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Abstract A method of sensory evaluation using fuzzy
logic has been proposed in this paper. The method was
applied for evaluation of sensory quality of tea liquor made
out of dried CTC tea. Linguistic data (e.g., excellent, very
good, good, satisfactory, fair, not-satisfactory, etc.) on
individual tea liquor’s quality attributes and the perception
of the evaluators (e.g., extremely important, highly impor-
tant, important, somewhat important, not-at-all important,
etc.) for relative importance of these quality attributes were
obtained. Sensory score between 0 and 100 for (i) Judges’
preference for different quality attributes of tea liquor in
general, (ii) Quality attributes ranking of tea liquor and the
(ii) Overall quality of tea liquor were estimated. The last
one can be utilized for the ranking of the different tea
liquors.

Keywords Fuzzy logic . Sensory evaluation . Triangular
fuzzy number . Extended product of fuzzy numbers . Tea
quality parameters

Introduction

Sensory evaluation has been defined as a scientific
method used to evoke, measure, analyze, and interpret
those responses to products as perceived through the

senses of sight, smell, touch, taste, and hearing (Stone
and Sidel 2004). It is the ultimate criterion for judging the
quality of food. It provides important and useful informa-
tion to the food industry and food scientists about the
sensory characteristics of food. It is used at several stages
of new product development and for comparison of
similar type of products. The field was comprehensively
reviewed by Amerine et al. (1965) and more recent texts
have been published by Moskowitz et al. (2006), Stone
and Sidel (2004), Meilgaard et al. (2006), Kemp et al.
(2009) and Lawless and Heymann (2010). Sensory
evaluation can be divided into two categories: objective
and subjective. In objective testing, the sensory attributes
of a product are evaluated by a selected or trained panel of
judges. In subjective testing, the reactions of consumers to
the sensory properties of products are measured and no
prior training is given to them (Kemp et al. 2009). Three
types of sensory testing are commonly used, discrimina-
tion testing, descriptive testing and affective testing
(Lawless and Heymann 2010). Discrimination tests deter-
mine whether there are sensory differences between
samples; whereas, Descriptive tests identify the nature of
a sensory difference and/or the magnitude of the differ-
ence (Kemp et al. 2009; Lawless and Heymann 2010).
Descriptive tests may be specific to different attributes of
the food sample like, hardness, sweetness etc. And it is
generally carried out with a small number (6–18) of well
trained assessors (Kemp et al. 2009). Affective tests
determine how much a product is preferred to consumers.
One of the commonly used methods to determine the
acceptability of a product is 9-point hedonic scale (Yeh et
al. 1998). This scale was first used by Peryam and Pilgrim
(1957) for the purpose of measuring the food preferences
of soldiers. The evaluator is normally asked to give
numerical values between 1 and 9 to various quality
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attributes (e.g., color, taste, aroma, mouthfeel, etc.) of a
food and the overall quality of the food. The number ‘1’
of the scale normally means ‘dislike extremely’ and the
number ‘9’ ‘like extremely’ (Stone and Sidel 2004). In
hedonic scale, the evaluator’s preference for the relative
importance of the quality attributes is not taken into
consideration for finding the overall quality of the food.
As an example, for judging the sensory quality of tea
liquor, some of the evaluators may feel that the aroma is
more important than the colour or taste of tea liquor, while
some other may prefer the taste over aroma.

Like the judging of degree of wash of clothes and the
beauty contestants, sensory evaluation is characterized by
uncertainty and imprecision. The sensory characteristics of
food cannot be assessed imprecisely in a quantitative form
but in a qualitative sense. Human perception is always
fuzzy and the evaluator’s opinion by nature comes in
linguistic form. Therefore it is more realistic to use
linguistic assessments instead of numerical values by using
of linguistic variables (Zadeh and Kacprzyk 1999). Values
of these variables are not crisp numbers but words or
sentences. For example, the linguistic labels for sensory
scores from a panel of judges can be “excellent, good,
medium, fair, not-satisfactory” for the various quality
attributes (e.g., colour, taste, aroma, mouthfeel, etc.) of
food. Judges’ preference for the relative importance of
different quality attributes viz., colour, taste, aroma, mouth
feel, etc. of a food can also be obtained in linguistic form; e.g.,
“extremely important, highly important, important, somewhat
important, not-at-all important”.

Ranking or scoring of samples necessarily requires
acquisition, quantization, aggregation and comparison of
the meaning of such linguistically expressed assessments
(Chakraborty 2001).Generally the sensory evaluation data
that are collected in crisp form, are analysed statistically.
But due to imprecision of the variables, computational
techniques based on statistical and factorial analysis are not
efficient (Martinez 2007). Such analysis cannot provide
data on the strength and weakness of a particular quality
attribute in the product that may be responsible for
acceptance or rejection of the product (Lazim and Suriani
2009). Fuzzy linguistic approach assesses the variables in
the problem by using of linguistic terms instead of
numerical values (Zadeh 1975) and fuzzy set theory has
been applied to deal with the linguistic data (Lincklaen et
al. 1989). Fuzzy logic only enables us to quantify linguistic
term of expert’s opinion.

When the data acquired in the form of linguistic terms
is to be processed, there is the need for computing with
words (Zadeh and Kacprzyk 1999). The first step to use
linguistic information for sensory evaluation is to choose
the syntax of the linguistic terms or to choose the
appropriate linguistic descriptors. The linguistic variable

provides the judges a number of terms to express their
choice or information. These linguistic labels for a specific
query of discriminating importance are to be fixed very
carefully so that the evaluator’s response is clear. The
number of elements in the term set determines the
granularity of uncertainty (Martinez 2007). All the
linguistic terms can be evenly distributed on the term
scale i.e. with a linear ordering with the valuations (Yager
1995). A four point sensory scale can be: “excellent, good,
satisfactory and not-satisfactory” and a six point sensory
scale: “excellent, very good, good, fair, satisfactory and
not-satisfactory”. When the number of scale factors
increases, distinction between the qualities of foods can
be expressed better, but the human capability of judging
the difference between two consecutive scale factors
becomes hazy and cloudy. Table 1 presents some of the
labels assigned to different sensory scales. As we can see,
the term “satisfactory” appears in 2, 3, 4, 5, 6 point
sensory scales. The same linguistic term takes different
place in term scale. But for building a mathematical
model, the imprecision contained in the term “satisfacto-
ry” and the position of the term “satisfactory” on a given
numerical interval, say [0, 100] have to be specified
(Chakraborty, 2001). Chakraborty (2001) developed a PC
aided procedure for information acquisition and modeling
of data for favour of an evaluator.

The linguistic variables associate a meaning to the
syntax of the linguistic terms (Zadeh 1975). In literature,
different ways for defining the semantics of the linguistic
variables are presented. The most widely used method for
sensory evaluation of food materials is semantic based on

Table 1 Some of the names of sensory scale factors and their triplet
values

Scale
factors

Names of linguistic variables Values of triplets

2 Not satisfactory/Satisfactory (0 0 100), (100 100 0)
Bad/Good

3 Not satisfactory/Satisfactory/Good (0 0 50), (50 50 50)

Poor/Satisfactory/Good (100 50 0)

4 Not Satisfactory/Satisfactory/
Good/Excellent

(0 0 33.3),
(33.3 33.3 33.3)

Not Satisfactory/Satisfactory/
Good/Very Good

(66.7 33.3 33.3),
(100 33.3 0)

5 Very bad/Poor/Satisfactory/
Good/Excellent

(0 0 25) (25 25 25)

Not satisfactory/Fair/Medium/
Good/Excellent

(50 25 25) (75 25 25)

(100 25 0)

6 Not satisfactory/Fair/Satisfactory/
Good/Very good/Excellent

(0 0 20) (20 20 20)

Very bad/bad/Fair/Satisfactory/
Very good/Excellent

(40 20 20) (60 20 20)

(80 20 20) (100 20 0)
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membership functions and a semantic rule. The meaning
of each linguistic term is given by a fuzzy subset defined
in the [0, 1] interval, which is described by membership
functions (Bordogna and Pasi 1993; Jaya and Das 2003;
Parameswararao and Das 2003; Uprit and Mishra 2002;
Das 2005; Sinija and Mishra 2008; Lazim and Suriani
2009). Triangular membership functions have been used
for such problems (Herrera and Martínez 2000; Martinez
2007; Sinija and Mishra 2008). In this paper triangular
membership functions associated with the linguistic terms
has been used.

Fuzzy logic is an important tool by which the sensory
scores, which are obtained in linguistic form, are
analysed and conclusions regarding acceptance, rejection,
ranking and the strong and weak quality attributes of the
food are drawn (Zhang and Litchfield 1991; Jaya and Das
2003; Parameswararao and Das 2003; Uprit and Mishra
2002; Das 2005; Sinija and Mishra 2008; Lazim and
Suriani 2009). Kavdir and Guyer (2003) used fuzzy logic
approach for apple grading. Perrot et al. (2006) provided
an overview of the application of fuzzy concepts to the
control of quality of food materials. Lazim and Suriani
2009 used fuzzy approach for sensory evaluation of coffee
products and calculated the normalised fuzzy membership
function for the quality attributes and judgment member-
ship function for the quality attributes. Martinez 2007
presented a sensory evaluation model based on the
linguistic 2-tuple decision model for different types of
fabric and obtained different 2-tuples (Herrera and Martínez
2000) containing a linguistic term associated with a
numeric value for the products. Ranking of different
samples were done by using Similarity principle and
calculating overall acceptability by Das (2005), Sinija and
Mishra (2008). Uprit and Mishra (2002) calculated
normalized fuzzy membership function for food samples
for their ranking. The similarity principle, however, does
not give a crisp number or a defuzzified scalar value for
the sensory ranking of food samples.

Defuzzification is the process to obtain non-fuzzy
crisp number of the fuzzy set. In fuzzy logic controllers
used for controlling the system parameters, e.g., posi-
tion, temperature, pressure, etc., defuzzification process
is an essential step (Ross 2005; Pratihar 2008).There is
no systematic procedure for choosing a good defuzzifi-
cation strategy. Different ways to defuzzify a fuzzy set to
a scalar value has been described by Ross 2005. Among
all defuzzification methods, taking the centroid of the
area (also called center of area, center of gravity) is the
most prevalent and physically appealing of all the
defuzzification methods (Sugeno 1985; Lee 1990). In
this paper this method for defuzzification will be used.
Defuzzified sensory score in numeric form can be utilized
for comparing different foods of similar category and for

finding the optimum values of certain independent
variables, which affect the food quality. This value can
be utilized like any other physical parameters, e.g.,
density, acidity, velocity, strength, etc. For optimization
of the process parameters, this defuzzified numeric
sensory score can be used in any optimization tool. In
this study, sensory data has been obtained for one black
tea liquor sample in linguistic form and analyzed using
fuzzy logic to obtain defuzzified sensory score in
numeric form.

The present study was undertaken with the following
objectives.

1. To obtain the sensory data in linguistic form for
individual quality attributes of tea liquor and the
perception of evaluators on relative importance of these
quality attributes for tea liquor in general

2. To find the crisp overall sensory score of a tea liquor
3. To find the strong and weak quality attributes of a

sample of tea liquor

It must be mentioned here that, for the demonstration of
the method of sensory evaluation using linguistic data, tea
liquor has been used here as an example.

Materials and methods

Obtaining sensory evaluation data for tea liquor

Tea liquor is tasted without milk. Quality attributes of the
tea liquor, as described by Harler (1963), are: (i) Color and
brightness (a good quality liquor should be bright and clear
in colour), (ii) Aroma (which is perceived through the
nose), (iii) Strength (it is a combination of thick liquor with
pungency/taste) and (iv) Briskness (which gives the tea a
refreshing characteristic and it may indicate some degree of
pungency).

Tea liquor was prepared according to the method given
in ISO 3103 (1980). Two grams of dried tea was added to
100 ml of boiled water. A pot containing the dried tea and
water was covered and the tea was allowed to brew for
5 min. Brewed tea was transferred into a porcelain cup and
cooled to room air temperature. Sensory quality of tea
liquor was assessed for the quality attributes: (i) Colour and
brightness (a good quality liquor should have bright
colour), (ii) Aroma, (iii) Strength (which denotes the taste,
as perceived by human tongue, and it depends on the
typical chemical substances e.g., thearubugins and thea-
flavin present in the liquor) and (iv) Briskness (which is
freshness or newness in the tea).

Ten judges (7 male and 3 female) aged between 22 and
26 years from non-smokers category were selected. The
panelists were suitably trained and familiarized with the tea
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quality attributes before the sensory evaluation. They were
asked to judge the tea sample quickly but not in a hurry.
They were also asked to take two short sniffs of the samples
before tasting the sample and give the score for aroma first
in scorecard. They were advised to rinse their mouth with
water before tasting each tea sample.

Sensory scale factors assigned to each of the quality
attributes (viz. colour and brightness, aroma, strength and
briskness) of tea liquors were: Not satisfactory, Fair,
Medium, Good and Excellent. It must be noted that we
have used 5 point sensory scale, but it can be 3, 4 or 6.
Judges were asked to give tick (√) mark to appropriate scale
factor for each of the quality attributes (Table 2). They were
also asked to give their individual preferences to the
weightage or importance of the quality attributes (viz.
colour, brightness, aroma, strength and briskness) of tea
liquor in general, by giving tick (√) mark (Table 3) to the
respective scale factors (viz. not at all important, some-what
important, important, highly important and extremely
important). Zhang and Litchfield (1991), Jaya and Das
(2003), Parameswararao and Das (2003) and Uprit and
Mishra (2002) obtained crisp numbers from the judges for
their preference on the weightage or importance of the
quality attributes. They did not use linguistic variables for
obtaining the judges’ preferences. As human perception is
expressed more conveniently in linguistic form rather in
crisp numbers, we obtained the judges’ preferences in
linguistic form.

Triangular fuzzy number (TFN) and fuzzy arithmetic
operations

In this analysis, LR-type representation (ref) of fuzzy
numbers will be considered for the sensory scale factors.
A fuzzy number is of LR-type when there exist reference
functions L (for left), R (for right) and scalars b>0, c>0
and its membership function will be,

mðxÞ ¼
L a�x

b

� �
for x � a

R x�a
c

� �
for x � a

8
<

:
ð1Þ

a is called the mean value of the fuzzy number and b and c are
called the left and right spreads respectively (Zimmermann
1991). The left and right shape functions may be both linear
and non-linear.

Each of the sensory scale factors is represented by
Triangular fuzzy number and we assumed triangular mem-
bership function distribution to these sets (Zimmermann
1991). A triangular fuzzy number (TFN) is a LR-type fuzzy
number and it is denoted by a ‘triplet’ as (a, b, c)LR and its
membership function is of the following form,

mðxÞ ¼
0 if x � a� b
x�aþb

b if a� b � x � a
aþc�x

c if a � x � aþ c
0 if aþ c � x

8
>><

>>:
ð2Þ

Some useful fuzzy arithmetic operations (Zimmermann
1991) for LR-type fuzzy numbers eA ¼ (a, b, c)LR and eB=
(d, e, f)LR are as follows,

ðaÞ Scalar multification:

k a; b; cð ÞLR ¼ ka; kb; kcð ÞLR for scalar k
ð3Þ

ðbÞExtended addition:

a; b; cð ÞLR � d; e; fð ÞLR ¼ aþ d; bþ e; cþ fð ÞLR
ð4Þ

ðcÞExtended product:

a; b; cð ÞLR � d; e; fð ÞLR
¼ ad; aeþ db; af þ dcð ÞLR for eA > 0 and eB > 0

ð5Þ

a; b; cð ÞRL � d; e; fð ÞLR
¼ ad; db� af ; dc� aeð ÞLR for eA < 0 and eB > 0 ð6Þ

and

a; b; cð ÞLR � d; e; fð ÞLR
¼ ad;�dc� af ;�db� aeð ÞRL for eA < 0 and eB < 0:

ð7Þ

Table 2 Sensory evaluation chart and sensory scores for the tea liquor

Sensory quality attributes & tea liquor sample numbers Sensory scale factors and triplets associated with these factors

Not satisfactory Fair Medium Good Excellent
(0, 0, 25) (25, 25, 25) (50, 25, 25) (75, 25, 25) (100, 25, 0)

Color and brightness 0 0 2 5 3

Aroma 1 5 3 1 0

Strength 0 2 2 5 1

Briskness 1 5 2 2 0
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Figure 1 shows the membership distribution pattern
of the five-point sensory scales, viz. Not satisfactory/
Not at all important, Fair/Somewhat important, Medium/
Important, Good/Highly important, and Excellent/
Extremely important. Values of the triplets for the five-
point sensory scale are mentioned under the individual
scale factors in Tables 2 and 3. First number of the
triplet denotes the value of abscissa at which the
value of membership function is 1. Second and third
number of the triplet designates the left and right
sides spread respectively of first number. Values of
triplets for the 3, 4 and 6 point sensory scales can
also be obtained similarly and they are shown in
Table 1.

Analysis of sensory score of tea liquor

Sum of the number of tick (√) marks were obtained for each
of the quality attributes against the 5 sensory scale factors.
These numbers have been shown in Table 2.

Sensory scores of the tea liquor for the different quality
attributes in the form of triplets was computed from (i) number
of tick (√) marks obtained for each of the sensory scale factors
(Table 2), (ii) values of triplets associated with the sensory
scales (Table 2) and (iii) number of judges. For a particular
quality attribute (say, colour and brightness) of the sample,
the aggregated fuzzy value for expert’s opinion on colour and
brightness may be denoted as SC and is written as follows
with fuzzy arithmatic for scalar multiplication given in Eq. 3,

SC ¼ 0 0 0 25ð Þ þ 0 25 25 25ð Þ þ 2 50 25 25ð Þ þ 5 75 25 25ð Þ þ 3 100 25 0ð Þ
0þ 0þ 2þ 5þ 3

¼ 77:50 25:00 17:50ð Þ

where, the numbers 0, 0, 2, 5, 3 in the numerator and
denominator denote the number of judges, who rated the
color and brightness of the tea sample as Not satisfactory,
Fair, Medium, Good and Excellent respectively. The
denominator denotes the total number of judges. The
method of finding the value of SC is similar to finding the
average mark obtained in a subject evaluated by more than
one examiner.

In a similar manner, for the tea sample, values of
triplets for aroma (SA), strength (SS) and briskness (SB)

could be obtained using the data given in Table 2 and
Eq. 3.

SC ¼ 77:50; 25:00; 17:50ð Þ
SA ¼ 35:00; 22:50; 25:00ð Þ
SS ¼ 62:50; 25:00; 22:50ð Þ
SB ¼ 37:50; 22:50; 25:00ð Þ
For more than one tea sample, values of triplets for color,

aroma, strength and briskness can be obtained in a similar
manner.

Table 3 Judges’ preference to relative importance of quality attributes of tea liquor in general

Sensory quality attributes of tea liquor
in general

Sensory scale factors and triplets associated with these factors

Not at all important Somewhat important Important Highly important Extremely important
(0, 0, 25) (25, 25, 25) (50, 25, 25) (75, 25, 25) (100, 25, 0)

Color and brightness 1 7 1 1 0

Aroma 1 2 5 2 0

Strength 0 0 1 2 7

Briskness 1 1 6 2 0

Fig. 1 Representation of triangular membership function distribution pattern of sensory scales
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Judges’ preferences for the relative importance of the
quality attributes (viz. colour, brightness, aroma, strength
and briskness) of tea liquor in general are obtained
separately and shown in Table 3. ‘Triplet’ representation
for the judges’ preference to the importance of quality
attributes of tea liquor in general, was obtained from (i)

sum of sensory scores (Table 3), (ii) values of triplets
associated with the sensory scales (Table 3) and (iii)
number of judges. The aggregated fuzzy value for judges’
preference on colour and brightness of tea liquor in
general may be denoted as QC and calculated using
Eq. 3. The triplet for QC will be,

QC ¼ 1 0 0 25ð Þ þ 7 25 25 25ð Þ þ 1 50 25 25ð Þ þ 1 75 25 25ð Þ þ 0 100 25 0ð Þ
1þ 7þ 1þ 1þ 0

¼ 30:00 22:50 25:00ð Þ

Similar calculations were carried out for the other
quality attributes, viz., aroma (QA), strength (QS) and
briskness (QB).

QC ¼ 30:00; 22:50; 25:00ð Þ
QA ¼ 45:00; 22:50; 25:00ð Þ
QS ¼ 90:00; 25:00; 7:50ð Þ
QB ¼ 47:50; 22:50; 25:00ð Þ
We now observe that for the tea sample, sensory scores of

the four quality attributes are expressed as triplets SC, SA, SS,
SB and the judges’ perception to the importance or preference
for each of these quality attributes as triplets QC, QA, QS,
QB. Overall sensory score for a particular quality attribute of
the tea liquor is computed as the ‘extended product’ of the
triplets of the sensory score of the sample for the quality
attributes (SC, SA, SS, SB) and those of the quality attributes
in general (QC, QA, QS, QB). We shall follow the rule given
by Zimmermann 1991 for computing the ‘extended product’
of the triplets and the rule is given in Eq. 5.

As the values of a and d range between 0 and 100,
product ad will range between 0 and 10,000. Since, overall
sensory score is the sum of triplet-products of the four
quality attributes (viz., color and brightness, aroma,
strength and briskness); value of the first digit of overall
sensory score will range between 0 and 40,000.

It is necessary to bring down the value of the first digit
of overall sensory score between 0 and 100. In order to do
this, we shall reduce the values of the 4 triplets for QC, QA,
QS and QB by a factor 1/Qsum, where, Qsum is the sum of
first digit of the triplets. We shall define ‘Relative

weightage’ of the quality attribute for the Color and
brightness: QCrel=QC/Qsum, Aroma: QArel=QA/Qsum,
Strength: QSrel=QS/Qsum and Briskness: QBrel=QB/Qsum.

Qsum ¼ 30:00þ 45:00þ 90:00þ 47:50 ¼ 212:5:

Therefore the triplet for relative weightage of color and
brightness QCrel will be:

QCrel ¼ QC=Qsum

¼ 30:00=212:5; 22:50=212:5; 25:00=212:5ð Þ
¼ 0:14; 0:11; 0:12ð Þ:

Similarly, relative weightage of the other quality attrib-
utes, viz., aroma (QArel), strength (QSrel) and briskness
(QBrel) could be calculated. Thus the relative weightages of
individual quality attributes are given as follows,

QCrel ¼ 0:14; 0:11; 0:12ð Þ
QArel ¼ 0:21; 0:11; 0:12ð Þ
QSrel ¼ 0:42; 0:12; 0:04ð Þ
QBrel ¼ 0:22; 0:11; 0:12ð Þ
Overall sensory score SO for the tea sample will be

given by:

SO ¼ SC � QCrel � SA� QArel � SS � QSrel � SB� QBrel

ð8Þ
Using the triplet multiplication rule (Eq. 5) and extended

addition rule (Eq. 4) overall sensory score SO for the tea
sample could be obtained as,

SO ¼ 77:50; 25:00; 17:50ð Þ � 0:14; 0:11; 0:12ð Þ � 35:00; 22:50; 25:00ð Þ � 0:21; 0:11; 0:12ð Þ
� 62:50; 25:00; 22:50ð Þ � 0:42; 0:12; 0:04ð Þ � 37:50; 22:50; 25:00ð Þ � 0:22; 0:11; 0:12ð Þ

¼ 10:94; 11:74; 11:59ð Þ þ 7:41; 8:47; 9:41ð Þ þ 26:47; 17:94; 11:74ð Þ þ 8:38; 9:00; 10:00ð Þ
¼ 52:70; 47:98; 43:15ð Þ:

A triplet (a, b, c) representing the overall sensory score
(SO) can be represented by a triangle ABC (Fig. 2 (a) and
(b)). As shown in Fig. 2 (a), when the value of (a+c) is less

than 100, the triangle ABC will lie within the sensory scale
interval [0, 100]. If the value of (a+c) is greater than 100, a
part of the triangle ABC lies beyond the interval 0 to 100
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(Fig. 2 (b)). In that case, the part of the triangle ABC
representing the overall sensory score (SO) that lies beyond
100 is ignored. Overall quality as a crisp number of a tea
sample can be found out by finding the distance ya of the
centroid of the triangle ABC (in case when a+c≤100, Fig. 2
(a)) or the polygon ABDE (in case when a+c>100, Fig. 2
(b)) on the sensory scale. The ya is the defuzzified numeric
form of fuzzy triangular distribution function (a, b, c).

When (a+c)≤100, value of ya in terms of a b and c can
be found out as (Wang et al. 2006),

ya ¼ 1

3
3a� bþ cð Þ ð9Þ

Results and discussion

Overall sensory score of tea liquor

We got the value of the overall sensory score SO (from
Eq. 8) of the tea liquor in terms of triplets as (52.70, 47.98,
43.15). Here, a+c=95.85, which is less than 100. Putting
the values of a=52.70, b=47.98 and c=43.15 into Eq. 9,
we get the value of defuzzyfied sensory score ya of the tea
liquor as 51.74.

An approximate way of expressing the overall quality of
tea sample in linguistic form in five point sensory scale is
done by setting the ranges of sensory scales as, 1–12.5: Not
satisfactory, 12.5–37.5: Fair, 37.5–62.5: Medium, 62.5–

87.5: Good, 87.5–100: Excellent. As the value of ya for the
tea sample is 52.70, and since this number lies between 41
and 60, the overall quality of the sample may be termed as
Medium.

Analysis of sensory data for finding judges’ prefererance
for quality attributes

Triplets for the judges’ preference to the quality attributes
viz., color and brightness, aroma, taste and briskness of tea
liquors were obtained as QC, QA, QS, QB. Using Eq. 9
defuzzified numeric values of the judges’ preferences can
be found out as,

yC ¼ 30:83
yA ¼ 45:83
yS ¼ 84:17
yB ¼ 48:33

where, yC, yA, yS and yB represent the judges’ preferences
for the color and brightness, aroma, strength and briskness
respectively of quality attributes of tea liquor in general.
The values of yC, yA, yS and yB shows, for tea liquor,
strength is the most important and the color and brightness
the least. Using linguistic representations of five-point
sensory scale we can arrive at the following conclusions
for the tea liquor in general.

Strength Highly importantð Þ> Briskness Importantð Þ
> Aroma Importantð Þ > Color and brightness Somewhat importantð Þ

Fig. 2 Graphical representation
of overall sensory score as tri-
angle ABC (a) when (a+c)≤100
and (b) when (a+c)>100
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Analysis of sensory data for finding strong and weak
qualities of tea liquor sample

SC, SA, SS and SB are the triplet representation of quality
attributes of the tea liquor sample. By using Eq. 9
defuzzified numerical values of color and brightness, aroma,
taste and the briskness of the tea sample can be found out as,

y1C ¼ 75:00
y1A ¼ 35:83
y1S ¼ 61:67
y1B ¼ 38:33

where, y1C, y1A, y1S and y1A are the defuzzified numerical
values quality attributes viz., color and brightness, aroma,
taste and briskness respectively of the tea liquor. Using
linguistic representations of five-point sensory scale for the
values of y1C, y1A, y1S and y1A we can get for the tea liquor:

Color and brightness Goodð Þ> Strength Mediumð Þ
> Briskness Mediumð Þ> Aroma Fairð Þ
The above result will be particularly useful when the

strong and weak quality attributes of several brands of a
food are required to be found out. We have however, ranked
the quality attributes of a particular tea liquor.

It must be noted that that for the demonstration of the
method of sensory evaluation using fuzzy logic, tea liquor
was taken as an example. The conclusions drawn from the
present study on the tea liquor may be verified by taking
larger number of evaluators.

Conclusions

As human perception is expressed more conveniently in
linguistic form rather in crisp numbers, the judges’ evaluation
of food qualities can be obtained in linguistic form. The
linguistic data can be analyzed by using the theory of fuzzy
sets and defuzzified sensory scores could be obtained. The
technique can be applied for the ranking of foods, judges’
preferences for the different quality attributes of a particular
type of food and the strong and weak quality attributes of a
food. The method of evaluation has been demonstrated in this
paper by using sensory qualities of tea liquor as an example.
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