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 Representation of the “taste” of sake in an easy-to-understand manner is an important 
issue in the alcohol beverage industry.  To visualize the taste of sake and wine in an objective 
manner, we have developed an application program named “SAKELAVO” to search for 
brewed beverages on the basis of the results of instrumental analysis using taste sensors as 
well as sensory evaluation.  In this study, with the purpose of developing additional functions 
of SAKELAVO to meet consumer needs and thus promote the widespread practical use of 
SAKELAVO, we developed (1) a function to search for products by consumer preference and (2) 
a function to search for products of similar taste for sake and wine, as well as (3) a function to 
search for the compatibility of brewed beverages, namely, sake and wine with different foods.  
As a result, SAKELAVO is now an application that not only visualizes the taste of brewed 
beverages but also has search functions based on consumer preferences, allowing it to better 
reflect consumer needs.  

1. Introduction

 Representation of the taste of sake in an easy-to-understand manner is an important issue 
in the alcohol beverage industry.(1–3)  As an approach to this issue, Ozeki Corporation has 
developed a Sake Flavor Chart by combining instrumental analysis using taste sensors and 
sensory evaluation by the human sense of taste in a statistical manner.(4–9)  Also, Cultivate 
Japan Co., Ltd. has developed a wine taste search system named iSommelier.(10)  In addition, in 
our previous study, we attempted to visualize the taste of widely consumed brewed beverages, 
namely, sake and wine, on the basis of the technologies used in the Sake Flavor Chart and 
iSommelier and developed an application program to search for brewed beverages, which was 
named SAKELAVO.(11)  SAKELAVO has a function of showing the tastes of different sake and 
wine products in a two-dimensional scatter diagram and a radar chart.  
 SAKELAVO enables the representation of the taste of brewed beverages in an objective 
manner.  However, assuming the use of this application by general consumers, several additional 
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functions would be needed to meet their needs.(12)  In this study, with the purpose of promoting 
the widespread practical use of SAKELAVO, we developed new functions that are easy to use 
for consumers.  With these extended functions of SAKELAVO, we propose a new common 
scale for evaluating the taste of brewed beverages in the alcohol beverage industry.  

2. Materials and Methods

2.1 SAKELAVO

 In the development of SAKELAVO, we have created a database of sake and wine.  The 
database contains values obtained by taste sensors (TS-5000Z, Intelligent Sensor Technology, 
Inc.) and sake meter values (specific gravity) for sake, values obtained by taste sensors, and 
residual sugar values for wine [Table 1(a)].(13,14)  Also, barcodes and images of all products are 
registered in the database.  Sake meter and residual sugar values were determined in accordance 
with the method prescribed by the National Tax Agency.(15)  Also, in our previous research, 
the tastes of sake and wine were expressed in two-dimensional maps using the SAKELAVO 
database [Table 1(b), Fig. 1].

 Fig. 1. (Color online) Two-dimensional maps of (a) sake and (b)wine.

Table 1
SAKELAVO database 
(a)
Brewage Measurement

Sake Taste sensor [umami, saltiness, sourness, astringency, bitterness, 
CPA (bitterness, astringency, umami)], sake meter value

Wine Taste sensor [umami, saltiness, sourness, astringency, bitterness, 
CPA (bitterness, astringency, umami)], residual sugar value

(b)
Brewage Values on abscissa Values on ordinate
Sake Taste sensor (saltiness) − Sake meter value/10 − 1.5 Sake meter value − 3
Wine Taste sensor (umami) + Taste sensor (biterness) Reducing sugar

(a) (b)
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Fig. 2. (Color online) How to use “SAKELAVO”.

2.2 Selection of functions to be developed

 A survey of sake revealed the consumer s̓ image of sake.(16)  Also, our previous survey 
has revealed that consumers have certain needs, as shown in Table 2, when they buy brewed 
beverages.  In this survey, 150 consumers were given a free-form questionnaire.  Among these 
needs, the visualization of taste and the function to search for products using a barcode have 
already been introduced into SAKELAVO (Fig. 2).  
 Considering the above consumer needs, in this study, we attempted to develop new functions 
of SAKELAVO, namely, a function to search for products by preference and a function to search 
for products of similar taste.  We also developed a function to search for the compatibility of 
brewed beverages with different foods because alcoholic beverages are often served with meals.

Table 2 
Consumer  needs.
(a)

Consumer demand for alcohol
a Difficult to understand the taste
b Donʼt know what to choose
c Donʼt know their favorite taste
d Want to know the products close to those tasted in the past
(b)

Function for the needs of the consumers
a Visualization of taste
b Function to search for products using barcodes
c Function to search for products from taste
d Function to search for products close to the consumer's favorite taste
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2.3 Development of function to search for products by preference

 One of the consumer comments with regard to buying a brewed beverage is, “I don’t know 
which product matches my taste”.  To meet their needs, we attempted to develop a function to 
search for products having a taste close to that desired by the consumers.  
 SAKELAVO has a function of showing the taste of sake and wine in a two-dimensional 
scatter diagram.  With the conventional function, a consumer can only view the position of 
a product in the two-dimensional scatter diagram by scanning the barcode of the product 
using a barcode reader.  However, with the new function, a consumer can directly touch the 
two-dimensional scatter diagram to view a list of products having a taste approximately 
corresponding to the position he/she touched.

2.4 Development of function to search for products of similar taste

 Another frequent comment from consumers is, “I’d like to find products with a taste similar 
to that I enjoyed before”.  To meet their needs, we attempted to develop a function to search for 
products that are similar to that previously chosen by consumers.  
 At present, values such as those obtained by taste sensors as well as sake meters and 
residual sugar values for 680 types of sake and 3462 types of wine are stored in the database in 
SAKELAVO.  With the newly developed function, the similarity between the product chosen by 
a consumer and those registered in the database is obtained on the basis of these values.  Then 
the products registered in the database are listed in descending order of similarity.

2.5 Development of function to search for compatibility of brewed beverages with foods

 The taste of certain foods is particularly compatible with brewed beverages.  However, 
consumers often say, “I don’t know what kinds of foods go well with alcoholic beverages”.  
 To meet their needs, we attempted to develop a function suggesting perfect pairings of 
brewed beverages, namely, sake and wine, and foods to help consumers.  With the new function, 
a consumer can view the list of brewed beverages that go well with certain foods by choosing 5 
ingredients and 24 recipes.

3. Results and Discussion

3.1 Function to search for products by preference

 In SAKELAVO, a consumer can view each two-dimensional scatter diagram for sake and 
wine and choose an arbitrary position on the diagram defined by its X and Y coordinates.  Then, 
the Euclidean distance between the chosen position and the X and Y coordinates of the products 
registered in the database is obtained using the following equation.
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The smaller the obtained value, the closer the taste of a product to that chosen by the consumer.  
These products are listed and displayed in ascending order of the obtained values (Fig. 3).  

3.2 Function to search for products of similar taste

 In SAKELAVO, a consumer can choose a product from the product list of sake and wine.  
The equation used to calculate the similarity between the product chosen by the consumer and 
those registered in the database was created using the values stored in the database (values 
obtained by taste sensors, sake meter values, and residual sugar values).  
 In this calculation, the taste of a product is considered as a collection of values chosen from 
the database of brewed beverages, and each value is considered as an independent variable.  On 
the basis of the idea that the smaller the dispersion of these variables, the more similar the taste 
of two products, we calculated the F value as an index of the homoscedasticity of the variance.  
 In this equation, the value of each variable multiplied by a suitable weighted value is 
used instead of that of an analysis item.  The weighted value used is divided by the sum of 
the weighted values of all analysis items used in the equation (Table 3).  These values are 
determined by the actual sensory evaluations by sake and wine specialized sensory evaluators 
that we defined.

Fig. 3. (Color online) Output screen of a function to search for products by consumer preference.  Red circle: 
consumer-selected product.  Green circle: products close to the position selected by the consumer.
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 It is considered that the smaller the calculated F value, the closer the dispersion of variables 
between two products, namely, the more similar the taste of the products.  The products are 
listed in ascending order of the F value (Fig. 4).  Then, the P value of the analysis of variance 
using the F value was taken as the disagreement between two products, and it was regarded as 
the “similarity” by subtracting it from 1.

3.3 Function to search for compatibility of brewed beverages with foods

 We developed a system to define the compatibility between brewed beverages (sake and 
wine) and foods as described below.  First, taste categories were set for brewed beverages 
(sake and wine) and foods.  Brewed beverages were classified according to their qualities 
and taste (Table 4).  
 More specifically, each type of sake was classified according to its specific class and its area 
in the two-dimensional scatter diagram, while each type of wine was classified according to its 
color and its area in the two-dimensional scatter diagram.  Foods were classified according to 
their main ingredient and recipe (Table 5).

Fig. 4. (Color online) Output screen of a function to search for products of similar taste for sake and wine.

Table 3 
Weighted value of analysis item.

Sake Umami Saltiness Sourness Astringency Bitterness CPA
(bitterness)

CPA 
(astringency)

CPA 
(umami)

2 1 1 1 2 1 1 1

Wine Umami Saltiness Sourness Astringency Bitterness CPA 
(bitterness)

CPA 
(astringency)

CPA 
(umami)

1 1 1 0 2 2 1 1

Sake Sake meter value (−2 × Sourness − Sake 
meter value)/3

Saltiness − Sake 
meter value/10 − 1.5 Sake meter value − 3 Total

1 3 2 2 18

Wine Fruit taste Reducing sugar Total
2 3 14
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Table 5
Taste categories for foods.
Vegetables Raw, Bake, Boil, Fry, Simmer
Fish Raw, Bake, Boil, Fry, Simmer
Meet Raw, Bake, Boil, Fry, Simmer
Pasta Oil, Tomato, Cream
Cheese Fresh, Bloomy rind, Blue, Goat milk, Washed rind, Hard, Semihard

Table 6
Taste categories for foods.

Sake Wine

Specific class(a) SAKE Flavor Chart Color(b) Taste map
X Y X Y

Vegetables

Raw F, H, J 1, 2 2 G, W, Ro 1 1
Bake F, H, J 2 1, 2 G, W, Ro 2 1
Boil JD, JG, J 2 2, 3 W, Y, R, Ro 2 2
Fry JD, JG, D, G 1, 2 2, 3 G, W, Y, Ro 1 2

Simmer D, G, H, F 1, 2 1 G, W, Y, Ro 1 1, 2

Fish

Raw F, H, J 1, 2 1, 2 G, W, Ro 1 1, 3
Bake F, H, J 2 1, 2 G, W, R, Ro 2 1, 3
Boil JD, JG, J 1, 2, 3 3 G, W, Ro 2,3 2
Fry D, G, H, F 1, 2, 3 1 G, W, R, B, Ro 2,3 2

Simmer JD, JG, J 2, 3 2, 3 W, B, Ro 3 2

Meet

Raw D, G, H 1, 2 1 W, Y, R, Ro 1,2 1, 2
Bake F, H, J 2, 3 1, 2 Y, R, B, Ro 3 2, 3
Boil JD, JG, J 1, 2 2, 3 W, Y, R, B, Ro 1,2 2, 3
Fry F, H, J 1, 2, 3 1 G, W, Y, R, B, Ro 3 2, 3

Simmer JD, JG, J 3 2, 3 Y, R, B, Ro 3 2, 3

Pasta
Oil JD, JG, D, G 1, 2, 3 2 G, W, Ro 1,2 1, 2

Tomato D, G, H 1, 2, 3 1 W, R, Ro 2 1, 2
Cream JD, JG, J 1, 2, 3 3 W, Y, Ro 2,3 2, 3

Cheese

Fresh F, H, J 1 1, 2, 3 G, W, Ro 1 3
Bloomy rind JD, JG, D, G 1, 2, 3 3 W, T, R, B 2,3 2, 3

Blue JD, JG, J 3 1, 2, 3 Y, R, B, Ro 2, 3 2, 3
Goat milk JD, JG, J 2, 3 1, 2 G, W, Ro 3 3

Washed rind JD, JG, J 2, 3 2, 3 Y, R, B 2,3 2, 3
Hard, Semihard F, H, J 1, 2 1, 2 W, Y, R, B 2,3 2, 3

(a)F: Futsu-shu, H: Honjozo, J: Junmai, JD: Junmai-Daiginjo, JG: Junmai-Ginjo, D: Daiginjo, and G: Ginjo
(b)G: Green, W: White, R: Red, Y: Yellow, and Ro: Rose

Table 4
Taste categories for brewed beverages.

Sake
Specific class “Futsuu”, “Honjozo”, “Junmai”, “Ginjo”, “Daiginho”, “Junmai-Ginjo”, “Junmai-Daiginjo”

SAKE Flavor Chart X left(1), middle(2), right(3)
Y up(1), middle(2), down(3)

Wine
Color Green, White, Yellow, Red, Brown, Rose

Taste map X left(1), middle(2), right(3)
Y up(1), middle(2), down(3)

 Then, a category of foods was combined with a category of brewed beverages that are 
considered to go well with that category of foods (Table 6).  These categories are determined by 
actual sensory evaluations and discussions by sake and wine specialized sensory evaluators.
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 As described above, we developed the system to evaluate the compatibility of brewed 
beverages with foods and introduced it into SAKELAVO.  In SAKELAVO, consumers can 
choose a category, namely, the ingredient and recipe, of their favorite foods.  Then, a list of 
brewed beverages that are considered to go well with the combination of the ingredient and 
recipe is displayed (Fig. 5).  Note that the data used here is on foods and seasonings that are 
judged to go well with the general classification category of brewed beverages.

4. Conclusion

 We considered how to develop additional functions of SAKELAVO to meet consumer 
needs and, as a result, successfully developed search functions to find products by consumer 
preference or by the taste of brewed beverages as well as a function to search for the 
compatibility of brewed beverages with foods.  The function to search for products by 
preference enables consumers to find products with a taste that approximately corresponds to 
the position they touched on a two-dimensional scatter diagram.  In the development of the 
function to search for products of similar taste, we created an equation to obtain the similarity 
of brewed beverages registered in the SAKELAVO database based on their taste.  In the 
development of the function to search for the compatibility of brewed beverages with foods, we 
created a flowchart to derive compatibility between brewed beverages and foods by classifying 
brewed beverages and foods according to their taste and defining the compatibility between 
them.  
 Using SAKELAVO with these extended functions, consumers can view the taste of brewed 
beverages in a two-dimensional scatter diagram and a radar chart by a simple operation.  Also, 
they can search for brewed beverages with their desired taste as well as find brewed beverages 
compatible with foods.  
 If SAKELAVO becomes widely used and accepted as a common tool for representing 
the taste of brewed beverages, it can be further developed into a communication tool that 
enables consumers not only to understand their own preferences but also to exchange common 
information about the taste of brewed beverages.  

(a) (b) (c)

Fig. 5. (Color online) Output screen of a function to search for the compatibility of brewed beverages with 
different foods.
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 We will further extend this study to eliminate the barrier between heavy and light users 
of brewed beverages and help them find a freer and more intuitive way to enjoy alcoholic 
beverages.  
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