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DESCRIPTION 

TITLE OF INVENTION: METHOD OF SCREENING DAMP-DRY MALODOR 

INHIBITOR AND METHOD OF EVALUATING DAMP-DRY MALODOR 

5 INHIBITOR 

TECHNICAL FIELD 

{0001} 

The present invention relates to a method of screening a damp-dry 

10 malodor inhibitor and a method of evaluating a damp-dry malodor inhibitor. 

BACKGROUND ART 

{0002} 

Fabric products, for example, sanitary products such as towels and 

15 bedclothes, and garments (hereinafter, in the present specification, also simply 

referred to as "fabric products") provide a comfortable sense of use and wear 

sensation when the products are kept clean. 	Furthermore, fabric products such 

as sanitary products and garments are materials that are put on human bodies, 

and towels, bedclothes and the like are used by being brought into direct contact 

20 with human bodies. 	Therefore, it is important even from the viewpoint of 

hygiene to keep these materials clean. 	Along the enhanced recent social 

requirements for hygiene, the public interest in keeping fabric products such as 

sanitary products and garments clean has increased. 

{0003} 

25 In recent years, as consumers build up more interest in the living 

environment, it is desired more than ever to remove any unpleasant odors (in the 

present specification, also referred to as "foul malodor") of personal belongings. 

The odors that cling to fabric products, for example, sanitary products such as 
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towels and bedclothes, and garments, include external factors such as cigarettes, 

as well as internal factors that are originated from human body, which are 

produced by repeated use of fabric products. 

Fabric products that are brought into direct contact with human skin, 

5 	including underclothes, towels, handkerchiefs and the like, or fabric products that 

have a potential to absorb or attach sweat containing sebum, corneous 

substances and the like, may produce a wet-and-dirty dustcloth-malodor-like 

characteristic malodor in a case where after laundry, laundered fabric products 

are left untouched in a damp place such as the inside of a laundering machine 

10 	tub for a long time, in the case of having been dried indoors, in the case of having 

gotten wet with rain or sweat, or in the case of insufficiently dried fabric products. 

This malodor is generally called a damp-dry malodor, and this odor can be mostly 

eliminated by sufficiently drying the fabric products. 	However, even for fabric 

products which have been sufficiently dried and from which no damp-dry malodor 

15 	is sensed, when the fabric products become damp due to sweat, rain or the like, 

the damp-dry malodor may be produced. 	If fabric products once produce this 

damp-dry malodor, the damp-dry malodor can be temporarily eliminated by 

sufficiently drying the fabric products after laundry, but the wet-and-dirty 

dustcloth-like damp-dry malodor is likely to recur at the time of use. 	Such a 

20 	damp-dry malodor that is prone to recur may be produced not only in a case 

where fabric products are dried indoors, but also in a case where a dryer or a 

washing machine having a low temperature drying function is used, and even in 

the case of fabric products that have been dried outdoors, if the fabric products 

become damp. 

25 A feature of the recurrent damp-dry malodor lies in that the malodor is not 

produced, or mostly reduced, if a fabric product has been laundered and 

sufficiently dried. 	However, the fabric product produces the malodor only by 

becoming damp. 	The recurrent damp-dry malodor is likely to be produced when 
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fabric products are stored in a wardrobe or the like for a long time. 	However, 

fabric products such as underclothes, handkerchiefs or towels, which are 

frequently brought into contact with human skin and are used with a high use 

frequency and a short period of the wash-use cycle, are in many cases such that 

5 once this damp-dry malodor is produced, the malodor comes to recur during use. 

10 

Furthermore, as the number of times of laundering increases, the intensity of 

malodor of the damp-dry malodor tends to increase. 	In order to inhibit this 

damp-dry malodor, it is important to treat fabric products so as not to produce 

such damp-dry malodor-causing substances. 	As a method for that purpose, 

there is a demand for an agent which inhibits the damp-dry malodor. 	Also, there 

is a demand for the development of a method of screening a damp-dry malodor 

inhibitor and a method of evaluating a damp-dry malodor inhibitor. 

{0004} 

It has been hitherto reported that the damp-dry malodor is a complex 

15 odor composed of the "mold-like malodor" of medium-chain aldehydes, medium-

chain alcohols, ketones and the like, the "sour malodor" of short-chain fatty acids, 

medium-chain fatty acids and the like, the "fishy malodor" of nitrogen compounds, 

and sulfur compounds, and medium-chain fatty acids in particular have a high 

degree of contribution (see Non-Patent Literature 1). 	Furthermore, Non-Patent 

20 Literature 1 describes that a major component of the damp-dry malodor is 

speculated to be "a mixture of unsaturated fatty acids having a branched 

structure with 7 to 9 carbon atoms," and these are also contained in the foul odor 

of human sweat or the like. 	As indicator substances for the damp-dry malodor, 

various kinds of fatty acids including 4-methyl-3-hexenoic acid have been hitherto 

25 suggested (see Patent Literature 1). 	The 4-methyl-3-hexenoic acid is naturally 

known as a component of citrons (see Non-Patent Literature 2), and it is also 

known that the 4-methyl-3-hexenoic acid is produced from terpenes by 

microorganisms (see Patent Literature 2). 	However, these literatures do not 
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describe or suggest the mechanism of the production of the damp-dry malodor. 

Also, these literatures do not disclose the relation between various kinds of fatty 

acids including the 4-methyl-3-hexenoic acid and the recurrence of the damp-dry 

malodor. 	Furthermore, there is no instance of devising a method of screening a 

5 damp-dry malodor inhibitor and a method of evaluating a damp-dry malodor 

inhibitor based on such a mechanism. 

PRIOR ART LITERATURE 

PATENT LITERATURES 

10 {0005} 

Patent Literature 1: JP-A-2009-244094("JP-A" means unexamined published 

Japanese patent application) 

Patent Literature 2: JP-A-56-124387 

NON-PATENT LITERATURES 

15 {0006} 

Non-Patent Literature 1: Hanihara, Sonoda, "The Detergent Curbing Malodor in 

Indoor Laundry Drying," Fragrances, September 2004, No. 223, p. 109-116 

Non-Patent Literature 2: Proceedings of the 53rd  Forum on Fragrances/Terpenes, 

and Oil Refinery Chemistry (2009), p. 4-6 

20 

SUMMARY OF INVENTION 

TECHNICAL PROBLEM 

{0007} 

The present invention resides in to provide a method of screening a 

25 damp-dry malodor inhibitor, by which a damp-dry malodor inhibitor can be 

screened conveniently with high accuracy. 	Further, the present invention 

resides in to provide a method of evaluating a damp-dry malodor inhibitor, by 

which the damp-dry malodor inhibitory function can be evaluated conveniently 
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with high accuracy. 

SOLUTION TO PROBLEM 

{0008} 

5 In view of the points described above, the inventors of the present 

invention conducted a thorough investigation from the viewpoints of the causative 

substances, causative bacteria, and the mechanism of occurrence of the damp- 

dry malodor. 	As a result, regarding the causative substances of the damp-dry 

malodor, although medium-chain branched fatty acids such as 4-methyl-3- 

10 hexanoic acid, 4-methyl-3-hexenoic acid, 5-methyl-2-hexanoic acid, and 5-

methyl-2-hexenoic acid have already been known, it was found that among these, 

4-methyl-3-hexenoic acid in particular has a particularly low threshold value as 

compared with other substances, and is a main causative substance. 

Furthermore, it was found that among the damp-dry malodors, a recurrent damp- 

15 dry malodor that relapses as a fabric product sufficiently dries and then becomes 

damp, is a malodor that is produced when, even after the damp-dry malodor has 

been sufficiently eliminated after drying, particular microorganisms survive in the 

fabric product or proliferate therein, and thereby produce damp-dry malodor-

causing substances from a sebaceous dirt component remaining in the fabric 

20 product, or that the malodor that has been caught by the fabric as a result of 

drying is liberated again by wetting of the fabric product, and is easily perceived 

due to a low threshold. 	It was also found that the relevant damp-dry malodor is 

greatly affected by 4-methyl-3-hexenoic acid, and it was found that the production 

of such a damp-dry malodor involves microorganisms having a 4-methyl-3- 

25 hexenoic acid production capacity. 	Microorganisms that produce 4-methyl-3- 

hexenoic acid from terpenes are conventionally known. 	However, it is not yet 

fully known that microorganisms produce a damp-dry malodor-causing substance, 

or 4-methyl-3-hexenoic acid, in the presence of a sebaceous dirt component, and 
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the inventors of the present invention have newly found this. 

The present invention was accomplished based on these findings. 

{0009} 

The present invention relates to a method of screening a damp-dry 

5 malodor inhibitor, containing the steps of: bringing microorganisms having a 4-

methyl-3-hexenoic acid production capacity into contact with a test substance in 

the presence of a sebaceous dirt component; detecting the production of a damp-

dry malodor-causing substance by the microorganisms; and thereby selecting a 

test substance having a damp-dry malodor inhibitory function. 

10 {0010} 

Further, the present invention relates to a method of evaluating a damp-

dry malodor inhibitor, containing the steps of: bringing microorganisms having a 

4-methyl-3-hexenoic acid production capacity into contact with a test substance in 

the presence of a sebaceous dirt component; detecting the production of a damp- 

15 dry malodor-causing substance by the microorganisms; and thereby evaluating 

the damp-dry malodor inhibitory function of the test substance. 

{0011} 

Further, the present invention relates to a kit for screening of a damp-dry 

malodor inhibitor containing a sebaceous dirt component and microorganisms 

20 having a 4-methyl-3-hexenoic acid production capacity. 

Further, the present invention relates to a kit for evaluation of a damp-dry 

malodor inhibitor containing a sebaceous dirt component and microorganisms 

having a 4-methyl-3-hexenoic acid production capacity. 

25 ADVANTAGEOUS EFFECTS OF INVENTION 

{0012} 

According to the method of screening a damp-dry malodor inhibitor of the 

present invention, a damp-dry malodor inhibitor can be screened conveniently 
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with high accuracy. 	Furthermore, according to the method of evaluating a 

damp-dry malodor inhibitor of the present invention, the damp-dry malodor 

inhibitory function of a damp-dry malodor inhibitor can be evaluated conveniently 

with high accuracy. 

5 {0013} 

Other and further features and advantages of the invention will appear 

more fully from the following description. 

MODE FOR CARRYING OUT THE INVENTION 

10 {0014} 

15 

The method of screening a damp-dry malodor inhibitor of the present 

invention contains steps of bringing microorganisms having a 4-methyl-3-

hexenoic acid (in the present specification, also called 4M3H) production capacity 

into contact with a test substance in the presence of a sebaceous dirt component, 

detecting the production of a damp-dry malodor-causing substance by the 

microorganisms, and thereby selecting a test substance having a damp-dry 

malodor inhibitory function. 	According to the method of screening a damp-dry 

malodor inhibitor of the present invention, high accuracy screening of a damp-dry 

malodor inhibitor can be conveniently carried out. 

20 Furthermore, the method of evaluating a damp-dry malodor inhibitor of 

the present invention contains steps of bringing microorganisms having a 4M3H 

production capacity into contact with a test substance in the presence of a 

sebaceous dirt component, detecting the production of a damp-dry malodor-

causing substance by the microorganisms, and thereby evaluating the damp-dry 

25 malodor inhibitory function of the test substance. 	According to the method of 

evaluating a damp-dry malodor inhibitor of the present invention, for example, as 

for a substance that has been selected as a candidate for a damp-dry malodor 

inhibitor, a high accuracy evaluation of the damp-dry malodor inhibitory function 
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of the substance can be conveniently carried out. 

{0015} 

In the present specification, the term "damp-dry malodor" means a 

malodor that is generated from a fabric product in a case where the fabric product 

5 that has been used is laundered and insufficiently dried, or in a case where the 

fabric product becomes damp. 	However, there.  are occasions in which, although 

the damp-dry malodor may be temporarily eliminated by sufficiently drying a 

fabric product, a wet-and-dirty dustcloth-like damp-dry malodor recurs from a 

fabric product immediately after drying or as soon as the fabric product is reused 

10 after storage, or some while after starting of using the fabric product, or due to the 

moisture of rain, sweat or the like. 	As such, the wet-and-dirty dustcloth-like 

damp-dry malodor that recurs when a fabric product from which a damp-dry 

malodor has been temporarily eliminated by sufficient drying becomes damp, 

may be referred to as a "recurrent damp-dry malodor" or a "recurrent malodor' in 

15 the present specification. 

The damp-dry malodor that is produced because of insufficient drying 

after laundering of a fabric product, is a complex odor of a S (sulfur) odor, a N 

{nitrogen} odor, an aldehyde odor, a lower fatty acid odor, and a medium-chain 

branched fatty acid odor including the 4M3H odor. 	The recurrent wet-and-dirty 

20 dustcloth-like unpleasant odor that recurs from a fabric product due to the 

moisture of rain, sweat or the like after the fabric product has been sufficiently 

dried to eliminate the damp-dry malodor, is mostly the medium-chain branched 

fatty acid odor which is mainly composed of the 4M3H odor, and other highly 

volatile malodor such as the S odor, the N odor and the aldehyde odor is hardly 

25 produced. 

Furthermore, the term "inhabitation of damp-dry malodor" includes 

inhibition of a damp-dry malodor, and prevention of the production of a damp-dry 

malodor. 	In the present invention, the term is defined to characteristically refer 
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to the inhibition of the recurrent damp-dry malodor, particularly the 4M3H odor, as 

the damp-dry malodor. 

{0016} 

Meanwhile, "4-methyl-3-hexenoic acid" has cis- and trans-isomers as 

5 described below. 	In the present invention, the compound is intended to include 

compounds of both the cis-structure and the trans-structure. 

{0017} 

0 	 0 

OH OH 

{0018} {0018} 

10 There are no particular limitations on the action mechanism of the "damp- 

dry malodor inhibitor" in the present invention. 	Examples of the action 

mechanism of the damp-dry malodor inhibitor includes sterilization of 

microorganisms that cling into a fabric product, prevention of the conversion of 

sweat, sebum or the like that remain in a fabric product to a damp-dry malodor- 

15 causing substance, decomposition or conversion of a damp-dry malodor-causing 

substance into an odorless substance, and masking of a damp-dry malodor. 

The action mechanism of the damp-dry malodor inhibitor in the present invention 

may be of any kind. 

{0019} 

20 The "microorganisms having a 4M3H production capacity" in the present 

invention includes the microbial cells themselves of microorganisms having a 

4M3H production capacity, as well as crushed cells, a microbial cell culture fluid, 

a crude extract originating from microorganisms having a 4M3H production 

capacity, and a processed product of microbial cells, such as a purified enzyme. 

25 {0020} 
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A method of obtaining microorganisms having a 4M3H production 

capacity that is used in the present invention will be described. 	There are no 

particular limitations on the method of obtaining microorganisms having a 4M3H 

production capacity, but examples thereof include: (1) a method of performing a 

5 sensory evaluation of fabric products, and consequently isolating a microbial 

strain from a fabric product that emits a damp-dry malodor; (2) a method of 

isolating microorganisms that exist in a fabric product, measuring the 4M3H 

production capacity of the isolated microorganisms, and selecting a microbial 

strain having a 4M3H production capacity; (3) a method of measuring the 4M3H 

10 production capacity of microorganisms that have been isolated from the 

environment or acquired from a microorganism depository, and selecting a 

microbial strain having a 4M3H production capacity; and (4) a method of 

comparing the sequence similarity of a particular gene sequence with the gene 

sequence of a microbial strain having a 4M3H production capacity, and selecting 

15 a microbial strain having higher sequence similarity. 	Microorganisms having a 

4M3H production capacity may be selected by any one method among the 

methods described above, or microorganisms having a 4M3H production capacity 

may be also selected by combining two or more of the methods. 

{0021} 

20 The method of obtaining microorganisms having a 4M3H production 

capacity to be used in the present invention will be specifically described. 

However, the present invention is not intended to be limited to these. 

First, the outline of the method (1) (a method of performing a sensory 

evaluation of fabric products, and isolating a microbial strain from a fabric product 

25 that emits a damp-dry malodor) will be explained. 

At home or the like, fabric products that have been used after being 

laundered, or stored after being laundered (unused after being laundered), for 

example, towels, T-shirts, pillow covers, and underclothes are collected, and 
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fabric products from which a strong damp-dry malodor can be perceived by a 

sensory evaluation are selected. 	The selected fabric products are cut out to a 

certain size (for example, 5x5 cm, 2x2 cm), and the fabric products are added to 

a lecithin polysorbate (also referred to as LP in the present specification) dilution 

(manufactured by Nihon Pharmaceutical Co., Ltd.), physiological saline or the like. 

Subsequently, an extract liquid obtained by stirring is plated on an agar medium 

such as a lecithin polysorbate-added soybean casein digest (also referred to as 

SCD-LP in the present specification) agar medium (manufactured by Nihon 

Pharmaceutical Co., Ltd.) or a potato dextrose agar (also referred to as PDA in 

the present specification) medium (manufactured by Becton Dickinson Co.), and 

cultured for a certain time (for example, 35°C, 24 hours), and then 

microorganisms are isolated from the colonies thus obtained. 

The various microbial strains thus isolated are inoculated and cultured on 

a fabric product that has been used and sterilized, for example, a fabric product 

obtained by cutting a towel or the like which has been recognized for the 

production of a damp-dry malodor, to a certain size (for example, 5x5 cm, 2x2 

cm) and sterilizing the cut pieces, or the microbial strains are subjected to solid 

culture or liquid culture in the presence of a sebaceous dirt component. 

Subsequently, microbial strains producing damp-dry malodor are selected by a 

sensory evaluation. 	In the case where identification of the various microbial 

strains that have been selected is required, there are no limitations on the 

identification method. 	However, the identification can be carried out by 

determining a base sequence having a length of about 500 bp in the upstream 

region of 16S rDNA gene in a bacterium, and a base sequence having a length of 

about 200 to 500 bp in the D2 region of LSU (Large Subunit) in a fungus; and 

analyzing the sequence similarity of the base sequence with the corresponding 

base sequence of a reference strain. 	Meanwhile, the sequence similarity of 

base sequences may be also calculated by using a genetic information 
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processing software, Clustal W (http://clustalw.ddbj.nig.ac.jp/top-j.html),  or the 

like. 

{0022} 

Next, the outline of the method (2) (a method of isolating microorganisms 

5 	that exist in a fabric product, measuring the 4M3H production capacity of the 

isolated microorganisms, and selecting a microbial strain having a 4M3H 

production capacity) will be explained. 

At home or the like, fabric products that have been used after being 

laundered, or stored after being laundered (unused after being laundered), for 

10 	example, towels, T-shirts, pillow covers and underclothes, are collected and cut 

out to a certain size (for example, 5x5 cm, 2x2 cm). 	The fabric products are 

added to a LP dilution (manufactured by Nihon Pharmaceutical Co., Ltd.), 

physiological saline or the like. 	Subsequently, an extract liquid obtained by 

stirring is plated on an agar medium such as a SCD-LP agar medium 

15 	(manufactured by Nihon Pharmaceutical Co., Ltd.) or a PDA medium 

(manufactured by Becton Dickinson Co.), and cultured for a certain time (for 

example, 35°C, 24 hours), and then microorganisms are isolated from the 

colonies thus obtained. 

The various microbial strains thus isolated are inoculated and cultured on 

20 	a fabric product that has been used and sterilized, for example, a fabric product 

obtained by cutting a towel or the like which has been recognized for the 

production of a damp-dry malodor, to a certain size (for example, 5x5 cm, 2x2 

cm) and sterilizing the cut pieces, or the microbial strains are subjected to solid 

culture or liquid culture in the presence of a sebaceous dirt component. 

25 	Subsequently, production of 4M3H is detected, and thereby microbial strains 

which are recognized to produce 4M3H are selected. 	In the case where 

identification of the various microbial strains that have been selected is required, 

there are no limitations on the identification method. 	However, for example, the 
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identification can be carried out by determining a base sequence having a length 

of about 500 bp in the upstream region of 16S rDNA gene in a bacterium, and a 

base sequence having a length of about 200 to 500 bp in the D2 region of LSU in 

a fungus; and analyzing the sequence similarity of the base sequence with the 

5 corresponding base sequence of a reference strain. 	Meanwhile, the sequence 

similarity of base sequences may be also calculated by using a genetic 

information processing software, Clustal W, or the like. 

{0023} 

Next, the method (3) (a method of measuring the 4M3H production 

10 capacity of microorganisms that have been isolated from the environment or 

acquired from a microorganism depository, and selecting a microbial strain 

having a 4M3H production capacity) will be explained. 

Microbial strains are purchased from institutions for microorganism 

distribution such as ATCC (American Type Culture Collection), NBRC (NITE 

15 Biological Resource Center), JCM (Japan Collection of Microorganisms), and 

NCIMB (National Collection of Industrial Marine and Food Bacteria). 

Alternatively, microbial strains are isolated using a SCD-LP agar medium 

(manufactured by Nihon Pharmaceutical Co., Ltd.), a PDA medium 

(manufactured by Becton Dickinson Co.) or the like by a routine method from 

20 various environments such as soils, plants, river water, and inside dwellings; and 

then microbial strains are isolated. 	Meanwhile, there are no particular limitations 

on the medium used herein. 

The various microbial strains that have been purchased or isolated are 

inoculated and cultured on a fabric product that has been used and sterilized, for 

25 example, a fabric product obtained by cutting a towel or the like which has been 

recognized for the production of a damp-dry malodor, to a certain size (for 

example, 5x5 cm, 2x2 cm) and sterilizing the cut pieces, or the microbial strains 

are subjected to solid culture or liquid culture in the presence of a sebaceous dirt 
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component. 	Subsequently, production of 4M3H is detected, and thereby 

microbial strains which are recognized to produce 4M3H are selected. 	In the 

case where identification is required to the various microbial strains that have 

been selected from the microorganisms isolated from the environment, there are 

5 no limitations on the identification method. 	For example, identification can be 

carried out by determining a base sequence having a length of about 500 bp in 

the upstream region of 16S rDNA gene in a bacterium, and a base sequence 

having a length of about 200 to 500 bp in the D2 region of LSU in a fungus; and 

analyzing the sequence similarity of the base sequence with the corresponding 

10 base sequence of a reference strain. 	Meanwhile, the sequence similarity of 

base sequences may be also calculated by using a genetic information 

processing software, Clustal W, or the like. 

{0024} 

Next, the outline of the method (4) (a method of comparing the sequence 

15 similarity of a particular gene sequence with the gene sequence of a microbial 

strain having a 4M3H production capacity, and selecting a microbial strain having 

higher sequence similarity) will be explained. 

20 

First, the base sequence of a particular gene of the microbial strain 

having a 4M3H production capacity that has been selected by the method (1), 

method (2), and/or method (3) as described above, is determined. 	Then, 

microorganisms having a base sequence having high sequence similarity with the 

base sequence thus determined are selected, and thereby a microbial strain 

having the 4M3I-1 production capacity to be used in the present invention can be 

obtained. 	For example, as shown in Examples described below, since 

25 Moraxella sp. 4-1, Moraxella sp. 4-4, Moraxella osloensis ATCC19976, and the 

like are causative bacteria of damp-dry malodor, they can be selected as 

reference microbial strains having the 4M3H production capacity. 	Next, for 

example, as described in SEQ ID NOS:1, 2 and 3, the base sequence of the 
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region of 16S rDNA or the like of the reference 

microbial strain having a base sequence 

entirety or a portion of the base sequence 

determined is selected. 	Here, the term 

that the sequence similarity with the base 

as the base sequence set forth in any 

95% or more, more preferably 97% or 

particularly preferably 99% or more. 

deposited with the International Patent 

Institute of Advanced Industrial Science 

Higashi 1-chome, Tsukuba-shi, Ibaraki-ken) 

Accession No. FERM BP-11394. 

The base sequence of microorganisms 

method. 	Furthermore, the sequence 

by the Lipman-Pearson method (Science, 

Specifically, the sequence similarity of 

using a sequence similarity analysis (Search 

information processing software, Genetyx-Win 

Development, Inc.), and carrying out an 

compare (ktup) parameter as 2. 

{0025} 

The microorganisms that are used 

particularly limited as long as the microorganisms 

4M3H production capacity, and are microorganisms 

presence of a sebaceous component. 

preferably at least one kind of microbial 

Acinetobacter, Pseudomonas, Bacillus, 

samples is determined. 	Then, a 

having high sequence similarity with the 

of the reference samples thus 

"having high sequence similarity" implies 

sequence of a reference sample, such 

one of SEQ ID NOS:1 to 3, is preferably 

more, further preferably 98% or more, and 

Meanwhile, Moraxella sp. 4-1 was 

Organism Depositary 

and Technology 

on August 

similarity of a base 

227, 1435, 1985) 

a base sequence 

Homology) 

(manufactured 

analysis by taking 

in the present 

which 

For example. the 

strain selected from 

Sphingomonas, 

can be determined 

are microorganisms 

at the National 

(address: Central 6, 1-1, 

22, 2011, under the 

by an ordinary 

sequence is calculated 

or the like. 

can be calculated by 

program of a genetic 

by Software 

the Unit size to 

invention are not 

having a 

produce 4M3H in the 

microorganisms are 

the genus Moraxella, 

Ralstonia, Cupriavidus, 

Psychorobacter, Serratia, Escherichia, Staphylococcus, Burkholderia, 
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Saccaromyces and Rhodotorula; more preferably at least one kind of microbial 

strain selected from the species of Moraxella sp., Moraxella osloensis, 

Acinetobacter radioresistens, Acinetobacter iunii, Acinetobacter calcoaceticus, 

Serratia marcescens, Escherichia coli, Staphylococcus aureus, Pseudomonas 

alcaligenes, Bacillus cereus, Bacillus subtilis, Psychrobacter pacificensis, 

Psychrobacter glacincola, Sphingomonas yanoikuyae, Ralstonia sp., 

Saccaromyces cerevisiae, Rhodotorula mucilaqinosa, Rhodotorula slooffiae, 

Cupriavidus oxalaticus and Burkholderia cepacia; further preferably at least one 

kind of microbial strain selected from the species of Moraxella sp., Moraxella 

osloensis, Pseudomonas alcaligenes, Ralstonia sp., Saccaromyces cerevisiae, 

Rhodotorula mucilaginosa and Rhodotorula slooffiae; and particularly preferably 

at least one kind of microbial strain selected from the species of Moraxella sp. 

and Moraxella osloensis. 

In the present invention, regarding the microorganisms having a 4M3H 

production capacity, one kind of microorganism may be used, or two or more 

kinds of microorganisms may be also used in combination. 	Meanwhile, in the 

present invention, "Moraxella sp." means a microbial species having a base 

sequence in which the base sequence of 16S rDNA gene has a sequence 

similarity of 95% or more, more preferably 97% or more, further preferably 98% 

or more, and particularly preferably 99% or more, with the base sequence of SEQ 

ID NO:1, 2 or 3. 

{0026} 

In the present specification, the term "sebaceous dirt" means the most 

representative dirt that clings to fabric products such as garments. 	The 

sebaceous dirt contains large amounts of oil components such as free fatty acids 

and glycerides, and those components trapping the carbon in dust, clays, 

exfoliated corneous substances, and the like are observed as sebaceous dirt in 

fabric products and the like. 
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The sebaceous dirt component that is used in the present invention is not 

particularly limited as long as it is a component of sebaceous dirt that can be 

usually seen in garments and the like. 	However, a substance which has a 

potential to be a precursor of a damp-dry malodor-causing substance that is 

5 produced from fabric products, is preferred. 	Examples of the substance which 

has a potential to be a precursor of a damp-dry malodor-causing substance that 

is produced from fabric products, include anteiso fatty acids having 9 to 21 

carbon atoms (preferably 11 to 19 carbon atoms, and more preferably 17 to 19 

carbon atoms). 	Among these, compounds that are not actually present in the 

10 sebaceous dirt are also included. 	However, in the present specification, it is 

intended that these anteiso fatty acids are also included in the sebaceous dirt 

component. 	In the present invention, the sebaceous dirt component is 

preferably an anteiso fatty acid. 	The anteiso fatty acid that is preferably used in 

the present invention may be any of a saturated fatty acid and an unsaturated 

15 fatty acid, and it is defined that salts and esters of anteiso fatty acids are also 

included in the anteiso fatty acid. 	Specific examples thereof include 6-

methyloctanoic acid, 8-methyldecanoic acid, 12-methyltetradecanoic acid, 14-

methylhexadecanoic acid, 16-methyloctadecanoic acid, 14-methylhexadecanoic 

acid, and 16-methyloctadecenoic acid, and salts, esters and the like of these 

20 acids. 

The anteiso fatty acid that is preferably used in the present invention can 

be synthesized by an ordinary method (see, for example, JP-A-2009-149546). 

Furthermore, commercially available products can be also obtained from Sigma- 

Aldrich Company or the like and used. 

25 {0027} 

In the method of screening a damp-dry malodor inhibitor and the method 

of evaluating a damp-dry malodor inhibitor of the present invention, the 

microorganisms having the 4M3H production capacity as described above are 
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brought into contact with a test substance in the presence of a sebaceous dirt 

component, and the microorganisms are incubated together with the test 

substance and the sebaceous dirt component. 	There are no particular 

limitations on the conditions for incubation, but it is preferable to cany out the 

5 incubation under humidified conditions at 25°C to 35°C for 3 hours to 72 hours 

(preferably 8 to 72 hours). 	Furthermore, when microorganisms are brought into 

contact with a test substance, and/or when microorganisms are incubated, 

sterilized water or a buffer solution may be added to the microorganisms, or 

medium components such as sugars, peptones produced from casein, peptones 

10 produced from soybean, a yeast extract, inorganic salts, a pH adjusting agent, 

and agar may be also added to those sterilized water and buffer solution. 

Alternatively, a commercially available medium may be also used directly or after 

diluting. 	Also, when incubation is carried out in the liquid state, it is preferable to 

shake the medium, and when incubation is carried out in the solid state, it is 

15 preferable to leave the medium to stand still. 

{0028} 

In the present invention, microorganisms having a 4M31-1 production 

capacity and a test substance that are used in the present invention may be 

added to a fabric product to which a sebaceous dirt component is clung for 

20 bringing the microorganisms and the test substance into contact with each other, 

and the microorganisms may be incubated together with the test substance and 

the sebaceous dirt component. 	In this case, there are no particular limitations 

on the conditions for incubation, but it is preferable to carry out the incubation by 

allowing the system to stand still at 25°C to 35°C for 3 hours to 48 hours 

25 (preferably 8 to 48 hours). 	Furthermore, the sebaceous dirt component may 

have clung to the fabric product from the beginning, or a sebaceous dirt 

component such as an anteiso fatty acid may be caused to cling to the fabric 

product. 	In the case of causing the sebaceous dirt component to cling to the 
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fabric product, it is preferable to cause the sebaceous dirt component to cling to a 

fabric product having a size of 2x2 cm at a proportion of 0.1 mg to 1 mg. 

{0029} 

There are no particular limitations on the amount of addition of the 

5 	microorganisms to a fabric product, but a microorganism suspension is preferably 

added to a fabric product to obtain a microbial population of 102  CFU/cm2  to 105  

CFU/cm2. 

{0030} 

There are no particular limitations on the material of the fabric product 

10 	that can be used in the present invention, and the material may be any of natural 

materials such as wool, silk and cotton; chemical fabrics such as polyester and 

polyamide; and combinations thereof. 	In the present invention, the material of 

the fabric product is preferably cotton. 	Furthermore, in the case of using a fabric 

product after adding a sebaceous dirt component thereto, the fabric product may 

15 	be an unused product, or may be a used product that has been used once or 

more. 	In the case of using a fabric product without adding a sebaceous dirt 

component thereto, a fabric product that has been used once or more is used as 

received, or is used after being laundered. 

{0031} 

20 In the present invention, the microorganisms and the test substance may 

be brought into contact with each other in a solid or solution containing a 

sebaceous dirt component. 	Specifically, a test substance may be added in 

advance into an agar medium containing a sebaceous dirt component or applied 

in advance on the medium, microorganisms having a 4M3H production capacity 

25 	may be plated thereon, and the microorganisms and a sebaceous dirt component 

may be brought into contact with each other in the presence of the test substance. 

Alternatively, a liquid medium containing a sebaceous dirt component and a test 

substance may be mixed, microorganisms having a 4M3H production capacity 
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are inoculated thereto, and the microorganisms and the sebaceous dirt 

component may be brought into contact with each other in the presence of the 

test substance. 	The medium used herein may be appropriately selected in 

accordance with the microorganism species having a 4M3H production capacity. 

5 {0032} 

In the present invention, there are no particular limitations on the contact 

ratio (mixing ratio) of the microorganisms having a 4M3H production capacity and 

the sebaceous dirt component, but 0.1 mg to 10 mg of the sebaceous dirt 

component such as an anteiso fatty acid may be preferably brought into contact 

10 with the microorganisms at a final concentration of 104  CFU to 108  CFU. 

{0033} 

In the screening method and the evaluation method of the present 

invention, a test substance having a damp-dry malodor inhibitory function is 

selected by detecting the production of a damp-dry malodor-causing substance 

15 by the microorganisms. 

The damp-dry malodor-causing substance may be any substance that is 

produced by the microorganisms having a 4M3H production capacity and has a 

potential to become a damp-dry malodor-causing substance. 	Examples thereof 

include 4-methyl-3-hexenoic acid (4M3H), 4-methyl-3-pentenoic acid, and 4- 

20 methyl-3-octenoic acid. 	In the present invention, it is preferable to detect the 

production of 4M3H. 

{0034} 

In the screening method and the evaluation method of the present 

invention, there are no particular limitations on the method of detecting the 

25 production of a damp-dry malodor-causing substance. 	And the detection may 

be carried out according to a qualitative method such as a sensory evaluation, or 

the production of a damp-dry malodor-causing substance may be also 

quantitatively detected by using column chromatography or the like. 
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Furthermore, as shown in JP-A-2009-244094, a chromophore may be introduced 

into a carboxyl group of a damp-dry malodor-causing substance, and the 

presence or absence of the damp-dry malodor-causing substance, or the amount 

of the damp-dry malodor-causing substance present may be determined by 

5 utilizing a color reaction. 

Specifically, a calibration curve of a damp-dry malodor-causing substance 

is produced in advance, and an instrumental analysis may be carried out by using 

this calibration curve. 	Alternatively, an altered substance or an unaltered 

substance of the damp-dry malodor-causing substance may be quantitatively 

10 determined by a chemical analysis based on titration, extraction or the like. 

Furthermore, the damp-dry malodor-causing substance may be also examined on 

the basis of the difference in the intensity of malodor resulting from the presence 

or absence of the addition of a damp-dry malodor inhibitor, or on the basis of the 

change in the type of malodor, by a sensory evaluation. 

15 {0035} 

In the screening method of the present invention, the production of a 

damp-dry malodor-causing substance by microorganisms having a 4M3H 

production capacity can be detected, and a test substance having a damp-dry 

malodor inhibitory function can be selected as a damp-dry malodor inhibitor. 

20 Furthermore, in the method of evaluating a damp-dry malodor inhibitor, the 

production of a damp-dry malodor-causing substance by microorganisms having 

a 4M3H production capacity can be detected, and the damp-dry malodor 

inhibitory function of a test substance can be evaluated. 

(0036) 

25 Regarding the test substance that is used in the screening method and 

the evaluation method of the present invention, any substance may be used, and 

the test substance may be any of a low molecular weight compound and a high 

molecular weight compound, the kind of the test substance not being particularly 
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limited. 	Specific examples of the test substance include, for example, inorganic 

salts, surfactants, proteins, antibodies, peptides, polypeptides, oligonucleotides, 

polynucleotides, DNAs, RNAs, lipids, sugars, polysaccharides, natural extracts, 

fragrances, and combinations thereof. 

5 {0037} 

A kit for screening of a damp-dry malodor inhibitor and a kit for evaluation 

of a damp-dry malodor inhibitor of the present invention each contain a 

sebaceous dirt component and microorganisms having a 4-methyl-3-hexenoic 

acid production capacity. 	In the kits of the present invention, there are no 

10 particular limitations on the specific constitution examples other than the 

sebaceous dirt component and the microorganisms having a 4-methyl-3-hexenoic 

acid production capacity, but for example, objects such as the following may be 

employed. 

(1) An anteiso fatty acid as the sebaceous dirt component 

15 (2) An apparatus that detects the damp-dry malodor-causing substance such as 

4M3H 

(3) A fabric product to which the sebaceous dirt component is caused to cling (for 

example, a cotton fabric product that has been used) 

(4) A solution or a solid, which is brought into contact with the microorganisms 

20 and the test substance (for example, physiological saline, a buffer solution, a 

liquid medium, or a solid medium) 

EXAMPLES 

{0038} 

25 The present invention will be described in more detail based on examples 

given below, but the invention is not meant to be limited by these. 

{0039} 

Test Example 1 	Identification of damp-dry malodor-causing substance 
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5 

Cotton towels which produced strong damp-dry malodor after laundering 

and drying were collected from homes, and 50 g of each towel was cut out. 	The 

malodor components were extracted therefrom with 500 mL of dichloromethane, 

and then the extract was concentrated under reduced pressure. 	Furthermore, 

200 mL of a 1M aqueous solution of sodium hydroxide was added to the extract 

solution, an aqueous layer was collected, and 200 mL of 2M hydrochloric acid 

was added to the aqueous layer to make it acidic. 	To this solution, 200 mL of 

dichloromethane was added, the organic layer was concentrated under reduced 

pressure, and a concentrate of acidic components was adjusted to a constant 

10 volume of 1 mL. 

{0040} 

Subsequently, the concentrate was fractionated by using a gas 

chromatography apparatus manufactured by Agilent Technologies, Inc. 

connected with Preparative Fraction Collector (PFC) apparatus manufactured by 

15 Gerstel GmbH & Co. KG, on the basis of the GC retention time under the 

following conditions, and the GC30 fraction in the vicinity of the intended 

component was captured into 200 mg of a filler (trade name: TENAX TA, 

manufactured by GL Sciences, Inc.) that was filled in a glass tube having an 

internal diameter of 6 mm and a length of 117 mm. 

20 

(GC-PFC conditions) 

GC: Agilent 6890N (trade name, manufactured by Agilent Technologies, Inc.) 

Column: DB-1 (trade name, manufactured by Agilent Technologies, Inc.), length: 

30 m, internal diameter: 0.53 mm, film thickness: 1 pm 

25 40°C 1 min. hold -+ 6°C/min. to 60°C --> 4°C/min. to 300°C 

Injection volume: 2µ.L 

PFC: Trap time 18 min. to 24 min., 30 times 

Trap: TENAX TA (trade name, manufactured by GL Sciences, Inc.) 200 mg 
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{0041} 

Finally, the intended component captured in TENAX was analyzed with 

an apparatus in which Thermal Desorption System (TDS) manufactured by 

Gerstel GmbH & Co. KG connected to GC-MS manufactured by Agilent 

5 Technologies, Inc., under the following conditions. 

(TDS-GC-MS conditions) 

GC: Agilent 6890N (trade name, manufactured by Agilent Technologies, Inc.) 

MS: Agilent 5973 (trade name, manufactured by Agilent Technologies, Inc.) 

10 TDS desorption conditions: 250°C, purge flow rate: 50 mUmin, purge time: 3 min. 

Column: DB-FFAP (trade name, manufactured by Agilent Technologies, Inc.), 

length: 30 m, internal diameter: 250 p111, film thickness: 0.25 tim 

40°C 1 min. hold --> 6°C/min. to 60°C —› 2°C/min. to 240°C 

{0042} 

15 As a result of the analysis, it was made clear that the damp-dry malodor-

causing substance is medium-chain branched fatty acids including 4M3H. 

{0043} 

Test Example 2 	Identification of damp-dry malodor-causing bacteria 

(1) Isolation of microbial strains 

20 A solution in 0.1 mL obtained by cutting out a cotton towel or bath towel 

which produced a damp-dry malodor after laundering and drying, adding a LP 

dilution (manufactured by Nihon Pharmaceutical Co., Ltd.) thereto, and then 

stirring the mixture was plated on a SCD-LP agar medium (manufactured by 

Nihon Pharmaceutical Co., Ltd.) and cultured at 35°C for 24 hours. 	The 

25 microorganisms were isolated from the colonies thus obtained. 	Identification of 

the isolated bacterial strains was carried out by determining a base sequence 

having a length of about 500 bp in the upstream region of 16S rDNA gene, and 

identification of the isolated yeast strains was carried out by determining a base 
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sequence having a length of about 200 to 500 bp in the D2 region of LSU, based 

on the sequence similarity of the relevant base sequences with reference strains. 

The sequence similarity of a base sequence was calculated by using a genetic 

information processing software, Clustal W. 	Furthermore, in connection with 

5 Moraxella sp., the base sequence of Moraxella osloensis ATCC19976 was 

determined, and identification was achieved by comparing a subject base 

sequence with the reference base sequence. 

The microbial strains isolated from various towels or bath towels are 

shown in Table 1. 

10 {0044} 

(2) Test for damp-dry malodor reproduction in fabric products 

The various microbial strains that had been isolated as described above 

were respectively inoculated into sterilized samples of cotton towels that had 

produced a damp-dry malodor or cotton towels that had been laundered after use 

15 and stored, and the microbial strains were cultured under humidified conditions 

(humidity: 100%) at 35°C for 24 hours. 	Subsequently, the presence or absence 

of the production of a damp-dry malodor was determined by expert evaluators (N 

= 3) who had been trained for a fragrance evaluation, by agreement, on the basis 

of the following criteria. 

20 1: A very strong damp-dry malodor was produced. 

2: A strong damp-dry malodor was produced. 

3: A weak damp-dry malodor was produced. 

4: No damp-dry malodor was produced. 

The results are shown in Table 1. 



{0045} 

Table 1 

Kind of microbial strain 
Towel 

1 

Towel 

2 

Towel 

3 

Bath 

towel 1 

Bath 

towel 2 

Bath 

towel 3 

Bath 

towel 4 

Bath 

towel 5 

Production of 

damp-dry malodor 

Micrococcus sp. 0 0 0 0 0 o o o 4 

Escherichia hermannii - - - o - - o - 4 

Pseudornonas sp. o - 0 0 0 0 4 

Moraxella sp. 0 0 0 0 0 0 0 0 I 

Roseomonas sp. 0 - o o o - 4 

Bacillus cereus - - - o - - o - 3 

Others 0 o - - - - - 4 

o: Microbial strain was isolated. 

-: Microbial strain was not isolated. 
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{0046} 

According to the results of Table 1, Moraxella sp. was isolated from all 

the towels and bath towels that produced a damp-dry malodor. 	Also, there was 

a large number of isolated Moraxella sp. 	Furthermore, it was confirmed that 

5 	when the isolated Moraxella sp. was inoculated into sterilized towels that had 

produced a damp-dry malodor, a very strong damp-dry malodor was produced. 

Therefore, it was made clear that damp-dry malodor involves particular 

microorganisms such as the subject microbial species. 

{0047} 

10 	Test Example 3 Selection of microorganisms having 4M3H production capacity 

The 4M3H production capacity of microbial strains that had been isolated 

and identified according to Test Example 2 described above; microbial strains 

that had been isolated from the environment (soil and inside dwellings) by a 

standard method by using a soybean casein digest (also called SCD in the 

15 	present specification) agar medium or a PDA medium, and then had been 

isolated and identified; and microorganisms that had been obtained from 

microorganism depositories, was measured. 

Meanwhile, the microbial strains obtained from microorganism 

depositories are as follows. 

20 

Moraxella osloensis NCIMB10693 (purchased from NCIMB (National collection of 

industrial and marine bacteria)) 

Moraxella osloensis ATCC19976 (purchased from ATCC (American Type Culture 

Collection)) 

25 	Psvchrobacter immobilis NBRC15733, Psychrobacter pacificensis NBRC103191, 

Psychrobacter placincola NBRC101053, Pseudomonas aeruginosa NBRC13275, 

Pseudomonas putida NBRC14164, Sphingomonas yanoikuyae NBRC15102, 

Micrococcus luteus NBRC3333, Brevundimonas diminuta NBRC12697, 
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5 

10 

15 

20 

25 

Roseomonas aerilata NBRC106435, Cupriavidus oxalaticus NBRC13593, 

Pseudoxanthomonas sp. NBRC101033, Serratia marcescens NBRC12648, 

Enterobacter cloacae NBRC3320, Corynebacterium efficiens NBRC100395, 

Escherichia coli NBRC3972, Staphylococcus aureus NBRC13276, 

Saccaromyces cerevisiae NBRC1661, Candida albicans NBRC1061, Alcalioenes 

faecalis NBRC13111, Burkholderia cepacia NBRC15124 and Rhodotorula 

mucilaciinosa NBRC0909 (each purchased from NBRC (NITE Biological 

Resource Center)) 

Bacillus cereus JCM2152, Bacillus subtilis JCM1465 and Lactobacillus plantarum 

JCM1149 (purchased from JCM (Japan Collection of Microorganisms)) 

{0048} 

Furthermore, in regard to the Moraxella bacteria, the sequence similarity 

of the base sequence in the 16S rDNA gene region of each bacterium with the 

base sequence set forth in SEQ ID NO:1, SEQ ID NO:2 or SEQ ID NO:3 was 

determined. 	Meanwhile, the base sequences set forth in SEQ ID NO:1, SEQ ID 

NO:2 and SEQ ID NO:3 represent the base sequences of the 16S rDNA gene 

regions of Moraxella sp. 4-1, Moraxella sp. 4-4 and Moraxella osloensis 

ATCC19976, respectively. 	Furthermore, the sequence similarity of the base 

sequences was calculated by using a genetic information processing software, 

Ciustal W. 	Meanwhile, Moraxella sp. 4-1 was deposited with the International 

Patent Organism Depositary at the National Institute of Advanced Industrial 

Science and Technology (address: Central 6, 1-1, Higashi 1-chome, Tsukuba-shi, 

Ibaraki-ken) on August 22, 2011, under the Accession No. FERM BP-11394. 

The results are shown in Table 2. 

{0049} 



Table 2 

Sample 
No. Strain name 

Sequence similarity 
with the base 

sequence set forth in 
SEQ ID NO:1 

Sequence similarity 
with the base 

sequence set forth in 
SEQ ID NO:2 

Sequence similarity 
with the base 

sequence set forth in 
SEQ ID NO:3 

Upstream 
504bp 1484bp Upstream 

504bp 1484bp Upstream 
504bp 1484bp 

1 (Moraxella osloensis NCIMB10693 99.2 99.2 100 99.7 100 99.9 
2 Moraxella osloensis ATCC19976 99.2 99.3 100 99.7 100 100 
3 Moraxella sp. (isolated strain) No.12 - . - - - - 
4 Monadic' sp. (isolated strain) No.37 - - - - . - 
5 Moraxella sp. (isolated strain) N1-52 100 - 99.6 . 99.6 - 
6 Moraxella sp. (isolated strain) N1-37 100 - 99.2 - 99.2 - 
7 Moraxella sp. (isolated strain) 01-35 - - - - - - 
8 Moraxella sp. (isolated strain) 4-1 100 100 99.2 99.7 99.2 99.3 
9 Moraxella sp. (isolated strain) 4-3 100 - 99.2 - 99.2 - 
10 Moraxella sp. (isolated strain) 4-4 99,2 99.7 100 100 100 99.7 
1 1 Moraxella sp. (isolated strain) 4-5 100 - 99.4 - 99.4 - 
12 Moraxella sp. (isolated strain) 4-6 100 - 99.8 - 99.8 - 
13 Moraxella sp. (isolated strain) 4-7 99.8 - 99.2 - 99.2 - 
14 Moraxella sp. (isolated strain) 4-8 100 - 99.2 - 99.2 - 
15 Moraxella sp. (isolated strain) 4-9 99.8 - 99.8 - 99.8 - 



Table 2 	continued) 

Sample 
No. Strain name 

Sequence similarity 
with the base 

sequence set forth in 
SEQ ID NO:1 

Sequence similarity 
with the base 

sequence set forth in 
SEQ ID NO:2 

Sequence similarity 
with the base 

sequence set forth in 
SEQ ID NO:3 

Upstream 
504bp 14844 Upstream 

504bp 1484bp Upstream 
504bp 1484bp 

16 Moraxella sp. (isolated strain) 4-10 100 - 99.4 - 99.4 - 
17 Moraxella sp. (isolated strain) 4-11 100 - 99.4 - 99.4 - 
18 Moraxella sp. (isolated strain) 4-12 100 - 99.2 - 99.2 - 
19 Moraxella sp. (isolated strain) N1-52 100 - 99.6 - 99.6 - 
20 Moraxella sp. (isolated strain) N1-37 100 - 99.2 - 99.2 - 
21 MiCrOCOCCUS sp. (isolated strain) 6755-01 72.6 - 72.2 - 72.2 - 
22 Roseonionas sp. (isolated strain) 7546-04 71.2 .. 71.0 - 71.0 - 
23 Bacillus cereus 7546-05 68.9 - 68.5 - 68.5 - 
24 Pseudoinonas sp. (isolated strain) 7546-03 83.5 - 83.1 - 83.1 - 
25 Acinelobacter sp. (isolated strain) 7546-06 83.3 - 83.1 - 83.1 - 
26 Escherichia coil 7546-01 79.4 - 79.2 - 79.2 - 
27 Sterile distilled water - - - - - _ 
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{0050} 

1. Selection using fabric products that had been used 

One platinum loop of each of the microbial strains thus obtained was 

inoculated into 5 mL of a SCD liquid medium (manufactured by Nihon 

5 	Pharmaceutical Co., Ltd.), and the microbial cells were subjected to shaking 

culture (160 rpm) at 35°C for 24 hours. 	The microbial cells obtained after culture 

were centrifuged (8000xg, 10 minutes), the supernatant was removed, and then 

the microbial cells were suspended in 5 mL of physiological saline. 	The 

suspension was centrifuged again (8000xg, 10 minutes), subsequently the 

10 	supernatant was removed, and a microbial suspension was prepared by using 

physiological saline such that the OD600  would be 1.0. 

Towel samples were prepared by cutting a used cotton towel that had 

been repeatedly used and laundered in a domestic environment, into squares 

each having a size of 5 cm x 5 cm and sterilizing the cut pieces, and 0.1 mL each 

15 	of the various microbial suspensions were inoculated into the towel samples. 

The inoculated samples were left to stand still under humidified conditions at 

37°C for 24 hours. 

The presence or absence of a damp-dry malodor in the used cotton towel 

obtained after standing still for 24 hours was determined by expert evaluators (N 

20 	= 3) by agreement. 	In regard to the evaluation criteria, a sample from which a 

strong damp-dry malodor was perceived was rated as "0"; a sample from which 

a damp-dry malodor was perceived was rated as "o"; a sample from which a 

slight damp-dry malodor was perceived was rated as "a"; and a sample from 

which no damp-dry malodor was perceived was rated as "x". 	The results are 

25 	shown in Table 3. 
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{0051} 

Table 3 

No. Strain results  

Sensory evaluation 

Used 
towel 1 

Used 
towel 2 

3-1 Moraxella osloensis NCIMB10693 @ @ 
3-2 Moraxella osloensis ATCC19976 @ @ 
3-3 Moraxella sp. 4-1 (isolated strain) @ @ 
3-4 Sphingornonas yanoikuyae No. 18 (isolated strain) o o 
3-5 Acinetobacterjunii 7546-06 (isolated strain) o a 
3-6 Micrococcus luteus 105-14 (isolated strain) x x 

3-7 Pseudoxanthomonas sp. 101-17 (isolated strain) x x 

{0052} 

2. Selection using fabric products having a sebaceous dirt component applied 

thereon 

14-Methylhexadecanoic acid was synthesized by a two-step reaction 

such as described below, according to JP-A-2009-149546. 

Step (a) 

11.9 g (60.0 mmol) of 12-dodecanolide and 24.3 g (96.0 mmol, 1.6 

equivalents) of a 32% (hydrogen bromide)/(acetic acid) solution were introduced 

into a 100-mL autoclave protected with Teflon (registered trademark), and the 

autoclave was purged with nitrogen and then sealed. 	The content in the 

autoclave was stirred with a magnetic stirrer for 16 hours by using an oil bath at 

60°C. 	After cooling the mixture, 14 mL of water was added thereto, and the 

mixture was transferred into a separatory funnel by using 200 mL of hot hexane. 

The mixture was washed with ion-exchanged water, dried over magnesium 

sulfate, filtered, and crystallized from n-hexane. 	Thus, 14.4 g (yield: 86%) of 12- 

bromododecanoic acid was obtained. 

Step (b) 

Subsequently, in a 100-mL four-necked flask equipped with a refluxing 

cooling tube, a 50-mL separatory funnel, a magnetic stirrer, and a temperature 
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sensor, 5.0 g (17.9 mmol) of 12-bromododecanoic acid and 28.2 mg (0.006 eq) of 

triphenylphosphine (manufactured by Kanto Chemical Co., Inc.) were introduced, 

and the mixture was dried under reduced pressure. 	In an argon atmosphere, 

77.1 mg (0.03 equivalents) of copper(I) bromide (manufactured by Sigma-Aldrich 

5 Co.) and 10 mL of anhydrous tetrahydrofuran were added thereto. 	39.5 mL (3 

equivalents, 1.36N tetrahydrofuran solution) of 2-methylbutylmagnesium bromide 

was added dropwise thereto over one hour at room temperature. 	The mixture 

was stirred for one hour, and then 50 mL of a 1N aqueous solution of hydrochloric 

acid was added to the mixture, and the mixture was extracted two times with 100 

10 mL of hexane. 	The extract was washed two times with 50 mL of ion-exchanged 

water, and then was dried over magnesium sulfate. 	The resultant was filtered 

and concentrated under reduced pressure, and 3.9 g of a crude product was 

obtained. 

The crude product was quantitatively determined by gas chromatography 

15 (column: manufactured by Agilent Technologies, Inc., trade name: Ultra-2, 30 m x 

0.2 mm x 0.33 p,M, DET300°C, INJ300°C, column temperature: 100°C -* 300°C, 

10°C/min) using octadecane as an internal standard. 	As a result, the yield was 

found to be 79%. 

In this manner, 14-methylhexadecanoic acid was obtained from 12- 

20 dodecanolide at a total yield of 68%. 	The purity was 98%. 

{0053} 

25 

16-Methyloctadecanoic acid was synthesized by the same operation, 

except that in the step (a) of the synthesis process for 14-methylhexadecanoic 

acid described above, 12-dodecanolide was changed to 15-pentadodecanolide, 

and in the step (b), 2-methylbutylmagnesium bromide was changed to sec- 

butylmagnesium bromide. 	Thus, 16-methyloctadecanoic acid was obtained from 

15-pentadodecanolide at a total yield of 84%. 	The purity was 95%. 

{0054} 
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One platinum loop of each of various microbial strains was inoculated into 

5 mL of a SCD liquid medium (manufactured by Nihon Pharmaceutical Co., Ltd.), 

and the microbial cells were subjected to shaking culture (160 rpm) at 35°C for 24 

hours. 	The microbial cells obtained after culture were centrifuged (8000xg, 10 

5 minutes), the supernatant was removed, and then the microbial cells were 

suspended in 5 mL of physiological saline. 	The suspension was centrifuged 

again (8000xg, 10 minutes), subsequently the supernatant was removed, and a 

microbial suspension was prepared by using physiological saline such that the 

OD600 would be 1.0. 

10 On a plain-woven cotton fabric which had been cut to a square having a 

size of 2 cm x 2 cm, a solution prepared by dissolving 0.5 mg of 14-

methylhexadecanoic acid or 16-methyloctadecanoic acid that had been 

synthesized in the above in 0.1 mL of methanol was applied, and thereafter, 

methanol was dried to solid. 

15 0.1 mL each of the various microbial suspensions described above was 

inoculated into the plain-woven cotton fabric described above, and the samples 

were left to stand still under humidified conditions at 37°C for 24 hours. 	Thus, 

quantification of 4M3H and a sensory evaluation of a damp-dry malodor were 

carried out in the following manner. 

20 {0055} 

(1) Quantification of 4M3H 

10 mL of methanol was added to the towel that had been left to stand still 

for 24 hours, and 1 mL of the methanol was mixed with 1 mL of ADAM (9- 

anthrydiazomethanene, manufactured by Funakoshi Corp., 0.1 w/v%). 	The 

25 mixture was left to stand for 60 minutes at room temperature, and thus 

derivatization was carried out. 

Thereafter, 101.1 of the solution was analyzed by using LC-FL (liquid 

chromatography apparatus: HITACHI ELITE LaChrom (trade name, 
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5 

manufactured by Hitachi, Ltd.), column: Lichrosphere 100 RP-8(e) (trade name, 

manufactured by Agilent Technologies, Inc., 5µm x 125 mm x 4 mm4), column 

temperature: 40°C, eluent: a mixed solution of acetonitrile/water = 7/3 (volume 

ratio), flow rate: 1.0 mUnnin, detector: excitation wavelength (365 nm), 

measurement wavelength (412 nm)), and thereby quantification of 4M3H thus 

produced was carried out. 	In regard to the amount of production of 4M3H, a 

sample which produced 4M3H in an amount of more than 1µg was rated as "0"; 

a sample which produced 4M3H in an amount of more than 0.1 pig and 1µg or 

less was rated as "o"; a sample which produced 4M3H in an amount of more than 

10 0 i.tg and 0.1 ilg or less was rated as "A"; and a sample in which no 4M3H was 

detected was rated as "x". 	The results obtained when 14-methylhexadecanoic 

acid was applied are presented in Table 4, and the results obtained when 16-

methyloctadecanoic acid was applied are presented in Table 5. 

(2) Sensory evaluation of damp-dry malodor 

15 The presence or absence of a damp-dry malodor in the plain-woven 

cotton fabric obtained after standing still for 24 hours was determined by expert 

evaluators (N = 3). 	In regard to the evaluation criteria, a sample from which a 

strong damp-dry malodor was perceived was rated as "0"; a sample from which 

a damp-dry malodor was perceived was rated as "o"; a sample from which a 

20 slight damp-dry malodor was perceived was rated as "A"; and a sample from 

which no damp-dry malodor was perceived was rated as "x". 	The results 

obtained when 14-methylhexadecanoic acid was applied are presented in Table 4, 

and the results obtained when 16-methyloctadecanoic acid was applied are 

presented in Table 5. 
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{0056} 
Table 4 

No. Strain 
Production 
amount of 

4M3H 

Sensory 
evaluation 

4-1 Morarella osloensi.s. NCIMB 10693 @ @ 
4-2 Moraxella osloensis ATCC19976 @ o 
4-3 Morarella sp. No.12 (isolated strain) @ @ 
4-4 Morarella sp. No.37 (isolated strain) @ CD 
4-5 Moraxella sp. N1-52 (isolated strain) 0 @ 
4-6 Moraxella sp. N1-37 (isolated strain) @ 0 
4-7 Morarella sp. 01-35 (isolated strain) 0 @ 
4-8 Moraxella sp. 4-1 (isolated strain) 0 @ 
4-9 Moraxella sp. 4-3 (isolated strain) @ @ 

4-10 Morarella sp. 4-4 (isolated strain) @ 0 
4-11 Morarella sp. 4-5 (isolated strain) @ 0 
4-12 Moraxella sp. 4-6 (isolated strain) @ ® 
4-13 Morarella sp. 4-7 (isolated strain) @ o 
4-14 Moraxella sp. 4-8 (isolated strain) @ @ 
4-15 Morarella sp. 4-9 (isolated strain) @ @ 
4-16 Moraxella sp. 4-10 (isolated strain) @ @ 
4-17 Moraxella sp. 4-11 (isolated strain) 0 C:) 
4-18 Moraxella sp. 4-12 (isolated strain) @ C:) 
4-19 Psychrobacter immobilis NBRC15733 x x 
4-20 Psychrobacter pacfficensis NBRC103191 ® o 
4-21 Psychrobacter glacincola NBRC101053 A A 
4-22 Pseudomonas alcaigenes No.41 (isolated strain) 0 @ 
4-23 Pseudomonas aeruginosa NBRC13275 x x 
4-24 Pseudomonas putida NBRC14164 x x 
4-25 Sphingon2onas yanoikuyae No.18 (isolated strain) 0 0 
4-26 Sphingomonas yanoikuyae NBRC15102 o o 

4-27 Acinetobacterjunii HH2 3h-12 
(isolated strain) 

o A 

4-28 Acinetobacterjunii 7546-06 
(isolated strain) 

o A 

4-29 Acinetobacter calcoaceticus HH2BD-49 0 
(isolated strain) 

0 

4-30 Acinetobacter radioresistens N1-60 o 
(isolated strain) A 
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Table 4 (Continued) 

No. Strain 
Production 
amount of 

4M3H 

Sensory 
evaluation 

4-31 Micrococcus luteus 105-14 
(isolated strain) 

x x 

4-32 Micrococcus luteus NBRC3333 x x 

4-33 Brevundimonas sp. HAMI-42 
(isolated strain) 

x x 

4-34 Brevundomonas diminuta NBRC12697 x x 

4-35 Roseomonas sp. 7546-04 
(isolated strain) 

x x 

4-36 Roseomonas aerilakz NBRC106435 x x 
4-37 Xanthomonas sp. IM-10 (isolated strain) x x 
4-38 Ralstonia sp. 1M-33 (isolated strain) @ @ 
4-39 Cupriavidus sp. FUMI-22 (isolated strain) o A 
4-40 Cupriavidus oxalaticus NBRC13593 x x 
4-41 Sphingobium sp. 7-18 (isolated strain) x x 
4-42 Pseudoxanthomonas sp. 101-17 (isolated strain) A x 
4-43 Pseudoxanthomonas sp. NBRC101033 x x 
4-44 Bacillus cereus 7546-05 (isolated strain) o o 
4-45 Bacillus cereus JCM2152 0 0 
4-46 Bacillus subtilis JCM1465 o A 
4-47 Serratia marcescens NBRC12648 o A 
4-48 Enterobacter cloacae NBRC3320 x x 
4-49 Cozynebacterium cfficiens NBRC100395 x x 
4-50 Escherichia coli NBRC3972 o A 
4-51 Staphylococcus aureus NBRC13276 a A 
4-52 Staphylococcus epidemidis KUMI-2 (isolated strain) x x 
4-53 Saccaromyces cerevisiae NBRC1661 0 0 
4-54 Candida albicans NBRC106I x x 
4-55 Lactobacillus plantar um JCM1149 x x 
4-56 Alcaligenes faecalis NBRC1311 I x x 
4-57 Burkholderia cepacia NBRC15124 0 o 
4-58 Rhodotorula inucilaginosa NBRC0909 0 8 
4-59 Rhodotorula sloqffiae 13c (isolated strain) @ 0 

{0057} 

Table 5 

No. Strain 
Production 
amount of 

4M3H 

Sensory 
evaluation 

5-1 Moraxella osloensis NCIMB10693 @ C:) 
5-2 Moraxella osloensis ATCC19976 @ o 
5-3 Moraxella sp. 4-1 (isolated strain) @ 0 
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{0058} 

5 

10 

15 

20 

25 

From the results of Tables 3, 4 and 5, it was understood that among 

various microorganisms, particular microorganisms such as genus Moraxella, 

Acinetobacter, Pseudomonas, Bacillus, Sphingomonas, Cupriavidus, Ralstonia, 

Psychorobacter, Serratia, Escherichia, Staphylococcus, Burkholderia, 

Saccaromyces and Rhodotorula have a 4M3H production capacity. 	Furthermore, 

it was made clear that such microorganisms having a 4M3H production capacity 

are involved in the production of a damp-dry malodor. 

Furthermore, as for the microorganisms having a 4M3H production 

capacity that are used in the present invention, as described above, a sensory 

evaluation of fabric products may be carried out, and as a result, those 

microorganisms may be isolated from the fabric products which emit a damp-dry 

malodor. 	Alternatively, microorganisms existing in fabric products may be 

isolated, the 4M3H production capacity of the isolated microorganisms may be 

measured, and those microorganisms having a 4M3H production capacity may 

be selected. 	Furthermore, as can be seen from Tables 2 to 5, since there are 

microorganisms having very high sequence similarity of particular gene 

sequences among the microorganisms having a 4M3H production capacity, 

microorganisms having a 4M3H production capacity may be also selected by 

comparing the sequence similarity of particular gene sequences. 

{0059} 

Example 1 

One platinum loop of each of Moraxella osloensis NCIMB10693, 

Moraxella sp. 4-1, Psychrobacter pacificensis NBRC103191, Psychrobacter 

placincola NCIMB101053, Pseudomonas alcaligenes No.41, Acinetobacter 

calcoaceticus HH2BD-49, Saccaromyces cerevisiae NBRC1661, Rhodotorula 

rnucilaoinosa NBRC0909 and Rhodotorula slooffiae 13c was inoculated into 5 mL 

of a SCD liquid medium (manufactured by Nihon Pharmaceutical Co., Ltd.), and 
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the microbial cells were subjected to shaking culture (160 rpm) at 35°C for 24 

hours. 	The microbial cells obtained after culture were centrifuged (8000xg, 10 

minutes), the supernatant was removed, and then the microbial cells were 

suspended in 5 mL of physiological saline. 	The suspension was centrifuged 

5 again (8000xg, 10 minutes), subsequently the supernatant was removed, and a 

microbial suspension was prepared by using physiological saline such that the 

0D600 would be 0.1. 

{0060} 

On a plain-woven cotton fabric which had been cut to a square having a 

10 size of 2 cm x 2 cm and sterilized under pressure, a solution prepared by 

dissolving 0.1 mg of 14-methylhexadecanoic acid that had been synthesized in 

Test Example 3 in 0.1 mL of methanol was applied, and thereafter, methanol was 

dried to solid. 

Furthermore, 0.1 mL each of 10-ppm or 100-ppm aqueous solutions of 

15 the compounds shown in the following Table 6 was applied on the fabric 

described above. 	As a control, a fabric on which sterilized water was applied 

instead of the compounds described below was also prepared. 
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{0061} 
Table 6 
No. Compound name 

6-1 Alkyl benzyl dimethyl ammonium chloride 
(trade name: SANISOL C, manufactured by Kao Corporation) 

6-2 Dodecyl trimethyl ammonium chloride 
(manufactured by Wako Pure Chemical Industries, Ltd.) 

mL 

were 

used 

of 

6-3 Tetradecyl trimethyl ammonium chloride 
(manufactured by Wako Pure Chemical Industries, Ltd.) 

6-4 Hexadecyl trimethyl ammonium chloride 
(manufactured by Wako Pure Chemical Industries, Ltd.) 

6-5 Palmitic acid (manufactured by Wako Pure Chemical Industries, Ltd.) 
6-6 Stearic acid (manufactured by Wako Pure Chemical Industries, Ltd.) 
6-7 Oleic acid (manufactured by KANTO CHEMICAL CO., INC.) 
6-8 Linoleic acid (manufactured by KANTO CHEMICAL CO., INC.) 
6-9 Linolenic acid (manufactured by KANTO CHEMICAL CO., INC.) 

6-10 Polyoxyethylene (10) lauryl ether 
(trade name: EMULGEN 110, manufactured by Kao Corporation) 

6-11 Sodium alkylbenzene sulfonate 
(trade name: NEOPELEX G65, manufactured by Kao Corporation) 

6-12 Polylysine (manufactured by KANTO CHEMICAL CO., INC.) 

6-13 Bis(4-dimethylaminodithiobenzil)nickel 
(trade name: Proxel BDN, manufactured by SUNWA CHEMICAL CO., LTD.) 

6-14 Thymol (manufactured by KANTO CHEMICAL CO., INC.) 
6-15 Cinnamic aldehyde (manufactured by KANTO CHEMICAL CO., INC.) 
6-16 Dextrose (manufactured by Wako Pure Chemical Industries, Ltd.) 
6-17 Peptone (manufactured by BD) 
6-18 Sterile water 

{0062} 

On a plain-woven cotton fabric prepared as described above, 0.1 

each of the various microbial suspensions was inoculated, and the samples 

left to stand still under humidified conditions at 37°C for 24 hours and were 

subjected to an evaluation such as described below. 

{0063} 

(1) Quantification of 4M3H 

Quantification of 4M3H was carried out by the same method as that 

in Test Example 3, and by taking as a reference the 4M3H production amount 

a sample on which sterilized water was applied as a test substance, the 4M3H 

production amounts in the case of applying other test substances were evaluated 
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on the basis of the following criteria. 

A: 	(4M3H production amount in the case of applying a test substance) < (1/100 

of the 4M3H production amount in the case of applying sterilized water) 

5 B: (1/100 of the 4M3H production amount in the case of applying sterilized 

water) 5 (4M3H production amount in the case of applying a test substance) 

< (1/10 of the 4M31-1 production amount in the case of applying sterilized 

water) 

C: (1/10 of the 4M3H production amount in the case of applying sterilized water) 

10 5 (4M3H production amount in the case of applying a test substance) < 

(4M3H production amount in the case of applying sterilized water) 

D: (4M3H production amount in the case of applying sterilized water) 5 (4M3H 

production amount in the case of applying a test substance) 

15 The results are shown in Tables 7-1 and 7-2. 

(2) Sensory evaluation 

A sensory evaluation of the damp-dry malodor was carried out by expert 

evaluators (N = 3) by agreement on the basis of the following criteria. 

20 A: The damp-dry malodor was suppressed, and the damp-dry malodor was 

hardly perceived. 

B: The damp-dry malodor was almost inhibited. 

C: The damp-dry malodor was slightly inhibited. 

D: The damp-dry malodor was hardly inhibited, and a strong damp-dry malodor 

25 was perceived. 

The results are shown in Tables 7-1 and 7-2. 
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{0064} 
Table 7-1 

Used strain Substance to be tested Conc./ 
ppm 

Production 
amount of 

4M3H 

Sensory 
evaluation 

M. osloensis 
NCIMB10693 

Alkyl benzyl dimethyl ammonium chloride 100 D D 
Dodecyl trimethyl ammonium chloride 100 C D 
Tetradecyl trimethyl ammonium chloride 100 C D 
Hexadecyl trimethyl ammonium chloride 100 D D 
Pahnitic acid 100 C D 
Stearic acid 100 C D 
Oleic acid 100 B B 
Linoleic acid I00 B B 
Linolenic add 100 B B 
Polyoxyethylene (10) lauryl ether 100 D D 
Sodium alkylbenzene sulfonate 100 C D 

Polylysine 10 D D 
100 C D 

Bis(4-dimethylaminodithiobenzipnickel 10 C C 
100 A A 

Thymol B  10 B 
100 A B 

Cinnamic aldehyde 10 C  C 
100 A A 

Dextrose 100 D D 
Peptone 100 D D 
Sterile water - D D 
Alkyl benzyl dimethyl ammonium chloride 100 D D 
Oleic acid 100 B B 

Bis(4-dimethylaminodithiobenzil)nickel 10 B D 
100 A A 

Moraxella sp. 
4-1 Thymol 10 C B 

100 B B 
Dextrose 100 D D 
Peptone 100 D D 
Sterile water - D D 	, 
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{0064} 
Table 7-1 (continued) 

Used strain Substance to be tested Conc./ 
PPm 

Production 
amount of 

4M3H  
Sensory 

evaluation 

P. pacificensis 
NBRC103191 

Alkyl benzyl dimethyl ammonium chloride 100 D D 
Oleic acid 100 C C 

Bis(4-dimethylaminodithiobenziOnickel 10 C D 
100 B B 

Thymol D  10 D 
100 B D 

Dextrose 100 D D 
Peptone 100 D D 
Sterile water - D D 

P. 

Alkyl benzyl dimethyl ammonium chloride 100 C D 
Oleic acid 100 A A 

Bis(4-dimethylaminodithiobenzil)nickeI 
A  

10 A A  
100 A glacincola 

NBRC101053 Thymol A  10 C 
100 B A 

Dextrose 100 D D 
Peptone 100 D D 
Sterile water - D D 
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{0065} 
Table 7-2 

Used strain Substance to be tested Conc./ 
PPm 

Production 
amount of 

4M3H 

Sensory 
evaluation 

P. alcaligenes 
No.41 

Alkyl benzyl dimethyl ammonium chloride 100 D D 
Oleic acid 100 C C 

Bis(4-dimethylaminodithiobenzipnickel 10 C D 
100 A A 

Thymol 10 D D 
100 C D 

Dextrose 100 D D 
Peptone 100 D D 
Sterile water - D D 

A. calcoaceticas 
HH2BD-49 

Alkyl benzyl dimethyl ammonium chloride 100 D D 
Oleic acid 100 C D 

Bis(4-dimethylaminodithiobenzil)nickel 10 B D 
100 A A 

Thymol 10 D D 
100 C D 

Dextrose 100 D D 
Peptone 100 D D 
Sterile water - D D 

S. cerevisiae 
NBRC1661 

Alkyl benzyl dimethyl ammonium chloride 100 C C 
Oleic acid I00 B C 

Bis(4-dimethylaminodithiobenzil)nickel 10 C C  
100 A A 

Thymol C  10 C 
100 D C 

Dextrose 100 D D 
Peptone 100 D D 
Sterile water - D D 

R. inuculaginosa 
NBRC0909 

Alkyl benzyl dimethyl ammonium chloride 100 D D 
Oleic acid 100 B C 

Bis(4-dimethylaminodithiobenzil)nickel 10 B B 
100 A A 

Thymol 10 D D 
100 A B 

Dextrose 100 D D 
Peptone 100 D D 
Sterile water - D D 
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10 

{0065} 
Table 7-2 (continued) 

Used strain Substance to be tested 
Conc./ 
ppm 

Production 
amount of 

4M3H 

Sensory 
evaluation 

R. slorfficre 13c 

Alkyl benzyl dimethyl ammonium chloride 100 D C 
Oleic acid 100 C C 

Bis(4-dimethylaminodithiobenzil)nickel 
10 C C  
100 A A 

Thymol 
10 D A 
100 C A 

Dextrose 100 D D 
Peptone 100 D D 
Sterile water D D 

{0066} 

As shown 

screening of a damp

malodor inhibitor 

{0067} 

Example 2 

One platinum 

Moraxella sp. 4-1, 

in Tables 7-1 and 7-2, according to the present 

-dry malodor inhibitor and an evaluation of 

are enabled. 

loop of each of Moraxella osloensis NCIMB10693, 

invention, a 

a damp-dry 

Pseudomonas Acinetobacter calcoaceticus HH2BD-49 and 

liquid medium 

hours. 

in 

again 

and a 

such that 

used after 

alcaliqenes No.41 was inoculated into 5 mL of a SCD 

Nihon Pharmaceutical Co., Ltd.), and 

culture (160 rpm) at 35°C for 24 

were centrifuged (8000xg, 10 minutes), 

then the microbial cells were suspended 

The suspension was centrifuged 

the supernatant was removed, 

prepared by using physiological saline 

towels or towels which had been 

the microbial cells were 

The microbial cells 

the supernatant 

5 mL of 

(8000xg, 10 

microbial 

the ()Dm would 

being laundered 

(manufactured by 

subjected to shaking 

obtained after culture 

15 	was removed, and 

physiological saline. 

minutes), subsequently 

suspension was 

be 0.1. 

20 	{0068} 

Cotton bath 
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at various homes were respectively cut to a size of 2 cm x 2 cm, and were 

sterilized under pressure. 

Furthermore, 0.1 mL each of 10-ppm or 100-ppm aqueous solutions of 

the compounds described in the above Table 6 was applied on the bath towels or 

5 	towels described above. 	As a control, a fabric on which sterilized water was 

applied instead of the compounds described below was also prepared. 

{0069} 

0.1 mL each of the various microbial suspensions was inoculated into the 

bath towels or towels prepared as described above, and the samples were left to 

10 	stand still under humidified conditions at 37°C for 24 hours. 	Thus, a sensory 

evaluation of a damp-dry malodor was carried out by the same method and the 

same evaluation criteria as those used in Example 1. 	The results are shown in 

Table 8. 
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{0070} 
Table 8 

Used strain Substance to be tested 
Sensory 

 
Conc./ 
ppm evaluation 

M. osloensis 
NC1MB 10693 

Alkyl benzyl dimethyl ammoniiun chloride 100 B 

method 

a 

Polyoxyetlylene (10) lauryl ether 100 D 

Bis (4-di methylaminoclithiobenziOnickel 10 B 
100 B 

Thymol B  10 
100 A 

Dextrose 100 D 
Peptone 100 D 
Sterile water - D 

MoreoceIla sp. 
4-1 

Alkyl benzyl dimethyl ammonium chloride 100 B 
Polyoxyethylene (10) lauryl ether 100 D 

Bis(4-dimethylaminodithiobenzil)nickel 10 B  
100 B 

Thymol 10 B 
100 A 

Dextrose 100 D 
Peptone 100 D 
Sterile water - D 

A. calcoaceticus 
HH2BD-49 

Alkyl benzyl dimethyl ammonium chloride 100 D 
Polyoxyethylene (10) lauryl ether 100 D 

Bis (4-di inethylaminodithiobenziOnickel D  

10 D 
100 

Thymol 10 D 
100 A 

Dextrose 100 D 
Peptone 100 D 
Sterile water - D 
Alkyl benzyl dimethyl ammonium chloride 100 A 
Polyoxyethylene (10) lauryl ether 100 A 

Bis(4-dimethylaminodithiobenziOnickel 10 A 
100 A 

P. alcaligenes 
No.41 Thymol 

10 A 
100 A 

Dextrose 100 D 
Peptone 100 D 
Sterile water - D 

{0071} 

As shown in Table 8, in the screening method and the evaluation 

5 

	

	for a damp-dry malodor inhibitor of the present invention, even if fabric products 

that have been used after being laundered are used as the fabric products, 
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screening of a damp-dry malodor inhibitor and an evaluation of a damp-dry 

malodor inhibitor are enabled. 

{0072} 

Example 3 

5 One platinum loop of each of Moraxella osloensis NCIMB10693 and 

Pseudomonas alcalioenes No.41 was inoculated into 5 mL of a SCD liquid 

medium (manufactured by Nihon Pharmaceutical Co., Ltd.), and the microbial 

cells were subjected to shaking culture (160 rpm) at 35°C for 24 hours. 	The 

microbial cells obtained after culture were centrifuged (8000xg, 10 minutes), the 

10 supernatant was removed, and then the microbial cells were suspended in 5 mL 

of physiological saline. 	The suspension was centrifuged again (8000xg, 10 

minutes), subsequently the supernatant was removed, and a microbial 

suspension was prepared by using physiological saline such that the OD600  would 

be 0.1. 

15 {0073} 

Was added 0.1 mg of 14-methylhexadecanoic acid synthesized in Test 

Example 3 to 1 mL of a SCD liquid medium (manufactured by Nihon 

Pharmaceutical Co., Ltd.). 	Thereon, 0.1 mL each of 10-ppm or 100-ppm 

aqueous solutions of the compounds described in the above Table 6 was applied. 

20 As a control, a liquid medium to which sterilized water was added instead of the 

compounds described below was also prepared. 

Was inoculated 0.1 mL of each of the various microbial suspensions into 

the liquid medium prepared as described above, and the samples were subjected 

to shaking culture at 37°C for 24 hours. 	Thus, a sensory evaluation of a damp- 

25 dry malodor was carried out by the same method and the same evaluation criteria 

as those used in Example 1. 	The results are shown in Table 9. 
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15 

{0074} 
Table 9 

method 

a damp- 

and a 

dirt 

Co., 

at 35°C 

cells 

Used strain Substance to be tested Conc./ 
pprn 

Sensory  evaluation 

M. osloensis 
NCIM1310693 

Alkyl benzyl dimethyl ammonium chloride 100 A 
Polyoxyethylene (10) !amyl ether 100 D 

Bis(4-dimethylaminodithiobenzil)nickel 10 A 
100 A 

Thymol 
10 B 

100 A 
Dextrose 100 D 
Peptone 100 D 
Sterile water D 

P. alcaligenes 
No.41 

Alkyl benzyl dimethyl ammonium chloride 100 A 
Polyoxyethylene (10) lauryl ether 100 D 

Bis(4-dimethylaminodithiobenziOnickel 10 A 
100 A 

Thymol D  10 
100 A 

Dextrose 100 D 
Peptone 100 D 
Sterile water D 

into 

{0075} 

As shown 

for a damp-dry 

dry malodor inhibitor 

enabled by bringing 

test substance 

component. 

{0076} 

Example 4 

One platinum 

5 mL of a SCD 

Ltd.), and the microbial 

for 24 hours. 

(8000xg, 10 minutes), 

. 

in Table 9, in the screening method 

malodor inhibitor of the present invention, 

and an evaluation of a damp-dry 

microorganisms having a 4M3H 

into contact in a liquid medium in the presence 

loop of Moraxella osloensis NCIMB10693 

and the evaluation 

a screening of 

malodor inhibitor are 

production capacity 

of a sebaceous 

was inoculated 

Nihon Pharmaceutical 

culture (160 rpm) 

were centrifuged 

and then the microbial 

liquid medium (manufactured by 

cells were subjected to shaking 

The microbial cells obtained after culture 

the supernatant was removed, 
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5 

10 

15 

20 

were suspended in 5 mL of physiological saline. 	The suspension was 

centrifuged again (8000xg, 10 minutes), subsequently the supernatant was 

removed, and a microbial suspension was prepared by using physiological 

such that the 0D600  would be 0.1. 

{0077} 

A solution prepared by dissolving 0.1 mg of 14-methylhexadecanoic 

synthesized in Test Example 3, in 0.1 mL of methanol was applied on a 

agar medium. 	Thereon, 0.1 mL each of 10-ppm or 100-ppm aqueous solutions 

of the compounds described in the above Table 6 was applied. 	As a control, 

agar medium on which sterilized water was applied instead of the compounds 

described below was also prepared. 

Was inoculated 0.1 mL of each of the various microbial suspensions 

the agar medium prepared as described above, and the samples were subjected 

to culture at 37°C for 24 hours. 	Thus, a sensory evaluation of a damp-dry 

malodor was carried out by the same method and the same evaluation criteria 

those used in Example 1. 	The results are shown in Table 10. 

{0078} 
Table 10 

saline 

acid 

SCD 

a 

into 

as 

of a 

Used strain Substance to be tested Conc./ 
ppm 

Sensory  
evaluation 

M osloensis 
NCIMB10693 

Alkyl benzyl dimethyl ammonitun chloride 100 B 
Oleic acid I00 B 
Polyoxyethylene (10) lauiyl ether 100 D 

Bis(4-dimethylaminodithiobenziOnickel 10 C 
100 B 

Thymol 10 D 
100 C 

Dextrose 100 D 
Peptone 100 D 
Sterile water D 

{0079} 

As shown in Table 10, in the screening method and the evaluation 

method for a damp-dry malodor inhibitor of the present invention, a screening 
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damp-dry malodor inhibitor and an evaluation of a damp-dry malodor inhibitor are 

enabled by bringing microorganisms having a 4M3H production capacity and a 

test substance into contact in an agar medium in the presence of a sebaceous 

dirt component. 

5 {0080} 

Having described our invention as related to the present embodiments, it 

is our intention that the invention not be limited by any of the details of the 

description, unless otherwise specified, but rather be construed broadly within its 

spirit and scope as set out in the accompanying Claims. 

10 {0081} 

This non-provisional application Claims priority under 35 U.S.C. § 119 (a) 

on Patent Application No. 2010-211459 filed in Japan on September 21, 2010, 

and Patent Application No. 2011-083031 filed in Japan on April 4, 2011, each of 

which is entirely herein incorporated by reference. 
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Claims 

1. A method of screening for a test substance that is a damp-dry malodor 

inhibitor, comprising the steps of 

bringing microorganisms that produce 4-methyl-3-hexenoic acid into contact with the 

test substance in the presence of a sebaceous dirt component; 

detecting production of 4-methyl-3-hexenoic acid by the microorganisms; and 

selecting a test substance that decreases production of 4-methyl-3-hexenoic acid as a 

damp-dry malodor inhibitor. 

2. The method of screening a damp-dry malodor inhibitor according to Claim 

1, wherein the sebaceous dirt component is an antciso fatty acid. 

3. A method of evaluating whether a test substance is a damp-dry malodor 

inhibitor, comprising the steps of: 

bringing microorganisms that produce 4-methyl-3-hexenoic acid into contact 

with the test substance in the presence of a sebaceous dirt component; 

detecting the production of 4-methyl-3-hexenoic acid by the microorganisms; 

and 

evaluating the test substance as a damp-dry malodor inhibitor if the test 

substance decreases production of 4-methyl-3-hexenoic acid. 

4. The method of evaluating a damp-dry malodor inhibitor according to 

Claim 3, wherein the sebaceous dirt component is an anteiso fatty acid. 

5. The method of screening a damp-dry malodor inhibitor according to 

Claim 1, wherein the microorganisms and the test substance are added to a fabric 

product that contains the sebaceous dirt component, to bring the microorganisms and 

the test substance into contact with each other. 
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6. The method of screening a damp-dry malodor inhibitor according to 

Claim 5, wherein the fabric product is a cotton fabric product that has been used. 

7. The method of screening a damp-dry malodor inhibitor according to 

Claim 1, wherein the microorganisms and the test substance are brought into contact 

with each other in a solution or solid containing the sebaceous dirt component. 

8. The method of screening a damp-dry malodor inhibitor according to 

Claim 1, wherein the microorganisms comprise at least one microbial strain from a 

genus selected from the group consisting of Moraxella, Acinetobacter, Pseudomonas, 

Bacillus, Sphingornonas, Cupriavidus, Ralstonia, Psychorobacter, Serratia, 

Escherichia, Staphylococcus, Burkholderia, Saccaromyces and Rhodotorula. 

• 

9. The method of screening a damp-dry malodor inhibitor according to 

Claim 8, wherein the microorganisms comprise at least one microbial strain from a 

species selected from the group consisting of Moraxella sp., Moraxella osloensis, 

Acinetobacter radioresistens, Acinetobacterjunii, Acinetobacter calcoaceticus, 

Serratiamarcescens, Escherichia coil, Staphylococcus aureus, Pseudomonas 

alcaligenes, Bacillus cereus, Bacillus subtills, Psychrobacter pacificensis, 

Psychrobacter glacincola, Sphingomonas yanoikuyae, Ralstonia sp., Saccaromyces 

cerevisiae, Rhodotorula mucilaginosa, Rhodotorula slooffiae, Cupriavidus oxalaticus 

and Burkholderia cepacia. 

10. The method of evaluating a damp-dry malodor inhibitor according to 

Claim 3, wherein the microorganisms and the test substance are added to a fabric 
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product that contains the sebaceous dirt component, to bring the microorganisms and 

the test substance into contact with each other. 

11. The method of evaluating a damp-dry malodor inhibitor according to 

Claim 10, wherein the fabric product is a cotton fabric product that has been used. 

12. The method of evaluating a damp-dry malodor inhibitor according to 

Claim 3, wherein the microorganisms and the test substance are brought into contact 

with each other in a solution or solid containing the sebaceous dirt component. 

13. The method of evaluating a damp-dry malodor inhibitor according to 

Claim 3, wherein the microorganisms comprise at least one microbial strain from a 

genus selected from the group consisting of Moraxella, Acinetobacter, Pseudomonas, 

Bacillus, Sphingomonas, Cupriavidus, Ralstonia, Psychorobacter, Se►ratia, 

Escherichia, Staphylococcus, Burkholderia, Saccaromyces and Rhodotorula. 

14.The method of evaluating a damp-dry malodor inhibitor according to 

Claim 13, wherein the microorganisms comprise at least one microbial strain from a 

species selected from the group consisting of Moraxella sp., Moraxella osloensis, 

Acinelobacter radioresistens, Acinetobacter jun11, Acinetobacter calcoaceticus, 

Serratia marcescens, Escherichia coli, Staphylococcus aureus, Pseudomonas 

alcaligenes, Bacillus cereus, Bacillus .subtilis, Psychrobacter pacificerzsis, 

Psychrobacter glacincola, Sphingomonas yanoikuyae, Ralstonia sp., Saccaromyces 

cerevisiae, Rhodotorula mucilaginosa, Rhodotorula slooffiae, Cupriavidus oxalaticus 

and Burkholderia cepacia. 


