporus 

CJCC02-20 has an antimicrobial effect against the fungi and bacteria, and thus, the 

antimicrobial composition using the new strain can be effectively used in quasi-drugs.  

As still further another aspect to achieve the objects above, the present 

application provides a feed composition including the antimicrobial composition.  

As used herein, the term “feed” may refer to any natural or artificial diet, meal, or 

ingredient of the meal for animals to eat, intake, and digest.  

There is no limitation on the type of feed, and any feed commonly used in the art 

may be used. The feed composition may include a feed additive. The feed additive of 

the present application corresponds to an auxiliary feed under the Control of Livestock 

and Fish Feed Act, and may include probiotics. Non-limiting examples of the feed 

include: plant-based feeds such as grains, root plants, food-processing by-products, 

algae, fibers, pharmaceutical by-products, fat and oils, starches, meals or grain by-
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products; and animal-based feeds such as proteins, inorganic substances, fat and oils, 

minerals, single-cell proteins, animal planktons, or foods. These feeds may be used 

alone or in a mixture of two or more thereof.  

In particular, the feed composition including the antimicrobial composition of the 

present application may further include an excipient, a diluent, and an additive.  

It was confirmed that the newly isolated Rhizopus oligosporus CJCC02-20 of the 

present application has the effect of simultaneously inhibiting Aspergillus oryzae and 

Aspergillus niger, which are fungi, and Bacillus cereus and Escherichia coli, which are 

food poisoning bacteria. Thus, the present application provides a feed composition 

having antimicrobial and antifungal activity, and can prevent microbial infectious 

diseases including food poisoning of livestock. 

As still further another aspect to achieve the objects above, the present 

application provides a method for preparing the antimicrobial composition, including 

culturing the newly isolated Rhizopus oligosporus CJCC02-20 in a medium.  

As used herein, the term “cultivation” means that the Rhizopus oligosporus 

CJCC02-20 of the present application is grown under appropriately controlled 

environmental conditions. The cultivation process of the present application can be 

performed in a suitable culture medium and culture conditions known in the art. Such a 

cultivation process may be easily adjusted for use by those skilled in the art according 

to the strain to be selected. Specifically, the cultivation may be a batch culture, a 

continuous culture, and/or a fed-batch culture, but is not limited thereto. 

As used herein, the term “medium” refers to a mixture of materials which 

contains nutrient materials required for the cultivation of the Rhizopus oligosporus 

CJCC02-20 as a main ingredient, and it supplies nutrient materials and growth factors, 

along with water that is essential for survival and growth. Specifically, the medium and 

other culture conditions used for culturing the Rhizopus oligosporus CJCC02-20 of the 

present application may be any medium used for conventional cultivation of 

microorganisms without any particular limitation. However, the Rhizopus oligosporus 

CJCC02-20 of the present application may be cultured under aerobic conditions in a 

conventional medium containing an appropriate carbon source, nitrogen source, 
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phosphorus source, inorganic compound, amino acid, and/or vitamin, while adjusting 

the temperature, pH, etc.  

In the present application, the carbon source may include carbohydrates, such 

as glucose, saccharose, lactose, fructose, sucrose, maltose, etc.; sugar alcohols, such 

as mannitol, sorbitol, etc.; organic acids, such as pyruvic acid, lactic acid, citric acid, etc.; 

and amino acids, such as glutamic acid, methionine, lysine, etc.  Additionally, the 

carbon source may include natural organic nutrients such as starch hydrolysate, 

molasses, blackstrap molasses, rice bran, cassava, sugar cane molasses, corn steep 

liquor, etc.  Specifically, carbohydrates such as glucose and sterilized pretreated 

molasses (i.e., molasses converted to reducing sugar) may be used, and in addition, 

various other carbon sources in an appropriate amount may be used without limitation. 

These carbon sources may be used alone or in a combination of two or more thereof, 

but are not limited thereto.  

The nitrogen source may include inorganic nitrogen sources, such as ammonia, 

ammonium sulfate, ammonium chloride, ammonium acetate, ammonium phosphate, 

ammonium carbonate, ammonium nitrate, etc.; amino acids, such as glutamic acid, 

methionine, glutamine, etc.; and organic nitrogen sources, such as peptone, NZ-amine, 

meat extract, yeast extract, malt extract, corn steep liquor, casein hydrolysate, fish or 

decomposition products thereof, defatted soybean cake or decomposition products 

thereof, etc. These nitrogen sources may be used alone or in a combination of two or 

more thereof, but are not limited thereto.  

The phosphorus source may include monopotassium phosphate, dipotassium 

phosphate, or corresponding sodium-containing salts, etc. Examples of the inorganic 

compound may include sodium chloride, calcium chloride, iron chloride, magnesium 

sulfate, iron sulfate, manganese sulfate, calcium carbonate, etc. Additionally, amino 

acids, vitamins, and/or appropriate precursors may be included. These constituting 

ingredients or precursors may be added to a medium in a batch culture or continuous 

manner, but these phosphorus sources are not limited thereto. 

Additionally, the pH of a medium may be adjusted during the cultivation of 

Rhizopus oligosporus CJCC02-20 by adding a compound such as ammonium 

hydroxide, potassium hydroxide, ammonia, phosphoric acid, sulfuric acid, etc. to the 
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medium in an appropriate manner. Further, during the cultivation, an antifoaming agent 

such as fatty acid polyglycol ester may be added to prevent foam generation. In addition, 

oxygen or oxygen-containing gas may be injected into the medium in order to maintain 

an aerobic state of the medium; or nitrogen, hydrogen, or carbon dioxide gas may be 

injected without the injection of gas in order to maintain an anaerobic or microaerobic 

state of the medium, but the gas is not limited thereto.  

The medium temperature may be in a range from 20°C to 45°C, and specifically 

from 25°C to 40°C, but is not limited thereto. The cultivation may be carried out for 

about 10 to 160 hours, but is not limited thereto. 

The method for preparing the antimicrobial composition of the present 

application may further include a step of preparing the Rhizopus oligosporus CJCC02-

20 strain of the present application, a step of preparing a medium for culturing the strain, 

or a combination thereof (regardless of the order, in any order), for example, prior to the 

culturing step. 

The preparation method of the antimicrobial composition of the present 

application may further include a step of recovering the antimicrobial substance from the 

culture medium (medium in which the culture was grown) or the Rhizopus oligosporus 

CJCC02-20 strain of the present application. The recovering step may be further 

included after the culturing step. 

In particular, any antimicrobial substances are included without limitation as long 

as they have an antimicrobial activity produced by the Rhizopus oligosporus CJCC02-

20 strain, and may be, for example, crude extracts or compounds, but are not limited 

thereto. 

In the recovering step, a desired antimicrobial substance may be collected using 

the method of culturing a microorganism of the present application, for example, using a 

suitable method known in the art according to a batch culture, continuous culture, or 

fed-batch culture method. For example, methods such as centrifugation, filtration, 

treatment with a protein-crystallizing precipitant (salting-out method), extraction, 

ultrasonic disruption, ultrafiltration, dialysis, various kinds of chromatography such as 

molecular sieve chromatography (gel filtration), adsorption chromatography, ion-

exchange chromatography, affinity chromatography, etc., and HPLC may be used alone 
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or in combination, and the desired antimicrobial substances can be recovered from the 

medium or microorganisms using suitable methods known in the art.  

Further, the method for preparing of the antimicrobial composition of the present 

application may further include a purification process, which may be performed using an 

appropriate method known in the art. In an example, when the method for preparing the 

antimicrobial composition of the present application includes both a recovering step and 

a purification step, the recovering step and the purification step may be performed 

intermittently (or continuously) regardless of the order or simultaneously, or may be 

integrated into one step, but the method is not limited thereto.  

As further still another aspect to achieve the objects above, the present 

application provides a method for producing a fermented product, including culturing the 

Rhizopus oligosporus CJCC02-20 strain in a medium, followed by fermentation.  

As still further another aspect to achieve the objects above, the present 

application provides a fermented product produced by the above method.  

The Rhizopus oligosporus CJCC02-20 strain is as described above, and the 

step of culturing the microorganism in a medium is also as described above.   

As used herein, the term “fermented product” refers to a composition obtained 

by culturing the microorganism of the present application.  

Further, the fermented product may include a composition in the form of a liquid 

or powder obtained after culturing the microorganism, followed by a suitable post-

treatment.  In particular, the suitable post-treatment process may include, for example, 

a process of culturing the microorganism, a process of removing bacterial cells, a 

concentration process, a filtration process, and a process of mixing carriers, and may 

further include a drying process. In some cases, the post-treatment process may not 

include a purification process.   

Furthermore, the “fermented composition” does not exclude cases in which a 

substance obtained by a non-fermentation process and/or another substance obtained 

by a non-natural process is further mixed, as long as the composition obtained by 

culturing the microorganism of the present application is contained therein. 
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As still further another aspect to achieve the objects above, the present 

application provides a feed composition including the Rhizopus oligosporus CJCC02-20 

or a fermented product using the strain.  

The Rhizopus oligosporus CJCC02-20 and food are as described above. 

The fermented product may refer to a medium obtained by inoculating and 

culturing the Rhizopus oligosporus CJCC02-20 strain in a medium containing the main 

raw materials of food, or a culture including the microorganism cultured with the medium. 

Additionally, the fermented product may be a culture obtained by inoculating and 

culturing the Rhizopus oligosporus CJCC02-20 strain in food materials. The food 

material may be grains, but is not limited thereto. 

In one embodiment of the present application, the grain may be may be rice, 

barley, wheat, corn, etc., and specifically wheat, wheat bran, or rice, but is not limited 

thereto. 

The fermented product may be comprehensively interpreted as including all of a 

filtrate, a diluted solution, a concentrated solution thereof, a crude product, a purified 

product, a dried product, a pulverized product thereof, etc., but is not limited thereto.  

As still further another aspect to achieve the objects above, the present 

application provides a method for preparing food, including inoculating the newly 

isolated Rhizopus oligosporus CJCC02-20 strain.  

The Rhizopus oligosporus CJCC02-20 strain and food are as described above. 

In one embodiment of the present application, the method for preparing food 

may be a method for preparing a fermented food, including inoculating and culturing the 

Rhizopus oligosporus CJCC02-20 in grains. The fermented food obtained by inoculating 

and culturing the strain may be specifically Korean paste or salted fish, and more 

specifically tempeh or a sauce containing tempeh, but is not limited thereto.  

As still further another aspect to achieve the objects above, the present 

application provides a feed composition including the newly isolated Rhizopus 

oligosporus CJCC02-20 strain.  
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The Rhizopus oligosporus CJCC02-20 strain and feed are as described above. 

As still further another aspect to achieve the objects above, the present 

application provides the antimicrobial use of the composition including any one or more 

selected from the group consisting of the newly isolated Rhizopus oligosporus CJCC02-

20 strain, a spore of the strain, a culture of the strain, a fermented product of the strain, 

a concentrate thereof, an extract thereof, and a dried product thereof. 

[Mode for Carrying Out the Invention] 

Hereinafter, the constitution and effect of the present application will be 

described by way of Examples. However, these Examples are provided for illustrative 

purposes only, and the scope of the invention is not intended to be limited by these 

Examples.  

Example 1. Isolation and identification of strains producing antimicrobial 

substances 

For the selection of strains having antimicrobial activity, traditional tempeh was 

cultured in a PDA (potato dextrose agar) medium for 5 days at 30°C, and then the strain 

was primarily selected using morphological features of the genus Rhizopus. The 

selected strain was isolated by culturing for 5 days at 30°C in a PDA medium containing 

1,000 ppm of 5% kanamycin. 

The nucleotide sequence of the 18S rRNA, ABP (ABP1) and Chitinase (Chi2) 

genes of the strain selected by the above process was analyzed.  Each nucleotide 

sequence (18S rRNA: SEQ ID NO: 1, ABP1: SEQ ID NO: 2, Chi2: SEQ ID NO: 3) of the 

selected strain was compared with those in the GenBank database using BLAST of the 

NCBI. 

Specifically, primers of SEQ ID NOS: 4 and 5 were synthesized based on the 

nucleotide sequence of the ABP1 gene, and primers of SEQ ID NOS: 6 and 7 were 

synthesized based on the nucleotide sequence of the Chi2 gene, and each nucleotide 
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sequence was confirmed through PCR. As a result, the nucleotide sequence of the 

present strain showed 100% homology to Rhizopus oligosporus 18S rRNA, 99.9% to 

the ABP gene, and 100% to the chitinase gene. 

The strain obtained from the results above was identified as a Rhizopus 

oligosporus strain, named Rhizopus oligosporus CJCC02-20, and deposited at the 

Korean Culture Center of Microorganisms (KCCM), an International Depositary 

Authority, under the Budapest Treaty on December 9, 2020, with Accession 

No. KCCM12893P. 

Example 2. Isolation and purification of antimicrobial substances 

In order to isolate the antimicrobial substance produced by the newly isolated 

Rhizopus oligosporus CJCC02-20 strain, the strain was inoculated into 10 g to 15 g of 

wheat bran, followed by culturing at 30°C for 5 days and 35°C for 1 day. The culture 

was diluted with 50 times by weight of distilled water and extracted for 60 minutes at 

30°C and 150 rpm. The crude extract was filtered under reduced pressure with a 5.0 μm 

filter paper using diatomite. The filtrate was freeze-dried at −20°C for 48 hours and 

purified into a dried product.  

Example 3. Antimicrobial activity test against fungi and food poisoning–

causing bacteria 

In order to confirm whether the newly isolated Rhizopus oligosporus CJCC02-20 

strain has an inhibitory effect on fungi and food poisoning–causing bacteria, the 

following antimicrobial activity experiments were conducted.  

Aspergillus oryzae, a fermentative fungus for Korean paste, and Aspergillus niger, 

a food contaminant, were cultured in a PDA (potato dextrose agar) medium. 

Candida albicans, a pathogenic yeast, and Zygosaccharomyces bailii, a food 

contaminant, were cultured in a YPD medium (yeast extract peptone dextrose agar).   

Additionally, Bacillus cereus, a food poisoning–causing bacterium, 

enteropathogenic Escherichia coli, and Bacillus subtilis and Bacillus velezensis, which 
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are fermentative bacteria for Korean paste, were cultured in a TSA (tryptic soy agar) 

medium. 

After dissolving the antimicrobial substance dried in Example 2 in distilled water, 

an 8 mm diameter paper disk was placed on a plate medium coated with the indicated 

strain, and 30 μL of the antimicrobial substance was constantly added and cultured at 

30°C for 24 to 48 hours to observe whether or not the growth inhibition zone was 

produced by the antimicrobial substance produced by the isolated strain, and the results 

are shown in Table 1 and Fig. 1. As shown in Table 1, those denoted by “−” represent 

the case where the growth is not inhibited, those denoted by “+” represent the case 

where the diameter of the growth inhibition zone is 3 mm to 5 mm or less, those 

denoted by “++” represent the case where the diameter of the growth inhibition zone is 

6 mm to 10 mm, and those denoted by “+++” represent the case where the diameter of 

the growth inhibition zone is 10 mm or more.   

Further, in addition to the Rhizopus oligosporus CJCC02-20 strain, four Rhizopus 

oligosporus strains, which are strains isolated from the traditional tempeh (tempeh 

manufactured by the traditional method in Indonesia and Vietnam), were compared for 

the antimicrobial activity in Comparative Examples 1 to 4.  

[Table 1] 

Microorganisms 

Antimicrobial Activity 

Rhizopus 
oligosporus 
CJCC02-

20 

Rhizopus 
oligosporus 

(Comparative 
Example 1) 

Rhizopus 
oligosporus 

(Comparative 
Example 2) 

Rhizopus 
oligosporus 

(Comparative 
Example 3) 

Rhizopus 
oligosporus 

(Comparative 
Example 4)  

Aspergillus oryzae +++ 
− − − − 

Aspergillus niger +++ 
− − − − 

Escherichia coli +++ 
− − − − 

Bacillus cereus ++ 
+ + + + 

Bacillus subtilis + 
+ + + +



Bacillus velezensis + 
+ + + + 

Candida albicans − 
− − − − 

Zygosaccharmyces 

bailii 
− 

− − − − 

As can be seen in Table 1 and Fig. 1, the purified material obtained from the 

Rhizopus oligosporus CJCC02-20 strain showed no antimicrobial activity against yeast, 

but showed an excellent antifungal activity that can selectively control Aspergillus 

oryzae and Aspergillus niger, which are fungi that are difficult to inhibit in Korean paste 

or general foods. 

Further, it showed a selective antimicrobial activity against enteropathogenic 

Escherichia coli, and it was confirmed that it showed an excellent antimicrobial activity 

against Bacillus cereus, a food poisoning bacterium, compared to other Rhizopus 

oligosporus strains. 

Example 4: Confirmation of effect of controlling food poisoning bacteria in 

fermented product tempeh 

In order to confirm the effect of controlling food poisoning bacteria in the 

fermented product of Rhizopus oligosporus CJCC02-20 identified by Example 1, 15 g to 

20 g of the Rhizopus oligosporus CJCC02-20 strain was inoculated into wheat rice, and 

then cultured at 30°C for 6 days and at 40°C for 1 day. The culture was made into 

powder using a grinder. 

In order to develop fermented products with diversification of grains according to 

the consumption trends that change every year, 4% of the culture solution powder and 

commercially available Rhizopus oligosporus strain (Ragi Tempe Raprima, Bandung 

Inc., Indonesia) were inoculated into steamed soybean, steamed soybean and rice, 

steamed soybean and wheat flour, and steamed wheat flour and mixed, and then 

cultured at a temperature of 30°C for 1–2 days by adjusting the humidity to 60% to 
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prepare tempeh, a fermented product. 

The thus-cultured tempeh and commercially available traditional tempeh were 

cultured at 30°C for 1 day in a Bacillus cereus selective medium added with TSA (tryptic 

soy agar), polymyxin B, and trimethoprim.  It was confirmed that Bacillus cereus and 

enteropathogenic Escherichia coli, which are food poisoning–causing bacteria, were not 

detected in the tempeh inoculated with the Rhizopus oligosporus CJCC02-20 strain 

isolated in Example 1, whereas Bacillus cereus was detected in the tempeh inoculated 

with commercially available strains and the traditional tempeh (see Table 2). 

[Table 2] 

Category 

Traditio

nal 

Tempe

h 

Tempeh using Commercially 

Available Strains 

Tempeh using Isolated 

Strains 

Soyb

ean 

Soyb

ean + 

Whea

t flour 

Soyb

ean 

+Rice

Whea

t flour 
Soy

bea

n 

Soyb

ean + 

Whea

t flour 

Soyb

ean 

+Rice

Whea

t flour 

Protease 

activity 

(unit/g) 

300 82 103 83 118 114 134 113 145 

Bacillus 

cereus 

(CFU/g) 

100,00

0 

30,00

0 

10,50

0 

10,20

0 

40,00

0 
ND ND ND ND 

Escherichi

a coli 

(CFU/g) 

10 ND ND ND ND ND ND ND ND 
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* ND: Not Detected

From the results above, it was confirmed that the Rhizopus oligosporus CJCC02-20

strain, which is a tempeh fermentative strain, has an excellent effect of controlling food 

poisoning bacteria, while embodying the traditional flavor.  

Therefore, the antimicrobial composition including the novel Rhizopus 

oligosporus CJCC02-20 strain of the present application, a spore of the strain, a culture 

of the strain, a concentrate thereof, and a dried product thereof has excellent 

antimicrobial effects against fungi and food poisoning bacteria, and thus can be 

effectively used in foods, quasi-drugs, pharmaceuticals, etc. 

Those of ordinary skill in the art will recognize that the present application may 

be embodied in other specific forms without departing from its spirit or essential 

characteristics. The described embodiments are to be considered in all respects only as 

illustrative and not restrictive. The scope of the present application is therefore indicated 

by the appended claims rather than by the foregoing description. All changes which 

come within the meaning and range of equivalency of the claims are to be embraced 

within the scope of the present application. 

[Deposition No.] 

Depository Institution: Korean Culture Center of Microorganisms 

Accession No.: KCCM12893P 

Deposition Date: 20201209 
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[CLAIMS] 

[Claim 1] 

A Rhizopus oligosporus CJCC02-20 strain deposited with Accession 

No. KCCM12893P.  

[Claim 2] 

The strain of claim 1, wherein the strain has an antimicrobial activity against 

fungi, bacteria, or a combination thereof. 

[Claim 3] 

The strain of claim 2, wherein the fungus is Aspergillus oryzae, Aspergillus niger, 

or a combination thereof.  

[Claim 4] 

The strain of claim 2, wherein the bacterium is Bacillus cereus, Escherichia coli, 

or a combination thereof.  

[Claim 5] 

The strain of claim 1, wherein the strain has a specific antimicrobial activity 

against Aspergillus oryzae, Aspergillus niger, or Escherichia coli. 

[Claim 6] 

An antimicrobial composition, comprising any one or more selected from the 

group consisting of the Rhizopus oligosporus CJCC02-20 strain according to any one of 

claims 1 to 5, a spore of the strain, a culture of the strain, a concentrate thereof, and a 

dried product thereof as an active ingredient.  

[Claim 7] 

The composition of claim 6, wherein the composition has an antimicrobial 

activity against fungi, bacteria, or a combination thereof. 
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[Claim 8] 

A food composition, comprising the antimicrobial composition of claim 6. 

[Claim 9] 

The food composition of claim 8, wherein the food comprises tempeh or a sauce 

including tempeh. 

[Claim 10] 

A feed composition, comprising the antimicrobial composition of claim 6. 

[Claim 11] 

A pharmaceutical composition for preventing or treating microbial infectious 

diseases caused by fungi, bacteria, or a combination thereof, which comprises the 

antimicrobial composition of claim 6.  

[Claim 12] 

The pharmaceutical composition of claim 11, wherein the microbial infectious 

disease is any one or more selected from the group consisting of food poisoning, 

diarrhea, vomiting, enteritis, gastroenteritis, constipation, abdominal pain, and 

abdominal distention. 

[Claim 13] 

A health functional food composition for preventing or improving microbial 

infectious diseases caused by fungi, bacteria, or a combination thereof, which 

comprises the antimicrobial composition of claim 6. 

[Claim 14] 

A quasi-drug composition, comprising the antimicrobial composition of claim 6. 
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