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DESCRIPTION 

 

TITLE OF INVENTION: SOY SAUCE AND SOY SAUCE-LIKE SEASONING WITH 

EXCELLENT AROMA, METHOD FOR SUPPRESSING HEAT-DETERIORATED SMELL, 

CONTAINER-PACKED COMPOSITION WITH SUPPRESSED HEAT-DETERIORATED 5 

SMELL AND COMPOSITION FOR SUPPRESSING HEAT-DETERIORATED SMELL 

 

TECHNICAL FIELD 

[0001] 

 The present invention relates to a soy sauce and a soy sauce-like seasoning with an 10 

excellent aroma, a method for suppressing a heat-deteriorated smell, a container-packed 

composition with a suppressed heat-deteriorated smell and a composition for suppressing a 

heat-deteriorated smell. 

 

BACKGROUND ART 15 

[0002] 

 Recently, foods and drinks with a gorgeous aroma such as a fruity aroma are liked. 

Soy sauces contain 4-hydroxy-2 (or 5)-ethyl-5 (or 2)-methyl-3(2H)-furanone (homofuraneol; 

HEMF) or the like and thus have a soy sauce-like flavor but lack gorgeousness of aroma. 

[0003] 20 

 A soy sauce claimed to have a fruity aroma has been already produced and sold. 

Such a soy sauce, however, is produced by mixing a fruit, wine or the like, and the flavor 

thereof is totally different from that of soy sauce. In this regard, a seasoning obtained by 

adding a flavor to a soy sauce is known. For example, it has been reported that a soy sauce-

like seasoning having a fruity aroma can be obtained by externally adding a methyl fatty acid 25 

ethyl such as ethyl-2-methylbutanoate to a soy sauce (for example, see Patent Literature 1). 

[0004] 

 Moreover, a method for improving the soy sauce aroma of a soy sauce characterized 

by adding a γ-lactone to a soy sauce which has been deteriorated in terms of taste during the 

processing stage in a concentration range of 0.1 ppt to 10 ppb to recover the aroma inherent in 30 

the soy sauce immediately after the production of the soy sauce has been reported (for 

example, see Patent Literature 2). 

[0005] 
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 In this regard, so far, the present inventors have invented a soy sauce or a soy sauce-

like seasoning containing a fatty acid alkyl ester such as ethyl octanoate and ethyl decanoate 

(for example, see Patent Literature 3). 

[0006] 

 Here, a method for packing and sealing a food or a seasoning in a heat-resistant 5 

container such as a pouch and retort pasteurizing with a retort apparatus is widely used. The 

retort pasteurization method is a pasteurization method by heating under pressure at a high 

temperature exceeding 100°C. A general retort pasteurization method is a pasteurization 

method by heating under pressure to a state in which heat of 120°C for four minutes or the 

equivalent or higher heat is applied to the centers of the foods in the containers by placing the 10 

containers in a retort tank and increasing the temperature of the retort tank to around 120°C 

using a heating medium such as steam or hot water. 

[0007] 

 When subjected to a heat pasteurization treatment such as retort pasteurization, 

foods and seasonings in containers can be stored at normal temperature. The foods and the 15 

seasonings packed in a container which have been subjected to a heat pasteurization 

treatment, however, often generate a peculiar heat-deteriorated smell due to heating in a 

sealed space. As a result, heated container-packed products have a problem of deteriorated 

quality. 

[0008] 20 

 In this regard, a method for improving the flavor and the aroma of a seasoning and a 

food using an aroma component, such as an alcohol, a fatty acid ester and a cyclic ether which 

are used for adding an aroma, has been known so far. As an example using a cyclic ether, a 

soy sauce-like seasoning characterized by containing 10 μg/mL or more and 100 μg/mL or 

less of α-methyl-γ-butyrolactone has been known (for example, see Patent Literature 4). A 25 

method for producing a food or a drink characterized by using γ-butyrolactone as an active 

ingredient for improving the taste has been known (for example, see Patent Literature 5). 

 

CITATION LIST 

PATENT LITERATURE 30 

[0009] 

 Patent Literature 1: JP2016-140321A 

 Patent Literature 2: JP2014-83028A 
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 Patent Literature 3: JP6343710B 

 Patent Literature 4: JP6479380B 

 Patent Literature 5: JP4939464B 

 

SUMMARY OF INVENTION 5 

TECHNICAL PROBLEM 

[0010] 

 Even when a methyl fatty acid ethyl is added to a soy sauce as described in Patent 

Literature 1, however, the fruity aroma of the methyl fatty acid ethyl is weakened by a 

masking component such as 2-ethyl-6-methylpyrazine in the soy sauce, and there is a problem 10 

of the difficulty in stably obtaining a soy sauce having a fruity aroma. 

[0011] 

 According to the examination of the present inventors, when a γ-lactone is added to 

a soy sauce in a concentration range of 0.1 ppt to 10 ppb as described in Patent Literature 2, a 

fruity aroma cannot be added to the soy sauce although the aroma inherent in the soy sauce 15 

which has been deteriorated in terms of taste during the processing stage can be recovered. 

[0012] 

 The fatty acid alkyl ester which is the aroma component contained in the soy sauce 

or the soy sauce-like seasoning described in Patent Literature 3 has a low boiling point and 

may vaporize through pasteurization used in a production method of a soy sauce by a brewing 20 

process. 

[0013] 

 Here, the seasonings and the methods described in Patent Literatures 2, 4 and 5 are 

characterized by adding a lactone, having a cyclic ether, to a seasoning or a food. 

Accordingly, the seasonings and the methods described in Patent Literatures 2, 4 and 5 do not 25 

use the lactone by packing it in a container with the food material before heating to be heated. 

[0014] 

 Even if the lactone is heated with the food material before heating, the heating is 

conducted in an open system using a cooking tool such as a pot and a frying pan according to 

a general cooking method. Moreover, Patent Literatures 2, 4 and 5 do not disclose the 30 

phenomenon caused when the lactone is packed in the container with the food material before 

heating to be heated in a sealed system. 

[0015] 
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 Furthermore, a method for suppressing a heat-deteriorated smell due to a contained 

food material in a container-packed food and seasoning heated in a sealed space has been 

rarely known so far. 

[0016] 

 Thus, a first problem to be solved by the invention is to provide a seasoning which 5 

has a flavor inherent in a soy sauce and which can still have a fruity aroma that is hardly felt 

with conventional soy sauces even after pasteurization. 

[0017] 

 Moreover, a second problem to be solved by the invention is to provide a method 

for suppressing a heat-deteriorated smell due to a food material to be felt when a container-10 

packed composition containing the food material is heated in a sealed space. A third problem 

to be solved by the invention is to provide a heated container-packed composition, a 

production method thereof and a composition for suppressing a heat-deteriorated smell due to 

a food material by application of a method for suppressing a heat-deteriorated smell due to a 

food material. 15 

 

SOLUTION TO PROBLEM 

[0018] 

 To solve the first problem, the present inventors have reviewed the components, the 

production methods and the like of soy sauces, extensively examined the aroma components, 20 

which are said to include 1,000 kinds or more and repeated trial and error to obtain a soy 

sauce and a soy sauce-like seasoning having a fruity aroma. In the process, the inventors have 

focused on γ-lactones such as γ-nonalactone. 

[0019] 

 The present inventors have finally succeeded in obtaining a soy sauce and a soy 25 

sauce-like seasoning having a sweet fruity aroma like a tropical fruit such as mango, peach 

and plum using a certain amount of the γ-lactones. 

[0020] 

 Moreover, the present inventors have found that a liquid fermented seasoning 

contains γ-nonalactone, which is obtained by a process of: obtaining a soy sauce moromi soup 30 

by subjecting a soy sauce moromi, obtainable by subjecting a soy sauce koji to lactic acid 

fermentation by a soy sauce lactic acid bacterium, to a solid-liquid separation treatment; and 

then subjecting the obtained soy sauce moromi soup to yeast fermentation by a soy sauce 
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yeast (also called a liquid fermentation process below), which is described in Patent Literature 

3. However, because a certain amount of γ-nonalactone is hydrolyzed by pasteurization, the 

obtained liquid fermented seasoning did not contain γ-nonalactone to an extent of exhibiting a 

fruity aroma after pasteurization. 

[0021] 5 

 Thus, the present inventors have repeated trial and error regarding a method for 

producing a soy sauce and a soy sauce-like seasoning containing γ-nonalactone in an amount 

which exhibits a fruity aroma after pasteurization. As a result, the inventors have found, 

surprisingly, that the amount of γ-nonalactone in the obtained liquid fermented seasoning can 

be increased significantly when the yeast fermentation in the liquid fermentation process is 10 

conducted in a sealed system, while the yeast fermentation is conducted in an open system in 

the general production method of a soy sauce by a brewing process. Moreover, surprisingly, 

the liquid fermented seasoning obtained in this manner had a fruity aroma even after being 

subjected to pasteurization. 

[0022] 15 

 In this manner, the present inventors have succeeded in creating a soy sauce and a 

soy sauce-like seasoning containing a certain amount of the γ-lactone as a solution to the first 

problem of the invention. The invention is an invention which has been completed based on 

such success examples and findings. 

[0023] 20 

 The present inventors also conducted extensive studies to solve the second and third 

problems and conducted trial and error to obtain a food and a seasoning from which a heat-

deteriorated smell based on a contained food material is hardly felt even after a heat treatment 

such as a heat pasteurization treatment, by appropriately combining many components 

including aroma components, which are said to include 1,000 kinds or more. 25 

[0024] 

 As a result of repeating many failures, the present inventors have found, 

surprisingly, that by adding thereto the γ-lactone together with the food material, the heat-

deteriorated smell based on the food material is suppressed. Moreover, surprisingly, when the 

γ-lactones was contained, not only the heat-deteriorated smell but also unpleasant flavors such 30 

as a harsh taste, astringency and the smell of the food material, which were felt after a heat 

treatment, were suppressed, and further a preferable flavor of the food material which was 

impaired by a heat treatment, such as a soy sauce aroma of the soy sauce, was improved. 
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Based on the findings, the present inventors have succeeded in creating, as solutions to the 

problems of the invention: a method for suppressing a heat-deteriorated smell including a step 

of suppressing a heat-deteriorated smell due to a food material by heating a container-packed 

composition containing the food material and the γ-lactone; a heated container-packed 

composition and a production method thereof; and a composition for suppressing a heat-5 

deteriorated smell due to a food material. The invention is an invention which has been 

completed based on such findings and success examples. 

[0025] 

 Therefore, according to embodiments of the invention, the followings are provided. 

 [1] A soy sauce or a soy sauce-like seasoning in which the content of at least one 10 

kind of γ-lactone selected from the group consisting of γ-lactones represented by the 

following general formula (I) 

[Chem. 1] 

 

(I) 15 

(in the formula, n represents an integer of 2 to 6) 

is 100 ppb to 60,000 ppb. 

 [2] A method for producing a γ-nonalactone-containing soy sauce including 

 a step of obtaining a soy sauce moromi soup by subjecting a soy sauce moromi, 

obtainable by subjecting a soy sauce koji to lactic acid fermentation by a soy sauce lactic acid 20 

bacterium, to a solid-liquid separation treatment and 

 a step of obtaining a γ-nonalactone-containing soy sauce by subjecting the soy 

sauce moromi soup to yeast fermentation by a soy sauce yeast in a sealed system. 

 [3] The method according to claim 2, wherein the yeast fermentation is yeast 

fermentation by the soy sauce yeast in a sealed system under a non-stirring condition. 25 

 [4] The method described in any one of [2] to [3], wherein the yeast fermentation is 

yeast fermentation conducted in such a manner that the carbon dioxide volume of the 

fermented solution is 1 GV to 10 GV. 

 [5] The method described in any one of [2] to [4], wherein the γ-nonalactone-

containing soy sauce is a γ-nonalactone-containing soy sauce having a γ-nonalactone content 30 
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of 100 ppb to 20,000 ppb. 

 [6] A method for suppressing a heat-deteriorated smell including  

 a step of suppressing a heat-deteriorated smell due to a food material by heating a 

container-packed composition containing the food material and at least one kind of γ-lactone 

selected from the group consisting of γ-lactones represented by the following general formula 5 

(I) 

[Chem. 2] 

 

(I) 

(in the formula, n represents an integer of 2 to 6). 10 

 [7] A method for producing a heated container-packed composition including  

 a step of obtaining a container-packed composition in which a heat-deteriorated 

smell due to a food material is suppressed by heating a container-packed composition 

containing the food material and at least one kind of γ-lactone selected from the group 

consisting of γ-lactones represented by the following general formula (I) 15 

[Chem. 3] 

 

(I) 

(in the formula, n represents an integer of 2 to 6). 

 [8] The method described in any one of [6] to [7], wherein the γ-lactone content is 20 

30 ppb to 3,000 ppb. 

 [9] The method described in any one of [6] to [8], wherein the food material is at 

least one kind of food material selected from the group consisting of a seasoning component, 

a vegetable, meat, seafood and a processed food. 

 [10] The method described in any one of [6] to [8], wherein the food material is at 25 

least one kind of food material selected from the group consisting of a soy sauce, soybean 

paste, a carrot, beef, pork, chicken, fish and soy protein. 
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 [11] The method described in any one of [6] to [10], wherein the container-packed 

composition is a container-packed composition for seasoning or a container-packed processed 

food. 

 [12] A heated container-packed composition 

 containing a food material and at least one kind of γ-lactone selected from the group 5 

consisting of γ-lactones represented by the following general formula (I) 

[Chem. 4] 

 

(I) 

(in the formula, n represents an integer of 2 to 6), 10 

 wherein a heat-deteriorated smell due to the food material is suppressed more than 

that of a heated container-packed composition that contains the food material and that does 

not substantially contain the γ-lactone. 

 [13] A composition for suppressing a heat-deteriorated smell due to a food material,  

 wherein the composition contains at least one kind of γ-lactone selected from the 15 

group consisting of γ-lactones represented by the following general formula (I) 

[Chem. 5] 

 

(I) 

(in the formula, n represents an integer of 2 to 6) and  20 

 the composition is used by packing in a container with a food material before 

heating to be heated. 

 [14] The composition described in any one of [12] to [13], wherein the γ-lactone 

content is 30 ppb to 3,000 ppb. 

 [15] The composition described in any one of [12] to [14], wherein the food 25 

material is at least one kind of food material selected from the group consisting of a seasoning 

component, a vegetable, meat and seafood. 
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 [16] The composition described in any one of [12] to [14], wherein the food 

material is at least one kind of food material selected from the group consisting of a soy 

sauce, beef, pork, chicken, fish and soy protein. 

 [17] The composition described in any one of [12] and [14] to [16], wherein the 

container-packed composition is a container-packed composition for seasoning or a container-5 

packed processed food. 

 

ADVANTAGEOUS EFFECTS OF INVENTION 

[0026] 

 According to the soy sauce and the soy sauce-like seasoning of an embodiment of 10 

the invention, a seasoning which has a flavor inherent in a soy sauce and which also has a 

sweet fruity aroma like a tropical fruit that is hardly felt with conventional soy sauces can be 

provided. In addition, the soy sauce and the soy sauce-like seasoning of an embodiment of the 

invention have a fruity aroma even after pasteurization and thus can be produced in both 

scales of household scale and industrial scale regardless of with or without pasteurization. 15 

[0027] 

 According to the method and the composition of an embodiment of the invention, a 

heat-deteriorated smell due to a food material to be felt when a container-packed composition 

containing the food material is heated in the space of a sealed container can be suppressed. 

Moreover, according to the method and the composition of an embodiment of the invention, 20 

an unpleasant flavor to be felt when a food material in a sealed container is heat-treated can be 

suppressed, and a preferable flavor of the food material which is impaired by a heat treatment 

can be improved. Accordingly, according to the method and the composition of an 

embodiment of the invention, a heated container-packed seasoning and a heated container-

packed processed food with high palatability in which the deterioration of a food material by 25 

a heat treatment in a sealed container is reduced and in which the flavor expected in the food 

material is exhibited are provided. 

 

DESCRIPTION OF EMBODIMENTS 

[0028] 30 

 Although details of embodiments of the invention are explained below, the 

invention is not limited only to the matters of this item and can take various embodiments as 

long as the objects of the invention are achieved. 



10 

 

[0029] 

 Each term in this description is used in the meaning generally used by those skilled 

in the art in the field of foods unless otherwise specified and should not be interpreted as 

having an unduly restrictive meaning. Because the suppositions and the theories given in this 

description have been made based on the findings and the experiences made by the present 5 

inventors so far, the invention should not adhere only to such suppositions and theories. 

[0030] 

 The "content" has the same meaning as concentration and means the ratio of the 

amount of a component with respect to the total amount of the seasoning or the composition. 

The total amount of the contents of the components, however, does not exceed 100%. In this 10 

description, the unit of the content means "mass% (wt%)" unless otherwise specified. 

 The "composition" is not particularly limited as a composition having the generally 

used meaning but is, for example, a composition composed of two or more components in 

combination. 

 The term "ppb" is a unit as the generally known meaning, and specifically, 1 ppb is 15 

1/109 and is 1 ng/g in terms of mass and substantially 1 µg/l in terms of mass volume. 

 The term "ppm" is a unit as the generally known meaning, and specifically, 1 ppm is 

1/106 and is 1 µg/g in terms of mass and substantially 1 mg/l in terms of mass volume. 

 The "to" in a numerical range refers to a range including the values before and after 

the term, and for example, "100 ppb to 60,000 ppb" means the range which is 100 ppb or 20 

more and 60,000 ppb or less. 

 The "contain/include" means that an element other than the element(s) which is 

clearly stated to be contained/included can be added (having the same meaning as 

"contain/include at least") but includes "consist of" and "consist essentially of". That is, the 

"contain/include" can mean that the subject matter contains/includes a clearly stated 25 

element(s) and any one, two or more kinds of element, consists of a clearly stated element(s) 

or consists essentially of a clearly stated element(s). The element is a limiting subject matter 

such as a component, a step, a condition and a parameter or the like. 

 The term "and/or" means any one of a plurality of related items listed, an arbitrary 

combination of two or more thereof or a combination of all thereof. 30 

 The number of digits of an integer value is the same as that of a significant figure. 

For example, the significant figure of 1 has one digit, and the significant figure of 10 has two 

digits. In addition, in a decimal value, the number of digits of a fractional value after the 
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decimal point thereof is the same as that of the significant figure thereof. For example, the 

number of 0.1 has one digit, and the number of 0.10 has two digits. 

[0031] 

 The "fruity aroma" means a sweet aroma like a tropical fruit such as mango, peach 

and plum which is felt only by the nose without drinking or eating. The sweet aroma like a 5 

tropical fruit is an aroma which reminds of a tropical fruit unlike the white wine-like sweet 

aroma made of grapes as a raw material. 

 The "flavor inherent in a soy sauce" means an aroma of an unheated soy sauce 

produced by a general brewing process from soybeans and wheat as raw materials which 

comes up from the inside of the mouth to the nose during drinking or eating, and the flavor 10 

inherent in a soy sauce is also called a soy sauce-like taste. 

 The "fermentation" and the "aging" are not distinguished strictly, and both are 

sometimes together called fermentation. 

[0032] 

 The "heat-deteriorated smell" due to a food material refers to an unpleasant smell 15 

and a steamed smell (a smell with a damp feeling in the nose) which come up from the inside 

of the mouth to the nose when a food and a seasoning containing a food material packed in a 

sealed container such as a retort pouch is eaten after heated and then opened. For example, 

when the food material is meat, the heat-deteriorated smell refers to a composite smell of the 

animal smell peculiar to the animal of the lipids in the meat and the unpleasant smell 20 

generated by oxidization of the lipids of the meat by heating called warmed-over flavor (wof). 

When the food material is soy protein, the heat-deteriorated smell refers to a composite smell 

of the grassy smell of soybeans, the soybean flour-like smell and the peculiar unpreferable 

smell generated when soybeans are heated in a sealed system. The "suppression of a heat-

deteriorated smell due to a food material" refers to making the heat-deteriorated smell 25 

generated by a heat treatment not being easily felt but does not prevent the possibility of 

inhibiting the heat-deteriorated smell from being generated. 

[0033] 

 The "F value" is the pasteurization effect in all the heat pasteurization treatment 

steps from heating to cooling indicated with the pasteurization time (minute) at a standard 30 

temperature and can be calculated by the following equation (for example, see newsletter of 

Tokyo Metropolitan Food Technology Research Center No. 15 and the like). 

 F=t×10^((T-To)/Z) 
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 T: temperature (°C) during heat pasteurization treatment 

 To: standard temperature (°C) 

 t: time (minute) 

 Z: temperature (°C) for making the D value (time (minute) for making the viable 

bacterial count 1/10) 1/10 5 

 The F value changes with the standard temperature and the parameter Z value of the 

heat resistance of a microorganism. Thus, the F value at a standard temperature of 121.1°C 

and a Z value of 10°C is called "Fo value". The Fo value is calculated by the following 

equation (for example, see Heat Pasteurization of Container-Packed Foods (Theory and 

Application) (issued by Japan Canners Association) and the like). 10 

 Fo=t×10^((T-121.1)/10) 

 The Fo value serves as an indicator of the ability of inactivating microorganisms in 

wet heat bacterial removal. For example, the Fo value of a heat pasteurization treatment at 

110°C for nine minutes is 0.70 when calculated by applying the values to the above equation. 

In this regard, the value is a value obtained when the temperature instantly reaches 110°C and 15 

is instantly cooled after nine minutes. In practice, the Fo value is calculated and output by a 

heat pasteurizer during the heat pasteurization treatment at certain intervals. Thus, even when 

the heat pasteurizer shows the Fo value of 0.70, the temperature and the time are not 

necessarily the above values. Of the heat pasteurization treatments in the Examples described 

below, the treatments with the Fo values described show heat pasteurization treatments which 20 

were conducted by adjusting the temperature and the time in such a manner that the Fo value 

shown by the heat pasteurizer became a certain value and to which the temperature and the 

time calculated by the above equation were added for reference, and the treatments with the 

temperatures and times described show heat pasteurization treatments which were regulated to 

maintain for a certain period after reaching the temperature. 25 

[0034] 

[Liquid Seasoning] 

 The soy sauce and the soy sauce-like seasoning (these are also collectively called a 

liquid seasoning) of an embodiment of the invention contain at least one kind of γ-lactone 

selected from the group consisting of γ-lactones represented by the following general formula 30 

(I) 

[Chem. 6] 
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(I) 

(in the formula, n represents an integer of 2 to 6.) That is, the liquid seasoning of an 

embodiment of the invention contains any one kind, two kinds, three kinds, four kinds or five 

kinds of γ-heptalactone having seven carbon atoms in total because n is 2 in the general 5 

formula (I), γ-octalactone having eight carbon atoms in total because n is 3 in the general 

formula (I), γ-nonalactone having nine carbon atoms in total because n is 4 in the general 

formula (I), γ-decanolactone having 10 carbon atoms in total because n is 5 in the general 

formula (I) and γ-undecanolactone having 11 carbon atoms in total because n is 6 in the 

general formula (I). 10 

[0035] 

 The liquid seasoning of an embodiment of the invention can be provided for 

improving the taste of a food or a drink as a soy sauce and a soy sauce-like seasoning which 

have a flavor inherent in a soy sauce and which also have an excellent fruity aroma that is 

hardly felt with conventional soy sauces because the γ-lactone of the general formula (I) is 15 

contained. As a result, when the liquid seasoning of an embodiment of the invention is used, a 

seasoning and a food or a drink having both a flavor of a soy sauce and a fruity aroma can be 

obtained. 

[0036] 

 The liquid seasoning of an embodiment of the invention is a seasoning of either a 20 

soy sauce or a soy sauce-like seasoning and is not particularly limited as long as the liquid 

seasoning is used for the purpose of improving the taste when a food material is processed. 

[0037] 

 Examples of the soy sauce (also referred to as shoyu) include those described in the 

"Quality Labeling Standards for Soy Sauce" and the "Japanese Agricultural Standards for Soy 25 

Sauce" in Ministry of Agriculture, Forestry and Fisheries Notification and the like, and 

specific examples thereof include a koikuchi (dark-colored) soy sauce, an usukuchi (light-

colored) soy sauce, a shiro (very light-colored) soy sauce, a tamari (rich) soy sauce and a 

rebrewed soy sauce. Other examples include an unheated soy sauce, a dashi (stock) soy sauce, 
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a glazing soy sauce, a kiage (just pressed) soy sauce, a fast brewed soy sauce, an amino acid-

mixed soy sauce, a soy sauce with a reduced sodium chloride content and a soy sauce with a 

low sodium chloride content. The soy sauce may be one kind alone or a combination of two 

or more kinds of those exemplified above. 

[0038] 5 

 The soy sauce-like seasoning refers to a seasoning used for the same application as 

that of the "soy sauce" defined in the Japanese Agricultural Standards and is a seasoning 

including a soy sauce, a soy sauce processed product and a fermented seasoning. As long as 

the soy sauce-like seasoning has a flavor inherent in a soy sauce and is used for the same 

application as that of the "soy sauce", the soy sauce-like seasoning does not have to be 10 

obtained using a raw material (for example, soybeans or wheat) derived from a soy sauce koji. 

[0039] 

 The γ-lactone content of the liquid seasoning is an amount with which the liquid 

seasoning has a fruity aroma. Specifically, the γ-lactone content may be in the range of 100 

ppb to 60,000 ppb. In this regard, the γ-lactone content is set in a preferable range depending 15 

on the kind of the γ-lactone. 

[0040] 

 The γ-heptalactone content is 100 ppb to 40,000 ppb and is, in view of a stronger 

fruity aroma, preferably 100 ppb to 25,000 ppb, more preferably 100 ppb to 10,000 ppb. 

When the γ-heptalactone content is 50,000 ppb or more, an unpleasant smell may be felt, and 20 

the aroma of the whole liquid seasoning may become unpleasant. 

[0041] 

 The γ-octalactone content is 100 ppb to 40,000 ppb and is, in view of a stronger 

fruity aroma, preferably 100 ppb to 25,000 ppb, more preferably 100 ppb to 10,000 ppb. 

When the γ-octalactone content is 50,000 ppb or more, an unpleasant smell may be felt, and 25 

the aroma of the whole liquid seasoning may become unpleasant. 

[0042] 

 The γ-nonalactone content is 100 ppb to 60,000 ppb and is, in view of a stronger 

fruity aroma, preferably 100 ppb to 50,000 ppb, more preferably 100 ppb to 25,000 ppb. 

When the γ-nonalactone content is 100,000 ppb or more, an unpleasant smell may be felt, and 30 

the aroma of the whole liquid seasoning may become unpleasant. 

[0043] 

 The γ-decanolactone content is 100 ppb to 15,000 ppb and is, in view of a stronger 
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fruity aroma, preferably 200 ppb to 10,000 ppb, more preferably 250 ppb to 10,000 ppb. 

When the γ-decanolactone content is 50,000 ppb or more, an unpleasant smell may be felt, 

and the aroma of the whole liquid seasoning may become unpleasant. 

[0044] 

 The γ-undecanolactone content is 100 ppb to 15,000 ppb and is, in view of a 5 

stronger fruity aroma, preferably 200 ppb to 10,000 ppb, more preferably 250 ppb to 10,000 

ppb. When the γ-undecanolactone content is 50,000 ppb or more, an unpleasant smell may be 

felt, and the aroma of the whole liquid seasoning may become unpleasant. 

[0045] 

 A liquid seasoning containing all of γ-heptalactone, γ-octalactone, γ-nonalactone, γ-10 

decanolactone and γ-undecanolactone in amounts in the respective preferable ranges has a 

fruity aroma and is preferable, and no unpleasant smell is felt. However, the total γ-lactone 

content of the liquid seasoning of an embodiment of the invention may be in the range of 100 

ppb to 60,000 ppb. 

[0046] 15 

 Of the γ-lactone contents, one which can add a fruity aroma to a liquid seasoning 

across a wide range is γ-nonalactone. In fact, according to the findings of the present 

inventors, a liquid seasoning containing γ-nonalactone has a more preferable sweet fruity 

aroma like a tropical fruit. Thus, a preferable embodiment of the invention is a liquid 

seasoning having a γ-nonalactone content of 100 ppb to 60,000 ppb. 20 

[0047] 

 In a case where the content of the γ-lactone represented by the general formula (I) in 

the liquid seasoning is lower than the certain lower limit described above, the amount can be 

adjusted to the certain amount by adding the γ-lactone represented by the general formula (I) 

or a material containing the γ-lactone represented by the general formula (I) to the liquid 25 

seasoning. The material containing the γ-lactone represented by the general formula (I) is not 

particularly limited as long as the γ-lactone-containing material can be found to contain the γ-

lactone represented by the general formula (I) by the measurement method described in the 

Examples described below. 

[0048] 30 

 According to the examination of the present inventors, a commercial unheated soy 

sauce and a commercial koikuchi (dark-colored) soy sauce can contain γ-nonalactone in the 

range of 0 ppb to 15.6 ppb. Thus, for example, when 84.4 ppb of γ-nonalactone is added to a 
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commercial unheated soy sauce having a γ-nonalactone content of 15.6 ppb, a soy sauce 

having a γ-nonalactone content of 100 ppb is obtained. 

[0049] 

 Because the content of the γ-lactone represented by the general formula (I) is the 

above amount, the liquid seasoning has a fruity aroma which is hardly felt with conventional 5 

soy sauces. The fruity aroma of the γ-lactone represented by the general formula (I), however, 

can be masked by 2-ethyl-6-methylpyrazine inherently contained in conventional soy sauces. 

Thus, the 2-ethyl-6-methylpyrazine content of the liquid seasoning is, for example, preferably 

an amount with which the fruity aroma of the γ-lactone represented by the general formula (I) 

is not suppressed. 10 

[0050] 

 In fact, a liquid seasoning obtainable by adding 1,000 ppb of γ-heptalactone, γ-

octalactone, γ-nonalactone, γ-decanolactone or γ-undecanolactone to a soy sauce having a 2-

ethyl-6-methylpyrazine content of around 2 ppb has a more preferable fruity aroma compared 

to a liquid seasoning obtainable by adding the γ-lactone to a soy sauce having a 2-ethyl-6-15 

methylpyrazine content of around 10 ppb. 

[0051] 

 The liquid seasoning is characterized by having a fruity aroma and also having a 

flavor inherent in a soy sauce due to HEMF or the like due to containing a soy sauce 

component. Thus, the HEMF content of the liquid seasoning is preferably 20 ppm or more, 20 

more preferably 30 ppm or more, further preferably 40 ppm or more. The upper limit of the 

HEMF content may be appropriately set depending on the desired flavor inherent in a soy 

sauce and is typically around 400 ppm. 

[0052] 

 The content of the γ-lactone represented by the general formula (I) in the liquid 25 

seasoning can be measured by the method described in the Examples described below. 

Moreover, according to the method, 2-ethyl-6-methylpyrazine and HEMF can be measured. 

Thus, the contents of the γ-lactone represented by the general formula (I) above, 2-ethyl-6-

methylpyrazine and HEMF are values obtainable by measuring by the method described in 

the Examples described below or a similar method thereof. Here, for 2-ethyl-6-30 

methylpyrazine and HEMF, the peak areas may be determined using the m/z below. 

 2-Ethyl-6-methylpyrazine: m/z 121 

 HEMF: m/z 142 
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[0053] 

 The liquid seasoning of an embodiment of the invention should contain the γ-

lactone and can contain various other components as long as the solutions to the problems of 

the invention are not inhibited. The other components are not particularly limited, but 

examples thereof include seasoning components and food materials, and specific examples 5 

thereof include vegetable components (radish, carrot, onion, garlic and the like), yeast 

extracts, meat extracts (chicken extract, pork extract, beef extract, fish extract and the like), 

fruit juices (apple juice and the like), spices (ginger, red pepper, pepper, basil, oregano and the 

like), chemical seasonings (monosodium glutamate, sodium inosinate and the like), flavors 

and the like. One kind thereof alone or a combination of two or more kinds can be used. The 10 

other component content can be appropriately set as long as the object of the invention can be 

achieved. 

[0054] 

 The liquid seasoning of an embodiment of the invention can be a container-packed 

liquid seasoning which is packed and sealed in a container, namely a container-packed soy 15 

sauce or a container-packed soy sauce-like seasoning. The container is not particularly 

limited, but examples thereof include packaging containers such as a single-layer or laminate 

film bag, a retort pouch, vacuum packaging, an aluminum container, a plastic container, a 

bottle and a can made of a metal such as aluminum, paper, plastic such as PET, glass or the 

like. The container-packed soy sauce and the container-packed soy sauce-like seasoning can 20 

be distributed and sold in the market independently by itself. 

[0055] 

 The liquid seasoning of an embodiment of the invention can be used in the same 

manner as a regular liquid seasoning. That is, the liquid seasoning of an embodiment of the 

invention can be used alone or by mixing or combining with another seasoning component 25 

such as a soup stock, an acidulant, an amino acid, a nucleic acid, an organic acid, a protein 

hydrolysate, a sugar, a sake, a sweet sake, an alcohol, a thickener, an emulsifier and an 

inorganic salt in addition to the vegetable component, the yeast extract, the meat extract, the 

fruit juice, the spice, the chemical seasoning or the flavor described above for a method for 

cooking or processing various food materials. For example, the liquid seasoning of an 30 

embodiment of the invention can be used for various foods such as Japanese foods, Western 

foods and Chinese foods and can be specifically used for deep-fried foods, grilled slices of 

meat, udon, soba, ramen, Hamburg steak, meatballs, simmered chicken and root vegetables, 
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teriyaki, curry, stew, hashed beef and the like but it is not limited thereto. 

[0056] 

 A non-limiting specific embodiment of the liquid seasoning of an embodiment of 

the invention is, for example, a liquid seasoning in which the contents of the γ-lactones 

represented by the general formula (I) (here, the total γ-lactone content is 100 ppb to 60,000 5 

ppb) are as follows: 

 γ-heptalactone content: 100 ppb to 25,000 ppb, 

 γ-octalactone content: 100 ppb to 25,000 ppb, 

 γ-nonalactone content: 100 ppb to 50,000 ppb, 

 γ-decanolactone content: 200 ppb to 10,000 ppb and/or 10 

 γ-undecanolactone content: 200 ppb to 10,000 ppb. 

[0057] 

 Another non-limiting specific embodiment of the liquid seasoning of an 

embodiment of the invention is, for example, a liquid seasoning in which the contents of the 

γ-lactones represented by the general formula (I) (here, the total γ-lactone content is 100 ppb 15 

to 60,000 ppb) are as follows: 

 γ-heptalactone content: 100 ppb to 10,000 ppb, 

 γ-octalactone content: 100 ppb to 10,000 ppb, 

 γ-nonalactone content: 100 ppb to 25,000 ppb, 

 γ-decanolactone content: 250 ppb to 10,000 ppb and/or 20 

 γ-undecanolactone content: 250 ppb to 10,000 ppb. 

[0058] 

 The liquid seasoning of an embodiment of the invention can be produced by adding 

the γ-lactone represented by the general formula (I) or a material containing the γ-lactone to a 

soy sauce and a seasoning for a soy sauce. For example, by mixing a commercial soy sauce 25 

and the γ-lactone represented by the general formula (I), the liquid seasoning of an 

embodiment of the invention can be produced. 

[0059] 

 Moreover, the liquid seasoning of an embodiment of the invention may be produced 

by a method such that a liquid seasoning is obtained in which the content of the γ-lactone 30 

represented by the general formula (I) is a certain amount. Such a production method is the 

production method of a γ-nonalactone-containing soy sauce containing γ-nonalactone 

described below or the like. 
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[0060] 

[Production Method of γ-Nonalactone-Containing Soy Sauce] 

 According to another side of the invention, a method for producing a γ-nonalactone-

containing soy sauce, which is a soy sauce containing γ-nonalactone, is provided. The method 

of an embodiment of the invention includes a step of obtaining a soy sauce moromi soup by 5 

subjecting a soy sauce moromi, obtainable by subjecting a soy sauce koji to lactic acid 

fermentation by a soy sauce lactic acid bacterium, to a solid-liquid separation treatment and a 

step of obtaining a γ-nonalactone-containing soy sauce by subjecting the soy sauce moromi 

soup to yeast fermentation by a soy sauce yeast in a sealed system. 

[0061] 10 

 The outline of the method of an embodiment of the invention is a method including 

obtaining a soy sauce moromi soup by subjecting a soy sauce moromi, obtainable after 

conducting lactic acid fermentation by a method for producing a regular soy sauce, to solid-

liquid separation and subsequently subjecting the soy sauce moromi soup to yeast 

fermentation by a soy sauce yeast under certain conditions. In the method of an embodiment 15 

of the invention, unlike a method for producing a regular soy sauce, rather than continuously 

subjecting a soy sauce moromi after lactic acid fermentation to yeast fermentation, a soy sauce 

moromi is separated into an insoluble solid part (soy sauce moromi concentrate) and a liquid 

part (soy sauce moromi soup) before subjecting to yeast fermentation, and subsequently, yeast 

fermentation of the soy sauce moromi soup is conducted under certain conditions. Therefore, 20 

the method includes a step of obtaining a soy sauce moromi soup from a soy sauce moromi 

and a step of conducting yeast fermentation. The method preferably includes a step of 

obtaining a soy sauce moromi as a pre-stage. The thus obtained liquid seasoning can be, for 

example, a soy sauce having a γ-nonalactone content of 100 ppb to 20,000 ppb. 

[0062] 25 

 The step of obtaining a soy sauce moromi is not particularly limited as long as the 

step is a step until a soy sauce moromi is obtained in a generally known production method of 

a soy sauce. In this regard, in the case of a brewing process, a soy sauce is produced by 

obtaining a soy sauce koji by inoculating and culturing a seed koji starter including a koji 

mold in a mixture of a protein raw material such as heat-denatured soybeans and a starch raw 30 

material such as wheat gelatinized by heating to produce koji, subsequently obtaining a soy 

sauce moromi by putting the obtained soy sauce koji into a saline solution for lactic acid 

fermentation and aging, subsequently obtaining an aged moromi by subjecting the obtained 



20 

 

soy sauce moromi to yeast fermentation and aging, subsequently obtaining an unheated soy 

sauce by subjecting the obtained aged moromi to a pressing treatment or a filtration treatment, 

subsequently pasteurizing the obtained unheated soy sauce and the like. 

[0063] 

 An embodiment of the step of obtaining a soy sauce moromi is, for example, a step 5 

of inoculating a seed koji starter into a soy sauce raw material that is a mixture of soybeans 

denatured by steaming, roasted crushed cereal grains and the like, koji-producing with 

aeration at 10°C to 40°C for around one day to four days to obtain a soy sauce koji and 

subsequently subjecting a material obtained by putting the soy sauce koji into a saline solution 

having a sodium chloride concentration of 15% (w/v) to 35% (w/v), preferably 20% (w/v) to 10 

30% (w/v), and further arbitrarily adding a soy sauce lactic acid bacterium thereto to lactic 

acid fermentation and aging at 10°C to 40°C for 10 days to 200 days, preferably for 15 days 

to 40 days, while appropriately stirring, thereby obtaining a soy sauce moromi, or another 

step. 

[0064] 15 

 The soy sauce raw material is not particularly limited, but examples thereof include 

soybeans such as whole soybeans and defatted soybeans, cereal grains such as wheat, barley, 

naked barley and Job's tears, cereal grain gluten, rice, corn and the like. 

[0065] 

 The seed koji starter is not particularly limited as long as it is a koji mold that is 20 

utilized when producing a regular soy sauce, but examples thereof include microorganisms of 

the genus Aspergillus such as Aspergillus oryzae, Aspergillus sojae (A. sojae) and the like. 

The soy sauce lactic acid bacterium is not particularly limited as long as it is a soy sauce lactic 

acid bacterium that is utilized when producing a regular soy sauce, but examples thereof 

include salt-tolerant lactic acid bacteria such as Tetragenococcus halophilus and the like. 25 

[0066] 

 In the step of obtaining a soy sauce moromi, when the amount of the starch raw 

material such as wheat and rice is small in the soy sauce raw material, the reducing sugar 

content becomes small, and thus, there is a possibility that a soy sauce moromi with which 

yeast fermentation may be appropriately conducted cannot be obtained. Therefore, the amount 30 

of the starch raw material such as wheat and rice in the soy sauce raw material is preferably 

such an amount that a soy sauce moromi having a high reducing sugar content can be 

obtained. However, this shall not apply in a case where a soy sauce moromi having a high 
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reducing sugar content is obtained by adding a reducing sugar component, for example, 

glucose, fructose, maltose or the like, to a soy sauce moromi. In this regard, the soy sauce 

moromi refers to one which has not been subjected to yeast fermentation, and yeast fermented 

products such as an unheated soy sauce which are used for a method for producing a rebrewed 

soy sauce are excluded. Moreover, the soy sauce moromi is preferably subjected to lactic acid 5 

fermentation, but it does not have to be subjected to lactic acid fermentation. 

[0067] 

 In the step of obtaining a soy sauce moromi soup, a soy sauce moromi soup is 

obtained by removing an insoluble solid content derived from a soy sauce raw material such 

as soybeans and wheat from a soy sauce moromi (lactic acid fermented product) containing 10 

the insoluble solid content. The method for obtaining a soy sauce moromi soup by removing 

the insoluble solid content from a soy sauce moromi is not particularly limited, including, for 

example: a generally known solid-liquid separation method or the like; specifically, a pressing 

treatment, a filtration treatment or the like that is generally used in a method for producing a 

soy sauce; more specifically, a pressing treatment using a press machine, a filtration treatment 15 

using a filter material such as diatomaceous earth and a filter cloth; a pressing filtration 

treatment in which a filtration treatment is conducted using a press machine; a membrane 

filtration treatment using various permeable membranes such as a UF membrane and an MF 

membrane or the like. The solid-liquid separation method may be one type thereof alone or a 

combination of two or more types thereof, but it is preferably a combination of a pressing 20 

treatment, a filtration treatment using a filter material and a membrane filtration treatment 

using a permeable membrane. 

[0068] 

 When the soy sauce lactic acid bacterium remains in a large amount in the soy sauce 

moromi soup, there is a possibility that yeast fermentation at a later stage is not appropriately 25 

conducted. Therefore, when obtaining the soy sauce moromi soup, a method capable of 

removing most of the soy sauce lactic acid bacterium together with the insoluble solid content 

is preferably adopted. The lactic acid bacterium content of the soy sauce moromi soup is not 

particularly limited, but it is, for example, preferably 1.0×108 bacteria/ml or less, more 

preferably 1.0×107 bacteria/ml or less, further preferably 1.0×106 bacteria/ml or less. 30 

[0069] 

 In the step of conducting yeast fermentation, yeast fermentation is conducted for the 

soy sauce moromi soup using a soy sauce yeast that is used when producing a soy sauce as 
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generally known under conditions according to the type or bacterial count of the soy sauce 

yeast or the like. The soy sauce yeast is not particularly limited as long as it is a yeast 

generally used for producing a soy sauce, but examples thereof include salt-tolerant yeasts 

such as Zygosaccharomyces rouxii, Zygosaccharomyces bailli (Z. bailli), Candida etchellsii 

and Candida versatilis (C. versatilis) and the like. 5 

[0070] 

 In a general production of a soy sauce by a brewing process, the yeast fermentation 

is conducted in an open system, namely without putting a cover or a stopper on the container 

for fermentation (a bottle, a barrel, a tank or the like), in an aerating environment. Moreover, 

during the yeast fermentation, due to the generation of carbon dioxide gas, the moromi and the 10 

fermented solution in the moromi flow to be in a stirred state. Thus, the yeast fermentation 

during the general production of the soy sauce is conducted in an open system under a 

naturally stirred condition. 

[0071] 

 The present inventors found that, when the soy sauce moromi soup is subjected to 15 

yeast fermentation under the conditions adopted for the general production of the soy sauce, 

namely in the open system under the naturally stirred condition, as described above, γ-

nonalactone is sometimes produced, but the amount thereof is a tiny amount even when γ-

nonalactone is produced. In particular, when the production scale became larger, the liquid 

convection became remarkable due to the generation of carbon dioxide gas; thus, the 20 

inventors confronted a problem of a significant decrease in the production amount of γ-

nonalactone. Accordingly, the present inventors conducted trial and error regarding the 

various conditions of yeast fermentation in extensively examining the conditions for 

producing γ-nonalactone and reviewing each step and surprisingly found that γ-nonalactone 

can be increased significantly by conducting the yeast fermentation in a sealed system. 25 

[0072] 

 Note that in the general production of the soy sauce by the brewing process, the 

yeast fermented product after the yeast fermentation is subjected to a pressing treatment to 

remove the solid content. At this point, the γ-nonalactone generated by the yeast fermentation 

is adsorbed on the solid content and removed from the system together with the solid content. 30 

As a result, the soy sauce obtained by the general production of the soy sauce by the brewing 

process contains almost no γ-nonalactone. 

[0073] 
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 Considering the above circumstances, in the method for producing the liquid 

seasoning, the soy sauce moromi soup is preferably subjected to yeast fermentation by the soy 

sauce yeast in the sealed system. The sealed system in the yeast fermentation may be 

achieved, for example, by putting a lid and a stopper, preventing ventilation by closing the 

ventilation valve or the like. When the system is completely sealed, however, the container for 5 

fermentation may break due to the generated carbon dioxide gas. Thus, it is essential only that 

the degree of the sealing in the yeast fermentation be such a degree that the amount of γ-

nonalactone in the fermented solution becomes a certain amount, preferably such a degree 

that the amount becomes 100 ppb or more. 

[0074] 10 

 By suppressing the flow in the fermented solution during the yeast fermentation, the 

production amount of γ-nonalactone can be increased. Thus, the yeast fermentation is 

preferably conducted under a non-stirring condition in addition to being conducted in a sealed 

system. 

[0075] 15 

 Because the boiling point of γ-nonalactone is about 243°C, γ-nonalactone is less 

likely to vaporize in the air even when the yeast fermentation is conducted in the open system 

under the stirring condition. Thus, the reason why the production amount of γ-nonalactone is 

increased by conducting the yeast fermentation in the sealed system or in the sealed system 

under the non-stirring condition is not clear. On the other hand, the present inventors found 20 

that there is a positive correlation between the carbon dioxide volume of the fermented 

solution and the production amount of γ-nonalactone. Thus, the carbon dioxide volume (Gas 

Volume; GV) in the fermented solution can be used as an indicator of the yeast fermentation. 

For example, yeast fermentation in which the carbon dioxide volume of the fermented 

solution is 1 GV or more is preferable, and yeast fermentation in which the volume is 1 GV to 25 

10 GV is more preferable. 

[0076] 

 The period of the yeast fermentation is not particularly limited as long as the period 

is a period in which γ-nonalactone is generated in the fermented solution, more preferably a 

period in which the γ-nonalactone content becomes a certain amount, further preferably a 30 

period in which the γ-nonalactone content becomes an amount of 100 ppb or more; but, for 

example, when Zygosaccharomyces rouxii is used as the soy sauce yeast, the period is around 

10 days to one year at 10°C to 40°C, preferably at 15°C to 35°C, preferably around 10 days to 



24 

 

100 days. Furthermore, the period of the yeast fermentation is preferably a period in which 

the production amount of ethanol becomes the maximum. 

[0077] 

 Additionally, the step of conducting the yeast fermentation can be conducted more 

conveniently, for example, by putting a soy sauce moromi soup and a soy sauce yeast into a 5 

soy sauce bottle, a screw-top glass bottle or a tightly sealable container-like tank which is 

suitable for the yeast fermentation and further with which the fermented solution can be used 

immediately after the yeast fermentation, leaving the put one to stand still at room 

temperature to conduct the yeast fermentation thereof in the sealed system or the like. For 

example, as the screw-top glass bottle, a DURAN (registered trademark) screw-top bottle 10 

manufactured by DWK Life Sciences Inc. or the like can be used. Moreover, as the tightly 

sealable container-like tank, a 1000-L cylindrical container manufactured by Japan Logistic 

Ware or the like can be used. 

[0078] 

 In the step of conducting the yeast fermentation, because the soy sauce moromi soup 15 

from which the insoluble solid content has been removed in advance is used, the solution 

obtained after the yeast fermentation is a yeast fermented solution having a low solid content, 

and the solution itself may be used as the liquid seasoning. Moreover, for the purpose of 

removing the yeast or the residue in the yeast fermented solution or another purpose, the 

liquid part of the yeast fermented solution may also be used as the liquid seasoning, obtained 20 

by subjecting the yeast fermented solution to a later-stage treatment or the like in the yeast 

fermentation which is used in the regular method for producing the soy sauce, such as 

pressing, filtration and pasteurization. 

[0079] 

 When no other γ-lactone or γ-lactone-containing material is added, the γ-25 

nonalactone content of the liquid seasoning obtained by the method of an embodiment of the 

invention is preferably 100 ppb or more, more preferably 100 ppb to 20,000 ppb, further 

preferably 100 ppb to 10,000 ppb. 

[0080] 

 A specific embodiment of the method of an embodiment of the invention is the 30 

following method, but the invention is not limited thereto. 

 A seed starter of Aspergillus sojae is inoculated in a mixture of steamed soybeans 

and crushed roasted wheat and koji produced with aeration at 10°C to 40°C for around one 
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day to four days to obtain a soy sauce koji, and subsequently, a material obtained by putting 

100 parts by mass of the soy sauce koji into 50 parts by mass to 200 parts by mass of a saline 

solution having a sodium chloride concentration of 15% (w/v) to 35% (w/v) and further 

adding a soy sauce lactic acid bacterium (Tetragenococcus halophilus) is subjected to lactic 

acid fermentation and aging at 10°C to 40°C for 10 days to 200 days while appropriately 5 

stirring to obtain a soy sauce moromi. 

[0081] 

 Subsequently, the obtained soy sauce moromi is pressed and then subjected to a 

filtration treatment using diatomaceous earth, and the obtained filtrate is subjected to a 

membrane filtration treatment by a UF membrane to obtain a soy sauce moromi soup. 10 

[0082] 

 Subsequently, the obtained soy sauce moromi soup to which a salt-tolerant yeast 

(Zygosaccharomyces rouxii) is added is subjected to yeast fermentation. The yeast 

fermentation is conducted in a stoppered container for fermentation, with aeration means 

being shut down, in such a manner that the carbon dioxide volume of the fermented solution 15 

becomes 1 GV to 10 GV at 15°C to 30°C for around 10 days to 200 days. 

[0083] 

 Subsequently, the yeast fermented product after the yeast fermentation is subjected 

to solid-liquid separation and then to pasteurization, and thus a liquid seasoning product is 

obtained. The thus obtained liquid seasoning product is a highly excellent seasoning having a 20 

sweet fruity aroma and also having a soy sauce-like taste and richness. 

[0084] 

[Other Embodiments Related to Liquid Seasoning of One Embodiment of Invention] 

 When focusing on that a γ-lactone at a certain content adds a fruity aroma to a soy 

sauce and a soy sauce-like seasoning, the following embodiments are provided, for example, 25 

as another side of the invention: 

 a method for improving the aroma of the soy sauce or the soy sauce-like seasoning 

including adding the γ-lactone represented by the general formula (I) to the soy sauce or the 

soy sauce-like seasoning in such a manner that the content thereof becomes 100 ppb to 60,000 

ppb; 30 

 a method for producing the soy sauce or the soy sauce-like seasoning having an 

improved aroma including adding the γ-lactone represented by the general formula (I) to the 

soy sauce or the soy sauce-like seasoning in such a manner that the content thereof becomes 
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100 ppb to 60,000 ppb; 

 a composition for improving the aroma of the soy sauce or the soy sauce-like 

seasoning which contains the γ-lactone represented by the general formula (I) as an active 

ingredient and which is used in such a manner that the γ-lactone content with respect to the 

soy sauce or the soy sauce-like seasoning becomes 100 ppb to 60,000 ppb; and 5 

 a method for producing a food having an excellent aroma including a step of 

obtaining a food having an excellent aroma by cooking using the soy sauce or the soy sauce-

like seasoning in which the content of the γ-lactone represented by the general formula (I) is 

100 ppb to 60,000 ppb and a food material. 

[0085] 10 

[Container-Packed Composition Containing Food Material and γ-Lactone] 

 A composition of an embodiment of the invention is a heated container-packed 

composition containing a food material and a γ-lactone. In general, when a seasoning and a 

food containing a food material such as a soy sauce, meat and soy protein are subjected to a 

high-temperature heat treatment under pressure, for example, retort pasteurization, a heat-15 

deteriorated smell due to the food material is generated. However, the present inventors found 

that the heat-deteriorated smell due to the food material is not easily felt when a γ-lactone is 

contained together with the food material. Thus, the composition of one embodiment of the 

invention can be the composition in which the heat-deteriorated smell due to the food material 

is suppressed even though the composition has been heated because the γ-lactone is contained 20 

together with the food material. 

[0086] 

 The composition of one embodiment of the invention contains the γ-lactone 

together with the food material, and thus a heat-deteriorated smell due to the food material is 

suppressed compared to a case which contains the food material and which does not 25 

substantially contain the γ-lactone. The composition of one embodiment of the invention is 

preferably a container-packed composition for seasoning used for the purpose of improving 

the taste during processing of the food material, or a container-packed processed food which 

is obtained by processing the food material and which itself is edible. 

[0087] 30 

 The γ-lactones include at least one kind of γ-lactone selected from the group 

consisting of γ-lactones represented by the general formula (I). That is, the composition of 

one embodiment of the invention contains any one kind, two kinds, three kinds, four kinds or 
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five kinds of: in the general formula (I), γ-heptanolactone, in which n is 2; γ-octanolactone, in 

which n is 3; γ-nonalactone, in which n is 4; γ-decanolactone, in which n is 5; and γ-

undecanolactone, in which n is 6. 

[0088] 

 Because the composition of one embodiment of the invention contains a food 5 

material and also contains the γ-lactone, the heat-deteriorated smell due to the food material is 

suppressed. Thus, it is essential only that the γ-lactone content of the composition of one 

embodiment of the invention be an amount which can suppress the heat-deteriorated smell 

due to the food material. As described in the Examples described below, according to the 

examination of the present inventors, the heat-deteriorated smell due to the food material is 10 

suppressed when 30 ppb or more of the γ-lactone is contained regardless of the kind of the 

food material. Thus, the lower limit of the γ-lactone content of the composition of one 

embodiment of the invention, based on the total amount of the composition, is preferably 30 

ppb or more. 

[0089] 15 

 On the other hand, many of the γ-lactones themselves have an aroma in itself. For 

example, the γ-nonalactone has a sweet fruity aroma like a tropical fruit. According to the 

examination of the present inventors, the composition having the γ-lactone content of more 

than 3,000 ppb tends to have an undesired different aroma when eaten due to the too strong 

aroma of the γ-lactone. Thus, the upper limit of the γ-lactone content of the composition of 20 

one embodiment of the invention, with respect to the total amount of the composition, is 

3,000 ppb or less. When the γ-lactone content of the composition of one embodiment of the 

invention is 3,000 ppb or less, the aroma of the lactone matches the aroma of other food 

materials, and an excellent aroma is generated as a whole. 

[0090] 25 

 As described above, the γ-lactone content of the composition of one embodiment of 

the invention is 30 ppb to 3,000 ppb, but to further suppress the heat-deteriorated smell due to 

the food material, the content is preferably 30 ppb to 2,500 ppb, more preferably 50 ppb to 

2,500 ppb, further preferably 100 ppb to 2,500 ppb, still further preferably 100 ppb to 1,500 

ppb. The "γ-lactones at 30 ppb to 3,000 ppb" mean, for example, a γ-lactone in an amount of 3 30 

μg to 300 μg with respect to 100 g of the composition for seasoning. 

[0091] 

 Here, according to the examination of the present inventors, for example, it has 
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been found that the γ-nonalactone is hydrolyzed by pressurized heat pasteurization equivalent 

to a Fo value of 10 and that around 40% is hydrolyzed. Thus, the above range of the γ-lactone 

content is preferably the amount before heating. Moreover, even when a value lower than the 

above range is identified through measurement of the γ-lactone content with respect to the 

composition after heating, the value before heat pasteurization may be analogically applied to 5 

consider that the γ-lactone content is included in the above range. 

[0092] 

 As described above, to suppress the deterioration of the flavor of a food material by 

heating (generation of an unpleasant flavor and a decrease in a preferable flavor) in addition 

to the heat-deteriorated smell due to the food material, the γ-lactones are γ-heptanolactone, γ-10 

octalactone, γ-nonalactone, γ-decanolactone and γ-undecanolactone. 

[0093] 

 As the γ-lactones, the γ-lactone itself may be used, or a γ-lactone-containing 

material containing the γ-lactone may also be used. When the γ-lactone itself is used, the γ-

lactone that is commercially available as an aroma can be used. Examples of the γ-lactone-15 

containing material include the food material containing the γ-lactone or the like of the food 

materials shown below. As long as the γ-lactone-containing material contains the γ-lactone, 

the form of the supply source thereof is not particularly limited, but examples thereof are 

fermented brewed products containing γ-nonalactone (a soy sauce, soybean paste, wine, 

refined sake, whisky and the like), fruit juice and the like. 20 

[0094] 

 Specific examples of the γ-lactone-containing material include, for example, the γ-

lactone-containing liquid fermented seasoning described in 13-2 in Example 2 described 

below and the like. The γ-lactone-containing liquid fermented seasoning can be produced by a 

method including: obtaining a soy sauce moromi soup by subjecting a soy sauce moromi, 25 

obtainable after conducting the lactic acid fermentation by a general method for producing a 

soy sauce, to solid-liquid separation; and subsequently subjecting the soy sauce moromi soup 

to yeast fermentation by a soy sauce yeast or another method. The method includes: 

separating the soy sauce moromi into an insoluble solid part (soy sauce moromi concentrate) 

and a liquid part (soy sauce moromi soup) before subjecting to the yeast fermentation and 30 

subsequently conducting yeast fermentation of the soy sauce moromi soup, rather than 

continuously subjecting the soy sauce moromi after lactic acid fermentation to the yeast 

fermentation, unlike the regular method for producing the soy sauce. Therefore, the method 
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includes a step of obtaining the soy sauce moromi, a step of obtaining the soy sauce moromi 

soup, and a step of conducting the yeast fermentation. The thus obtained liquid fermented 

seasoning can be, for example, the liquid fermented seasoning having a γ-nonalactone content 

of 50 ppb to 2,000 ppb. Thus, the γ-lactone-containing material is preferably the liquid 

fermented seasoning which is composed of the yeast fermented product of the soy sauce 5 

moromi soup and which contains the γ-nonalactone, more preferably the liquid fermented 

seasoning which is composed of the yeast fermented product of the soy sauce moromi soup 

and which has the γ-nonalactone content of 50 ppb to 2,000 ppb. 

[0095] 

 The step of obtaining the soy sauce moromi and the step of obtaining the soy sauce 10 

moromi soup may be conducted according to the descriptions in [Production Method of γ-

Nonalactone-Containing Soy Sauce] above. 

[0096] 

 In the step of conducting the yeast fermentation, the yeast fermentation by an 

ordinary method is conducted for the soy sauce moromi soup using the soy sauce yeast that is 15 

used when producing the soy sauce as generally known under conditions according to the type 

or the count of the soy sauce yeast or the like. The soy sauce yeast is not particularly limited 

as long as it is the yeast generally used for producing the soy sauce, but examples thereof 

include salt-tolerant yeasts such as Zygosaccharomyces rouxii, Zygosaccharomyces bailli (Z. 

bailli), Candida etchellsii and Candida versatilis (C. versatilis) and the like. 20 

[0097] 

 The period of the yeast fermentation is not particularly limited as long as the period 

is a period in which the γ-lactone represented by the general formula (I) in the fermented 

solution is generated, preferably a period in which the γ-nonalactone is generated, more 

preferably a period in which the γ-nonalactone content becomes a certain amount, further 25 

preferably a period in which the γ-nonalactone content becomes an amount of 50 ppb or more, 

but for example, when Zygosaccharomyces rouxii is used as the soy sauce yeast, the period is 

around 10 days to one year at 10°C to 40°C, preferably at 15°C to 35°C, preferably around 10 

days to 100 days. Furthermore, the period of the yeast fermentation is preferably a period in 

which the production amount of ethanol becomes the maximum. 30 

[0098] 

 Here, the step of conducting the yeast fermentation can be conducted more simply, 

for example, by putting the soy sauce moromi soup and the soy sauce yeast into a soy sauce 
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bottle which is suitable for the yeast fermentation and with which the fermented solution can 

be used immediately after the yeast fermentation, leaving the put one to stand still at room 

temperature and conducting the yeast fermentation or the like. 

[0099] 

 In the step of conducting the yeast fermentation, because the soy sauce moromi soup 5 

from which the insoluble solid content has been removed in advance is used, the solution 

obtained after the yeast fermentation is the yeast fermented solution having a low solid 

content, and the solution itself may be used as the liquid seasoning. Moreover, for the purpose 

of removing the yeast or the residue in the yeast fermented solution or another purpose, the 

liquid part obtained by subjecting the yeast fermented solution to a later stage treatment or the 10 

like after the yeast fermentation which is used in the general method for producing the soy 

sauce, such as pressing, filtration and pasteurization, may also be used as the liquid seasoning. 

[0100] 

 In a case where the γ-lactone-containing liquid fermented seasoning is used, the 

food material may be the γ-lactone-containing liquid fermented seasoning alone, or another 15 

food material may be used in combination together with the γ-lactone-containing liquid 

fermented seasoning. 

[0101] 

 The food material is not particularly limited as long as it is the food material from 

which the heat-deteriorated smell is felt by heating. Examples of the food material include: 20 

seasoning components such as a soy sauce, soybean paste, curry and processed meat 

components (for example, chicken powder, meat powder and fish powder); vegetables such as 

radish, onion, Welsh onion, carrot, burdock, lotus root, ginger, garlic, cabbage, bell pepper, 

tomato, corn and bamboo shoot; meat such as beef, pork, chicken, mutton, goat, horse, 

reindeer, water buffalo, yak, camel, donkey, mule, rabbit, duck, turkey, guinea fowl, goose, 25 

quail and rock dove; seafood such as tuna, squid, scallop, crab and salmon; processed foods 

such as tofu, deep-fried tofu, konjac and soy protein; and the like. The food material may be 

one kind thereof alone or a combination of two or more kinds. The food materials may be 

grated, made into a paste, ground, sliced finely or cut into a shape such as dice and thin strips 

before use. 30 

[0102] 

 Of the above food materials, the soy sauce is not particularly limited as long as it is 

the soy sauce as generally known with a label with soy sauce, shoyu or the like, and examples 
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thereof include those defined in the "Quality Labeling Standards for Soy Sauce" of the 

Ministry of Agriculture, Forestry and Fisheries and the like. Specific examples of the soy 

sauce include, for example, a koikuchi (dark-colored) soy sauce, an usukuchi (light-colored) 

soy sauce, a tamari (rich) soy sauce, a rebrewed soy sauce, a shiro (very light-colored) soy 

sauce, a dashi (stock) soy sauce, a glazing soy sauce, a kiage (just pressed) soy sauce, an 5 

unheated soy sauce and the like, but the soy sauce is preferably the koikuchi (dark-colored) 

soy sauce to add a strong soy sauce flavor to a food material. The form of the soy sauce is not 

particularly limited and may be either a liquid-like one or a solid-like one such as powder and 

grains. In order that the soy sauce has a flavor inherent in a soy sauce, for example, the 

HEMF content is preferably 20 ppm or more, more preferably 30 ppm or more. Note that the 10 

soy sauce obtainable by the brewing process generally contains 20 ppm or more of HEMF. 

For example, the HEMF content of the usukuchi (light-colored) soy sauce is 20 ppm or more, 

and the HEMF content of the koikuchi (dark-colored) soy sauce is 30 ppm or more. 

[0103] 

 The meat is not particularly limited as long as it is edible meat, but examples 15 

thereof include meat of the above animals and the like. Preferable examples thereof are 

livestock meat such as beef and pork and poultry meat such as chicken, which are generally 

used in Japan. The preservation conditions of the meat are not particularly limited, and any of 

raw meat, chilled meat, frozen meat, dried meat and the like can be used. The meat may be 

heat-processed meat thereof by frying, grilling, boiling or the like. The form of the meat is not 20 

particularly limited, and any of ground meat, thin-sliced meat, meat chunks and the like can 

be used. The seafood is seafood which can be obtained from the market, such as the above 

seafood, or the like, but fish is preferable. The preservation conditions, the processing, the 

form and the like of the seafood may follow those of the meat. 

[0104] 25 

 The soy protein is not particularly limited as long as it is the protein derived from 

soybeans, but examples thereof include those produced by subjecting defatted soybeans after 

extracting soybean oil from soybeans to treatments such as a concentration treatment , a 

purification treatment, and the like. Moreover, soymilk and a concentrate thereof contain 

components other than proteins, but they may be used as soy protein without purification or 30 

the like. 

[0105] 

 The form of the soy protein is not particularly limited. Examples thereof include 
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grains, powder, blocks, flakes, bars, dice, liquid and the like, but the form thereof is preferably 

grains or power which is often used as a food and a seasoning. The size of the soy protein is 

not limited, and the long diameter thereof is, for example, about 5 mm to about 20 mm. As the 

soy protein, a commercial product may be used, and the soy protein produced by a known 

method may also be used. Products commercially sold as soy protein include "New Soimi F 5 

2010", "New Soimi S10", "New Soimi S11", "New Soimi S20F", "New Soimi S21F", "New 

Soimi S22F", "New Soimi S31B", "New Soimi S50", "New Komitekkusu A-301", "New 

Komitekkusu A-302", "New Komitekkusu A-318" and "New Komitekkusu A-320" (each 

manufactured by The Nisshin OilliO Group, Ltd.), "New Fujinikku 58", "New Fujinikku 59", 

"New Fujinikku AR", "New Fujinikku 61N" and "New Fujinikku BSN" (each manufactured 10 

by Fuji Oil Co., Ltd.) and the like. For example, granular soy protein can be produced by 

subjecting a liquid extract of soybeans to tissue formation and granulation to form into a dry 

tissue. Moreover, powdery soy protein can be produced by separating and pasteurizing a 

liquid extract of soybeans and spry-drying to form into powder. Additionally, granular and 

powdery soy proteins are used as a stabilizer of deep-fried tofu, ganmodoki, sausages and 15 

kamaboko, and used for cooking Hamburg steak, minced meat balls, gyoza (fried pork 

dumpling), shumai (steamed meatball dumpling) and the like as a meat substitute. 

[0106] 

 Because a heat-deteriorated smell is strongly felt by heating, the food material is 

preferably a soy sauce, soybean paste, a carrot, beef, pork, chicken, fish or soy protein of the 20 

above food materials. 

[0107] 

 The composition of one embodiment of the invention can contain, in addition to the 

food material which generates a heat-deteriorated smell by heating, another food material to 

add a flavor, an aroma, a nutritional value, a texture or the like to the composition and a 25 

cooked material obtainable using the composition. 

[0108] 

 The other food material is not particularly limited as long as it is used as a 

component of a food and a seasoning, but examples thereof include: pot herbs such as perilla, 

parsley, celery, garlic chive and Japanese honewort; mushrooms such as shiitake, common 30 

mushroom, enoki and shimeji; fruits such as apple, pear, kiwifruit, pineapple and plum; seeds 

and nuts such as sesame, nuts and chestnut; seaweed such as hijiki, kombu and wakame; eggs 

such as hen's eggs and quail's eggs; as solid seasoning components, salt, saccharides (table 
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sugar, glucose, fructose, starch syrup, high-fructose corn syrup and the like), grain 

components (bread crumbs, flour, oatmeal and the like), spices (ginger, chili, pepper, basil, 

oregano, ginger, spice mixes and the like), thickeners (thickener polysaccharides such as 

carrageenan, starch, modified starch, gums and the like), chemical seasonings (sodium 

glutamate, glycine, sodium inosinate, sodium guanylate and the like), flavors and curry 5 

powder; as liquid seasoning components, water, alcohols, sweetener components (a sweet 

sake, liquid sugar, starch syrup and the like), acidulant components (vinegar, apple, citrus 

fruits such as yuzu and lemon and the like), oil and fat components (sesame oil, olive oil, 

salad oil, soybean oil, chili oil, butter, beef tallow, lard and the like), alcohol components 

(wine, refined sake and the like) and fruit juice (apple juice and the like); seafood extracts 10 

obtained from bonito, dried bonito, scallop and the like; seaweed extracts obtained from 

kombu and the like; meat extracts obtained from meat such as chicken, pork and beef; 

vegetable extracts obtained from vegetables such as garlic, ginger and shiitake; yeast extracts; 

protein hydrolysates; stock soups obtained by extracting from powder or flakes of dried fish 

such as dried bonito, dried Auxis, dried mackerel, dried tuna and dried sardine, powder of 15 

boiled dried fish obtained by hanging and drying sardine, mackerel, horse mackerel, shrimps 

or the like, seaweed such as kombu and wakame, mushroom such as shiitake or the like using 

a solvent such as hot water and ethanol; and the like. The other food material may be one kind 

thereof alone or a combination of two or more kinds thereof. The other food material may be 

grated, made into a paste, ground, sliced finely or cut into a shape such as dice and thin strips 20 

before use. 

[0109] 

 As specific examples of the food material, for the purpose of convenience, the food 

materials which generate a heat-deteriorated smell to be felt by heating and the other food 

materials have been cited separately. The other food materials, however, include food 25 

materials which generate a heat-deteriorated smell to be felt by heating, and it should not be 

interpreted to exclude the possibility that the other food material is a food material which 

generates a heat-deteriorated smell to be felt by heating. 

[0110] 

 The food material content is not particularly limited and can be appropriately set 30 

depending on the desired flavor. For example, the food material content is, with respect to the 

total amount of the composition of one embodiment of the invention, 1.0 mass% or more and 

99 mass% or less. Peaches, apricots and jasmine oil have a high γ-nonalactone content, and 
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thus these food materials are preferably not contained. 

[0111] 

 The form of the composition of one embodiment of the invention is not particularly 

limited, but for example, for use as a seasoning and a food, a liquid-like or semi-solid-like 

composition such as liquid-like, suspension-like and paste-like and a liquid-like or semi-solid-5 

like composition including an ingredient are preferable. 

[0112] 

 The composition of one embodiment of the invention is a container-packed 

composition sealed by packing and sealing in a container. The container is not particularly 

limited as long as the container is resistant to a heat treatment such as retort pasteurization, 10 

and has a material and a form which can be sealed, but examples thereof include packaging 

containers such as a pouch, a small bag, a bottle, a can and a bottle made of a metal such as 

aluminum, plastic such as PET and PTP, a single-layer or laminate film, glass or the like as a 

material. Specific examples include a container made of a laminate-processed film obtained 

by providing a heat-weldable resin layer of an olefin resin such as polypropylene and 15 

polyethylene in the inside, and providing a layer of a resin having a high gas barrier property 

such as polyester and polyamide and/or aluminum foil or the like on the outside, and another 

container. 

[0113] 

 The composition of one embodiment of the invention is a heated container-packed 20 

composition. The degree of heating is not particularly limited as long as it is a degree with 

which a heat-deteriorated smell is felt with the contained food material. The heating condition 

of the composition of one embodiment of the invention may be appropriately set using the 

presence or absence of pressurization, the temperature, the period, the Fo value or the like as 

an indicator, and examples thereof include a condition under which the composition can be 25 

heat-pasteurized to enable long-term preservation and the like. Specific examples include a 

heating condition under pressure at 110°C to 130°C, preferably at about 120°C, for two 

minutes to 60 minutes, preferably for four minutes to 30 minutes, a heating condition under 

which the measured Fo value is 0.1 to 60, preferably 0.2 to 30, more preferably 0.2 to 10 and 

the like. 30 

[0114] 

 The composition of one embodiment of the invention is a heated composition but is 

preferably a composition which has been subjected to a heat treatment intended to prevent 
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spoilage such as a heat pasteurization treatment considering the shelf life. The composition of 

one embodiment of the invention is preferably a composition which has been subjected to a 

heat pasteurization treatment under a condition that is generally adopted when pasteurizing a 

seasoning and a food and may be, for example, a composition which has been heat-

pasteurized at 100°C or lower but is preferably a composition which has been subjected to 5 

retort pasteurization (Fo value of 4.0 or more). In this regard, as described in the Examples 

described below, even when heated at 110°C for 4.8 minutes (Fo value of 0.37), the effect of 

the γ-lactone of suppressing the heat-deteriorated smell due to the food material can be 

exhibited. 

[0115] 10 

 The effect of the composition of one embodiment of the invention of suppressing 

the heat-deteriorated smell due to a food material refers to the effect of completely or partially 

suppressing a heat-deteriorated smell due to a food material to be felt when the container-

packed composition which contains the same kind of food material in the same amount and 

which does not contain the γ-lactone is heated. The effect of the composition of one 15 

embodiment of the invention of suppressing a heat-deteriorated smell due to a food material 

can be confirmed by the method described in the Examples described below. For example, in 

a sensory evaluation of heat-deteriorated smells on a five-point scale in which the heat-

deteriorated smell is determined to be more felt as the score is lower, an acceptable effect of 

the composition of one embodiment of the invention of suppressing the heat-deteriorated 20 

smell due to the food material is such an effect as to be evaluated to be higher by at least one 

point than that of the heat-deteriorated smell due to the food material felt with the container-

packed composition which contains the same kind of food material in the same amount and 

also which does not contain the γ-lactone, and the effect is such an effect as to be evaluated to 

be preferably higher by two points, more preferably by three points, further preferably by four 25 

points. 

[0116] 

 A specific embodiment of the composition of one embodiment of the invention is a 

composition for seasoning. The amount of the composition for seasoning of one embodiment 

of the invention can be appropriately set depending on the kinds of the food material and the 30 

processed food to which the composition for seasoning is applied or the like and is not 

particularly limited. For example, in a case where the composition for seasoning of one 

embodiment of the invention is used for cooking simmered meat and tofu, 100 g to 200 g of 
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the composition of one embodiment of the invention may be used for one piece of tofu (about 

350 g). 

[0117] 

 The composition for seasoning of one embodiment of the invention can be used, for 

example, for mixing with a food material such as vegetables, pot herbs, mushrooms, fruits, 5 

seeds and nuts, meat, seafood, seaweed, eggs, processed meat products and processed foods 

and preparing at normal temperature or heating to obtain a desired processed food. The food 

material used together with the composition for seasoning of one embodiment of the 

invention is preferably pre-treated by cutting the material into bite-size pieces, by heating the 

material, for example, by grilling or frying, and/or the like. The composition for seasoning of 10 

one embodiment of the invention can suppress not only the heat-deteriorated smell due to the 

food material but also the heat-deteriorated smell generated by cooking and thus is preferably 

used for obtaining a cooked food. 

[0118] 

 The method for cooking using the composition for seasoning of one embodiment of 15 

the invention is not particularly limited and can be appropriately set depending on the kind 

and the amount of the food material used, the kind of the cooked food and the like. As the 

cooking, a general cooking method such as frying, deep-frying, grilling, steaming, heating in 

a microwave, heating with hot air and heating in hot water can be used, and the cooking 

methods may be conducted in an appropriate combination. The heat-deteriorated smell 20 

generated by the cooking tends to pose a problem in the cooking by frying to be subjected to 

the heating at a higher temperature, and thus the composition for seasoning of one 

embodiment of the invention is preferably used for the cooking by frying. 

[0119] 

 The cooked food obtained using the composition for seasoning of one embodiment 25 

of the invention is not particularly limited, but examples thereof include simmered meat and 

tofu, pork kimchi, simmered chicken and radish, stewed meat and potatoes, minced meat 

sauce, fried food with grated radish. simmered food with grated radish, omelet, fried meat and 

vegetables, food cooked in seasoned broth, goya chanpuru, beef bowl, curry, gyoza and the 

like. 30 

[0120] 

 For example, in a case where the cooked food is simmered meat and tofu, an 

example of the specific method for using the composition for seasoning of one embodiment of 
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the invention is a method including: frying tofu until it gets brown in a hot frying pan with an 

oil such as salad oil; subsequently frying shortly after adding thereto desired vegetables, or 

without adding any vegetables, then adding the composition for seasoning of one embodiment 

of the invention and frying for several dozen seconds to several minutes or the like. Before 

mixing with the composition for seasoning of one embodiment of the invention, the food 5 

material is preferably heated in advance by frying or the like. The cooked food is preferably 

eaten immediately after cooking it or after leaving it for several minutes at room temperature 

to exhibit the effect of the composition for seasoning of one embodiment of the invention of 

seasoning the cooked food. 

[0121] 10 

 Examples of the specific embodiment of the method for producing a cooked food 

using the composition for seasoning of one embodiment of the invention include the 

following method using tofu, but the method is not limited thereto. That is, tofu is cut into 

bite-size pieces. Next, an adequate amount of oil is heated in a frying pan, and the tofu is fried 

at a medium heat for several minutes until both sides thereof get brown. The ingredients are 15 

further fried at the medium heat for several minutes after adding vegetables thereto. Next, by 

adding thereto the composition for seasoning of one embodiment of the invention and frying 

for several dozen seconds to several minutes, a cooked food as the simmered meat and tofu is 

obtained. 

[0122] 20 

 A specific embodiment of the composition of one embodiment of the invention is a 

processed food. The processed food of one embodiment of the invention contains, in addition 

to a food material which itself is edible and which generates a heat-deteriorated smell by 

heating, and a γ-lactone, various food materials such as vegetables, pot herbs, mushrooms, 

fruits, seeds and nuts, meat, seafood, seaweed, eggs, processed meat products and processed 25 

foods as raw materials. The processed food of one embodiment of the invention is prepared 

using the food material and the γ-lactone, and thus, it can be a processed food with high 

palatability in which the heat-deteriorated smell due to the food material is suppressed and 

which has an excellent flavor and aroma. 

[0123] 30 

 Examples of the processed food of one embodiment of the invention include the one 

packing in a container the cooked food obtained using the composition of one embodiment of 

the invention, and include a subsidiary dish, a lunch box, a noodle with meat, a fried noodle, a 
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fried udon, a seafood pasta and a stew packed in other containers and the like, but the 

processed food is not limited thereto. 

[0124] 

[Production Method of Container-Packed Composition] 

 Another embodiment of the invention is a method for producing the container-5 

packed composition. The method of one embodiment of the invention includes a step of 

obtaining the container-packed composition in which the heat-deteriorated smell due to the 

food material is suppressed by heating the container-packed composition containing the food 

material and the γ-lactone. The method for mixing the food material and the γ-lactone is not 

particularly limited. Examples thereof include a method of mixing generally known 10 

components and producing the seasoning and the processed food and the like, and specific 

examples thereof include a method including mixing the food material and the γ-lactone, and 

another component, when necessary, by subjecting to mixing means such as a stirring 

treatment at room temperature or under heating and the like. The food material and the other 

component may be pre-treated by subjecting to treatments such as finely cutting, crushing, 15 

swelling and heating. 

[0125] 

[Suppression Method of Heat-Deteriorated Smell] 

 Another embodiment of the invention is a method for suppressing the heat-

deteriorated smell due to the food material to be felt when the container-packed composition 20 

is heated, focusing on that the γ-lactone suppresses the heat-deteriorated smell due to the food 

material. The method of one embodiment of the invention includes a step of suppressing the 

heat-deteriorated smell due to the food material by heating the container-packed composition 

containing the food material and the γ-lactone. The container-packed composition contains the 

food material and the γ-lactone in combination, and thus the heat-deteriorated smell due to the 25 

food material is suppressed by the effect of the γ-lactone. 

[0126] 

[γ-Lactone-Containing Composition for Suppressing Heat-Deteriorated Smell] 

 Another embodiment of the invention is a composition which contains the γ-lactone 

and which is used for suppressing the heat-deteriorated smell due to the food material to 30 

which the composition is applied, focusing on that the γ-lactone suppresses the heat-

deteriorated smell due to the food material. The composition of one embodiment of the 

invention is used by packing in the container together with the food material before heating 
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and heating. 

[0127] 

 Although the invention will be explained in more detail by way of Examples below, 

the invention is not limited to these Examples, and the invention can take various 

embodiments as long as the object of the invention can be achieved. 5 

 

EXAMPLE 1 

[0128] 

[1. Evaluation of Aroma-Improving Effects of Externally Added γ-Lactones (1): Kinds of γ-

Lactones] 10 

 To a commercial unheated soy sauce ("Shiboritate Nama Soy Sauce"; γ-nonalactone 

content of 15.6 ppb; manufactured by Kikkoman Corporation), γ-lactones selected from γ-

valerolactone (C5), γ-hexalactone (C6), γ-heptalactone (C7), γ-octalactone (C8), γ-

nonalactone (C9), γ-decanolactone (C10), γ-undecanolactone (C11) and γ-dodecanolactone 

(C12) each were added at a final concentration of 1,000 ppb, and thus liquid seasonings 1-1 to 15 

1-8 were prepared. 

[0129] 

 In the sensory evaluation, six panelists capable of distinguishing aromas took the 

liquid seasonings at normal temperature with a spoon and evaluated the "degree of preferable 

sweet fruity aroma" on a three-point scale by the following criteria from the aroma felt with 20 

the nose only without eating using the commercial unheated soy sauce (to which the γ-

lactones were not added, same applies below) as an indicator. The results are shown in Table 

1A. 

 C: There is no change in the aroma, or the aroma is unpreferable due to an added 

unpleasant smell. 25 

 B: A light sweet fruity aroma was added, and the degree of preferable aroma 

improved. 

 A: A sweet fruity aroma was added, and the degree of preferable aroma improved 

remarkably. 

[0130] 30 
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[Table 1A] 

Liquid Seasoning No. 
Added 

γLactone 

Panelist Name 

1 2 3 4 5 6 

Liquid Seasoning 1-1 C5 C C C C C C 

Liquid Seasoning 1-2 C6 C C C C C C 

Liquid Seasoning 1-3 C7 B B B B B B 

Liquid Seasoning 1-4 C8 B B B B B B 

Liquid Seasoning 1-5 C9 A A A A A A 

Liquid Seasoning 1-6 C10 A A A A A B 

Liquid Seasoning 1-7 C11 B B B B B C 

Liquid Seasoning 1-8 C12 C C C C B C 

 

[0131] 

 As shown in Table 1A, it was found that a liquid seasoning having a preferable 

fruity aroma is obtained by adding the γ-lactones C7 to C11 of the γ-lactones to the soy sauce. 5 

[0132] 

[2. Evaluation of Aroma-Improving Effects of Externally Added γ-Lactones (2): Additive 

Amounts of γ-Lactones] 

2-1. Evaluation of Lower Limit 

 To the commercial unheated soy sauce, γ-lactones selected from γ-heptalactone 10 

(C7), γ-octalactone (C8), γ-nonalactone (C9), γ-decanolactone (C10) and γ-undecanolactone 

(C11) were respectively added at final concentrations of 10 ppb, 25 ppb, 50 ppb, 100 ppb and 

250 ppb, and thus liquid seasonings 2-1-1 to 2-1-22 were prepared. 

[0133] 

 In the sensory evaluation, six panelists capable of distinguishing aromas took the 15 

liquid seasonings at normal temperature with a spoon and evaluated the presence or the 

absence of a sweet fruity aroma on a two-point scale by the following criteria from the aroma 

felt with the nose only without eating using the commercial unheated soy sauce as an 

indicator. The percentages (%) of the panelists who gave "A" were also calculated. The results 

are shown in Table 2A. 20 

 B: There was no change in the aroma. 

 A: A sweet fruity aroma was added. 

[0134] 
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[Table 2A] 

Liquid Seasoning No. 
Added 

γLactone 

Added Concentration (ppb) 

10 25 50 100 250 

Liquid Seasonings 2-1-1 to 2-1-4 C7 0% 17% 67% 100% - 

Liquid Seasonings 2-1-5 to 2-1-8 C8 0% 0% 50% 100% - 

Liquid Seasonings 2-1-9 to 2-1-12 C9 0% 17% 83% 100% - 

Liquid Seasonings 2-1-13 to 2-1-17 C10 0% 17% 50% 67% 100% 

Liquid Seasonings 2-1-18 to 2-1-22 C11 0% 33% 50% 83% 100% 

 

[0135] 

 As shown in Table 2A, 50% or more of the panelists (three or more out of six) 

evaluated that the sweet fruity aroma was added to the liquid seasonings in which the 5 

concentrations of the γ-lactones added were 50 ppb or more. Moreover, all the panelists 

evaluated that a sweet fruity aroma was added to the liquid seasonings in which the 

concentration of the γ-lactones C7 to C9 added was 100 ppb and the liquid seasonings in 

which the concentration of the γ-lactones C10 and C11 added was 250 ppb. 

[0136] 10 

2-2. Evaluation of Upper Limit 

 To the commercial unheated soy sauce, γ-lactones selected from γ-heptalactone 

(C7), γ-octalactone (C8), γ-nonalactone (C9), γ-decanolactone (C10) and γ-undecanolactone 

(C11) were respectively added at final concentrations of 10,000 ppb, 25,000 ppb, 50,000 ppb 

and 100,000 ppb, and thus liquid seasonings 2-2-1 to 2-2-20 were prepared. 15 

[0137] 

 Moreover, as seasoning indicators for the sensory evaluation, γ-lactones selected 

from γ-heptalactone (C7), γ-octalactone (C8), γ-nonalactone (C9), γ-decanolactone (C10) and 

γ-undecanolactone (C11) each are added thereto at a final concentration of 1 ppm (= 1,000 

ppb), and thus liquid seasonings 2-2-21 to 2-2-25 were prepared. 20 

[0138] 

 In the sensory evaluation, six panelists capable of distinguishing aromas took the 

liquid seasonings at normal temperature with a spoon and evaluated the "degree of preferable 

fruity aroma" on a five-point scale by the following criteria from the aroma felt with the nose 

only without eating, where the score of the commercial unheated soy sauce was regarded as 3, 25 

and the scores of the seasoning indicators to which the same γ-lactones were added (liquid 
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seasonings 2-2-21 to 2-2-25) were regarded as 5. The averages and the standard errors thereof 

were calculated. 

 1: An unpleasant smell was added, the aroma extremely unpreferable. 

 2: An unpleasant smell was slightly added, the aroma unpreferable. 

 3: The aroma was comparable to that of the commercial unheated soy sauce, and 5 

there was no change in the aroma. 

 4: A light fruity aroma was added, the degree of preferable aroma improved. 

 5: A fruity aroma was added to an extent comparable to that of the liquid seasoning 

containing 1,000 ppb of the γ-lactone (liquid seasonings 2-2-21 to 2-2-25), the degree of 

preferable aroma improved remarkably. 10 

[0139] 

 The results of the sensory evaluation of the liquid seasonings 2-2-1 to 2-2-20 are 

shown in Table 3A. Here,"**" and "*" in Table 3A show that there are significant differences 

with significance levels of 1% compared to the commercial unheated soy sauce and 5% 

compared to the commercial unheated soy sauce, respectively, and that the averages are 15 

higher than that of the commercial unheated soy sauce. Moreover, "++" and "+" in Table 3A 

show that there are significant differences with significance levels of 1% compared to the 

commercial unheated soy sauce and 5% compared to the product without the addition, 

respectively, and that the averages are lower than that of the product without the addition. 

[0140] 20 

[Table 3A] 

Liquid Seasoning No. 
Added 

γLactone 

Added Concentration (ppb) 

10,000 25,000 50,000 100,000 

Liquid Seasonings 2-2-1 to 2-2-4 C7 4.3±0.3** 4.3±0.4* 3.6±0.5 2.3±0.2++ 

Liquid Seasonings 2-2-5 to 2-2-8 C8 4.3±0.3** 4.4±0.4* 3.3±0.4 2.0±0.3++ 

Liquid Seasonings 2-2-9 to 2-2-12 C9 4.7±0.2** 4.2±0.3** 3.8±0.3* 2.8±0.4 

Liquid Seasonings 2-2-13 to 2-2-16 C10 4.5±0.3** 3.2±0.6 2.3±0.4+ 1.8±0.2++ 

Liquid Seasonings 2-2-17 to 2-2-20 C11 4.5±0.3** 3.0±0.3 2.1±0.4+ 2.0±0.3++ 

 

[0141] 

 As shown in Table 3A, the liquid seasonings in which the concentration of the γ-

lactones C7 and C8 added was 25,000 ppb, the liquid seasoning in which the concentration of 25 

the γ-lactone C9 was 50,000 ppb, and the liquid seasonings in which the concentration of the 
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γ-lactones C10 and C11 added was 10,000 ppb were found to be liquid seasonings having a 

preferable fruity aroma with a statistic significance. 

[0142] 

 Moreover, the liquid seasonings in which the concentration of the γ-lactone C7 

added was 25,000 ppb, the concentration of the γ-lactone C8 added was 25,000 ppb, the 5 

concentration of the γ-lactone C9 was 50,000 ppb, the concentration of the γ-lactone C10 

added was 10,000 ppb, and the concentration of the γ-lactone C11 added was 10,000 ppb were 

liquid seasonings which did not have any unpleasant smell or the like and which had a 

preferable fruity aroma. 

[0143] 10 

[3. Production Method of γ-Lactone-Containing Liquid Fermented Seasonings and Evaluation 

of Aroma-Improving Effects Thereof] 

Measurement Method of γ-Nonalactone 

 The contents of γ-nonalactone and 2-octanone used as the internal standard material 

in the liquid seasonings were measured by GC-MS using liquid extracts obtained by 15 

subjecting to the following extraction treatment using ethyl acetate. 

[0144] 

<Extraction Treatment Using Ethyl Acetate> 

 To 5.0 g of a test liquid fermented seasoning to which 2.0 g of sodium chloride and 

100 μL of a 2-octanone solution (20 ppm) were added, 1.0 mL of ethyl acetate was added, and 20 

after vigorously stirring for five minutes, the organic solvent layer was extracted. This 

operation was repeated three times, and the obtained organic solvent layer was dehydrated 

with anhydrous sodium sulfate and then concentrated to 500 μL. Thus, a measurement sample 

was obtained. The obtained measurement sample was analyzed by GC-MS under the 

following conditions. 25 

[0145] 

<GC-MS Conditions> 

 Measurement Device: 7890B-5977 MSD (manufactured by AgilentTechnologies) 

 Measurement Mode: SCAN 

 Column: DB-WAX (length of 60 m, inter diameter of 0.25 mm, film thickness of 30 

0.25 μm) (manufactured by AgilentTechnologies) 

 Inlet Temperature: 250°C 

 Temperature Conditions: programing from 40°C (3 min hold time) to 250°C at a 
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rate of 6°C/min and keeping 250°C for 15 min. 

 Carrier: high-purity helium, constant pressure mode 229 kPa 

 Scan Mass Range: 30.0 to 250.0 m/z 

 Ionization Mode: EI 

[0146] 5 

 As described above, the peak areas of γ-nonalactone in the liquid fermented 

seasonings and the peak areas of the internal standard material were measured by GC-MS. 

The peak areas were determined for γ-nonalactone and 2-octanone as the internal standard 

material using the m/z below. 

 γ-Nonalactone: 85 m/z 10 

 2-Octanone: 58 m/z 

[0147] 

3-1. Preparation of Liquid Fermented Seasoning (Open/Stirring System; n=2) 

 A seed starter of Aspergillus sojae was inoculated into a mixture of steamed 

soybeans and crushed roasted wheat mixed at a ratio of 6:4, and by koji-producing at 15°C to 15 

25°C for 43 hours by an ordinary method, a soy sauce koji was obtained. 

[0148] 

 Hundred parts by mass of the obtained soy sauce koji was put into 94 parts by mass 

of a saline solution (sodium chloride concentration of 24% (w/v)), and further, a soy sauce 

lactic acid bacterium (Tetragenococcus halophilus) was added thereto. Lactic acid 20 

fermentation of the resultant was conducted at 15°C to 25°C for 20 days according to an 

ordinary method while appropriately stirring. The soy sauce moromi after the completion of 

the lactic acid fermentation was pressed and subjected to a filtration treatment using a 

diatomaceous earth filter, and the filtrate was treated with a UF membrane. Thus, a permeate 

solution (a lactic acid fermentation soup) was obtained. 25 

[0149] 

 In a 1-L DURAN screw-top bottle, 106 CFU/mL of a salt-tolerant yeast 

(Zygosaccharomyces rouxii) was added to 1,000 mL of the obtained lactic acid fermentation 

soup, and yeast fermentation was conducted at 25°C for 28 days with stirring (100 rpm) 

without stoppering the bottle. The carbon dioxide volume in the yeast fermented product 30 

obtained after the yeast fermentation was 0.88 GV. Here, the carbon dioxide volume was 

measured as follows. 

 The yeast fermented product was cooled in the fermentation container to 4°C or 
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lower and gently moved to a container for which a piercing pressure gauge could be used. The 

container in the cooled state was tightly sealed and attached to a piercing pressure gauge 

"piercing device 6001 with a thermometer" manufactured by Roots Machinery Laboratories, 

Inc., and the needle was pierced into the container. After shaking well, the pressure and the 

temperature in the container were measured. Using the Table of Carbon Dioxide Absorption 5 

Coefficients (National Tax Agency JAPAN, supplement "Analysis Method Specified by 

National Tax Agency", Item "8 Beer", Third Table; See Figs 1A and B), the carbon dioxide 

volume (Gas Volume; GV) was calculated from the obtained pressure and temperature in the 

container. 

[0150] 10 

 The obtained yeast fermented product was centrifuged at 3,000 rpm for 15 minutes, 

and thus a liquid fermented seasoning 3-1 was collected as a supernatant. 

[0151] 

3-2. Preparation of Liquid Fermented Seasoning (Open/Non-Stirring System; n=2) 

 A liquid fermented seasoning 3-2 was obtained in the same manner as in 3-1 above, 15 

except that the stirring was not conducted in the yeast fermentation. Here, the carbon dioxide 

volume in the yeast fermented product obtained after the yeast fermentation was 3.54 GV. 

[0152] 

3-3. Preparation of Liquid Fermented Seasoning (Sealed/Stirring System; n=1) 

 A liquid fermented seasoning 3-3 was obtained in the same manner as in 3-1 above, 20 

except that the bottle was stoppered in the yeast fermentation. Here, the carbon dioxide 

volume in the yeast fermented product obtained after the yeast fermentation was 3.00 GV. 

[0153] 

3-4. Preparation of Liquid Fermented Seasoning (Sealed/Non-Stirring System; n=2) 

 A liquid fermented seasoning 3-4 was obtained in the same manner as in 3-1 above, 25 

except that the bottle was stoppered and that the stirring was not conducted in the yeast 

fermentation. Here, the carbon dioxide volume in the yeast fermented product obtained after 

the yeast fermentation was 4.73 GV. 

[0154] 

3-5. Results of Evaluation of γ-Nonalactone 30 

 Regarding the liquid fermented seasonings 3-1 to 3-4, a commercial unheated soy 

sauce, "Shiboritate Nama Soy Sauce", and a commercial koikuchi (dark-colored) soy sauce, 

"Kikkoman Tokusen Marudaizu Soy Sauce" (both manufactured by Kikkoman Food Products 
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Company), the γ-nonalactone contents were measured. The measurement results are shown in 

Table 4A. 

[0155] 

[Table 4A] 

Sample Name 

Yeast Fermentation Conditions 
CO2 

Concentration 

γ-Nonalactone 

Concentration (ppb) 

HEMF 

Concentration  

Open/Sealed 
With or Without 

Stirring 
(GV) First Second Ave. (ppm) 

Liquid Fermented 

Seasoning 3-1 
Open With Stirring 0.88 50.0 54.2 52.1 74.5 

Liquid Fermented 

Seasoning 3-2 
Open Without Stirring 3.54 400 480 440 94.4 

Liquid Fermented 

Seasoning 3-3 
Sealed With Stirring 3.00 580  580 174.2 

Liquid Fermented 

Seasoning 3-4 
Sealed Without Stirring 4.73 1,410 1,662 1,536 134.9 

Commercial Unheated 

Soy Sauce 
(Open) (With Stirring)  15.6  15.6 72.0 

Commercial Koikuchi 
Soy Sauce 

(Open) (With Stirring)  8.1  8.1 50.5 

 5 

[0156] 

 In general, in the production of a soy sauce by a brewing process, the processes 

from koji-producing to lactic acid fermentation and yeast fermentation are conducted 

continuously. Moreover, the yeast fermentation is conducted in an open system, and 

convection is caused due to generation of gas during the fermentation. As a result, the 10 

fermented solution is stirred. In addition, in the regular production of the soy sauce, a pressed 

liquid obtained by pressing after the yeast fermentation is used as an unheated soy sauce, and 

a pasteurized pressed liquid obtained by pressing after the yeast fermentation is used as a 

koikuchi (dark-colored) soy sauce. 

[0157] 15 

 As Table 4A shows, in the production of soy sauces by the general brewing process, 

the γ-nonalactone contents of the soy sauces were about 15 ppb or less at any of them 

although the contents were slightly higher or lower due to the presence of absence of 

pasteurization. 

[0158] 20 

 On the other hand, soy sauces containing a high amount of γ-nonalactone could be 

obtained by subjecting the lactic acid fermentation soup obtained by removing the soy sauce 

moromi after the completion of the acid fermentation to yeast fermentation. Moreover, from 

the comparison between the liquid fermented seasoning 3-1 and the liquid fermented 
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seasoning 3-2 or 3-3, it was found that whether the system is under an open environment or 

under a sealed environment, rather than presence or absence of stirring, largely changes the 

amount of γ-nonalactone. Furthermore, from the results of the liquid fermented seasoning 3-4, 

it was found that the γ-nonalactone content becomes a remarkable amount in a sealed non-

stirring system. 5 

[0159] 

 With respect to the liquid fermented seasonings 3-1 to 3-4, six panelists capable of 

distinguishing aromas took the liquid fermented seasonings at normal temperature with a 

spoon and ranked the degrees of preferable fruity aroma among the liquid fermented 

seasonings on a four-point scale from the aromas felt with the nose only without eating. 10 

Similarly, the panelists were asked to take and eat the liquid fermented seasonings at normal 

temperature with a spoon, and the soy sauce-like tastes (flavor inherent in the soy sauce) and 

the richness (koku attribute, body) which came up from the inside of the oral cavity to the 

nose upon eating were ranked among the liquid fermented seasonings on a four-point scale. 

The results are shown in Tables 5A to 5C. 15 

[0160] 

[Table 5A] 

Sample Name 
Yeast Fermentation 

Conditions 

γ-Nonalactone 

(ppb) 

Fruity Aroma 

(1) (2) (3) (4) (5) (6) Ave. SD 

Liquid Fermented 

Seasoning 3-1 
Open/Stirring 52.1 4 4 4 4 4 4 4.0 0.0 

Liquid Fermented 

Seasoning 3-2 
Open/Non-Stirring 440 3 2 3 3 2 3 2.7 0.5 

Liquid Fermented 

Seasoning 3-3 
Sealed/Stirring 580 2 3 2 2 3 2 2.3 0.5 

Liquid Fermented 

Seasoning 3-4 
Sealed/Non-Stirring 1,536 1 1 1 1 1 1 1.0 0.0 

 

[0161] 
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[Table 5B] 

Sample Name 
Yeast Fermentation 

Conditions 

γ-Nonalactone 

(ppb) 

Soy Sauce-Like Taste 

(1) (2) (3) (4) (5) (6) Ave. SD 

Liquid Fermented 

Seasoning 3-1 
Open/Stirring 52.1 4 4 4 3 4 3 3.7 0.5 

Liquid Fermented 

Seasoning 3-2 
Open/Non-Stirring 440 3 2 3 4 2 4 3.0 0.8 

Liquid Fermented 

Seasoning 3-3 
Sealed/Stirring 580 1 1 2 2 1 2 1.5 0.5 

Liquid Fermented 

Seasoning 3-4 
Sealed/Non-Stirring 1,536 2 3 1 1 3 1 1.8 0.9 

 

[0162] 

[Table 5C] 

Sample Name 
Yeast Fermentation 

Conditions 

γ-Nonalactone 

(ppb) 

Richness 

(1) (2) (3) (4) (5) (6) Ave. SD 

Liquid Fermented 

Seasoning 3-1 
Open/Stirring 52.1 4 4 2 3 4 2 3.2 0.9 

Liquid Fermented 

Seasoning 3-2 
Open/Non-Stirring 440 3 3 1 4 3 4 3.0 1.0 

Liquid Fermented 

Seasoning 3-3 
Sealed/Stirring 580 2 2 4 2 2 1 2.2 0.9 

Liquid Fermented 

Seasoning 3-4 
Sealed/Non-Stirring 1,536 1 1 3 1 1 2 1.5 0.8 

 5 

[0163] 

 As Table 5A shows, the liquid fermented seasonings 3-2 to 3-4 had a fruity aroma to 

be felt because the γ-nonalactone contents were more than 52.1 ppb. Moreover, as Table 5B 

and Table 5C show, it was found that the soy sauce-like taste and the richness of the liquid 

fermented seasoning become preferable in a case where the yeast fermentation is conducted in 10 

a sealed system, in addition to the γ-nonalactone content. 

[0164] 

 The liquid fermented seasonings 3-2 to 3-4 had a sweet fruity aroma to be felt 

which could not be felt with the commercial unheated soy sauce and koikuchi (dark-colored) 

soy sauce. Moreover, the sweet fruity aroma could be felt even after the liquid fermented 15 

seasonings 3-2 to 3-4 were subjected to pasteurization under the conditions at 50°C for 72 

hours. 

[0165] 

 As described above, soy sauces having a sweet fruity aroma due to the contained γ-

nonalactone could be obtained by subjecting the lactic acid fermentation soup obtained by 20 
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removing the solid content from the soy sauce moromi to yeast fermentation in the sealed 

system or in a sealed non-stirring system. 

 

EXAMPLE 2 

[0166] 5 

[1. Measurement of γ-Nonalactone Contents of Commercial Soy Sauces] 

1-1. Measurement Method of γ-Nonalactone 

 The γ-nonalactone contents of commercial soy sauces were measured by GC-MS as 

follows. As the commercial soy sauces, "Kikkoman Tokusen Marudaizu Soy Sauce" 

(manufactured by Kikkoman Food Products Company) and "Yuki Marudaizu no Ginnsenn 10 

Soy Sauce" (manufactured by Yamasa Corporation) were used. 

[0167] 

<Extraction Treatment of γ-Nonalactone> 

 Each of the commercial soy sauces in an amount of 2.0 g was weighed in 20-mL 

headspace vials to which 1.0 g of sodium chloride (NaCl) was added. Subsequently, by a 15 

headspace-solid phase microextraction (HS-SPME) method, the aroma components in the gas 

phase were adsorbed to the fibers. As the SPME fibers, 

Divinylbenzen/Carboxen/Polydimethylsiloxane (DVB/CAR/PDMS) fibers (75 mm, 

DVB/CAR/PDMS, fused silica, 24 Ga; manufactured by Merck) were used. The equilibrium 

conditions were the conditions at 40°C for five minutes, and the adsorption conditions were 20 

the conditions at 40°C for 20 minutes. 

[0168] 

 The captured aroma components were introduced into GC-MS "GCMS QP-2010 

Ultra" (manufactured by Shimadzu Corporation) using an autosampler "AOC5000" 

(manufactured by Shimadzu Corporation) and analyzed. The analysis was conducted with 25 

n=4. The conditions for GC-MS were as follows. 

[0169] 

<Measurement of γ-Nonalactone: GC-MS Conditions> 

 Measurement Mode: Scan 

 Column: DB-WAX (length of 60 m, inter diameter of 0.25 mm, film thickness of 30 

0.25 μm) (manufactured by Agilent Technologies) 

 Inlet Temperature: 240°C 

 Temperature Conditions: programing from 40°C (3 min hold time) to 110°C at a 
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rate of 5°C/min and to 250°C at a rate of 10 °C/min and keeping 250°C for 5 min.  

 Carrier: high-purity helium 

 Control Mode: linear velocity 40 cm/min 

 Pressure: 233.3 kpa 

 Scan Mass Range: 40.0 to 250.0 m/z 5 

 Ionization Mode: EI 

[0170] 

 As described above, the peaks of γ-nonalactone in the soy sauces were measured by 

GC-MS. The peak areas were determined using the m/z below. The γ-nonalactone contents 

(concentrations) of the soy sauces were calculated from the obtained peak areas by the 10 

standard addition method using a standard material  (γ-nonalactone with 98% purity 

(manufactured by Tokyo Chemical Industry Co., Ltd.)). 

 γ-Nonalactone: 85 m/z 

[0171] 

1-2. Measurement Results 15 

 The measurement results of the γ-nonalactone contents of the commercial soy 

sauces are shown in Table 1D. As shown in Table 1D, the γ-nonalactone content of 

commercial Tokusen Marudaizu Soy Sauce (manufactured by Kikkoman Food Products 

Company) was 8.1 ppb. The γ-nonalactone content of commercial Yuki Marudaizu no 

Ginnsenn Soy Sauce (manufactured by Yamasa Corporation) was 3.4 ppb. From the results, it 20 

was found that, although a tiny amount of γ-nonalactone is contained in commercial soy 

sauces, the amount thereof is less than 10 ppb. Moreover, the commercial soy sauces are 

pasteurized soy sauces, and considering that at most half the amount of γ-nonalactone is 

hydrolyzed through pasteurization from the results of example 12 below, the amounts of γ-

nonalactone in unpasteurized soy sauces are speculated to be less than 20 ppb. 25 

[0172] 

[Table 1D] 

 γNonalactone Concentration (ppb) 

Tokusen Marudaizu Soy Sauce (manufactured by 

Kikkoman Food Products Company) 
8.1 

Yuki Marudaizu no Ginnsenn Soy Sauce 

(manufactured by Yamasa Corporation) 
3.4 
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[0173] 

[2. Evaluation of Heat-Deteriorated Smell-Suppressing Effect and Flavor-Improving Effect of 

γ-Nonalactone on Soy Sauce] 

2-1. Preparation of Test Seasoning Solutions 

 To a 100-ml volumetric flask, 1 g of γ-nonalactone having a purity of 98% 5 

(manufactured by Tokyo Chemical Industry Co., Ltd.) was added, and 95% ethanol was added 

to the gauge line to prepare an undiluted γ-nonalactone solution (1 g/100 ml). Subsequently, 

the undiluted γ-nonalactone solution was diluted with water in such a manner that the 

volumes to be added to the test seasoning solutions would all become 100 μl and that the γ-

nonalactone contents of the test seasoning solutions would become the predetermined 10 

amounts, and thus γ-nonalactone solutions were prepared in such a manner that the test 

seasoning solutions would have the predetermined concentrations. 

[0174] 

 As shown in Table 2D below, the γ-nonalactone solutions were mixed in a 

commercial soy sauce, "Kikkoman Tokusen Marudaizu Soy Sauce", (γ-nonalactone 8.1 ppb; 15 

HEMF 30 ppm or more; manufactured by Kikkoman Food Products Company), and the total 

amount was adjusted to 100 g with water. Thus, test seasoning solutions 2-1 to 2-4 were 

prepared. 

[0175] 

 Control test seasoning solutions 2-1 and 2-2 were prepared using 100 μl of water 20 

instead of the γ-nonalactone solutions. 

[0176] 

 The prepared test seasoning solutions in an amount of 100 g were packed and sealed 

in aluminum pouches. The solutions were subjected to heat pasteurization (120°C, 10 

minutes) using a retort pasteurizer "hot water spray-type ROS-60SPXG" (manufactured by 25 

Hisaka Works, Ltd.). In this regard, however, the conditions of the heat pasteurization in the 

control test seasoning solution 2-1 were set at 85°C for five minutes. 

[0177] 

2-2. Sensory Evaluation Method 

 With respect to the test seasoning solutions subjected to the heat pasteurization, 30 

panelists (three panelists of A to C) who were excellent in evaluating the flavors and the 

aromas of soy sauces such as a heat-deteriorated smell, a soy sauce aroma and a harsh taste 

were asked to take and eat the test seasoning solutions at normal temperature with a spoon, 
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and the intensities of the heat-deteriorated smell, the soy sauce aroma and the harsh taste 

which came up from the inside of the oral cavity to the nose upon eating were ranked among 

the test seasoning solutions on a 6-point scale as follows. On this occasion, for each item, the 

control test seasoning solution 2-1 was ranked first, and the control test seasoning solution 2-2 

was ranked sixth. Before conducting the sensory test, the panelists (training period: 10 to 20 5 

years) participated in a discussion on each evaluation item and an evaluation training. 

Specifically, the panelists discussed each evaluation item to agree about the evaluation so that 

the panelists had common recognitions. Moreover, to secure the validity of the sensory test, 

the panelists participated in an evaluation training using some test seasoning solutions, and 

the reproducibility of evaluation of each panelist was checked. After conducting these 10 

procedures, the sensory evaluation of the test seasoning solutions was conducted using the 

panelists. 

[0178] 

 The heat-deteriorated smell was defined as an unpleasant smell and a steamed smell 

(a smell with a damp feeling in the nose) which are peculiar to a seasoning solution heat-15 

pasteurized at a high temperature and which are felt when taken into the mouth. The test 

seasoning solutions were ranked in the order from one with the weakest heat-deteriorated 

smell, where the control test seasoning solution 2-1 having no heat-deteriorated smell to be 

felt was ranked first. 

[0179] 20 

 The soy sauce aroma was defined as a fresh fruity aroma which is felt with a 

pasteurized soy sauce that has not been subjected to heat pasteurization (namely, the 

commercial soy sauce) when taken into the mouth. The test seasoning solutions were ranked 

in the order from the one with the strongest soy sauce aroma, where the control test seasoning 

solution 2-1 having the soy sauce aroma to be felt was ranked first. 25 

[0180] 

 The harsh taste was defined as an astringent taste-like flavor which remains in the 

mouth after eating. The test seasoning solutions were ranked in the order from one with the 

weakest harsh taste, where the control test seasoning solution 2-1 having no harsh taste to be 

felt was ranked first. 30 

[0181] 

2-3. Results of Sensory Evaluation 

 The results of the sensory evaluation of the test seasoning solutions are shown in 
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Table 2D. As shown in Table 2D, from the control test seasoning solution 2-2 without the 

addition of the γ-nonalactone solutions, extremely strong heat-deteriorated smell and harsh 

taste due to the heat pasteurization were felt, and the soy sauce aroma was weakened. It was 

found, however, that the sensory evaluation items can be improved in a concentration 

dependent manner by adding the γ-nonalactone solutions thereto. In particular, from the test 5 

seasoning solution 2-3 having a γ-nonalactone content of 100 ppb or more, the heat-

deteriorated smell and the harsh taste were hardly felt, and a fresh fruity soy sauce-like aroma 

which was felt with the commercial pasteurized soy sauce was felt sufficiently. 

[0182] 

 On the other hand, an improvement effect was observed in the test seasoning 10 

solution 2-2 in all the evaluation items compared to the control test seasoning solution 2-2, 

but the improvement effect was considerably weak compared to the test seasoning solution 2-

3. 

[0183] 

 Thus, it was found that the heat-deteriorated smell and the harsh taste generated by 15 

heat pasteurization and the soy sauce aroma weakened by heat pasteurization are improved by 

containing more than 28.1 ppb of γ-nonalactone and can be improved further by containing 

100 ppb or more thereof. 

[0184] 

 In this regard, however, γ-nonalactone itself has a sweet fruity aroma like a tropical 20 

fruit such as peach. Although the test seasoning solution 2-4 having a γ-nonalactone content 

of more than 3,000 ppb suppressed the heat-deteriorated smell and the harsh taste and had a 

fresh fruity soy sauce-like aroma which was felt with the commercial pasteurized soy sauce, a 

peach-like aroma was slightly felt, and the aroma was felt as a somewhat foreign one. It was 

thus found that the γ-nonalactone content is preferably 3,000 ppb or less. 25 

[0185] 

 From the above results, it was found that, to make excellent the heat-deteriorated 

smell, the harsh taste and the soy sauce aroma and to avoid addition of a foreign flavor 

derived from the aroma of γ-nonalactone through heat pasteurization, the concentration of γ-

nonalactone in a seasoning solution containing a soy sauce is preferably in the range of 30 30 

ppb to 3,000 ppb. 

[0186] 
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[Table 2D] 

 Control Control     

Test 

Seasoning 

Solution 2-1 

Test 

Seasoning 

Solution 2-2 

Test 

Seasoning 

Solution 2-1 

Test 

Seasoning 

Solution 2-2 

Test 

Seasoning 

Solution 2-3 

Test 

Seasoning 

Solution 2-4 

Component 

Soy Sauce 100 g 100 g 100 g 100 g 100 g 100 g 

γ-Nonalactone Solution 0 μl 0 μl 100 μl 100 μl 100 μl 100 μl 

Water 100 μl 100 μl 0 μl 0 μl 0 μl 0 μl 

  Total 100 g 100 g 100 g 100 g 100 g 100 g 

  

γ-Nonalactone 

Concentration (based on 

soy sauce) 

0 ppb 0 ppb 10 ppb 20 ppb 100 ppb 3000 ppb 

 
γ-Nonalactone Concentration 

Contained in Soy Sauce 
8.1 ppb 8.1 ppb 8.1 ppb 8.1 ppb 8.1 ppb 8.1 ppb 

 
Total γ-Nonalactone Concentration 

in Test Seasoning Solution 
8.1 ppb 8.1 ppb 18.1 ppb 28.1 ppb 108.1 ppb 3008.1 ppb 

Heat 

Treatment 

Conditions 

120°C, 10 minutes - + + + + + 

85°C, 5 minutes + - - - - - 

R
es

u
lt

s 
o

f 
S

en
so

ry
 E

v
al

u
at

io
n

 

H
ea

t-

D
et

er
io

ra
te

d
 

S
m

el
l 

Panelist A 1 6 5 4 3 2 

Panelist B 1 6 4 5 2 3 

Panelist C 1 6 5 4 3 2 

Average 1.0 6.0 4.7 4.3 2.7 2.3 

S
o

y
 S

au
ce

 

A
ro

m
a 

Panelist A 1 6 5 4 3 2 

Panelist B 1 6 5 4 2 3 

Panelist C 1 6 5 4 3 2 

Average 1.0 6.0 5.0 4.0 2.7 2.3 

H
ar

sh
 T

as
te

 

Panelist A 1 6 5 4 3 2 

Panelist B 1 6 4 5 2 3 

Panelist C 1 6 4 5 2 3 

Average 1.0 6.0 4.3 4.7 2.3 2.7 

 

[0187] 

[3. Evaluation of Heat-Deteriorated Smell-Suppressing Effect and Flavor-Improving Effect of 

γ-Nonalactone on Seasoning Solutions Containing Beef and Soy Sauce] 5 

3-1. Preparation of Test Seasoning Solutions 

 In the same manner as in 2-1 above, an undiluted γ-nonalactone solution and a γ-

nonalactone solution were prepared. 

[0188] 

 In the same manner as in 2-1 above, as shown in Table 3D below, ground beef, a 10 

soy sauce, table sugar, a kombu extract and the γ-nonalactone solution were mixed, and the 

total amount was adjusted to 100 g with water. Test seasoning solutions were thus prepared, 

packed and sealed in aluminum pouches and then subjected to heat pasteurization. As the 

kombu extract, "Kobukonn Hidaka P" (manufactured by Kikkoman Food Products Company) 

was used. As the ground beef, ground meat of grass-fed beef produced in Australia (long 15 
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diameter: about 5 mm) was used. 

[0189] 

3-2. Sensory Evaluation Method 

 In the same manner as in 2-2 above, sensory evaluation of the test seasoning 

solutions subjected to the heat pasteurization was conducted by panelists (three panelists of A 5 

to C) who were excellent in evaluating the flavors and the aromas of soy sauces and meat 

dishes such as a heat-deteriorated smell, astringency, a soy sauce aroma and a meat smell. 

[0190] 

 The astringency was defined as an unpleasant taste like the scum of meat which 

remains after eating. The test seasoning solutions were ranked in the order from the one with 10 

the weakest astringency, where the control test seasoning solution 3-1 having no astringency 

to be felt was ranked first. 

[0191] 

 The meat smell was defined as an unpleasant smell combining the animal smell of 

the meat generated by heating, the oxidized smell of lipids and the like and the raw meat 15 

smell which are felt when taken into the mouth. The test seasoning solutions were ranked in 

the order from the one with the weakest meat smell, where the control test seasoning solution 

3-1 having no meat smell to be felt was ranked first. 

[0192] 

3-3. Results of Sensory Evaluation 20 

 The results of the sensory evaluation of the test seasoning solutions are shown in 

Table 3D. As shown in Table 3D, from the control test seasoning solution 3-2 without the 

addition of the γ-nonalactone solutions, extremely strong heat-deteriorated smell, astringency 

and meat smell due to the heat pasteurization were felt, and the soy sauce aroma was 

weakened. It was found, however, that the sensory evaluation items can be improved in a 25 

concentration dependent manner by adding the γ-nonalactone solutions thereto. In particular, 

from the test seasoning solution 3-3 having a γ-nonalactone content of 100 ppb or more, the 

heat-deteriorated smell, the astringency and the meat smell were hardly felt, and a fresh fruity 

soy sauce-like aroma which was felt with the commercial pasteurized soy sauce was felt 

sufficiently. 30 

[0193] 

 In contrast, an improvement effect was observed in the test seasoning solution 3-1 

in all the evaluation items compared to the control test seasoning solution 3-2, but the 



56 

 

improvement effect was considerably weak compared to the test seasoning solution 3-3. 

[0194] 

 Thus, it was found that the heat-deteriorated smell, the astringency and the meat 

smell generated by heat pasteurization as well as the soy sauce aroma weakened by heat 

pasteurization are improved by containing 20.81 ppb or more of γ-nonalactone and can be 5 

improved further by containing 100 ppb or more. 

[0195] 

 On the other hand, in the same manner as in 2-3 above, although the test seasoning 

solution 3-4 having a γ-nonalactone content of more than 3,000 ppb suppressed the heat-

deteriorated smell, the astringency and the meat smell, and had a fresh fruity soy sauce-like 10 

aroma which was felt with the commercial pasteurized soy sauce, a peach-like aroma was 

slightly felt, and the aroma was felt somewhat different. It was thus found that the γ-

nonalactone content is preferably 3,000 ppb or less based on the seasoning solution. 

[0196] 

 From the above results, it was found that, to make the heat-deteriorated smell, the 15 

astringency, the soy sauce aroma and the meat smell excellent and to avoid addition of a 

different flavor derived from the aroma of γ-nonalactone through heat pasteurization, the 

concentration of γ-nonalactone in a seasoning solution containing beef and a soy sauce is 

preferably in the range of 30 ppb to 3,000 ppb. 

[0197] 20 
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[Table 3D] 

 

Control Control     

Test 

Seasoning 

Solution 3-1 

Test 

Seasoning 

Solution 3-2 

Test 

Seasoning 

Solution 3-1 

Test 

Seasoning 

Solution 3-2 

Test 

Seasoning 

Solution 3-3 

Test 

Seasoning 

Solution 3-4 

Component 

Ground Beef 20 g 20 g 20 g 20 g 20 g 20 g 

Soy Sauce 10 g 10 g 10 g 10 g 10 g 10 g 

Table Sugar 5 g 5 g 5 g 5 g 5 g 5 g 

Kombu Extract 0.1 g 0.1 g 0.1 g 0.1 g 0.1 g 0.1 g 

γ-Nonalactone Solution 0 μl 0 μl 100 μl 100 μl 100 μl 100 μl 

Water Balance Balance Balance Balance Balance Balance 

  Total 100 g 100 g 100 g 100 g 100 g 100 g 

  

γ-Nonalactone 

Concentration (based on 

seasoning solution) 

0 ppb 0 ppb 5 ppb 20 ppb 100 ppb 3000 ppb 

 
γ-Nonalactone Concentration 

Contained in Soy Sauce 
0.81 ppb 0.81 ppb 0.81 ppb 0.81 ppb 0.81 ppb 0.81 ppb 

 
Total γ-Nonalactone Concentration in 

Test Seasoning Solution 
0.81 ppb 0.81 ppb 5.81 ppb 20.81 ppb 100.81 ppb 3000.81 ppb 

Heat Treatment 

Conditions 

120°C, 10 minutes - + + + + + 

85°C, 5 minutes + - - - - - 

R
es

u
lt

s 
o

f 
S

en
so

ry
 E

v
al

u
at

io
n

 

H
ea

t-

D
et

er
io

ra
te

d
 

S
m

el
l 

Panelist A 1 6 5 4 2 3 

Panelist B 1 6 5 4 3 2 

Panelist C 1 6 4 5 2 3 

Average 1.0 6.0 4.7 4.3 2.3 2.7 

S
o

y
 S

au
ce

 

A
ro

m
a 

Panelist A 1 6 5 4 3 2 

Panelist B 1 6 5 4 3 2 

Panelist C 1 6 5 4 2 3 

Average 1.0 6.0 5.0 4.0 2.7 2.3 

A
st

ri
n

g
en

cy
 

Panelist A 1 6 5 4 3 2 

Panelist B 1 6 4 5 2 3 

Panelist C 1 6 5 4 2 3 

Average 1.0 6.0 4.7 4.3 2.3 2.7 

M
ea

t 
S

m
el

l Panelist A 1 6 5 4 3 2 

Panelist B 1 6 4 5 2 3 

Panelist C 1 6 5 4 2 3 

Average 1.0 6.0 4.7 4.3 2.3 2.7 

 

[0198] 

[4. Evaluation of Heat-Deteriorated Smell-Suppressing Effect and Flavor-Improving Effect of 

γ-Nonalactone on Water-Boiled Ground Beef (1)] 5 

4-1. Preparation of Test Foods 

 In the same manner as in 2-1 above and the like, an undiluted γ-nonalactone 

solution and γ-nonalactone solutions were prepared. 

[0199] 

 In the same manner as in 2-1 above and the like, as shown in Table 4D below, 10 

ground beef and the γ-nonalactone solutions were mixed, and the total amount was adjusted to 
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100 g with water. Test foods were thus prepared, packed and sealed in aluminum pouches and 

then subjected to heat pasteurization. The seasoning solutions after subjecting to the heat 

pasteurization were used as water-boiled ground beef. 

[0200] 

4-2. Sensory Evaluation Method 5 

 In the same manner as in 2-2 above and the like, sensory evaluation of the test foods 

subjected to the heat pasteurization was conducted by panelists (three panelists of A to C) who 

were excellent in evaluating the flavors and the aromas of meat dishes such as a heat-

deteriorated smell, astringency and a meat smell. 

[0201] 10 

4-3. Results of Sensory Evaluation 

 The results of the sensory evaluation of the test foods are shown in Table 4D. As 

shown in Table 4D, from the control test food 4-2 without the addition of the γ-nonalactone 

solutions, extremely strong heat-deteriorated smell, astringency and meat smell due to the 

heat pasteurization were felt. It was found, however, that the sensory evaluation items can be 15 

improved in a concentration dependent manner by adding the γ-nonalactone solutions. In 

particular, from the test food 4-3 having a γ-nonalactone content of 100 ppb or more based on 

the food, the heat-deteriorated smell, the astringency and the meat smell were hardly felt. 

[0202] 

 In contrast, an improvement effect was observed in the test food 4-1 in all the 20 

evaluation items compared to the control test food 4-2, but the improvement effect was 

considerably weak compared to the test food 4-3. 

[0203] 

 Thus, it was found that the heat-deteriorated smell, the astringency and the meat 

smell generated by heat pasteurization are improved by containing 20 ppb or more of γ-25 

nonalactone and can be improved further by containing 100 ppb or more. 

[0204] 

 From the above results, it was found that, to make the heat-deteriorated smell, the 

astringency and the meat smell excellent and to avoid addition of a different flavor derived 

from the aroma of γ-nonalactone through heat pasteurization, the concentration of γ-30 

nonalactone in a food containing beef is preferably in the range of 20 ppb to 3,000 ppb. 

[0205] 
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[Table 4D] 

 

Control Control     

Test Food 

4-1 

Test Food 

4-2 

Test Food 

4-1 

Test Food 

4-2 

Test Food 

4-3 

Test 

Food 4-4 

Component 

Ground Beef 50 g 50 g 50 g 50 g 50 g 50 g 

γ-Nonalactone Solution 0 μl 0 μl 100 μl 100 μl 100 μl 100 μl 

Water Balance Balance Balance Balance Balance Balance 

 Total 100 g 100 g 100 g 100 g 100 g 100 g 

 

γ-Nonalactone 

Concentration (based on 

food) 

0 ppb 0 ppb 5 ppb 20 ppb 100 ppb 3000 ppb 

Heat 

Treatment 

Conditions 

120°C, 10 minutes - + + + + + 

85°C, 5 minutes + - - - - - 

R
es

u
lt

s 
o
f 

S
en

so
ry

 E
v
al

u
at

io
n

 

H
ea

t-

D
et

er
io

ra
te

d
 

S
m

el
l 

Panelist A 1 6 5 4 3 2 

Panelist B 1 6 5 4 3 2 

Panelist C 1 6 4 5 2 3 

Average 1.0 6.0 4.7 4.3 2.7 2.3 

A
st

ri
n
g
en

cy
 

Panelist A 1 6 5 4 3 2 

Panelist B 1 6 5 4 2 3 

Panelist C 1 6 5 5 2 3 

Average 1.0 6.0 5.0 4.3 2.3 2.7 

M
ea

t 
S

m
el

l 

Panelist A 1 6 5 4 3 2 

Panelist B 1 6 5 4 2 3 

Panelist C 1 6 5 4 3 2 

Average 1.0 6.0 5.0 4.0 2.7 2.3 

 

[0206] 

[5. Evaluation of Heat-Deteriorated Smell-Suppressing Effects and Flavor-Improving Effects 

of γ-Nonalactone and Phenethyl Acetate on Soy Sauce] 5 

5-1. Preparation of Test Seasoning Solutions 

 In the same manner as in 2-1 above and the like, an undiluted γ-nonalactone 

solution and γ-nonalactone solutions were prepared. Moreover, using phenethyl acetate 

having a purity of 98% (manufactured by Sigma-Aldrich) instead of γ-nonalactone, an 

undiluted phenethyl acetate solution and phenethyl acetate solutions were prepared. 10 

[0207] 

 In the same manner as in 2-1 above and the like, as shown in Table 5D below, a soy 

sauce, water, the γ-nonalactone solutions and the phenethyl acetate solutions were mixed, and 

test seasoning solutions were thus prepared, packed and sealed in aluminum pouches and then 

subjected to heat pasteurization. Here, phenethyl acetate was not detected from the soy sauce 15 

used ("Kikkoman Tokusen Marudaizu Soy Sauce"). 

[0208] 
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5-2. Sensory Evaluation Method 

 With respect to the test seasoning solutions subjected to the heat pasteurization, 

panelists (three panelists of A to C) who were excellent in evaluating the flavors and the 

aromas of soy sauces such as a heat-deteriorated smell, a soy sauce aroma and a harsh taste 

were asked to take the test seasoning solutions at normal temperature with a spoon and eat, 5 

and the intensities of the heat-deteriorated smell, the soy sauce aroma and the harsh taste 

which came up from the inside of the mouth to the nose upon eating were evaluated on a 5-

point scale based on the following indicators. On this occasion, as the evaluation criteria, the 

score of the control test seasoning solution 5-1 was presented as "5", and the score of the 

control test seasoning solution 5-2 was presented as "1". The test seasoning solution 5-1 was 10 

presented as "3". Before conducting the sensory test, the panelists (training period: 10 years to 

20 years) participated in a discussion on each evaluation item and an evaluation training. 

Specifically, the panelists discussed each evaluation item to agree about the evaluation so that 

the panelists had the same understandings. Moreover, to secure the validity of the sensory test, 

the panelists participated in an evaluation training using some test seasoning solutions, and 15 

the reproducibility of evaluation of each panelist was checked. After conducting these 

procedures, the sensory evaluation of the test seasoning solutions was conducted using the 

panelists. 

[0209] 

<Heat-Deteriorated Smell> 20 

 1: Felt extremely strongly (control test seasoning solution 5-2) 

 2: Felt 

 3: Felt slightly (test seasoning solution 5-1) 

 4: Hardly felt 

 5: Not felt (control test seasoning solution 5-1) 25 

[0210] 

<Soy Sauce Aroma> 

 1: Unpreferable (control test seasoning solution 5-2) 

 2: Slightly unpreferable 

 3: Slightly preferable (test seasoning solution 5-1) 30 

 4: Preferable 

 5: Most preferable (control test seasoning solution 5-1) 

[0211] 
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<Harsh Taste> 

 1: Felt extremely strongly (control test seasoning solution 5-2) 

 2: Felt 

 3: Felt slightly (test seasoning solution 5-1) 

 4: Hardly felt 5 

 5: Not felt (control test seasoning solution 5-1) 

[0212] 

<Evaluation of Items> 

 Regarding the evaluation items, the test seasoning solutions were given a mark "-" 

when the total evaluation score of the three panelists was three points to nine points, "+-" 10 

when the total evaluation score was 10 points to 11 points, "+" when the total evaluation score 

was 12 points to 13 points and "++" when the total evaluation score was 14 points to 15 

points. Moreover, overall evaluation of the test seasoning solutions was made based on the 

worst evaluation of the evaluation items. 

[0213] 15 

5-3. Results of Sensory Evaluation 

 The results of the sensory evaluation of the test seasoning solutions are shown in 

Table 5D. As shown in Table 5D, it was found that a certain amount of γ-nonalactone has an 

effect of suppressing generation of a heat-deteriorated smell and a harsh taste and a decrease 

in a soy sauce aroma caused by heat pasteurization. Specifically, the soy sauces to which γ-20 

nonalactone was added at a content of more than 28.1 ppb suppressed the deterioration of the 

soy sauces due to heat pasteurization. Furthermore, the musty heavy flavor felt due to heat 

pasteurization was reduced when the γ-nonalactone content was more than 28.1 ppb, and the 

heat-deteriorated smell and the harsh taste were hardly felt in the case of 100 ppb or more. A 

preferable soy sauce aroma and a strong fruity aroma were felt in the case of 1,000 ppb or 25 

more. 

[0214] 

 When γ-nonalactone was added at 3,000 ppb or more based on the soy sauce, 

however, although the generation of the heat-deteriorated smell and the harsh taste was 

suppressed, the peach-like aroma of γ-nonalactone became strong, and the aroma was felt 30 

somewhat different as a soy sauce aroma. When 10,000 ppb or more was added, the aroma 

was felt clearly different. 

[0215] 
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 Here, although phenethyl acetate also had a tendency towards concentration-

dependent suppression of the generation of the heat-deteriorated smell and the harsh taste felt 

due to heat pasteurization, such a tendency was not observed with respect to the aroma of the 

soy sauce, and it was found that the effect of suppressing deterioration of a soy sauce aroma 

was low. Moreover, phenethyl acetate reduced the musty heavy flavor due to heat 5 

deterioration of the soy sauce. 

[0216] 

 When the results of the test seasoning solution 5-2, the test seasoning solution 5-8 

and the test seasoning solution 5-11 were compared, it was found that generation of a heat-

deteriorated smell and a harsh taste and a decrease in a soy sauce aroma are suppressed 10 

synergistically when γ-nonalactone and phenethyl acetate are mixed and used. 

[0217] 

 Here, as shown by the test seasoning solution 5-12, when δ-nonalactone was added 

at 100 ppb based on the soy sauce instead of γ-nonalactone, the coconut-like aroma peculiar 

to δ-nonalactone was felt, and the aroma was felt different as a soy sauce aroma. 15 

[0218] 



 [T
ab

le
 5

D
] 

 

C
o
n

tr
o
l 

C
o
n

tr
o
l 

 
 

 
 

 
 

 
 

 
 

 
 

T
es

t 
S

ea
so

n
in

g
 

S
o
lu

ti
o
n
 

5
-1

 

T
es

t 
S

ea
so

n
in

g
 

S
o
lu

ti
o
n
 

5
-2

 

T
es

t 
S

ea
so

n
in

g
 

S
o
lu

ti
o
n
 

5
-1

 

T
es

t 
S

ea
so

n
in

g
 

S
o
lu

ti
o
n
 

5
-2

 

T
es

t 
S

ea
so

n
in

g
 

S
o
lu

ti
o
n
 

5
-3

 

T
es

t 
S

ea
so

n
in

g
 

S
o
lu

ti
o
n
 

5
-4

 

T
es

t 
S

ea
so

n
in

g
 

S
o
lu

ti
o
n
 

5
-5

 

T
es

t 
S

ea
so

n
in

g
 

S
o
lu

ti
o
n
 

5
-6

 

T
es

t 
S

ea
so

n
in

g
 

S
o
lu

ti
o
n
 

5
-7

 

T
es

t 
S

ea
so

n
in

g
 

S
o
lu

ti
o
n
 

5
-8

 

T
es

t 
S

ea
so

n
in

g
 

S
o
lu

ti
o
n
 

5
-9

 

T
es

t 
S

ea
so

n
in

g
 

S
o
lu

ti
o
n
 

5
-1

0
 

T
es

t 
S

ea
so

n
in

g
 

S
o
lu

ti
o
n
 

5
-1

1
 

T
es

t 
S

ea
so

n
in

g
 

S
o
lu

ti
o
n
 

5
-1

2
 

C
o
m

p
o
n

en
t 

S
o

y
 S

au
ce

 
1

0
0

 g
 

1
0
0

 g
 

1
0
0

 g
 

1
0
0

 g
 

1
0
0

 g
 

1
0
0

 g
 

1
0
0

 g
 

1
0
0

 g
 

1
0
0

 g
 

1
0
0

 g
 

1
0
0

 g
 

1
0
0

 g
 

1
0
0

 g
 

1
0
0

 g
 

γ-
N

o
n

al
ac

to
n

e 
S

o
lu

ti
o
n
 

0
 µ

l 
0

 µ
l 

1
0
0

 µ
l 

1
0
0

 µ
l 

1
0
0

 µ
l 

1
0
0

 µ
l 

1
0
0

 µ
l 

1
0
0

 µ
l 

1
0
0

 µ
l 

0
 µ

l 
0

 µ
l 

0
 µ

l 
1

0
0

 µ
l 

0
 µ

l 

δ
-N

o
n

al
ac

to
n

e 
S

o
lu

ti
o
n
 

0
 µ

l 
0

 µ
l 

0
 µ

l 
0

 µ
l 

0
 µ

l 
0

 µ
l 

0
 µ

l 
0

 µ
l 

0
 µ

l 
0

 µ
l 

0
 µ

l 
0

 µ
l 

0
 µ

l 
1

0
0

 µ
l 

P
h

en
et

h
y
l 
A

ce
ta

te
 S

o
lu

ti
o
n

 
0

 µ
l 

0
 µ

l 
0

 µ
l 

0
 µ

l 
0

 µ
l 

0
 µ

l 
0

 µ
l 

0
 µ

l 
0

 µ
l 

1
0
0

 µ
l 

1
0
0

 µ
l 

1
0
0

 µ
l 

1
0
0

 µ
l 

0
 µ

l 

W
at

er
 

1
0
0

 µ
l 

1
0
0

 µ
l 

0
 µ

l 
0

 µ
l 

0
 µ

l 
0

 µ
l 

0
 µ

l 
0

 µ
l 

0
 µ

l 
0

 µ
l 

0
 µ

l 
0

 µ
l 

0
 µ

l 
0

 µ
l 

 
T

o
ta

l 
1

0
0

 g
 

1
0
0

 g
 

1
0
0

 g
 

1
0
0

 g
 

1
0
0

 g
 

1
0
0

 g
 

1
0
0

 g
 

1
0
0

 g
 

1
0
0

 g
 

1
0
0

 g
 

1
0
0

 g
 

1
0
0

 g
 

1
0
0

 g
 

1
0
0

 g
 

 

γ-
N

o
n

al
ac

to
n

e 

C
o
n

ce
n
tr

at
io

n
 (

b
as

ed
 o

n
 s

o
y
 

sa
u
ce

) 
0

 p
p
b
 

0
 p

p
b
 

5
 p

p
b
 

2
0
 p

p
b
 

1
0
0

 p
p

b
 

1
0
0
0

 p
p
b
 

2
5
0
0

 p
p
b
 

3
0
0
0

 p
p
b
 

1
0
0
0

0
 p

p
b
 

0
 p

p
b
 

0
 p

p
b
 

0
 p

p
b
 

5
 p

p
b
 

0
 p

p
b
 

 
δ
-N

o
n

al
ac

to
n

e 
S

o
lu

ti
o
n

 

(b
as

ed
 o

n
 s

o
y
 s

au
ce

) 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

1
0
0

 p
p

b
 

 

P
h

en
et

h
y
l 
A

ce
ta

te
 

C
o
n

ce
n
tr

at
io

n
 (

b
as

ed
 o

n
 s

o
y
 

sa
u
ce

) 

0
 p

p
b
 

0
 p

p
b
 

0
 p

p
b
 

0
 p

p
b
 

0
 p

p
b
 

0
 p

p
b
 

0
 p

p
b
 

0
 p

p
b
 

0
 p

p
b
 

2
 p

p
b
 

2
0
 p

p
b
 

5
0
0

 p
p

b
 

2
 p

p
b
 

2
 p

p
b
 

 
γ-

N
o
n

al
ac

to
n

e 
C

o
n

ce
n
tr

at
io

n
 

C
o
n

ta
in

ed
 i

n
 S

o
y
 S

au
ce

 
8

.1
 p

p
b
 

8
.1

 p
p
b
 

8
.1

 p
p
b
 

8
.1

 p
p
b
 

8
.1

 p
p
b
 

8
.1

 p
p
b
 

8
.1

 p
p
b
 

8
.1

 p
p
b
 

8
.1

 p
p
b
 

8
.1

 p
p
b
 

8
.1

 p
p
b
 

8
.1

 p
p
b
 

8
.1

 p
p
b
 

8
.1

 p
p
b
 

 
T

o
ta

l 
γ-

N
o
n

al
ac

to
n

e 
C

o
n

ce
n
tr

at
io

n
 i

n
 

T
es

t 
S

ea
so

n
in

g
 S

o
lu

ti
o
n
 

8
.1

 p
p
b
 

8
.1

 p
p
b
 

1
3
.1

 p
p
b
 

2
8
.1

 p
p
b
 

1
0
8

.1
 p

p
b
 

1
0
0
8

.1
 p

p
b
 

2
5
0
8

.1
 p

p
b
 

3
0
0
8

.1
 p

p
b
 

1
0
0
0

8
.1

 p
p
b
 

8
.1

 p
p
b
 

8
.1

 p
p
b
 

8
.1

 p
p
b
 

1
3
.1

 p
p
b
 

8
.1

 p
p
b
 

H
ea

t 
T

re
at

m
en

t 

C
o
n
d

it
io

n
s 

1
2
0

°C
, 
1
0

 m
in

u
te

s 
- 

+
 

+
 

+
 

+
 

+
 

+
 

+
 

+
 

+
 

+
 

+
 

+
 

+
 

8
5

°C
, 
5

 m
in

u
te

s 
h

ea
ti

n
g
 

+
 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 

Results of Sensory Evaluation 

Heat-

Deteriorated 

Smell P
an

el
is

t 
A

 
5
 

1
 

3
 

4
 

4
 

5
 

5
 

5
 

5
 

2
 

4
 

5
 

5
 

3
 

P
an

el
is

t 
B

 
5
 

1
 

3
 

4
 

5
 

5
 

5
 

5
 

5
 

2
 

4
 

5
 

5
 

3
 

P
an

el
is

t 
C

 
5
 

1
 

3
 

4
 

5
 

5
 

5
 

5
 

5
 

2
 

4
 

5
 

4
 

3
 

T
o
ta

l 
1

5
 

3
 

9
 

1
2
 

1
4
 

1
5
 

1
5
 

1
5
 

1
5
 

6
 

1
2
 

1
5
 

1
4
 

9
 

E
v
al

u
at

io
n
 

+
+

 
- 

+
- 

+
 

+
+

 
+

+
 

+
+

 
+

+
 

+
+

 
- 

+
 

+
+

 
+

+
 

+
- 

Soy Sauce 

Aroma 

P
an

el
is

t 
A

 
5
 

1
 

3
 

4
 

4
 

4
 

4
 

3
 

1
 

1
 

2
 

2
 

4
 

2
 

P
an

el
is

t 
B

 
5
 

1
 

3
 

4
 

4
 

4
 

4
 

3
 

1
 

1
 

2
 

2
 

4
 

2
 

P
an

el
is

t 
C

 
5
 

1
 

3
 

4
 

4
 

4
 

4
 

3
 

1
 

1
 

2
 

2
 

4
 

2
 

T
o
ta

l 
1

5
 

3
 

9
 

1
2
 

1
2
 

1
2
 

1
2
 

9
 

3
 

3
 

6
 

6
 

1
2
 

6
 

E
v
al

u
at

io
n
 

+
+

 
- 

+
- 

+
 

+
 

+
 

+
 

+
- 

- 
- 

- 
- 

+
 

- 

Harsh Taste 

P
an

el
is

t 
A

 
5
 

1
 

3
 

4
 

4
 

4
 

4
 

4
 

4
 

2
 

3
 

3
 

4
 

3
 

P
an

el
is

t 
B

 
5
 

1
 

3
 

4
 

4
 

4
 

4
 

4
 

4
 

2
 

3
 

3
 

5
 

3
 

P
an

el
is

t 
C

 
5
 

1
 

3
 

4
 

4
 

4
 

4
 

4
 

4
 

2
 

3
 

3
 

4
 

3
 

T
o
ta

l 
1

5
 

3
 

9
 

1
2
 

1
2
 

1
2
 

1
2
 

1
2
 

1
2
 

6
 

9
 

9
 

1
3
 

9
 

E
v
al

u
at

io
n
 

+
+

 
- 

+
- 

+
 

+
 

+
 

+
 

+
 

+
 

- 
+

- 
+

- 
+

 
+

- 

 
O

v
er

al
l 

E
v
al

u
at

io
n
 

+
+

 
- 

+
- 

+
 

+
 

+
 

+
 

+
- 

- 
- 

- 
- 

+
 

+
 

63



64 

 

[0219] 

[6. Evaluation of Heat-Deteriorated Smell-Suppressing Effects and Flavor-Improving Effects 

of γ-Nonalactone and Phenethyl Acetate on Seasoning Solutions Containing Beef and Soy 

Sauce] 

6-1. Preparation of Test Seasoning Solutions 5 

 In the same manner as in 2-1 above and the like, an undiluted γ-nonalactone 

solution, γ-nonalactone solutions, an undiluted phenethyl acetate solution and phenethyl 

acetate solutions were prepared. 

[0220] 

 In the same manner as in 2-1 above and the like, as shown in Table 6D below, 10 

ground beef, a soy sauce, table sugar, a kombu extract, the γ-nonalactone solutions and the 

phenethyl acetate solutions were mixed, and the total amount was adjusted to 100 g with 

water. Test seasoning solutions were thus prepared, packed and sealed in aluminum pouches 

and then subjected to heat pasteurization. 

[0221] 15 

6-2. Sensory Evaluation Method 

 In the same manner as in 5-2 above and the like, sensory evaluation of the test 

seasoning solutions subjected to the heat pasteurization was conducted by panelists (three 

panelists of A to C) who were excellent in evaluating the flavors and the aromas of soy sauces 

and meat dishes such as a heat-deteriorated smell, astringency, a soy sauce aroma and a meat 20 

smell. On this occasion, as the evaluation criteria, the score of the control test seasoning 

solution 6-1 was presented as "5", and the score of the control test seasoning solution 6-2 was 

presented as "1". The test seasoning solution 6-1 was presented as "3". In this regard, the 

indicators of the scores of the astringency and the meat smell are as follows. 

[0222] 25 

<Astringency> 

 1: Felt extremely strongly (control test seasoning solution 6-2) 

 2: Felt 

 3: Felt slightly (test seasoning solution 6-1) 

 4: Hardly felt 30 

 5: Not felt (control test seasoning solution 6-1) 

[0223] 

<Meat Smell> 
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 1: Felt extremely strongly (control test seasoning solution 6-2) 

 2: Felt 

 3: Felt slightly (test seasoning solution 6-1) 

 4: Hardly felt 

 5: Not felt (control test seasoning solution 6-1) 5 

[0224] 

6-3. Results of Sensory Evaluation 

 The results of the sensory evaluation of the test seasoning solutions are shown in 

Table 6D. As shown in Table 6D, it was found that a certain amount of γ-nonalactone has an 

effect of suppressing generation of a heat-deteriorated smell, a meat smell and astringency 10 

and a decrease in a soy sauce aroma caused by heat pasteurization. Specifically, the seasoning 

solutions to which γ-nonalactone was added at a content of 30 ppb to 3,000 ppb suppressed 

the deterioration of the seasoning solutions due to heat pasteurization. 

[0225] 

 When γ-nonalactone was added at 2,500 ppb or more based on the seasoning 15 

solution, however, although the generation of the heat-deteriorated smell, the meat smell and 

the astringency was suppressed, the fruity aroma was felt strongly as a seasoning solution 

possibly because the peach-like aroma of γ-nonalactone was felt, and the aroma was felt 

somewhat different as a soy sauce aroma when 3,000 ppb was added. When 10,000 ppb was 

added, the aroma was felt clearly different. 20 

[0226] 

 Here, although phenethyl acetate also had a tendency towards concentration-

dependent suppression of the generation of the heat-deteriorated smell, the meat smell and the 

astringency felt due to heat pasteurization, such a tendency was not observed with respect to 

the aroma of the soy sauce, and it was found that the effect of suppressing deterioration of a 25 

soy sauce aroma was low. Moreover, phenethyl acetate reduced the musty heavy flavor due to 

heat deterioration of the soy sauce. 

[0227] 

 Moreover, when the results of the test seasoning solution 6-1, the test seasoning 

solution 6-9 and the test seasoning solution 6-12 were compared, it was found that γ-30 

nonalactone and phenethyl acetate synergistically suppress generation of a heat-deteriorated 

smell, a meat smell and astringency and a decrease in a soy sauce aroma. 

[0228] 
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 Here, as shown by the test seasoning solution 6-13, when δ-nonalactone was added 

at 100 ppb based on the soy sauce instead of γ-nonalactone, the coconut-like aroma peculiar 

to δ-nonalactone was felt, and the aroma was felt different as a soy sauce aroma. Thus, it is 

believed that, when more than 100 ppb is added, the divergence from the soy sauce aroma 

becomes large and that the different taste enhances. 5 

[0229] 
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[0230] 

[7. Evaluation of Heat-Deteriorated Smell-Suppressing Effect and Flavor-Improving Effect of 

γ-Nonalactone on Water-Boiled Ground Beef (2)] 

7-1. Preparation of Test Foods 

 In the same manner as in 2-1 above and the like, an undiluted γ-nonalactone 5 

solution and γ-nonalactone solutions were prepared. 

[0231] 

 In the same manner as in 2-1 above and the like, as shown in Table 7D below, 

ground beef and the γ-nonalactone solutions were mixed, and the total amount was adjusted to 

100 g with water. Test foods were thus prepared, packed and sealed in aluminum pouches and 10 

then subjected to heat pasteurization. 

[0232] 

7-2. Sensory Evaluation Method 

 In the same manner as in 5-2 above and the like, sensory evaluation of the test foods 

subjected to the heat pasteurization was conducted by panelists (three panelists of A to C) who 15 

were excellent in evaluating the flavors and the aromas of meat dishes such as a heat-

deteriorated smell, astringency and a meat smell. On this occasion, as the evaluation criteria, 

the score of the control test food 7-1 was presented as "5", and the score of the control test 

food 7-2 was presented as "1". The test food 7-1 was presented as "3". 

[0233] 20 

7-3. Results of Sensory Evaluation 

 The results of the sensory evaluation of the test foods are shown in Table 7D. As 

shown in Table 7D, it was found that γ-nonalactone has an effect of suppressing generation of 

a heat-deteriorated smell, a meat smell and astringency caused by heat pasteurization. 

Specifically, the foods to which γ-nonalactone was added at a content of 30 ppb to 3,000 ppb 25 

suppressed the deterioration of the foods due to heat pasteurization. Moreover, although the 

control test food 7-2 had an oxidized smell of lipids, the oxidized smell of lipids was not felt 

when γ-nonalactone was added at 30 ppb, and umami of beef was felt strongly. When 100 ppb 

was added, umami of beef was felt strongly. 

[0234] 30 

 When γ-nonalactone was added at 2,500 ppb based on the seasoning solution, 

however, although the generation of the heat-deteriorated smell, the meat smell and the 

astringency was suppressed, the peach-like aroma of γ-nonalactone was slightly felt, and the 
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aroma was felt somewhat different as a water-cooked food when 3,000 ppb was added. When 

10,000 ppb was added, the aroma was felt clearly different. Thus, overall evaluation of the 

test foods 7-7 and 7-8, to which γ-nonalactone was added at 3,000 ppb and 10,000 ppb, 

respectively, was not conducted. 

[0235] 5 
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[0236] 

[8. Evaluation of Influence of Heating Intensity on Heat-Deteriorated Smell-Suppressing 

Effect of γ-Nonalactone] 

8-1. Preparation of Test Seasoning Solutions 

 In the same manner as in 2-1 above and the like, an undiluted γ-nonalactone 5 

solution and γ-nonalactone solutions were prepared. 

[0237] 

 In the same manner as in 2-1 above and the like, as shown in Table 8D below, a soy 

sauce, water and the γ-nonalactone solutions were mixed, and test seasoning solutions were 

thus prepared, packed and sealed in aluminum pouches and then subjected to heat 10 

pasteurization under various conditions. 

[0238] 

 The test seasoning solutions subjected to heat pasteurization under the conditions at 

100°C or lower were subjected to a water bath pasteurization treatment using a thermostatic 

water bath "DIGITAL WATER BATH SB-651" (manufactured by EYELA). The test 15 

seasoning solutions subjected to heat pasteurization under the conditions at 100°C or higher 

were subjected to a pasteurization treatment using a retort pasteurizer "hot water spray-type 

ROS-60SPXG" (manufactured by Hisaka Works, Ltd.). 

[0239] 

 In each heat pasteurization, the substantial temperature of the seasoning solution 20 

was measured with a sensor thermometer placed in the container to adjust the heating 

temperature and the period, and heat pasteurization was conducted by setting the conditions to 

achieve the aimed Fo value. In Table 8D, the Fo values to which the seasoning solutions were 

subjected and the pasteurization temperatures and the periods corresponding to the 

pasteurization values of the Fo values are shown. 25 

[0240] 

8-2. Sensory Evaluation Method 

 In the same manner as in 5-2 above and the like, sensory evaluation of the test 

seasoning solutions subjected to the heat pasteurization was conducted by panelists (three 

panelists of A to C) who were excellent in evaluating the flavors and the aromas of soy sauces 30 

such as a heat-deteriorated smell. On this occasion, as the evaluation criteria, the score of the 

control test seasoning solution 8-1, which was heat-pasteurized under the heating conditions 

of Fo value=0.000078 (80°C, 1 minute), was presented as "5", and the score of the control test 
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seasoning solution 8-1, which was heat-pasteurized under the heating conditions of Fo 

value=10 (121.1°C, 10 minutes), was presented as "1". The test seasoning solution 8-1, which 

was heat-pasteurized under the heating conditions of Fo value=10 (121.1°C, 10 minutes), was 

presented as "3". 

[0241] 5 

8-3. Results of Sensory Evaluation 

 The results of the sensory evaluation of the test seasoning solutions are shown in 

Table 8D. As shown in Table 8D, the soy sauce generated a heat-deteriorated smell under 

heating conditions of Fo value=0.37 (110°C, 4.8 minutes) or more, and the heat-deteriorated 

smell of the soy sauce became remarkable under heating conditions of Fo value=0.51 (110°C, 10 

6.5 minutes) or more. 

[0242] 

 It was found that, when the Fo value is 10 or less, the heat-deteriorated smell of a 

soy sauce generated by heat pasteurization can be generally suppressed by adding γ-

nonalactone at a content of more than 28.1 ppb. 15 

[0243] 

  



74 

 

[Table 8D] 

   Control       

   
Test 
Seasoning 

Solution 8-1 

Test 
Seasoning 

Solution 8-1 

Test 
Seasoning 

Solution 8-2 

Test 
Seasoning 

Solution 8-3 

Test 
Seasoning 

Solution 8-4 

Test 
Seasoning 

Solution 8-5 

Test 
Seasoning 

Solution 8-6 

 
Component 

Soy Sauce 100 g 100 g 100 g 100 g 100 g 100 g 100 g 
 γ-Nonalactone Solution 0 µl 100 µl 100 µl 100 µl 100 µl 100 µl 100 µl 

 Water 100 µl 0 µl 0 µl 0 µl 0 µl 0 µl 0 µl 

  Total 100 g 100 g 100 g 100 g 100 g 100 g 100 g 

  

γ-Nonalactone 

Concentration (based on 
soy sauce) 

0 ppb 5 ppb 10 ppb 20 ppb 100 ppb 1000 ppb 3000 ppb 

 
γ-Nonalactone Concentration Contained 

in Soy Sauce 
8.1 ppb 8.1 ppb 8.1 ppb 8.1 ppb 8.1 ppb 8.1 ppb 8.1 ppb 

 
Total γ-Nonalactone Concentration in Test 

Seasoning Solution 
8.1 ppb 13.1 ppb 18.1 ppb 28.1 ppb 108.1 ppb 1008.1 ppb 3008.1 ppb 

S
en

so
ry

 E
v
al

u
at

io
n

 (
H

ea
t-

D
et

er
io

ra
te

d
 S

m
el

l)
 

Fo value = 
0.000078 

(80°C, 1 min) 

Panelist A 5 5 5 5 5 5 5 

Panelist B 5 5 5 5 5 5 5 

Panelist C 5 5 5 5 5 5 5 

Average 15 15 15 15 15 15 15 

Evaluation ++ ++ ++ ++ ++ ++ ++ 

Fo value = 

0.0012 
(85°C, 5 min) 

Panelist A 4 5 5 5 5 5 5 

Panelist B 5 5 5 5 5 5 5 

Panelist C 5 5 5 5 5 5 5 

Total 14 15 15 15 15 15 15 

Evaluation ++ ++ ++ ++ ++ ++ ++ 

Fo value = 

0.0077 
(90°C, 10 min) 

Panelist A 4 5 5 5 5 5 5 

Panelist B 5 5 5 5 5 5 5 

Panelist C 5 5 5 5 5 5 5 

Total 14 15 15 15 15 15 15 

Evaluation ++ ++ ++ ++ ++ ++ ++ 

Fo value = 0.37 

(110°C, 4.6 
min) 

Panelist A 3 3 4 5 5 5 5 

Panelist B 4 4 5 5 5 5 5 

Panelist C 4 4 4 5 5 5 5 

Total 11 11 13 15 15 15 15 

Evaluation +- +- + ++ ++ ++ ++ 

Fo value = 0.51 

(110°C, 6.5 

min) 

Panelist A 3 3 4 4 5 5 5 

Panelist B 4 4 5 5 5 5 5 

Panelist C 3 4 4 5 5 5 5 

Total 10 11 13 14 15 15 15 

Evaluation +- +- + ++ ++ ++ ++ 

Fo value = 0.70 

(110°C, 9.0 

min) 

Panelist A 3 3 4 4 4 5 5 

Panelist B 3 4 4 5 5 5 5 

Panelist C 3 4 4 5 5 5 5 

Total 9 11 12 14 14 15 15 

Evaluation +- +- + ++ ++ ++ ++ 

Fo value = 1.78 

(110°C, 23 min) 

Panelist A 2 3 4 4 4 5 5 

Panelist B 3 3 4 5 5 5 5 

Panelist C 3 4 4 4 5 5 5 

Total 8 10 12 13 14 15 15 

Evaluation - +- + + ++ ++ ++ 

Fo value = 3.7 
(121.1°C, 3.7 

min) 

Panelist A 2 3 4 4 4 5 5 

Panelist B 2 3 4 5 5 5 5 

Panelist C 2 3 4 4 5 5 5 

Total 6 9 12 13 14 15 15 

Evaluation - +- + + ++ ++ ++ 

Fo value = 10 

(121.1°C, 10 
min) 

Panelist A 1 3 3 4 4 5 5 

Panelist B 1 3 4 5 5 5 5 

Panelist C 1 3 4 4 5 5 5 

Total 3 9 11 13 14 15 15 

Evaluation - +- +- + ++ ++ ++ 

Fo value = 30 
(121.1°C, 30 

min) 

Panelist A 1 1 3 3 3 4 4 

Panelist B 1 1 3 3 3 4 4 

Panelist C 1 2 3 3 4 4 4 

Total 3 4 9 9 10 12 12 

 Evaluation - - +- +- +- + + 

 

[0244] 
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[9. Evaluation of Heat-Deteriorated Smell-Suppressing Effects and Flavor-Improving Effects 

of γ-Lactones on Soy Sauce] 

9-1. Preparation of Test Seasoning Solutions 

 In the same manner as in 2-1 above and the like, an undiluted γ-nonalactone 

solution and γ-nonalactone solutions were prepared. Similarly, using γ-valerolactone 5 

(manufactured by Kanto Chemical Co., Inc.), γ-hexanolactone (manufactured by Tokyo 

Chemical Industry Co., Ltd.), γ-heptanolactone (manufactured by Tokyo Chemical Industry 

Co., Ltd.), γ-octanolactone (manufactured by Tokyo Chemical Industry Co., Ltd.), γ-

decanolactone (manufactured by Alfa Aesar), γ-undecanolactone (manufactured by Tokyo 

Chemical Industry Co., Ltd.) and γ-dodecanolactone (manufactured by FUJIFILM Wako Pure 10 

Chemical Corporation) having a purity of 96% or more, undiluted γ-lactone solutions and γ-

lactone solutions were prepared. 

[0245] 

 In the same manner as in 2-1 above and the like, as shown in Table 9D below, a soy 

sauce, water and the γ-lactone solutions were mixed, and test seasoning solutions were thus 15 

prepared, packed and sealed in aluminum pouches and then subjected to heat pasteurization. 

[0246] 

9-2. Sensory Evaluation Method 

 In the same manner as in 5-2 above and the like, sensory evaluation of the test 

seasoning solutions subjected to the heat pasteurization was conducted by panelists (three 20 

panelists of A to C) who were excellent in evaluating the flavors and the aromas of soy sauces 

such as a heat-deteriorated smell, a soy sauce aroma and a harsh taste. On this occasion, as the 

evaluation criteria, the score of the control test seasoning solution 9-1 was presented as "5", 

and the score of the control test seasoning solution 9-2 was presented as "1". The test 

seasoning solution 9-1 obtained by adding 5 ppb of γ-nonalactone to a soy sauce containing 25 

about 8 ppb of γ-nonalactone, was presented as "3". 

[0247] 

9-3. Results of Sensory Evaluation 

 The results of the sensory evaluation of the test seasoning solutions are shown in 

Table 9D. As shown in Table 9D, when γ-lactones from γ-heptanolactone having seven carbon 30 

atoms in total (C7) to γ-undecanolactone of C11 were added to a soy sauce at a total γ-lactone 

content of 28.1 ppb or more, followed by heat pasteurization, all the γ-lactones had an effect 

of suppressing generation of a heat-deteriorated smell and a harsh taste and deterioration of a 
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soy sauce aroma due to heat pasteurization. 

[0248] 
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[0249] 

[10. Evaluation of Heat-Deteriorated Smell-Suppressing Effect of γ-Nonalactone on 

Seasoning Solutions Containing Food Ingredients and Soy Sauce] 

10-1. Preparation of Test Seasoning Solutions 

 In the same manner as in 2-1 above and the like, an undiluted γ-nonalactone 5 

solution and γ-nonalactone solutions were prepared. 

[0250] 

 In the same manner as in 2-1 above and the like, as shown in Table 10D below, 

ingredients such as a carrot (15 mm × 15 mm × 15 mm), lean meat of tuna (20 mm × 20 mm 

× 3 mm), chicken (20 mm × 20 mm × 20 mm) and soy protein ("New Soimi F 2010" 10 

(manufactured by The Nisshin OilliO Group, Ltd.)), fermented seasonings such as a soy sauce 

and soybean paste, table sugar, a kombu extract and the γ-nonalactone solutions were mixed, 

and the total amount was adjusted to 100 g with water. Test seasoning solutions were thus 

prepared, packed and sealed in aluminum pouches and then subjected to heat pasteurization. 

[0251] 15 

10-2. Sensory Evaluation Method 

 In the same manner as in 5-2 above and the like, sensory evaluation of the test 

seasoning solutions subjected to the heat pasteurization was conducted by panelists (three 

panelists of A to C) who were excellent in evaluating the flavors and the aromas of cooked 

products of ingredients such as a heat-deteriorated smell. On this occasion, as the evaluation 20 

criteria, for each ingredient, the score of the control test seasoning solution containing the 

ingredient or the fermented seasoning which was heat-pasteurized at 85°C for five minutes 

was presented as "5", and the score of the control test seasoning solution that did not contain 

γ-nonalactone and that contained the ingredient or the fermented seasoning which was heat-

pasteurized at 120°C for 10 minutes was presented as "1". Here, the indicators of the scores of 25 

the heat-deteriorated smells of the ingredients are as follows. 

[0252] 

<Carrot> 

 The unpleasant flavors such as an earthy smell, a potato-like smell, a steamed smell 

and a musty unpleasant flavor generated by the heat pasteurization were comprehensively 30 

evaluated as the heat-deteriorated smell of the carrot. 

 1: Felt extremely strongly (control test seasoning solution 10-1-2) 

 2: Felt 
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 3: Felt slightly 

 4: Hardly felt 

 5: Not felt (control test seasoning solution 10-1-1) 

[0253] 

<Lean Meat of Tuna> 5 

 The unpleasant flavors such as a fishy smell, a steamed smell, an oxidized oil smell 

and a harsh taste generated by the heat pasteurization were comprehensively evaluated as the 

heat-deteriorated smell of the lean meat of tuna. 

 1: Felt extremely strongly (control test seasoning solution 10-2-2) 

 2: Felt 10 

 3: Felt slightly 

 4: Hardly felt 

 5: Not felt (control test seasoning solution 10-2-1) 

[0254] 

<Chicken> 15 

 The unpleasant flavors such as a meat smell, a raw meat smell, a steamed smell and 

a harsh taste generated by the heat pasteurization were comprehensively evaluated as the heat-

deteriorated smell of the chicken. 

 1: Felt extremely strongly (control test seasoning solution 10-3-2) 

 2: Felt 20 

 3: Felt slightly 

 4: Hardly felt 

 5: Not felt (control test seasoning solution 10-3-1) 

[0255] 

<Soy Protein> 25 

 The unpleasant flavors such as a steamed smell, a grassy smell of soybeans and a 

soybean flour-like strange taste generated by the heat pasteurization were comprehensively 

evaluated as the heat-deteriorated smell of the soy protein. 

 1: Felt extremely strongly (control test seasoning solution 10-4-2) 

 2: Felt 30 

 3: Felt slightly 

 4: Hardly felt 

 5: Not felt (control test seasoning solution 10-4-1) 
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[0256] 

<Soybean Paste> 

 The unpleasant flavors such as a caramel-like burnt sweet smell, a steamed smell of 

soybeans, an acid taste and a harsh taste generated by the heat pasteurization were 

comprehensively evaluated as the heat-deteriorated smell of the soybean paste. 5 

 1: Felt extremely strongly (control test seasoning solution 10-5-2) 

 2: Felt 

 3: Felt slightly 

 4: Hardly felt 

 5: Not felt (control test seasoning solution 10-5-1) 10 

[0257] 

<Soy Sauce and Soybean Paste> 

 The heat-deteriorated smell of the soy sauce and the heat-deteriorated smell of the 

soybean paste generated by the heat pasteurization were comprehensively evaluated. 

 1: Felt extremely strongly (control test seasoning solution 10-6-2) 15 

 2: Felt 

 3: Felt slightly 

 4: Hardly felt 

 5: Not felt (control test seasoning solution 10-6-1) 

[0258] 20 

10-3. Results of Sensory Evaluation 

 The results of the sensory evaluation of the test seasoning solutions are shown in 

Table 10D. As shown in Table 10D, it was found that the heat-deteriorated smell-suppressing 

effect of γ-nonalactone at a content of 100 ppb or more is effective not only on the heat-

deteriorated smell due to a soy sauce but also on the heat-deteriorated smells due to 25 

ingredients such as a vegetable and fish contained in the seasoning solution, in seasoning 

solutions containing a soy sauce containing a food ingredient. It was also found that the heat-

deteriorated smell-suppressing effect of 100 ppb or more of γ-nonalactone is effective not 

only on a soy sauce but also on another fermented seasoning such as soybean paste. 

[0259] 30 

 That is, by adding γ-nonalactone at 100 ppb or more, the following results were 

obtained: the seasoning solution containing the carrot did not have the heat-deteriorated smell 

even after the heat pasteurization but rather had a sweet flavor of fresh carrot; the seasoning 
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solution containing the lean meat of tuna did not have the heat-deteriorated smell even after 

the heat pasteurization but rather had enhanced umami of fish; the seasoning solution 

containing the chicken did not have the heat-deteriorated smell even after the heat 

pasteurization but rather had enhanced umami of chicken; the seasoning solution containing 

the soy protein did not have the heat-deteriorated smell even after the heat pasteurization; and 5 

the seasoning solution containing the soybean paste did not have the heat-deteriorated smell 

even after the heat pasteurization but had a flavor of fresh soybean paste. 



 [T
ab

le
 1

0
D

] 

 
 

 
 

 
 

 
 

 
 

 

 
 

C
o

n
tr

o
l 

C
o

n
tr

o
l 

 
C

o
n

tr
o

l 
C

o
n

tr
o

l 
 

C
o

n
tr

o
l 

C
o

n
tr

o
l 

 

 
 

T
es

t 
S

ea
so

n
in

g
 

S
o

lu
ti

o
n

 1
0

-1
-1

 T
es

t 
S

ea
so

n
in

g
 

S
o

lu
ti

o
n

 1
0

-1
-2

 

T
es

t 
S

ea
so

n
in

g
 

S
o

lu
ti

o
n

 1
0

-1
-1

 

T
es

t 
S

ea
so

n
in

g
 

S
o

lu
ti

o
n

 1
0

-2
-1

 

T
es

t 
S

ea
so

n
in

g
 

S
o

lu
ti

o
n

 1
0

-2
-2

 

T
es

t 
S

ea
so

n
in

g
 

S
o

lu
ti

o
n

 1
0

-2
-1

 

T
es

t 
S

ea
so

n
in

g
 

S
o

lu
ti

o
n

 1
0

-3
-1

 

T
es

t 
S

ea
so

n
in

g
 

S
o

lu
ti

o
n

 1
0

-3
-2

 

T
es

t 
S

ea
so

n
in

g
 

S
o

lu
ti

o
n

 1
0

-3
-1

 

In
g
re

d
ie

n
t 

C
ar

ro
t 

2
0

 g
 

2
0

 g
 

2
0

 g
 

0
 g

 
0

 g
 

0
 g

 
0

 g
 

0
 g

 
0

 g
 

L
ea

n
 M

ea
t 

o
f 

T
u

n
a 

0
 g

 
0

 g
 

0
 g

 
3

5
 g

 
3

5
 g

 
3

5
 g

 
0

 g
 

0
 g

 
0

 g
 

C
h

ic
k
en

 
0

 g
 

0
 g

 
0

 g
 

0
 g

 
0

 g
 

0
 g

 
3

0
 g

 
3

0
 g

 
3

0
 g

 

S
o

y
 P

ro
te

in
 

0
 g

 
0

 g
 

0
 g

 
0

 g
 

0
 g

 
0

 g
 

0
 g

 
0

 g
 

0
 g

 

F
er

m
en

te
d

 S
ea

so
n

in
g

 
S

o
y
 S

au
ce

 
1

0
 g

 
1

0
 g

 
1

0
 g

 
1

0
 g

 
1

0
 g

 
1

0
 g

 
1

0
 g

 
1

0
 g

 
1

0
 g

 

S
o

y
b

ea
n

 P
as

te
 

0
 g

 
0

 g
 

0
 g

 
0

 g
 

0
 g

 
0

 g
 

0
 g

 
0

 g
 

0
 g

 

O
th

er
 C

o
m

p
o

n
en

t 

T
ab

le
 S

u
g
ar

 
5

 g
 

5
 g

 
5

 g
 

5
 g

 
5

 g
 

5
 g

 
5

 g
 

5
 g

 
5

 g
 

K
o

m
b

u
 E

x
tr

ac
t 

0
.1

 g
 

0
.1

 g
 

0
.1

 g
 

0
.1

 g
 

0
.1

 g
 

0
.1

 g
 

0
.1

 g
 

0
.1

 g
 

0
.1

 g
 

γ-
N

o
n

al
ac

to
n

e 

S
o

lu
ti

o
n
 

0
 μ

l 
0

 μ
l 

1
0

0
 μ

l 
0

 μ
l 

0
 μ

l 
1

0
0
 μ

l 
0

 μ
l 

0
 μ

l 
1

0
0
 μ

l 

W
at

er
 

B
al

an
ce

 
B

al
an

ce
 

B
al

an
ce

 
B

al
an

ce
 

B
al

an
ce

 
B

al
an

ce
 

B
al

an
ce

 
B

al
an

ce
 

B
al

an
ce

 

 
 

T
o

ta
l 

1
0

0
 g

 
1

0
0
 g

 
1

0
0
 g

 
1

0
0
 g

 
1

0
0
 g

 
1

0
0
 g

 
1

0
0
 g

 
1

0
0
 g

 
1

0
0
 g

 

 
 

γ-
L

ac
to

n
e 

C
o

n
ce

n
tr

at
io

n
 

(b
as

ed
 o

n
 

se
as

o
n

in
g
 s

o
lu

ti
o
n

) 

0
 p

p
b
 

0
 p

p
b
 

1
0

0
 p

p
b
 

0
 p

p
b
 

0
 p

p
b
 

1
0

0
 p

p
b
 

0
 p

p
b
 

0
 p

p
b
 

1
0

0
 p

p
b
 

γ-
N

o
n

al
ac

to
n

e 
C

o
n

ce
n

tr
at

io
n

 C
o
n

ta
in

ed
 i

n
 

S
o

y
 S

au
ce

 
0

.8
1

 p
p

b
 

0
.8

1
 p

p
b
 

0
.8

1
 p

p
b
 

0
.8

1
 p

p
b

 
0

.8
1

 p
p

b
 

0
.8

1
 p

p
b
 

0
.8

1
 p

p
b

 
0

.8
1

 p
p

b
 

0
.8

1
 p

p
b
 

T
o

ta
l 

γ-
N

o
n

al
ac

to
n

e 
C

o
n

ce
n

tr
at

io
n

 i
n
 T

es
t 

S
ea

so
n

in
g
 S

o
lu

ti
o
n

 
0

.8
1

 p
p

b
 

0
.8

1
 p

p
b
 

1
0

0
.8

1
 p

p
b
 

0
.8

1
 p

p
b

 
0

.8
1

 p
p

b
 

1
0

0
.8

1
 p

p
b
 

0
.8

1
 p

p
b

 
0

.8
1

 p
p

b
 

1
0

0
.8

1
 p

p
b
 

H
ea

t 
T

re
at

m
en

t 

C
o

n
d
it

io
n

s 

1
2

0
°C

, 
1
0

 m
in

u
te

s 
- 

+
 

+
 

- 
+

 
+

 
- 

+
 

+
 

8
5

°C
, 

5
 m

in
u

te
s 

+
 

- 
- 

+
 

- 
- 

+
 

- 
- 

R
es

u
lt

s 
o

f 

S
en

so
ry

 

E
v
al

u
at

io
n
 

H
ea

t-

D
et

er
io

ra
te

d
 

S
m

el
l 

P
an

el
is

t 
A

 
5

 
1

 
4

 
5

 
1

 
4

 
5

 
1

 
5

 

P
an

el
is

t 
B

 
5

 
1

 
5

 
5

 
1

 
5

 
5

 
1

 
5

 

P
an

el
is

t 
C

 
5

 
1

 
4

 
5

 
1

 
5

 
5

 
1

 
5

 

T
o

ta
l 

1
5
 

3
 

1
3
 

1
5
 

3
 

1
4
 

1
5
 

3
 

1
5
 

E
v
al

u
at

io
n
 

+
+

 
- 

+
 

+
+

 
- 

+
+

 
+

+
 

- 
+

+
 

  
 

83



 [T
ab

le
 1

0
D

 (
co

n
ti

n
u
ed

)]
 

 
 

 
 

 
 

 
 

 
 

 

 
 

C
o

n
tr

o
l 

C
o

n
tr

o
l 

 
C

o
n

tr
o

l 
C

o
n

tr
o

l 
 

C
o

n
tr

o
l 

C
o

n
tr

o
l 

 

 
 

T
es

t 
S

ea
so

n
in

g
 

S
o

lu
ti

o
n

 1
0

-4
-1

 T
es

t 
S

ea
so

n
in

g
 

S
o

lu
ti

o
n

 1
0

-4
-2

 

T
es

t 
S

ea
so

n
in

g
 

S
o

lu
ti

o
n

 1
0

-4
-1

 

T
es

t 
S

ea
so

n
in

g
 

S
o

lu
ti

o
n

 1
0

-5
-1

 

T
es

t 
S

ea
so

n
in

g
 

S
o

lu
ti

o
n

 1
0

-5
-2

 

T
es

t 
S

ea
so

n
in

g
 

S
o

lu
ti

o
n

 1
0

-5
-1

 

T
es

t 
S

ea
so

n
in

g
 

S
o

lu
ti

o
n

 1
0

-6
-1

 

T
es

t 
S

ea
so

n
in

g
 

S
o

lu
ti

o
n

 1
0

-6
-2

 

T
es

t 
S

ea
so

n
in

g
 

S
o

lu
ti

o
n

 1
0

-6
-1

 

In
g
re

d
ie

n
t 

C
ar

ro
t 

0
 g

 
0

 g
 

0
 g

 
0

 g
 

0
 g

 
0

 g
 

0
 g

 
0

 g
 

0
 g

 

L
ea

n
 M

ea
t 

o
f 

T
u

n
a 

0
 g

 
0

 g
 

0
 g

 
0

 g
 

0
 g

 
0

 g
 

0
 g

 
0

 g
 

0
 g

 

C
h

ic
k
en

 
0

 g
 

0
 g

 
0

 g
 

0
 g

 
0

 g
 

0
 g

 
0

 g
 

0
 g

 
0

 g
 

S
o

y
 P

ro
te

in
 

1
5

 g
 

1
5

 g
 

1
5

 g
 

0
 g

 
0

 g
 

0
 g

 
0

 g
 

0
 g

 
0

 g
 

F
er

m
en

te
d

 S
ea

so
n

in
g

 
S

o
y
 S

au
ce

 
1

0
 g

 
1

0
 g

 
1

0
 g

 
0

 g
 

0
 g

 
0

 g
 

1
0

 g
 

1
0

 g
 

1
0

 g
 

S
o

y
b

ea
n

 P
as

te
 

0
 g

 
0

 g
 

0
 g

 
2

0
 g

 
2

0
 g

 
2

0
 g

 
1

0
 g

 
1

0
 g

 
1

0
 g

 

O
th

er
 C

o
m

p
o

n
en

t 

T
ab

le
 S

u
g
ar

 
5

 g
 

5
 g

 
5

 g
 

5
 g

 
5

 g
 

5
 g

 
5

 g
 

5
 g

 
5

 g
 

K
o

m
b

u
 E

x
tr

ac
t 

0
.1

 g
 

0
.1

 g
 

0
.1

 g
 

0
.1

 g
 

0
.1

 g
 

0
.1

 g
 

0
.1

 g
 

0
.1

 g
 

0
.1

 g
 

γ-
N

o
n

al
ac

to
n

e 

S
o

lu
ti

o
n
 

0
 μ

l 
0

 μ
l 

1
0

0
 μ

l 
0

 μ
l 

0
 μ

l 
1

0
0
 μ

l 
0

 μ
l 

0
 μ

l 
1

0
0
 μ

l 

W
at

er
 

B
al

an
ce

 
B

al
an

ce
 

B
al

an
ce

 
B

al
an

ce
 

B
al

an
ce

 
B

al
an

ce
 

B
al

an
ce

 
B

al
an

ce
 

B
al

an
ce

 

 
 

T
o

ta
l 

1
0

0
 g

 
1

0
0
 g

 
1

0
0
 g

 
1

0
0
 g

 
1

0
0
 g

 
1

0
0
 g

 
1

0
0
 g

 
1

0
0
 g

 
1

0
0
 g

 

 
 

γ-
L

ac
to

n
e 

C
o

n
ce

n
tr

at
io

n
 

(b
as

ed
 o

n
 

se
as

o
n

in
g
 s

o
lu

ti
o
n

) 

0
 p

p
b
 

0
 p

p
b
 

1
0

0
 p

p
b
 

0
 p

p
b
 

0
 p

p
b
 

1
0

0
 p

p
b
 

0
 p

p
b
 

0
 p

p
b
 

1
0

0
 p

p
b
 

γ-
N

o
n

al
ac

to
n

e 
C

o
n

ce
n

tr
at

io
n

 C
o
n

ta
in

ed
 i

n
 

S
o

y
 S

au
ce

 
0

.8
1

 p
p

b
 

0
.8

1
 p

p
b
 

0
.8

1
 p

p
b
 

- 
- 

- 
0

.8
1

 p
p

b
 

0
.8

1
 p

p
b
 

0
.8

1
 p

p
b
 

T
o

ta
l 

γ-
N

o
n

al
ac

to
n

e 
C

o
n

ce
n

tr
at

io
n

 i
n
 T

es
t 

S
ea

so
n

in
g
 S

o
lu

ti
o
n

 
0

.8
1

 p
p

b
 

0
.8

1
 p

p
b
 

1
0

0
.8

1
 p

p
b
 

0
 p

p
b
 

0
 p

p
b
 

1
0

0
 p

p
b
 

0
.8

1
 p

p
b

 
0

.8
1

 p
p

b
 

1
0

0
.8

1
 p

p
b
 

H
ea

t 
T

re
at

m
en

t 

C
o

n
d
it

io
n

s 

1
2

0
°C

, 
1
0

 m
in

u
te

s 
- 

+
 

+
 

- 
+

 
+

 
- 

+
 

+
 

8
5

°C
, 

5
 m

in
u

te
s 

+
 

- 
- 

+
 

- 
- 

+
 

- 
- 

R
es

u
lt

s 
o

f 

S
en

so
ry

 

E
v
al

u
at

io
n
 

H
ea

t-

D
et

er
io

ra
te

d
 

S
m

el
l 

P
an

el
is

t 
A

 
5

 
1

 
5

 
5

 
1

 
5

 
5

 
1

 
5

 

P
an

el
is

t 
B

 
5

 
1

 
5

 
5

 
1

 
4

 
5

 
1

 
5

 

P
an

el
is

t 
C

 
5

 
1

 
5

 
5

 
1

 
4

 
5

 
1

 
5

 

T
o

ta
l 

1
5
 

3
 

1
5
 

1
5
 

3
 

1
3
 

1
5
 

3
 

1
5
 

E
v
al

u
at

io
n
 

+
+

 
- 

+
+

 
+

+
 

- 
+

 
+

+
 

- 
+

+
 

84



85 

 

[0260] 

[11. Evaluation of Heat-Deteriorated Smell-Suppressing Effect of γ-Nonalactone on 

Seasoning Solutions Containing Food Ingredients] 

11-1. Preparation of Test Seasoning Solutions 

 In the same manner as in 2-1 above and the like, an undiluted γ-nonalactone 5 

solution and γ-nonalactone solutions were prepared. 

[0261] 

 In the same manner as in 2-1 above and the like, as shown in Table 11D below, 

ingredients such as a carrot, lean meat of tuna, chicken and soy protein and the γ-nonalactone 

solutions were mixed, and the total amount was adjusted to 100 g with water. Test seasoning 10 

solutions were thus prepared, packed and sealed in aluminum pouches and then subjected to 

heat pasteurization. 

[0262] 

11-2. Sensory Evaluation Method 

 In the same manner as in 5-2 above and the like, sensory evaluation of the test 15 

seasoning solutions subjected to the heat pasteurization was conducted by panelists (three 

panelists of A to C) who were excellent in evaluating the flavors and the aromas of cooked 

products of ingredients such as a heat-deteriorated smell. On this occasion, as the evaluation 

criteria, for each ingredient, the score of the control test seasoning solution containing the 

ingredient which was heat-pasteurized at 85°C for five minutes was presented as "5", and the 20 

score of the control test seasoning solution that did not contain γ-nonalactone and that 

contained the ingredient which was heat-pasteurized at 120°C for 10 minutes was presented 

as "1". 

[0263] 

11-3. Results of Sensory Evaluation 25 

 The results of the sensory evaluation of the test seasoning solutions are shown in 

Table 11D. As shown in Table 11D, it was found that the heat-deteriorated smell-suppressing 

effect of γ-nonalactone at a content of 100 ppb is effective on the heat-deteriorated smell due 

to not only ground beef but also ingredients such as a vegetable, fish and soy protein. 
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[0264] 

[12. Evaluation of γ-Nonalactone Contents of Seasoning Solutions after Heat Pasteurization] 

12-1. Preparation of Test Seasoning Solutions 

 In the same manner as in 2-1 above and the like, an undiluted γ-nonalactone 

solution and γ-nonalactone solutions were prepared. 5 

[0265] 

 In the same manner as in 2-1 above and the like, as shown in Table 12D below, a 

soy sauce, water and the γ-nonalactone solutions were mixed, and test seasoning solutions 

were thus prepared, packed and sealed in aluminum pouches and then subjected to heat 

pasteurization. 10 

[0266] 

12-2. Measurement Method of γ-Nonalactone 

 The method for measuring γ-nonalactone contained in the test seasoning solutions 

was the same method as that described in 1-1 above, and the measurement was made by GC-

MS. 15 

[0267] 

12-3. Measurement Results 

 The results showing the relative peak area values of the measurement samples based 

on the peak area value of the measurement sample of the control test seasoning solution 12-1 

from the measurement results are shown in Table 12D. As shown in Table 12D, it was found 20 

that a certain amount of γ-nonalactone remains even after heat pasteurization at a high 

temperature. 

[0268] 
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[Table 12D] 

  Control Control   

  

Test 

Seasoning 

Solution 

12-1 

Test 

Seasoning 

Solution 

12-2 

Test 

Seasoning 

Solution 

12-1 

Test 

Seasoning 

Solution 

12-2 

Component 

Soy Sauce 100 g 100 g 100 g 100 g 

γ-Nonalactone Solution 0 μl 100 μl 100 μl 100 μl 

Water 100 μl 0 μl 0 μl 0 μl 

  Total 100 g 100 g 100 g 100 g 

 
γ-Nonalactone Concentration (based 

on soy sauce) (note) 
0 ppb 1000 ppb 1000 ppb 1000 ppb 

Heat 

Treatment 

Conditions 

Fo value = 10 (121.1°C, 10 

minutes) 
- - - + 

Fo value = 0.37 (110°C, 4.8 

minutes) 
- - + - 

  Peak Area Ratio 0.009 1.000 0.574 0.430 

(Note: γ-Nonalactone derived from the soy sauce is 0.81 ppb.) 

 

[0269] 

[13. Evaluation of Heat-Deteriorated Smell-Suppressing Effect of γ-Nonalactone Generated 5 

by Fermentation] 

13-1. γ-Nonalactone and Measurement Method 

 The contents of γ-nonanolactone and a 1-pentanol solution used as the internal 

standard material contained in the liquid fermented seasonings were measured by GC-MS 

using liquid extracts obtained by subjecting to the following extraction treatment using ethyl 10 

acetate. 

[0270] 

<Extraction Treatment of γ-Nonalactone> 

 To 5.0 g of a test fermented seasoning solution to which 2.0 g of sodium chloride 

and 100 μL of a 1-pentanol solution (30 ppm) were added, 1.0 mL of ethyl acetate was added. 15 

After vigorously stirring for five minutes, the organic solvent layer was extracted. This 

operation was repeated three times, and the obtained organic solvent layer was dehydrated 

with anhydrous sodium sulfate. A measurement sample was thus obtained. 

[0271] 

 The obtained measurement samples were introduced to and analyzed with GC-MS 20 

"6890GC/5973MSD" (manufactured by Agilent Technologies) under the following 

conditions. The analysis was conducted with n=2. 
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[0272] 

<Measurement of γ-Nonalactone: GC-MS Conditions> 

 Measurement Mode: SIM 

 Column: DB-FFAP (length of 60 m, inter diameter of 0.25 mm, film thickness of 

0.25 μm) (J&W) 5 

 Inlet Temperature: 250°C 

 Temperature Conditions: programing from 40°C (3 min hold time) to 250°C at a 

rate of 6°C/min and keeping 250°C for 15 min  

 Carrier: high-purity helium, linear velocity mode 

 Linear flow rate: 30 cm/second 10 

 Pressure: 121.088 kpa 

 Ionization Mode: EI 

[0273] 

 As described above, the peak areas of γ-nonanolactone in the test fermented 

seasoning solutions and the peak areas of the internal standard material were measured by 15 

GC-MS. The peak areas were determined for γ-nonalactone and 1-pentanol as the internal 

standard material using the m/z below. 

 γ-Nonalactone: m/z 85 

 1-Pentanol: m/z 42 

 The peak area values were standardized with the internal standard material, and the 20 

γ-nonalactone contents (concentrations) of the test fermented seasoning solutions were 

calculated. 

[0274] 

13-2. Production of γ-Lactone-Containing Liquid Fermented Seasoning 

 A seed starter of Aspergillus sojae was inoculated into a mixture of steamed 25 

soybeans and crushed roasted wheat mixed at a ratio of 5:5, and by koji-producing at 15°C to 

25°C for 43 hours by an ordinary method, a soy sauce koji was obtained. 

[0275] 

 Hundred parts by mass of the obtained soy sauce koji was put into 94 parts by mass 

of a saline solution (sodium chloride concentration of 24% (w/v)), and further, a soy sauce 30 

lactic acid bacterium (Tetragenococcus halophilus) was added thereto. Lactic acid 

fermentation of the resultant was conducted at 15°C to 25°C for 20 days according to an 

ordinary method while appropriately stirring. The soy sauce moromi after the completion of 
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the lactic acid fermentation was subjected to solid-liquid separation, and the soup was treated 

with a UF membrane. Thus, a permeate solution (a lactic acid fermentation soup) was 

obtained. In a 1-L DURAN screw-top bottle, a salt-tolerant yeast (Zygosaccharomyces rouxii) 

was added to the obtained lactic acid fermentation soup, and yeast fermentation was 

conducted at 20°C to 30°C for about 60 days with a stopper without stirring. The obtained 5 

yeast fermented product was subjected to pasteurization, filtration and a bacterial removal 

treatment according to ordinary methods, and thus a liquid fermented seasoning A was 

obtained. 

[0276] 

13-3. Preparation of Test Seasoning Solutions 10 

 In the same manner as in 2-1 above and the like, as shown in Table 13D below, the 

liquid fermented seasoning A, a soy sauce, table sugar and a kombu extract were mixed, and 

the total amount was adjusted to 100 g with water. Test seasoning solutions were thus 

prepared, packed and sealed in aluminum pouches and then subjected to heat pasteurization. 

[0277] 15 

13-4. Sensory Evaluation Method 

 In the same manner as in 5-2 above and the like, sensory evaluation of the test 

seasoning solutions subjected to the heat pasteurization was conducted by panelists (three 

panelists of A to C) who were excellent in evaluating the flavors and the aromas of soy sauces 

such as a heat-deteriorated smell. On this occasion, as the evaluation criteria, the score of the 20 

control test seasoning solution 13-1-1 was presented as "5", and the score of the test seasoning 

solution 13-4-2 was presented as "1". 

[0278] 

13-5. Results of Sensory Evaluation 

 The results of the sensory evaluation of the test seasoning solutions are shown in 25 

Table 13D. As shown in Table 13D, it was found that the heat-deteriorated smell due to heat 

pasteurization is suppressed in a test seasoning solution as a liquid fermented seasoning 

containing γ-nonalactone itself and also in a test seasoning solution to which a liquid 

fermented seasoning containing γ-nonalactone has been added. That is, it was found that γ-

nonalactone has a heat-deteriorated smell-suppressing effect regardless of the form of the 30 

supply source thereof. 

[0279] 
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INDUSTRIAL APPLICABILITY 

[0280] 

 The soy sauce and the soy sauce-like seasoning of one embodiment of the invention 

are expected to be used for adding a sweet fruity aroma like a tropical fruit in addition to a 

flavor inherent in a soy sauce by applying to various foods and drinks and seasonings. 5 

[0281] 

 The composition of one embodiment of the invention is a processed food with high 

palatability having a desired excellent flavor without adding a heat-deteriorated smell due to a 

food material to be felt by heat pasteurization or can be used for cooking the processed food, 

and thus the composition can widely contribute to the health of people from the nutrients 10 

derived from the food material of a food which are suitable for the human body. Moreover, 

the method of one embodiment of the invention can be used for producing the composition of 

one embodiment of the invention in an industrial scale. The processed food obtained using the 

method and the composition of one embodiment of the invention can be provided in 

restaurants and thus is useful as a food used in various scenes. 15 

 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0282] 

 The present application claims priorities of all of Japanese Patent Application No. 

2021-25285 filed on February 19, 2021, Japanese Patent Application No. 2021-51167 filed on 20 

March 25, 2021 and Japanese Patent Application No. 2021-51168 filed on March 25, 2021, 

the entire contents of which are incorporated herein as disclosure. 

 

BRIEF DESCRIPTION OF DRAWINGS 

[0283] 25 

 [Fig. 1A] Fig. 1A is the Table of Carbon Dioxide Absorption Coefficients described 

as the third table in National Tax Agency JAPAN, supplement "Analysis Method Specified by 

National Tax Agency", Item "8 Beer". 

 [Fig. 1B] Fig. 1B is the Table of Carbon Dioxide Absorption Coefficients described 

as the third table in National Tax Agency JAPAN, supplement "Analysis Method Specified by 30 

National Tax Agency", Item "8 Beer". 
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CLAIMS 

 

[Claim 1] 

 A soy sauce or a soy sauce-like seasoning in which the content of at least one kind 

of γ-lactone selected from the group consisting of γ-lactones represented by the following 5 

general formula (I) 

[Chem. 1] 

 

(I) 

(in the formula, n represents an integer of 2 to 6) 10 

is 100 ppb to 60,000 ppb. 

[Claim 2] 

 A method for producing a γ-nonalactone-containing soy sauce including 

 a step of obtaining a soy sauce moromi soup by subjecting a soy sauce moromi, 

obtainable by subjecting a soy sauce koji to lactic acid fermentation by a soy sauce lactic acid 15 

bacterium, to a solid-liquid separation treatment and 

 a step of obtaining a γ-nonalactone-containing soy sauce by subjecting the soy 

sauce moromi soup to yeast fermentation by a soy sauce yeast in a sealed system. 

[Claim 3] 

 The method according to claim 2, wherein the yeast fermentation is yeast 20 

fermentation by the soy sauce yeast in a sealed system under a non-stirring condition. 

[Claim 4] 

 The method according to any one of claims 2 to 3, wherein the yeast fermentation is 

yeast fermentation conducted in such a manner that the carbon dioxide volume of the 

fermented solution is 1 GV to 10 GV. 25 

[Claim 5] 

 The method according to any one of claims 2 to 4, wherein the γ-nonalactone-

containing soy sauce is a γ-nonalactone-containing soy sauce having a γ-nonalactone content 

of 100 ppb to 20,000 ppb. 
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[Claim 6] 

 A method for suppressing a heat-deteriorated smell including  

 a step of suppressing a heat-deteriorated smell due to a food material by heating a 

container-packed composition containing the food material and at least one kind of γ-lactone 

selected from the group consisting of γ-lactones represented by the following general formula 5 

(I) 

[Chem. 2] 

 

(I) 

(in the formula, n represents an integer of 2 to 6). 10 

[Claim 7] 

 A method for producing a heated container-packed composition including  

 a step of obtaining a container-packed composition in which a heat-deteriorated 

smell due to a food material is suppressed by heating a container-packed composition 

containing the food material and at least one kind of γ-lactone selected from the group 15 

consisting of γ-lactones represented by the following general formula (I) 

[Chem. 3] 

 

(I) 

(in the formula, n represents an integer of 2 to 6). 20 

[Claim 8] 

 The method according to any one of claims 6 to 7, wherein the γ-lactone content is 

30 ppb to 3,000 ppb. 
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[Claim 9] 

 The method according to any one of claims 6 to 8, wherein the food material is at 

least one kind of food material selected from the group consisting of a seasoning component, 

a vegetable, meat, seafood and a processed food. 

[Claim 10] 5 

 The method according to any one of claims 6 to 8, wherein the food material is at 

least one kind of food material selected from the group consisting of a soy sauce, soybean 

paste, a carrot, beef, pork, chicken, fish and soy protein. 

[Claim 11] 

 The method according to any one of claims 6 to 10, wherein the container-packed 10 

composition is a container-packed composition for seasoning or a container-packed processed 

food. 

[Claim 12] 

 A heated container-packed composition 

 containing a food material and at least one kind of γ-lactone selected from the group 15 

consisting of γ-lactones represented by the following general formula (I) 

[Chem. 4] 

 

(I) 

(in the formula, n represents an integer of 2 to 6), 20 

 wherein a heat-deteriorated smell due to the food material is suppressed more than 

that of a heated container-packed composition that contains the food material and that does 

not substantially contain the γ-lactone. 

[Claim 13] 

 A composition for suppressing a heat-deteriorated smell due to a food material, 25 

 wherein the composition contains at least one kind of γ-lactone selected from the 

group consisting of γ-lactones represented by the following general formula (I) 

[Chem. 5] 
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(I) 

(in the formula, n represents an integer of 2 to 6) and 

 the composition is used by packing in a container with a food material before 

heating to be heated. 5 

[Claim 14] 

 The composition according to any one of claims 12 to 13, wherein the γ-lactone 

content is 30 ppb to 3,000 ppb. 

[Claim 15] 

 The composition according to any one of claims 12 to 14, wherein the food material 10 

is at least one kind of food material selected from the group consisting of a seasoning 

component, a vegetable, meat and seafood. 

[Claim 16] 

 The composition according to any one of claims 12 to 14, wherein the food material 

is at least one kind of food material selected from the group consisting of a soy sauce, beef, 15 

pork, chicken, fish and soy protein. 

[Claim 17] 

 The composition according to any one of claims 12 and 14 to 16, wherein the 

container-packed composition is a container-packed composition for seasoning or a container-

packed processed food. 20 

  




