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Abstract: The relationship between food-related individual characteristics and performance in
sensory evaluation was investigated. The study focused on differences in discriminative ability and
perceptual sensitivity according to levels of product involvement or food neophobia during the
intensity rating of sensory attributes in consumer profiling. Consumers (N = 247) rated the intensity
of attributes for seven flavored black tea drinks and completed the Food Neophobia Scale and the
Personal Involvement Inventory measuring product involvement with the flavored black tea drink.
In the higher product involvement (IH) group and the lower food neophobia (NL) group, the number
of sensory attributes representing the sample effect and of subsets discriminating the samples were
greater, and more total variance of the samples was explained. The higher the product involvement
or the lower the food neophobia, the greater the differentiation in characterizing samples with more
attributes in the intensity ratings. Interestingly, the high food neophobia (NH) group showed less
active performance compared to the NL group during the sensory evaluation overall, but the NH
group was more concerned about unfamiliar attributes and samples. The results implied that the
positive attitude resulting from high product involvement and low food neophobia may induce more
active behavior and better performance during the sensory evaluation.

Keywords: consumer; sensory profiling performance; intensity; involvement; food neophobia

1. Introduction

Sensory descriptive tools using untrained panelists/consumers have recently received
attention as legitimate alternatives to the application of conventional sensory analytical
tests. These novel tools, including free choice profiling (FCP) [1], sorting [2], flash profiling
(FP) [3] napping® [4], check-all-that-apply [5], and rate-all-that-apply (RATA) [6], are both
more rapid and easier to implement by untrained panelists than conventional analytical
tests [7]. More importantly, sensory profiling by consumers may provide additional, im-
portant information that can elucidate consumers’ perceptions of products [8,9]. Therefore,
sensory profiling methods using untrained panelists are considered extremely useful, even
though there is some concern that consumers may not provide the detailed, robust, and
reproducible results typical of methods that use trained panelists [10].

It has been suggested that errors that occur due to consumers’ unfamiliarity with
methods or products can be prevented by providing detailed instructions [9] or that these
shortcomings could be resolved statistically [11]. However, a different perspective is that
the supposed weaknesses of consumer profiling are not problems to be solved, but rather
represent pertinent issues to be understood [12–18]. Therefore, a more appropriate way of
considering the variability in data from consumer sensory profiling is to interpret the results
in the light of measured individual differences between consumers, including demographic,
geographic, psychological, and behavioral variables related to the product of interest. Thus,
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it is important to accompany such forms of sensory profiling with consumer classification
or segmentation [19,20], with subsequent analysis treating consumer characteristics as
explanatory or predictive variables. Accordingly, the criteria for classification should be
carefully considered so that the results can show more clearly how consumers perceive
the product.

In the present study, two factors were applied to better understand the result of
consumer profiling. One is product involvement, known to be an important characteristic
affecting consumers’ attitudes and behaviors towards foods. Involvement is defined as the
relevance that a product has for the consumer [21], and it is related to active attitudes aimed
at understanding product information [22]. Another factor, food neophobia, traditionally
refers to the degree of reluctance that a consumer has in trying novel foods [23]. These
two factors can be considered as representative food-related personality traits [24]. Recent
studies have shown that differences in food neophobia predict the consumption and
acceptability of foods generally, including foods that may be quite familiar [25–28], but that
food is rejected for reasons other than novelty, e.g., by uncommon flavor combinations.

We suggest, therefore, that consumers will show different degrees of attention or
activeness in processing the sensory properties of food products, depending on how
involved they are in the food product or the extent to which the product elicits food
neophobia, and that this will be reflected in the performance of sensory evaluation. Some
studies evoked negative emotions toward a product and better discrimination of the
samples was observed [29,30]. Particularly, this study focused on whether consumers show
differences in discriminative ability or perceptual sensitivity according to their product
involvement or food neophobia level during the intensity rating of sensory attributes in
consumer profiling of black tea as the model system. So far, there have been few studies on
differences in flavor intensity ratings by consumers with different levels of food product
involvement and food neophobia. In the case of sweetness, saltiness, and overall strength
of flavor, people with higher levels of involvement (especially in part of the ‘preparation
and eating involvement’ subscale) showed greater discrimination among samples [31].
Therefore, the present study was aimed at exploring the criteria for consumer classification,
or the factors for interpretation of sensory profiling, hypothesizing that consumers who
are highly involved with the product and food neophobics will show better discrimination
in sensory profiling. Black tea was chosen as the model beverage in the study since it is a
familiar beverage among Korean consumers, but applying different types of flavor to black
tea can induce different degrees of novelty/unfamiliarity in black tea perception.

2. Materials and Methods
2.1. Samples
2.1.1. Materials

Flavored black tea drinks, made by adding various flavored syrups (MONIN Asia KL
Sdn Bhd, Selangor, Malaysia) to the Assam black tea base (Tea Korea Co., Ltd., Bucheon,
Korea), at various concentrations, were used for intensity evaluation by consumers. The
amount of black tea base, water, and flavored syrups used was based on the recommenda-
tions on the package of the products and on preliminary testing.

2.1.2. Sample Design

The flavors of the syrups to make the flavored black tea samples in this study were
peach, apple, melon, and cucumber. Peach is the most frequently used flavor in commercial
black tea drinks, whereas cucumber has never been applied to black tea in Korea. Thus,
peach and cucumber syrups were used as being familiar and unfamiliar flavors, respectively,
in black tea drinks for Korean consumers. Apple and melon syrups were also used as other
relatively familiar flavors.

In order to prevent large difference in the characteristics of the samples, all the drink
samples contained peach syrup plus either one or two other syrups at lower concentrations
(w/w, 2.7% of the sample) than the peach syrup (w/w, 5.4% of the sample), except one
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sample (UU) which had no other flavoring syrup but peach. The seven sample flavor
combinations are as follows (Table 1): UU, no other syrup; AU, apple; MU, melon; CU,
cucumber; AM, apple and melon; MC, melon and cucumber; CA, cucumber and apple.
To make the total sugar content of seven samples similar, unflavored sugar cane syrup
(MONIN Asia KL Sdn Bhd, Selangor, Malaysia) was used. ◦Brix range among the samples
was from 7.27–7.40 (RHB-32ATC, Huake Instrument Co., Ltd., Shenzhen, China).

Table 1. Information on the seven flavored black teas used for intensity rating of sensory attributes.

Sample
Code

Features

Composition ◦Brix (%)

High Low Low Mean (±SD)

UU Peach Unflavored Unflavored 7.27 (0.12)
AU Peach Apple Unflavored 7.40 (0.00)
MU Peach Melon Unflavored 7.40 (0.00)
CU Peach Cucumber Unflavored 7.40 (0.00)
AM Peach Apple Melon 7.40 (0.00)
MC Peach Melon Cucumber 7.40 (0.00)
CA Peach Cucumber Apple 7.33 (0.12)

All the samples contained a higher concentration of peach syrup (w/w, 5.4%) than other syrup. The other syrups
were used at lower concentration (w/w, 2.7%).

2.1.3. Sample Preparation and Presentation

Aliquots of each sample (50 mL) were poured into opaque plastic cups (160 mL,
Easepack Co., Namyangju, Korea) coded with three-digit random numbers. The samples
were served simultaneously at room temperature (20 ± 2 ◦C). The presentation order of
the seven samples followed a Williams Latin Square Design [32]. Each participant was
provided with filtered water (Ceramic Filter System, Supercape, Dalton, Fairey Industrial
Ceramics Ltd., London, UK) and was instructed to drink it for mouth rinsing between
samples.

2.2. Taste and Flavor Descriptors

Sensory descriptors were generated by 31 untrained (with no experience in descriptive
analysis; aged 19–70; 12 males and 19 females) and nine trained panelists (with experi-
ence in descriptive analysis; aged 24–42; nine females) using samples with three flavor
syrups in black tea at various concentrations. Untrained panelists used seven words on
average (range from 2–23 words) to describe the samples, while trained panelists elicited
18 attributes on average (range from 11–25). A total of 87 and 91 attributes related to
taste/flavor modality were generated for the samples by untrained and trained panelists,
respectively. The trained panelists mostly derived descriptive terms that represent distinct
flavors. The untrained panelists, however, used more comprehensive descriptors such
as category and name of the product or food, and they expressed overall impressions of
taste/flavor such as fruity, flat, and watery.

Based on the list obtained from the untrained panelists, the attributes were selected
considering the frequency of usage employed by two or more panelists. Focused on
taste/flavor attributes, the recognizable attributes without need for interpretation (objective
descriptions) were finally selected (flavors: apple, peach, melon, cucumber, and plum;
tastes: sweet, sour, and bitter). In order to select more representative attributes of black
tea samples, the attributes generated by trained panelists were considered. Given that
the samples were made from black tea base, “astringent” and “black tea flavor” were also
included, resulting in a final list of 10 attributes (sweet, sour, bitter, apple, peach, melon,
cucumber, plum, black tea, and astringent).
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2.3. Subjects

A total of 245 subjects who had previously consumed flavored black tea drinks were
recruited through on/off-line advertisement in Seoul, Korea. They reported no experience
in descriptive analysis and no food related allergies. Demographics of subjects (gender,
age, and education) are shown in Table 2. The subjects consisted of 40.4% male and 59.6%
female. The mean age was 31 years (SD = 11.66, range 13–73), and the ratio of low, medium,
and highly educated subjects were 22.0, 31.8, and 46.1%, respectively: low, ≤high school;
medium, undergraduate; high, graduate.

Table 2. Product involvement and food neophobia scores by gender, age, and education.

Variable Categories
Involvement 1 Neophobia 2

N
Mean Range Mean Range

Gender Male 52.00 15–88 29.12 11–61 99
Female 58.90 15–99 31.95 10–60 146

Age groups 10–19 yrs 51.41 15–99 34.25 15–60 32
20–29 yrs 59.21 18–96 29.22 10–61 120
30–39 yrs 56.98 21–93 29.06 12–56 50
40–49 yrs 50.43 18–74 34.19 20–51 21
50–59 yrs 50.86 27–87 34.93 24–52 14
60 yrs+ 47.13 15–88 35.63 13–58 8

Education 3 Low 47.83 15–99 36.15 13–61 54
Medium 61.53 18–96 32.38 19–60 78

High 56.33 21–90 27.17 10–56 113
1 Personal involvement inventory [33,34]; 2 Food neophobia scale [23]; 3 Low, ≤ high school; Medium, under-
graduate; High, graduate.

2.4. Procedure

Samples were evaluated monadically. Subjects rated the intensities of the ten pre-
established sensory attributes on 15-point category scales, from “weak (1) to “strong (15)”
after tasting each sample. Subjects were instructed to taste and swallow the samples freely.
After completing the evaluation of one sample, they were asked to drink filtered water
(20 ± 2 ◦C) to rinse their palate and have a 1 min break before tasting the next sample.

To classify subjects who participated in this study according to their individual traits,
subjects were required to complete the Personal Involvement Inventory (PII) [33,34] regard-
ing flavored black tea drinks and the Food Neophobia Scale (FNS) [23]. For the analysis,
they were classified into low, moderate, and high product involvement (PI) groups and
low, moderate, and high food neophobia (FN) groups according to the level of product
involvement and food neophobia, respectively. The PII is composed of 15 questions such as
‘important’, ‘of concern to me’, ‘relevant’, ‘mean a lot to me’, ‘interesting’, etc., to measure
the perceived relevance of the product to each person. For the subject classification based
on the sum of PII scores, subjects of 25% from top and bottom percentile ranks respectively
were taken as high and low involvement group (called IH and IL) following the method
as in a previous study [34]. The subjects in the middle of the score distribution were
designated as the moderate involvement group (IM). High and low food neophobia groups
(called NH and NL) were allocated above the mean plus standard deviation of summed
FNS scores and below the mean minus standard deviation of summed FNS [23]. The
subjects with intermediate scores were also designated as the moderate food neophobia
group (NM).

Tests were conducted on campus, in churches, or in the community rooms in Seoul,
Korea. The study was approved by the institutional Review Board (IRB) at Ewha Women’s
University, Seoul, Korea (#138).
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2.5. Data Analysis

Three-way analysis of variance (ANOVA) with Product involvement (low; moderate;
high levels), Food neophobia (low; moderate; high levels), and Samples as factors was
carried out on the intensity rating data in order to check the overall presence of their
main effect and interactions. In addition, post-hoc comparisons using the Tukey’s HSD
test (α = 0.05) were performed on the intensity rating data to compare the differences
among the groups in the sensory evaluation. In order to summarize the interrelationship
among descriptors and samples, principal component analysis (PCA) was conducted on
the averaged data. Additionally, multiple factor analysis (MFA) was performed to examine
the similarity of sample positioning between comparative groups. Statistical analyses
were performed using PASW Statistics 18.0 (SPSS Inc., Chicago, IL, USA) and XLSTAT for
windows 14.0 (Addinsoft, rue Damrémont, France).

3. Results
3.1. Subject Groups According to Product Involvement Level and Food Neophobia Level

Participants’ (N = 245) PII scores ranged from 15 to 99 for the flavored black tea drink
(Figure 1a). The mean scores of low involvement (IL), moderate involvement (IM), and
high involvement (IH) groups were 32.98 (N = 61; range: 15 to 44), 56.45 (N = 117; 45 to
67), and 76.57 (N = 67; 68 to 99), respectively. The mean FNS score of all subjects (N = 245,
Figure 1b) was 30.81 (SD = 10.63; ranged from 10 to 61). The criteria for low food neophobia
(NL) and high food neophobia (NH) group were scores on the FNS below 20.18 and above
41.44, respectively. The mean scores of NL, NM (moderate food neophobia), and NH
groups were 17.07 (N = 45; range: 10 to 20), 30.40 (N = 162; 21 to 41), and 48.84 (N = 38;
42 to 61), respectively.

3.2. Effects of Samples

There were significant (p < 0.05) sample effects on the intensity ratings of sour
(F6,1648 = 5.77), apple (F6,1645 = 12.21), peach (F6,1645 = 6.47), melon (F6,1648 = 39.45), cu-
cumber (F6,1649 = 31.14), plum (F6,1645 = 6.22), and black tea (F6,1646 = 6.27) attributes, but
not for the sweet, bitter, and astringent attributes. The mean intensity of sour was relatively
high in AM, and low in CU and UU. Apple flavor intensity was highest in AU, and low
in the samples in the order of MU > CA > CU > MC. Peach flavor intensity was high in
UU and AU, and low in MC. The intensity of cucumber flavor was high in CU, MC, and
CA, and melon flavor intensity was also high in MC and CA, while, the intensities of
both attributes was low in UU and AU. Especially in cucumber flavor, the samples were
separated into three groups depending on the addition of cucumber and melon syrup.
Plum flavor intensity was relatively high in AU and AM, and low in MU, MC, and CU.
The intensity of black tea flavor was highest in UU and relatively low in MC. Consequently,
UU was characterized by peach and black tea flavors, and AU was highlighted by apple,
peach, and plum flavors while CU was mainly characterized by cucumber flavor. MC and
CA were explained by melon and cucumber flavor while AM was recognized by sour and
plum attributes.

3.3. Effects of Product Involvement (PII)

There were significant (p < 0.05) main effects of product involvement on the intensity
rating of all attributes. Post-hoc comparisons of PI groups were differentiated into post-hoc
subgroups for all the attributes, with the exception of astringency. As shown in Figure 2a,
the IH group further distinguished the samples using a wider range of the scale than the
IL group on all attributes except bitterness. The rating-range magnitude of the IM group
was intermediate between the IL and IH groups, with the exception of sour and apple
attributes. This rating-range magnitude may imply the degree of effort or attention when
trying to differentiate the sensory characteristics of the samples. The PCA on the IL group
(Figure 3a) showed that the first two PCs explained 50.89% and 30.98% of the total variance
(81.88%), respectively. Considering only the attributes with significant sample effects, the
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peach flavored black tea drink (the base) containing melon or cucumber syrup (MC, CU,
MU, CA, and AM) were loaded on the positive PC1, and were rated relatively high in
melon and cucumber attributes (Figure 3a, Table 3). On the negative side of PC1, only those
including peach and/or apple syrups (UU and AU) were loaded, and were characterized
as plum attribute. On PC2, apple and sour attributes characterized the samples having
apple and/or melon syrup (AU, AM, and MU), differentiating those having cucumber
syrup (CU, CA, and MC) or no added syrup (UU) from the base.
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Figure 2. The range magnitude of the group mean value for each level of the (a) PII and (b) FNS measures for the intensities of
the attributes: the maximum value minus the minimum value within each attribute and groups. Bars represent standard error.

Foods 2021, 10, x FOR PEER REVIEW 8 of 19 
 

 

 
Figure 2. The range magnitude of the group mean value for each level of the (a) PII and (b) FNS measures for the intensities 
of the attributes: the maximum value minus the minimum value within each attribute and groups. Bars represent standard 
error. 

  

Sour
Apple

Melon

Cucumber

Plum

UU

AU

MU

CU

AM

MC

CA

-5

-3

-1

1

3

5

-5 -3 -1 1 3 5

F2
 (3

0.
98

 %
)

F1 (50.89 %)

(a) IL, 81.88 %

Apple

Peach
Melon

Cucumber

Plum

Blacktea

UU

AU

MU CU

AM

MC

CA

-5

-3

-1

1

3

5

-5 -3 -1 1 3 5

F2
 (2

4.
61

 %
)

F1 (53.29 %)

(b) IM, 77.90 %

Figure 3. Cont.



Foods 2021, 10, 598 8 of 18Foods 2021, 10, x FOR PEER REVIEW 9 of 19 
 

 

 
Figure 3. Principal Component Analysis (PCA) biplot of the samples (filled circles) and the sensory attributes (dotted line) 
for the first two PC dimensions: (a) IL; (b) IM; (c) IH. See Table 1 for sample codes. Only the attributes showing significant 
differences among the samples (p < 0.05) are presented. 

Table 3. Mean intensity scores for sensory attributes 1 of the samples in low involvement (IL), moderate involvement (IM) 
and high involvement (IH) groups. 

Attributes Group 

Samples 2 

No Other 
Syrup 
(UU) 

Apple 
(AU) 

Melon 
(MU) 

Cucum-
ber (CU) 

Apple 
and 

Melon 
(AM) 

Melon 
and Cu-
cumber 

(MC) 

Cucum-
ber and 
Apple 
(CA) 

Sweet IL 7.48 6.92 6.66 6.62 6.72 6.8 6.95 
 IM 7.58 7.64 7.19 7.41 6.95 6.61 6.62 
 IH 9.16 8.73 9.1 9.18 8.48 8.06 8.34 

Sour IL 2.18 a 3.20 ab 2.83 ab 2.26 a 3.79 b 3.25 ab 3.43 ab 
 IM 2.87 a 3.30 ab 3.23 ab 3.19 ab 4.04 b 3.38 ab 3.79 ab 
 IH 2.88 a 3.98 ab 3.63 ab 3.15 a 4.64 ab 3.55 ab 5.18 c 

Bitter IL 2.52 1.87 1.95 2.11 2 1.74 2.13 
 IM 2.76 2.62 2.41 2.39 2.3 2.15 2.72 
 IH 2.25 2.7 2.19 2.25 2.46 2.39 2.7 

Apple IL 3.67 a 5.55 b 3.87 a 2.85 a 4.08 ab 3.13 a 3.54 a 
 IM 4.31 ab 6.36 c 4.34 ab 4.39 ab 5.61 bc 4.03 a 4.13 a 
 IH 5.67 ab 7.42 b 5.27 a 4.70 a 6.27 ab 4.53 a 4.55 a 

Peach IL 4.89 4.89 4.9 4.13 4.72 4.3 4 
 IM 7.06 b 6.62 ab 6.21 ab 5.70 ab 6.09 ab 5.35 a 5.29 a 
 IH 7.88 c 7.09 bc 6.58 abc 5.58 ab 6.03 abc 4.90 a 5.40 ab 

Melon IL 3.25 a 3.52 a 7.33 b 7.08 b 6.18 b 7.47 b 6.64 b 
 IM 4.01 a 4.16 a 7.91 b 7.85 b 7.29 b 8.48 b 8.13 b 

 IH 3.49 a 3.54 a 8.76 b 8.72 b 7.01 b 9.40 b 9.28 b 
Cucumber IL 2.82 ab 2.67 a 3.79 abc 6.15 d 3.72 abc 5.49 cd 4.77 bcd 

 IM 3.03 a 3.16 a 4.68 b 7.32 c 4.52 ab 6.59 c 6.92 c 
 IH 3.19 a 3.00 a 4.52 a 7.70 d 4.90 c 7.19 ab 6.90 c 

Sour

Apple

Peach
Melon

Cucumber

Plum

Blacktea

UU

AU

MU

CU

AM

MC

CA

-5

-3

-1

1

3

5

-5 -3 -1 1 3 5

F2
 (3

5.
01

 %
)

F1 (48.53 %)

(c) IH, 83.54 %

Figure 3. Principal Component Analysis (PCA) biplot of the samples (filled circles) and the sensory attributes (dotted line) for the first
two PC dimensions: (a) IL; (b) IM; (c) IH. See Table 1 for sample codes. Only the attributes showing significant differences among the
samples (p < 0.05) are presented.

Table 3. Mean intensity scores for sensory attributes 1 of the samples in low involvement (IL), moderate involvement (IM)
and high involvement (IH) groups.

Attributes Group
Samples 2

No Other
Syrup (UU)

Apple
(AU)

Melon
(MU)

Cucumber
(CU)

Apple and
Melon (AM)

Melon and
Cucumber (MC)

Cucumber and
Apple (CA)

Sweet IL 7.48 6.92 6.66 6.62 6.72 6.8 6.95
IM 7.58 7.64 7.19 7.41 6.95 6.61 6.62
IH 9.16 8.73 9.1 9.18 8.48 8.06 8.34

Sour IL 2.18 a 3.20 ab 2.83 ab 2.26 a 3.79 b 3.25 ab 3.43 ab

IM 2.87 a 3.30 ab 3.23 ab 3.19 ab 4.04 b 3.38 ab 3.79 ab

IH 2.88 a 3.98 ab 3.63 ab 3.15 a 4.64 ab 3.55 ab 5.18 c

Bitter IL 2.52 1.87 1.95 2.11 2 1.74 2.13
IM 2.76 2.62 2.41 2.39 2.3 2.15 2.72
IH 2.25 2.7 2.19 2.25 2.46 2.39 2.7

Apple IL 3.67 a 5.55 b 3.87 a 2.85 a 4.08 ab 3.13 a 3.54 a

IM 4.31 ab 6.36 c 4.34 ab 4.39 ab 5.61 bc 4.03 a 4.13 a

IH 5.67 ab 7.42 b 5.27 a 4.70 a 6.27 ab 4.53 a 4.55 a

Peach IL 4.89 4.89 4.9 4.13 4.72 4.3 4
IM 7.06 b 6.62 ab 6.21 ab 5.70 ab 6.09 ab 5.35 a 5.29 a

IH 7.88 c 7.09 bc 6.58 abc 5.58 ab 6.03 abc 4.90 a 5.40 ab

Melon IL 3.25 a 3.52 a 7.33 b 7.08 b 6.18 b 7.47 b 6.64 b

IM 4.01 a 4.16 a 7.91 b 7.85 b 7.29 b 8.48 b 8.13 b

IH 3.49 a 3.54 a 8.76 b 8.72 b 7.01 b 9.40 b 9.28 b

Cucumber IL 2.82 ab 2.67 a 3.79 abc 6.15 d 3.72 abc 5.49 cd 4.77 bcd

IM 3.03 a 3.16 a 4.68 b 7.32 c 4.52 ab 6.59 c 6.92 c

IH 3.19 a 3.00 a 4.52 a 7.70 d 4.90 c 7.19 ab 6.90 c
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Table 3. Cont.

Attributes Group
Samples 2

No Other
Syrup (UU)

Apple
(AU)

Melon
(MU)

Cucumber
(CU)

Apple and
Melon (AM)

Melon and
Cucumber (MC)

Cucumber and
Apple (CA)

Plum IL 4.69 ab 5.30 b 3.59 ab 3.46 a 4.75 ab 3.75 ab 3.88 ab

IM 5.44 ab 6.54 b 5.50 ab 5.04 a 6.72 b 4.89 a 5.62 ab

IH 5.45 ab 7.07 b 5.57 ab 5.03 a 6.45 ab 5.58 ab 5.77 ab

Black tea IL 4.97 4.1 3.62 3.8 3.77 3.39 4.12
IM 7.14 b 5.91 ab 5.46 a 5.03 a 5.32 a 4.89 a 5.36 a

IH 6.94 b 5.85 ab 5.18 ab 4.97 a 5.39 ab 4.61 a 4.81 a

Astringent IL 3.46 2.93 2.61 3.07 2.85 3.21 3.28
IM 3.85 3.21 3.44 3.34 3.48 3.56 3.96
IH 3.42 3.25 3.18 2.91 3.69 3.25 3.93

1 Group means: mean values within a row not sharing a superscript letter are significantly different (p < 0.05, Tukey’s HSD test). Attributes
with non-significant differences among samples were not marked with superscript letters. 2 See Table 1 for sample codes.

In the IH group (Figure 3c), a total of 83.54% of the variance was explained by PC1
(48.53%) and PC2 (35.01%). The two samples having only peach and/or apple syrup
(UU and AU) were highly loaded on the positive PC1 with peach, black tea, and apple
attributes. In contrast, the samples containing cucumber syrup in the base such as MC,
CA, and CU were positioned on the negative PC1 with melon and cucumber attributes.
In addition, the rest of the samples (MU and AM), having melon syrup but no cucumber
syrup, were positioned in the middle of PC1 axis, indicating that IH group differentiated
MU and AM from the other samples. This means that the IH group differentiated the
samples better than did the IL group on the axis of PC1. On PC2, the IH group placed
the samples containing apple syrup (CA, AU, and AM) on the positive PC2, characterized
them with sour and plum attributes, and positioned the others (CU, MU, UU, and MC) not
containing apple syrup on the negative PC2. Accordingly, the IH group explained a greater
total variance of samples than did the IL group. The IM group (Figure 3b) explained the
lowest total variance (77.90%) of the first two PCs than the other groups. In the IM group,
the samples (MU, CU, CA, and MC), positioning only in the second quadrant, were less
distinguished and less explained than in the IH group. On the positive side of PC2, they
did not distinguish differences between apple and plum attributes while the IH group did.

The MFA on the mean intensity value of the attributes also showed that the IH group
better distinguished the samples in sensory intensity ratings than the IL group (Figure 4a).
In particular, the IH group perceived the difference between MU and CA as much greater
than did the IL group. It seems that IH group distinguished between the samples including
melon syrup and the samples including cucumber syrup while the IL group was confused
by these samples. Though cucumber and melon flavors might be expected to be confused,
since other fruit flavors and sweetness were added, the IH group distinguished whether the
samples contained cucumber and melon syrup, or not, and characterized more attributes.
Furthermore, the IH group seemed to recognize the difference in the presence or absence of
apple syrup. Unlike the IL group, the IH group distinguished the samples containing apple
syrup from the samples without apple syrup and characterized them as having sour and
plum attributes.
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3.4. Effects of Food Neophobia (FNS)

There were significant (p < 0.05) main effects of Food neophobia on the intensity
ratings of all attributes. In the post-hoc comparisons of mean intensity scores, FN groups
were differentiated into different homogeneous subsets for all attributes. The PCA result
showed that PC1 and PC2 explained 48.54% and 26.47%, respectively, of total variance
(75.01%) in NL group (Figure 5a). Considering only the attributes with significant sample
effects, those having cucumber syrup such as MC, CU, and CA were highly loaded on
the positive PC1 and they shared melon and cucumber attributes. On the negative PC1,
there were high loadings for samples containing only peach and/or apple syrup (UU and
AU), which were characterized with peach and black tea. On PC2, AM, CA, and AU,
which had apple syrup, were loaded positively and separated from other samples. The
NM group (Figure 5b) explained a similar percentage of the total variance (76.30%) to the
NL group. Both NL and NM groups showed well which attributes explained the samples
and how much the attributes represent the sample on the PCA plot. However, the NM
group did not identify apple flavor in CA, and the NL group did not explain the samples
by plum attribute.
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Figure 5. PCA biplot of the samples (filled circles) and the sensory attributes (dotted line) for the first two PC dimensions:
(a) lower food neophobia (NL); (b) moderate food neophobia (NM); (c) high food neophobia (NH). See Table 1 for sample
codes. Only the attributes showing significant differences among the samples (p < 0.05) are presented.

In the NH group, the first two PCs accounted for 48.52% and 19.95% of total variance,
respectively (Figure 5c), explaining lower total variance than in the NL group. Cucumber
syrup samples CA, MC, and CU were loaded positively on PC1 and characterized by
melon and cucumber attributes. Peach syrup and/or apple syrup samples UU and AU
were loaded negatively on PC1 and were highly correlated with peach and plum attributes.
Compared to the NL group, the NH group explained less total variance in the PCA,
and did not differentiate the samples on several attributes (sour, apple, and black tea),
thus indicating a lower overall performance of the NH group. Although both groups
distinguished the samples containing cucumber syrup, the distance among the samples
containing cucumber and/or melon syrup in the NH group were greater than that in the
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NL group, suggesting that the NH group may have focused more on the difference between
these two attributes than the NL group. These performances are also confirmed from the
superimposed representation of partial groups. As shown in Figure 4b, overall, the NL
group tended to differentiate the samples more than the NH group. The exception to this
was the sample CA, which was greatly differentiated by the NH group who rated this
sample as having the strongest cucumber and melon characteristics. However, the NL
group used a wider range of scale values than did the NH group for the intensities of sour,
apple, melon, and cucumber attributes (Figure 2b), which were the main contributors to
the PC loadings in both groups (Figure 5). For the black tea attribute, the three FN groups
used a similar range magnitude of the scale. For peach and plum attributes, however, the
NM group used a narrower range of the scale than the other groups.

3.5. Product Involvement and Food Neophobia Interactions

There were significant (p < 0.05) Product involvement and Food neophobia interactions
for all attributes except sour and plum (Figure 6). The significant interactions resulted from
large differences in intensity ratings depending on the level of involvement, especially in the
case of low food neophobia. The participants with high product involvement and low food
neophobia gave higher intensity ratings to all the sensory attributes than did other groups.
There was a significant interaction between Food neophobia and Samples (F12,1648 = 1.98,
p = 0.02) on the intensity rating of melon attribute. However, there were no significant
interactions between the other combinations of ANOVA factors (Product involvement ×
Samples, Food neophobia × Samples, Product involvement × Food neophobia × Samples)
on the intensity rating of all attributes.
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Looking back at the sample effect by group, the effects of samples were shown to be
relatively greater in the IH and NL group with larger F-values (data not shown) than in the
IL and NH group, respectively. According to the post-hoc comparisons of mean intensity
scores within each group, the subgroups for the IH and NL groups were more similar to
those for the total subjects than the IL and NH groups. In three PI groups, the number of
post-hoc subgroups was different between the IL, IM, and IH groups in the intensity ratings
of apple, peach, cucumber and black tea attributes (Table 3). Especially for peach and black



Foods 2021, 10, 598 13 of 18

tea attributes, i.e., the major attributes of the black tea drinks, the IH group distinguished
the samples with more subgroups than the IL and IM groups. For apple attribute, the
IM group distinguished the samples with more subgroups than the other groups, but the
subgroups for the IH group were more similar to those for the total subjects than the other
groups. In the case of cucumber attribute, though the IL group separated the samples
into many more subgroups than the other groups, the IH group correctly distinguished
between the samples containing cucumber syrup (CU, MC, and CA) and those that did not
(UU, AU, MU, and AM). In the FN groups, the number of post-hoc subgroup was different
in the intensity ratings of apple and plum attributes (Table 4). In the intensity evaluation
for apple attribute, the NL group rated the samples containing apple syrup (AU, AM, and
CA) a high score and distinguished them from other samples. The NM and NH groups
also knew the sample with the most obvious apple flavor (AU), but the NM group was
confused about its intensity, and the NH group did not distinguish the samples according
to the intensity of apple flavor. Like the IH group among three PI groups, the NL group
exactly distinguished the presence of cucumber syrup in the samples (CU, MC, and CA).

Table 4. Mean intensity scores for sensory attributes 1 of the samples in NL, NM and NH groups.

Attributes Group
Samples 2

UU AU MU CU AM MC CA

Sweet NL 9.09 8.96 8.64 8.36 8.6 8.53 8.2
NM 7.91 7.72 7.55 7.71 7.33 6.86 7.11
NH 7 6.5 6.45 6.84 5.68 6.13 6.21

Sour NL 3.2 4.22 3.48 3.16 5.3 4.02 5.69
NM 2.65 a 3.37 abc 3.41 abc 2.97 ab 4.05 c 3.44 abc 3.83 bc

NH 2.32 2.92 2.24 2.61 3.21 2.45 3.24

Bitter NL 2.93 2.71 2.64 2.93 2.96 2.47 2.71
NM 2.58 2.51 2.24 2.25 2.15 2.05 2.62
NH 2.05 1.92 1.74 1.68 1.95 1.95 2.18

Apple NL 4.27 a 7.49 c 4.20 a 4.07 a 6.49 bc 3.78 a 4.84 ab

NM 4.81 ab 6.56 c 4.83 ab 4.20 a 5.50 bc 4.27 a 4.20 a

NH 3.63 4.79 3.3 3.66 3.74 2.74 2.76

Peach NL 7.20 b 6.80 ab 6.42 ab 5.42 ab 5.76 ab 4.53 a 5.31 ab

NM 6.81 b 6.59 ab 6.25 ab 5.58 ab 6.00 ab 5.48 a 5.34 a

NH 5.87 b 4.58 ab 4.34 ab 3.82 ab 4.57 ab 3.29 a 3.14 a

Melon NL 3.51 a 3.07 a 10.44 b 8.47 b 7.16 b 9.38 b 8.09 b

NM 3.97 a 4.19 a 7.72 bc 8.33 bc 7.27 b 8.67 c 8.27 bc

NH 2.59 a 3.24 a 6.26 b 5.37 ab 5.29 ab 6.66 b 7.24 b

Cucumber NL 2.67 a 2.78 a 4.22 a 8.00 c 4.53 ab 7.84 c 6.98 bc

NM 3.35 ab 3.15 a 4.83 c 7.33 d 4.57 bc 6.47 d 6.48 d

NH 2.05 a 2.58 ab 2.87 abc 5.26 c 3.68 abc 4.92 bc 5.27 c

Plum NL 5.11 6.33 4.98 4.11 6.04 4.4 5.62
NM 5.52 abc 6.35 bc 5.28 ab 5.08 a 6.59 c 5.04 a 5.48 abc

NH 4.32 ab 6.51 b 4.13 ab 3.42 a 4.42 ab 4.29 ab 3.68 a

Black tea NL 7.18 5.96 5.07 5.34 5 5.04 5.09
NM 6.68 b 5.58 ab 5.22 a 4.85 a 5.19 a 4.51 a 5.31 a

NH 5.16 4.22 3.53 3.39 3.87 3.42 2.89

Astringent NL 4.29 4.29 4.29 4.29 4.29 4.29 4.29
NM 3.52 3.04 3.12 2.94 3.1 3.21 3.72
NH 3.32 2.76 2.53 3.05 3.11 3.21 3.27

1 Group means: mean values within a row not sharing a superscript letter are significantly different (p < 0.05,
Tukey’s HSD test). Attributes with non-significant differences among samples were not marked with superscript
letters.2 See Table 1 for sample codes.
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4. Discussion

This study aimed to test factors that previous studies have suggested [29–31] might
affect consumer performance in the intensity rating of sensory attributes. In particular,
the study focused on the individual consumer characteristics that influence the attitudes
toward food, namely levels of product involvement and food neophobia. This study is
noteworthy given the lack of studies on the relationship between individual characteristics
and behaviors during sensory profiling, especially in regard to food product involvement
and neophobia. It therefore provides data that can support improved performance in con-
sumer sensory profiling studies. Although only beverages were evaluated, this study used
products with which the participants—females, young adults, and the highly educated—
were highly involved, namely flavored black tea drinks. The results indicated that the
subjects with the highest product involvement or low food neophobia characterized and
differentiated the samples to a greater degree. It should be noted, however, that the results
of this study cannot guarantee that the IH and NL groups have better sensory sensitivity
than the IL and NH groups, respectively. Instead, it is likely that the IH and NL groups
make a greater effort or pay greater attention when trying to differentiate the sensory
characteristics of the products. That is, the IH and NL groups may perform better sen-
sory discrimination motivated by their emotional involvement. Hence, in the study of
Stocks et al. [35], authenticity stories, that engaged emotional involvement, led to better
discrimination among barely discriminable stimuli.

Previous studies have shown that individual consumer characteristics/traits influ-
enced attitudes [36–38], and that these attitudes were mostly consistent with behavior [39].
Given that individual difference factors such as product involvement and food neophobia
can influence attitudes toward the food product, it is quite clear that positive attitudes
resulting from high product involvement and low food neophobia can lead to subjects’
greater discriminative ability during the sensory evaluation. For instance, Ares et al. [40]
showed that the individuals’ product involvement affects the interest in the evaluated
samples and reaction towards the sensory variables of samples. Given that food neophilia
groups show higher willingness to try unfamiliar foods and higher consumption of the
samples than food neophobia groups [41], the NL group in this study seemed to have a
more positive attitude towards their performance in the sensory evaluation task.

Generally, the NH group had been expected to show greater discriminative ability in
the sensory evaluation and to differentiate the samples to a greater degree than the NL
group, since those high in food neophobia are known to avoid unfamiliar foods [23] and
therefore should be more sensitive to unfamiliar products. However, the NL group showed
better discriminative ability during the sensory rating than the NH group. Although both
groups had a tentative motive to show greater discriminative ability during the sensory
evaluation, it seemed that the performance (active behavior) induced by the acceptance
(positive motivation) of the NL group was greater than the performance induced by the
rejection (negative motivation) of the NH group in the sensory evaluation of the flavored
black tea drinks. It is also supported by previous studies showing that those low in FN had
a more positive attitude toward, and experiences with, a variety of foods [23,42].

In this study, groups varying in product involvement or food neophobia showed dif-
ferences in scale use during the intensity rating. In order to accurately identify differences
among samples in sensory science, there have been efforts to validate sensory data analysis
in relation to the differences in panels’ scale use [43–45]. For instance, in studies of the
mixed model [3,9,46–49], individual differences within the panel, and interactions between
panel and product were considered as random effects in statistical analysis. Another sta-
tistical approach to handle these individual differences is principal component analysis
(PCA). In PCA, differences in scale use among panels are dealt with by averaging scores
over panels [50]. In descriptive analysis with trained panelists, training procedures reduce
the effect of individual differences of the panelists.

In contrast, individual differences within panels of consumers are important in that
they reflect the individual consumer’s natural perception of the product. Individual differ-
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ences that arise from sex or age are routinely considered in consumer studies. What the
present study shows is that other individual consumer traits—specifically, product involve-
ment and food neophobia—can be equally important in determining sensory evaluation
outcomes. Previous research supports this conclusion. Lim [51] indicated that psycholog-
ical traits can affect sensory evaluation and decision making. For instance, the level of
motivation according to individual traits can psychologically influence the scores [52]. To
some extent, therefore, differences within consumer panels in sensory evaluation results
might be explained on the basis of such individual traits.

Despite this study’s contribution in identifying the effect of product involvement
and food neophobia on the intensity rating of sensory attributes, it has some limitations.
The participants were not verified as representative of the entire population even though
the subjects who participated in this study were relatively varied in terms of gender, age,
and education. The comparisons of the PII scores by subject factors such as gender, age,
and education in previous studies showed inconsistent results depending on the product
of interest; for instance, in gender, a highly involved group for chocolate desserts was
composed of a high proportion of females [40], and highly involved people in sausages and
chocolate bars were mainly males and females, respectively [53]. Although it is difficult to
compare the mean FNS scores by country since the number, age, and gender of participants
in each study are diverse, Koreans [54,55] generally tend to be slightly higher in mean
food neophobia than the US population [56] and lower than other populations [23,57]. The
gender ratio of food neophobia in this study showed a similar result to several previous
studies [57–59]. However, the relationship between food neophobia and gender has not
been clarified yet since there are also studies reporting no gender effect on food neopho-
bia [23,56,60–63]. The higher the education level, the lower the FNS score (p < 0.05) in the
present study, which is the same as in the studies that reported the negative correlation
between FNS score and education level [57,64,65].

To some extent, the results of this study are limited by the fact that the acceptability
of the samples was not measured. Given that there are previous studies supporting the
correlation between involvement and interest [26] and between food neophobia and accept-
ability [25,55], the overall acceptability of the samples might provide additional evidence
or information about the relationship between individual characteristics and performance
in sensory evaluation. Nevertheless, since it is not desirable for the same subjects to un-
dertake analytic profiling and judge holistic acceptance within the same test [66], overall
acceptability was not evaluated in this study. To some degree, familiarity can be considered
a proxy for acceptability. Here, familiarity was measured, with the peach flavored black tea
drink being the most familiar (33.2% of the total subjects answered ‘extremely familiar’),
followed by apple (18.6%, ‘familiar’), melon (22.7%, ‘slightly unfamiliar’), and cucumber
(40.5%, ‘extremely unfamiliar’). Since there was a gradient of sample familiarity from
‘extremely familiar’ to ‘extremely unfamiliar’, it can be assumed that the samples differed
in acceptability to some degree [41].

In conclusion, this study suggests that there is an important relationship between food-
related consumer characteristics and performance in sensory evaluation. The differences
in discriminative ability and perceptual sensitivity were shown according to the levels of
product involvement and food neophobia during the intensity rating of sensory attributes.
Given that high product involvement or low food neophobia induced sensitive discrimina-
tion as shown in this study, the level of product involvement and food neophobia can be
used not just to understand the results of consumer sensory profiling, but also to improve
the performance of consumers during sensory profiling. The practical implication of the
present study is therefore related to making sensory studies with consumers more effective.
For example, screening consumers based on the level of product involvement and food
neophobia prior to sensory profiling may possibly reduce the amount of training required
for consistent and accurate sensory profiling by improving the evaluation performance. It
will be interesting to investigate the effectiveness of using panelists with high PI or low
neophobia in future research.
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