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Preface to ”Novel Techniques to Measure the Sensory,
Emotional, and Physiological (Biometric) Responses
of Consumers toward Foods and Packaging”

Sensory analysis is used to evaluate the quality and acceptability of foods, beverages, and

packaging. However, sensory tests rely on the analysis of self-reported responses to measure the

various sensory parameters, and self-reported inputs are generally affected by cognitive biases,

which influence the decision-making around the evaluated products. Novel measurement techniques

including biometrics based on non-invasive instruments and video/image analyses of subjects could

incorporate physiological and/or subconscious responses into the study of consumers. There is

a growing interest in understanding the role of physiological reactions of participants toward the

sensory assessments of foods.

Furthermore, sensory laboratories use isolated booth environments that are designed to control

against the effects of non-product factors such as the external aromas, light distractions, and noises

of various surrounding environments. However, some researchers argue that this setting does not

represent the actual conditions in which consumers taste their products. Highly controlled testing

conditions may lack ecological validity that can lead to a biased evaluation of the sensory attributes

by consumers. Recently, the use of virtual reality (VR) environments has become popular for testing

the effects of context on the sensory experience. Sensory analysis of foods, beverages, and packaging

are incorporating quantitative aspects of culture, behavior/mood, and environment, which require

novel approaches.

This book, reprinted from articles published in the Special Issue “Novel Techniques to Measure

the Sensory, Emotional, and Physiological (Biometric) Responses of Consumers toward Foods and

Packaging” of the journal Foods, aims to provide a deeper understanding of novel techniques to

measure the different sensory, emotional, and physiological responses toward different products.

Damir Torrico

Editor
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Sensory science is an evolving field that has been incorporating technologies from
different disciplines. Sensory evaluation is very important for the food and beverage
industries as it can provide applied insights regarding the reactions of consumers towards
products. Traditional techniques such as discrimination, descriptive and affective tests
have been utilized for understanding the sensory properties of foods and evaluating the
hedonic and emotional responses of consumers. However, these techniques have their
drawbacks and sensory scientists have been working on improving these methodologies
or developing new measurement systems. For instance, sensory scientists have been
investigating alternative measurements of consumers by using physiological responses.
On the other hand, research has been conducted to understand the effects of context in
the consumer evaluation of foods and beverages. Moreover, techniques such as home-use
tests or virtual reality evaluations are being regarded as having more ecological validity
since they require participants to taste the products in their day-to-day environments. This
Special Issue of Foods aimed to understand the development of novel techniques to measure
the sensory, emotional, and physiological responses of consumers toward food.

Traditional sensory methods use self-reported responses to gather information from
trained panels or untrained consumers. However, these techniques have the limitation of
not capturing the totality of responses from these participants [1]. Moreover, self-reported
responses in sensory tests are exposed to cognitive biases since they are not generated
immediately during decision making [2]. A complementary measurement of self-reported
responses is the incorporation of physiological reactions that can be achieved by the use
of biometrics. Responses such as heart rate, body temperature, and facial expressions
have been shown to tap into the unconscious responses of consumers in sensory tests.
In a study that evaluated energy drinks, Mehta, Sharma, Kanala, Thakur, Harrison and
Torrico [1] investigated the self-reported responses (including hedonic and emotional) and
facial expressions to determine the degree to which participants liked these products. They
concluded that participants elicited more self-reported positive than negative emotions for
the energy drinks, and that the implicit emotional responses through facial expressions
were important in the discrimination of the products. In a study of emotions toward beer
products, Gonzalez Viejo et al. [3] concluded that sweet beers were associated with higher
liking and positive emotions; on the other hand, bitter beers were associated with negative
self-reported emotions and negative feelings expressed through facial expressions and
other physiological measurements.

These previous studies showed the importance of assessing biometric responses when
testing for familiar products. However, consumers nowadays are exposed to a wide variety
of foods from different countries and production systems. An important food trend that
is influencing consumers’ purchasing decisions is the sustainability of foods/beverages
production systems. The alternative protein movement has been pushing food developers
to reformulate existing products with new ingredients and at the same time to keep the
acceptability of those products at similar or higher levels. In this context, understanding the
consumer assessments of emerging ingredients such as plant- and insect-based products is
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becoming crucial for companies that are implementing alternative protein foods. In this
regard, Gupta et al. [4] evaluated plant-based yogurt products using hedonic, emotional
(check-all-that-apply methodology with emotional terms and emojis), and physiological
responses of consumers. They found that the use of emojis was effective in the character-
ization of cross-cultural preferences of different yogurt formulations compared to those
of hedonic ratings and facial expressions. In another study, Fuentes, Wong and Gonzalez
Viejo [2] evaluated the sensory and biometric responses of consumers toward insect-based
food snacks. They concluded that snacks containing visible insects in their presentations
had a lower degree of acceptance and negative emotional responses compared to snacks
containing non-visible insects or no insects in their formulations. This study demonstrated
that the appearance of products could have a profound effect on the hedonic and emotional
assessments of foods containing insects.

Consumers’ purchasing decisions are not only affected by the intrinsic sensory prop-
erties of the products but also by the extrinsic information that is provided at the time
of purchasing. De Wijk et al. [5] evaluated the effects of familiarity and branding on the
sensory experiences of soy sauces using facial expressions and video-based heart rate
measurements. They found that liking and arousal toward the products were affected by
taste but not by branding and familiarity. On the other hand, biometric measurements
(facial expressions and heart rate) were affected by the branding and familiarity of the
soy sauces. This study also showed that the assessment of facial expressions and heart
rate can be done remotely without the use of centrally located laboratories, and only by
using image and video recording devices. Another important parameter to measure the
implicit (unconscious) reactions of consumers is the Approach Avoidance Task (AAT).
Humans, in general, tend to avoid (leaning backwards) the stimuli that they dislike, and
they tend to approach (leaning forward) the stimuli that they like when they are doing a
sensory test. Brouwer et al. [6] evaluated the AAT using a mobile version that consumers
can use at their homes using their phones to measure their reactions (AAT and valance
ratings) toward pictures of palatable and unpalatable foods. They found that the ATT
measurements obtained by this mobile version could complement the rating scores of
participants, which can be useful in understanding the intrinsic reactions of consumers.

Traditional consumer tests focused on understanding the links between foods and con-
sumers. Measuring the hedonic responses and preferences is very important for companies
when launching new products into the marketplace. Traditional consumer tests use booths
to isolate participants from external factors (noises, smells). This is a common practice in
sensory evaluation since consumers can be easily distracted from the sensory assessment
and their responses can be biased by these external factors. However, isolated booths
might not represent the “real” environments where consumers usually taste their products.
In some cases, the combinations of environment and product can enhance the sensory
experiences of consumers. For that reason, new research has been done to understand
the effect of environments on sensory perception. Montero et al. [7] studied the consumer
acceptance of ready-to-eat (RTE) meals during storage using a home-use test (HUT). They
concluded that the HUT methodology can enhance the sensory experience of consumers
when tasting the products.

In some cases, HUT might not be possible to conduct due to budget constraints or the
requirement of specific preparations of the products. For those factors, researchers have
started to use alternative methods to measure the effect of the environment on the consumer
experience. New technologies such as virtual and augmented reality are becoming very
useful when testing for the environment. Crofton et al. [8] explored the effects of immersive
virtual reality (VR) technologies on the sensory perception of beef and chocolate. They
found that VR had a significant effect on participants’ hedonic responses to the products
and that consumers’ level of engagement was different depending on the context. In a
similar study, Kong et al. [9] demonstrated that VR had slight effects on the emotions of
consumers towards chocolate products. In a study of wines, Torrico et al. [10] found that
VR environments, in general, affected the perception of floral aroma and emotions.

2



Foods 2021, 10, 2620

In conclusion, this Special Issue showed that sensory evaluation is changing from the
sole use of rating/ranking scales to the incorporation of biometric measurements and the
use of immersive technologies. The development of new sensory techniques is an ongoing
task, which is constantly looking for accurate measurements of consumers’ responses.
The editor hopes that the findings from this Special Issue can help the broader scientific
community to understand the use of novel sensory science techniques that can be used in
the evaluation of food and beverage products.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: Emotional responses elicited by foods are of great interest for new product developers and
marketing professionals, as consumer acceptance proved to be linked to the emotions generated by
the product in the consumers. An emotional measurement is generally considered an appropriate
tool to differentiate between the products of similar nutritional value, flavour, liking and packaging.
Novel methods used to measure emotions include self-reporting verbal and visual measurements,
and facial expression techniques. This study aimed to evaluate the explicit and implicit emotional
response elicited during the tasting of two different brands (A and B) of energy drinks. The ex-
plicit response of consumers was assessed using liking (nine-point hedonic scale), and emotions
(EsSense Profile®—Check-All-That-Apply questionnaire), and implicit emotional responses were
evaluated by studying facial expressions using the Affectiva Affdex® software. The familiarity of
the product and purchase intent were also assessed during the study. The hedonic rating shows a
significant difference in liking between the two brands of energy drink during the tasting session.
For the explicit emotional responses, participants elicited more positive emotions than the negative
emotions for both energy drinks. However, participants expressed “happy”, “active” and “eager”
emotions more frequently for energy drink A. On the other hand, the implicit emotional responses
through facial expressions indicated a high level of involvement of the participants with energy drink
B as compared to energy drink A. The study showed that overall liking and the explicit and implicit
emotional measurements are weakly to moderately correlated.

Keywords: emotions; EsSense profile®; facial expressions; purchase intention; energy drinks

1. Introduction

Globalization, which involves a fierce competition among companies to retain con-
sumers and simultaneously to find new ones, is the driving force that keeps food and other
industries innovating to make well-informed decisions in the marketplace. In the course
of innovation, many concepts are brainstormed, and only a few selective ideas are taken
forward for bench- or pilot-scale testing. However, the success of these prototypes in the
marketplace is not guaranteed. Indeed, 50–70% of newly launched food products do not
last long in the market [1], despite their intensive market research. Sensory and consumer
sciences provide a few tools in this context [2–5] to better understand products [6–9] and
population categories [10], and to minimize the risk of failure [10,11]. One of the most
popular and extensively used methods to quantify affective responses in sensory science is
the acceptability test using the nine-point hedonic scale [12]. However, product sensory
liking does not necessarily always convert into a purchase [13], and formulators should
look beyond the liking scores to make a product successful [14]. Thus, many other meth-
ods [3,13,15] are being explored to provide insights into food-choice behaviours. A novel
sensory and emotional approach is the use of non-verbal cues, such as facial expressions,
which can communicate highly detailed information about the individual’s experiences [16]
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and helps in understanding product liking and different emotions that influence the pur-
chase intention. Emotions play a significant role in the comprehension of food preferences
and consumers’ likings. Moreover, emotions are decisive factors in our food choices since
the consumed foods can evoke certain emotions [14,17,18]. Several factors affect emotions,
such as age, satiety, health, economic condition, and expectations. In addition to these,
two types of emotional responses, conscious and unconscious, can be elicited by consumers
when exposed to different products [19,20]. However, most market research is based
on conscious arousal and measured with self-reporting scales [21,22], such as EsSense
Profile® [23] and PrEmo® [24].

Recent studies using the EsSense profile® questionnaire have validated its discrim-
inating power within and between food product categories [25]. The EsSense Profile®

questionnaire is cost-effective, easy to use and interpret, covers a wide range of emotions
and has provided rich insights into the consumers’ perceptions as well as the liking of
products such as beer [26], wine [27,28] and coffee [29,30]. However, the explicit method
of emotional measurement requires cognitive thinking to convert the experiences into
expressions, which sometimes lose the actual meaning of the emotions felt.

Automatic facial expression recognition (hereafter AFER) is one of the important novel
methods to study emotional responses and human behaviours. AFER is a non-verbal and
arguably universal language [31] that helps communicate countless emotions, such as
happiness, sadness, anger, fear, surprise, and others among humans. Recent studies have
been conducted to find the correlation between the AFER and emotions, and how both are
comparatively linked with the self-reported likings [32]. Infants and children have been
using facial expressions to communicate their emotions and feelings [33], especially in
the case of sweet foods, when they smack their lips, protrude the tongue and smile;
while, for bitter food, they wrinkle their nose and turn their heads [34]. Researchers have
found that facial expressions can recognize and differentiate the basic tastes and odours [35]
and found that consumers elicit negative expressions (dislike) more accurately than positive
expressions [36]. AFER and autonomous nervous system responses provide insights into
food preference in relation to food properties for different kind of foods [37–39] and its
influence on the purchase behaviours of consumers. The facial expressions can elucidate
the consumer acceptability of products based on emotional responses and familiarity.
In the present study, energy drinks were selected as the beverage model for evaluating
the hedonic and emotional responses of consumers. Energy drinks are soft beverages
that contain several stimulants such as caffeine and glucose and have a wide range of
flavours and mouthfeels [40], which can affect mood and mental energy [41]. Many studies
have proved the effect of caffeine or the combination of caffeine with other ingredients on
the mood and cognitive performance [41]. Caffeine in doses of 75 and 150 mg enhances
positive emotions (such as happiness and calmness), while it reduces tenseness [42,43]
and caffeinated taurine drinks improve alertness [44] and attention [45]. The overall liking
and explicit emotion measurements were investigated using a self-reported questionnaire,
and implicit emotion measurements were observed from the facial expressions using the
Affectiva® software. The study aimed to investigate whether self-reporting liking and
explicit emotion measurements provide similar differentiation among the samples. It also
evaluated whether the positive/negative emotions elicited during the implicit emotion
measurements were correlated to the sensory attributes of the products. The explicit and
implicit measurements of emotions on the differentiation of samples were also investigated.
Finally, self-reported liking, and explicit and implicit measurements of emotions were
studied on the samples’ differentiation. Therefore, the following hypotheses were proposed
for this research: H1—The self-reported liking and positive explicit emotion measurement
are positively correlated; H2—The positive facial expression emotions and liking will depict
similar product differentiation; and H3—The self-reported liking, explicit and implicit
emotions, exhibit similar behaviours.

6
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2. Material and Methods
2.1. Participants

Forty-seven participants (male/female 21/26), who were 20–40 years of age, were re-
cruited via email from Lincoln University for the research experiment. The majority of the par-
ticipants were students of Asian origin (India (N = 27), China (N = 13), Vietnam (N = 3),
Korea (N = 1), Hispanic (N = 2) and Cambodia (N = 1)). The participants were students
of Lincoln University and were of Asian origin. Facial expressions vary with different cul-
tures and ethnicities [46,47]; therefore, ethnic-specific facial expressions data were required
to understand the implicit emotions depicted by consumers after tasting energy drinks.
The participants provided written consent for any sensory deficiency such as anosmia and
ageusia, a tasting and video recording session as per ethical requirements—Human Ethics
(approval: 2019-68). The selected participants (who self-reportedly did not have any of
the previously described sensory deficiencies) were not trained for the experiment, and no
prior information regarding the study was disclosed to them. The panellists had previ-
ously participated in other focus group studies related to other food products such as
chocolates and wines and had experience with this kind of study. The criteria to select
panellists were that they should be familiar with the product and consume energy drink
at least once a month. The general instructions regarding the procedure were given to
the participants, providing information regarding the video recording of their tastings.
Participants were asked to look at the camera and focus on evaluating the sensory character-
istics of the products. The study was conducted in a sensory laboratory of the Department
of Wine, Food and Molecular Biosciences, Lincoln University, New Zealand, which meets
the sensory evaluation requirements listed in ISO 6658, 2005 and GB 13868, 2009. In re-
gard to the consumer sample size used, a power analysis to test how this experiment
performed was conducted. With a difference in means of 0.81 for overall liking, the power
of this experiment was ~0.7; therefore, the probability of Type II error in this experiment is
medium to low (~0.3) for this type of consumer’s assessments [48]. In addition, based on
an extensive study of acceptability tests, Gacula Jr and Rutenbeck [49] estimated that the
correct sample size for the consumer’s evaluations was between 40 and 100 consumers.
However, increasing the number of participants can help to minimize the Type II error,
increasing the power of the experiment. The samples (~10 mL) were stored and served
at a refrigerated temperature of 4 ◦C in transparent plastic cups marked with three-digit
random codes in a white tray. Crackers (Arnotts, Australia) and water were served to rinse
the palate after each sample and were asked to have a five-minute break before the next
sample to avoid sensory fatigue.

2.2. Sample Selection

As a preliminary test, a focused group of four trained panellists evaluated five different
brands of energy drinks ((Red Bull, Red Bull GmbH, Salzburg, Austria), (Monster, Monster
Beverage Corporation, Corona, CA, USA), (Mother, Monster Beverage Corporation, Corona,
CA, USA), (V Guarana, Frucor, Auckland, New Zealand), and (Rockstar, Rockstar, Inc.,
Las Vegas, NV, USA)) for taste and flavour acceptability. After discussion in a focus
group (N = 4) and the descriptive analysis of the focus group results, two energy drinks
with the highest and the lowest acceptability scores were selected to delineate the differ-
ence between the products. These liking differences were used for polarizing the facial
emotions that consumers might express during the tasting The Rockstar energy drink
manufactured by Rockstar, Inc, The United States (Energy drink A) (ingredients: carbonated
water, sucrose, glucose, citric acid, taurine, natural and artificial flavours, sodium citrate
and caffeine, benzoic acid, caramel colour, sorbic acid, L-cartinine, inositol, niacinamide,
calcium pantothenate, milk thistle extract, gingko, biloba leaf extract, guarana seed extract,
panax. ginseng root extract, riboflavin, pyridoxine hydrochloride, cyanocobalamin) and
V energy drink produced at Frucor, New Zealand (Energy drink B) (ingredients: carbon-
ated water, sugar, acidity regulator (citric acid and sodium citrate), taurine, guarana ex-
tract (0.12%), colour (caramel), glucuronolactone, caffeine, inositol, vitamins (niacin (B3),
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pantothenic acid, B6, riboflabin B2, (B12), flavours and contains wheat derivatives) were
selected for the experiment.

2.3. Traditional Technique of Acceptance Measurement

The traditional method of acceptability measurement is to ask participants for at-
tributes and overall liking using a 9-point hedonic scale (from 1 = extremely dislike,
to 9 = extremely like) [12]. In other words, appearance liking, aroma liking, flavour liking,
sweetness liking, bitterness liking, aftertaste liking, mouthfeel liking and overall liking
were used for evaluating both energy drinks.

2.4. Familiarity and Purchase Intent

The familiarity of the energy drink was assessed using a 5-point scale from 1 (not fa-
miliar) to 5 (very familiar). Many studies related to children or adults having proved that in
the presence of a familiar person or a product, facial expressions are affected and can cause
familiarity bias [50]. Therefore, familiarity was taken as a covariable of the liking experi-
ment in this study. For purchase intent, the binomial scale (Yes or No) was used to answer a
question “Will you purchase this product in the future based on the taste/flavour characteristics?”

2.5. Self-Reported Emotions by EsSense® Profile

A total of 21 emotions from EsSense Profile®, such as “active”, “adventurous”, “bored”,
“daring”, “disgusting”, “eager”, “energetic”, “good”, “happy”, “interested”, “joyful”,
“mild”, “pleasant”, “satisfied”, “warm”, “wild”, “anger”, “sadness”, “surprised”, “fear”
and “contempt” were used for this study. The aforementioned emotion terms were selected
after consensus by a focus group (N = 4). The emotional terms were selected on the basis of
the frequency of use (>20%) categorization and in relation to the food tested. The check-all-
that-apply (CATA) methodology was used for the consumer study to evaluate the emotions
elicited by the energy drinks.

2.6. Implicit Emotions by Automated Facial Expression Response Measurement

The facial expressions of 30 among 47 panellists were evaluated using Affdex
(Affectiva Inc., Waltham, MA, USA) based on the facial inputs. The automated facial
coding engine (AFFDEX) was integrated with iMotions Facial Expression Analysis Mod-
ule (iMotions, Inc., Boston, MA, USA) for decoding the facial emotions using a group
of action units (Table 1). The iMotions Facial Expression Analysis Module detects and
extracts seven core emotions (joy, anger, fear, disgust, contempt, sadness, and surprise)
(shown in Figure 1) and 20 facial expression measures (action units). The action units
describe the movements of facial muscles. Emotions are displayed by the movements
of a certain number of combined facial muscles. iMotions module also provides time-
lines annotations, and scores of engagement and valence to provide insight into the facial
emotions (https://imotions.com/). The intensity for emotional expression varies from 0
(no expression) to 100 (expression present). The facial expression data collected was from
the first three seconds after the participants put the energy drink in their mouths. This is
based on previous studies in drinks, in which it was demonstrated that automatic ner-
vous system (AND) responses are expressed immediately after participants are exposed to
the stimuli [37,51].
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Table 1. Action units of the facial muscle movements expressing emotions in Affective® https://imotions.com/blog/facial-
action-coding-system/.

Emotion Action Units Description

Happiness/joy 6 + 12 Cheek raiser, lip corner puller

Sadness 1 + 4 + 15 Inner brow raiser, brow lowerer, lip corner depressor

Surprise 1 + 2 + 5 + 26 Inner brow raiser, outer brow raiser, upper lid raiser, jaw drop

Fear 1 + 2 +4 + 5 + 7 + 20 + 26 Inner brow raiser, outer brow raiser, brow lowerer, upper lid
raiser, lid tightener, lip stretcher, jaw drop

Anger 4 + 5 + 7 + 23 Brow lowerer, upper lid raiser, lid tightener, lip tightener

Disgust 9 + 15 + 16 Nose wrinkler, lip corner depressor, lower lip depressor

Contempt 12 + 14 (on one side of the face) Lip corner puller, dimpler

Figure 1. Different emotions: sadness, happy (joy), surprise, disgust, anger, fear, and contempt elicited by a participant.
This figure shows 12 s of recording as a demonstration of the different faces’ movements and their relationship with
emotions. Actual facial expressions were taken during three seconds after swallowing the sample.

2.7. Testing Procedure

The experimental details were explained to participants prior to the commencement
of the experiment. The participants were asked to drink 10 mL of the sample in one swal-
low [52,53], and wait for 15 s, looking straight to the tablet for the recording of the facial
expressions. After 15 s, the participants were allowed to fill out the questionnaire section re-
garding liking and explicit emotions based on a previous study [37]. Therefore, the chances
of cognitive bias were minimized. The participants were asked to taste the samples that
were served in a 30 mL plastic cups maintained at a temperature of 4 ◦C and answer the
questions related to the sensory attributes, liking, familiarity, purchase intent and emotions
felt during the tasting using the questionnaire generated by the RedJade® Sensory Software
(RedJade®, Martinez, CA, USA). The presentation order of the samples was randomized.
The participants tasted the samples under blind conditions; however, facial expressions
were recorded for 3 s immediately after the first sip of the sample. The facial expressions of
participants were recorded using a camera with a video resolution of 4K (UHD) at 30 FPS
(X450, Kaiser Bass, Australia) adjusted in front of participants for the recording of the facial
reactions. As a token of appreciation, a can of energy drink was gifted to participants after
the experiment.

2.8. Statistical Analysis

The hedonic scores of sensory attributes and the liking of the energy drinks during
the tasting session were analysed using an analysis of variance (ANOVA). A Tukey test
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was used as a post hoc data analysis technique to determine the differences between
the samples. The significance level (α) was set at 5%. To analyse the relationship be-
tween energy drinks and familiarity, the chi-square test for homogeneity was performed.
EsSense Profile® data were analysed using the XLSTAT Statistical Software (XLSTAT Ver-
sion 2019.4.2, Addinsoft, New York, NY, USA). The frequency counts of 21 emotion words
which described the samples were calculated. Cochran’s Q test was used to find the differ-
ence between the samples by evaluating each emotion word used in the CATA question-
naire. The values of purchase intent were statistically analysed for multiple comparisons
using the Cochran’s Q test. Facial expression data were collected through the Affectiva
Affdex (Affectiva Inc., Waltham, MA, USA) software. The analysis of variance (ANOVA)
technique, through Minitab® 18 (Version 10.0.17763 Build 17763, State College, PA, USA),
was used to locate significant differences among emotions. Pearson correlation coefficients
(r) among the sensory attributes, familiarity, and facial expressions were calculated and
plotted using a correlation matrix. Multivariate analysis of variance (MANOVA) was used
to determine the significant difference among facial expressions and correlations among all
sensory attributes were tested. Based on the MANOVA results, a principal components
analysis (PCA) bi-plot was made. The relationship between each emotion method using
overall liking as the response variable was analysed using a linear regression model.

3. Results
3.1. Traditional Technique of Acceptance Measurement, Familiarity and Purchase Intent

The mean and standard deviation of sensory attributes, overall liking and famil-
iarity of the energy drinks A and B are shown in Table 2. No significant differences
(p > 0.05) were found between both the energy drinks for all the sensory attributes
(appearance, aroma, taste/flavour, sweetness, bitterness, mouthfeel and aftertaste). There was
a significant difference in the overall liking of the energy drinks. Energy drink A had a
significantly higher overall liking score (6.79) compared to that of energy drink B (5.98).
Based on the chi-square test X2 (4, N = 94) = 5.25, p = 0.26, no significant difference was
found among the samples. The expected value of the last category of the attribute was
more than the observed value; therefore, the result’s interpretation was sceptical.

Table 2. Sensory attributes, overall liking and familiarity of energy drink A and B after tasting.

Attributes Energy Drink A Energy Drink B F Value * Pr > F *

Appearance 6.96 ± 1.33 a 6.53 ± 1.38 a 2.31 0.13
Aroma 6.89 ± 1.70 a 6.40 ± 1.51 a 2.18 0.14
Flavour 6.72 ± 1.75 a 6.02 ± 1.94 a 3.39 0.07

Sweetness 6.55 ± 1.82 a 6.23 ± 1.90 a 0.69 0.41
Bitterness 5.75 ± 1.93 a 5.32 ± 1.82 a 1.21 0.27
Mouthfeel 6.75 ± 1.91 a 6.15 ± 2.03 a 2.15 0.15
Aftertaste 6.28 ± 2.03 a 5.51 ± 2.17 a 3.13 0.08

Overall liking 6.79 ± 1.67 a 5.98 ± 2.03 b 4.46 0.04
Familiarity ** 2.72 ± 1.30 a 2.43 ± 1.02 a X2 = 5.25 p = 0.26

Sensory attributes and overall liking of energy drink A and energy drink B were measured by 9-point hedonic
scale (1 = extremely disliked and 9 = extremely liked) and familiarity between the energy drinks were assessed
with 5-point categorical scale (1 = not at all familiar and 5 = extremely familiar). Bold italicized values indicate
that the parameter was significantly different from 0 (p < 0.05). * F value = mean square or mean square error.
Effects were considered significant if Pr (probability) > F was <0.05 (bold probability and F value). ** Familiarity
was analysed by chi-square at a 95% confidence level. a,b Means with different superscripts in each row indicate
significant differences (p < 0.05).

The frequency at which a consumer’s intent to buy energy drinks based on the sensory
attributes are shown in Table 3. A total of 68.09% of participants intended to buy energy
drink A, while 55.32% of participants expected to buy energy drink B. No significant
differences in the purchase intent of energy drink A and B were found.

10



Foods 2021, 10, 330

Table 3. Purchase intent frequencies of energy drinks during the tasting session.

Energy Drinks Willingness to Purchase (%)

A 68.09 a

B 55.32 a

Cochran’s Q is used to find the difference between energy drinks. The table shows a percentage of consumers
willing to buy the energy drink after the tasting session of the energy drinks. Different superscript letters in each
row indicate significant differences (p < 0.05).

3.2. Self-Reported Emotion Measurements

The frequencies of self-reported emotions data are shown in Table 4. The significant
differences in the emotion terms “active” and “interested” were reported in the energy
drinks during the tasting. The selection frequency of “active” for energy drink A was
49%, while the selection frequency of “active” for energy drink B was 34%. The selection
frequency of “interested” for energy drink A (32%) was almost double than the selection
frequency of “interested” for energy drink B (13%). No significant differences were found in
other reported emotions for both energy drinks during the tasting. Overall, the participants
felt more positive emotions (“good”, “happy”, “interested”, “joyful” and “pleasant”) for
energy drink A than that for energy drink B. None of the participants felt “sadness” while
tasting sample A or B.

Table 4. Emotions felt after tasting energy drink A and B from Cochran’s Q test.

Attributes Energy Drink A Energy Drink B

Active 0.49 a 0.34 b

Adventurous 0.19 a 0.13 a

Bored 0.11 a 0.04 a

Daring 0.06 a 0.06 a

Disgusted 0.06 a 0.11 a

Eager 0.11 a 0.13 a

Energetic 0.36 a 0.43 a

Good 0.49 a 0.40 a

Happy 0.28 a 0.15 a

Interested 0.32 a 0.13 b

Joyful 0.30 a 0.15 a

Mild 0.26 a 0.19 a

Pleasant 0.34 a 0.28 a

Satisfied 0.26 a 0.26 a

Warm 0.15 a 0.09 a

Wild 0.09 a 0.09 a

Anger 0.02 a 0.02 a

Sadness 0.00 a 0.00 a

Surprised 0.11 a 0.23 a

Fear 0.04 a 0.02 a

Contempt 0.11 a 0.09 a

A check-all-that-apply (CATA) questionnaire was used to select emotions related to the sample, and Cochran’s Q is
used to find the difference between the products. Bold italicized values indicate that the parameter was significantly
different (p < 0.05). a,b Means with different superscripts in each row indicate significant differences (p < 0.05).

3.3. Automated Facial Expression Response Measurements

The mean and standard deviation for the facial expression parameters (joy, sadness,
disgust, contempt, anger, fear, surprise, valence, engagement and smile) are shown in
Table 5. No significant differences in the facial expressions were reported for both products.
Some marginal differences were observed in a few emotion categories, such as “smile”,
“engagement”, “joy”, “disgust”, and “surprise”. The intensity of “engagement” was
highest for both sample types (2.79 and 1.25 for sample A and B, respectively), followed by
“contempt” (2.36 and 0.15 for sample A and B, respectively) and “joy” (0.56 for sample
A and 0.97 for sample B). For energy drink B, the participants elicited slightly more “joy”
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and “smile” compared to that of energy drink A. The intensities of “joy” and “smile” were
almost double in energy drink B than that of in energy drink A. The negative emotions
such as “sadness”, “anger”, and “fear” were marginally elicited in both sample types.

Table 5. Facial expressions and facial features during the tasting of energy drinks A and B.

Parameters Energy Drink A Energy Drink B F Value Pr > F *

Engagement 2.79 ± 8.27 a 1.25 ± 5.11 a 0.54 0.47
Contempt 2.36 ± 10.07 a 0.15 ± 0.07 a 1.25 0.27

Smile 0.83 ± 3.07 a 1.24 ± 5.11 a 0.1 0.75
Joy 0.56 ± 2.55 a 0.97 ± 4.87 a 0.12 0.73

Valence 0.44 ± 2.51 a 0.52 ± 4.63 a 0.01 0.95
Disgust 0.36 ± 0.22 a 0.78 ± 2.10 a 0.86 0.36
Surprise 0.30 ± 0.43 a 0.17 ± 0.08 a 2.44 0.13
Sadness 0.02 ± 0.01 a 0.02 ± 0.01 a 0.001 0.98
Anger 0.02 ± 0.00 a 0.02 ± 0.00 a 0.16 0.69
Fear 0.00 ± 0.00 a 0.01 ± 0.015 a 1.13 0.29

Attention 67.90 ± 29.15 a 62.49 ± 30.10 a 0.39 0.54
Eye closure 28.12 ± 41.23 a 18.96 ± 35.57 a 0.67 0.42
Mouth open 2.43 ± 10.18 a 0.58 ± 1.39 a 0.84 0.36

Dimpler 2.38 ± 7.72 a 0.15 ± 0.44 a 2.19 0.15
Smirk 2.12 ± 9.00 a 0.13 ± 0.54 a 1.27 0.27

Brow raise 2.03 ± 6.33 a 0.36 ± 0.85 a 1.79 0.19
Lip suck 1.81 ± 5.44 a 1.91 ± 8.75 a 0.00 0.97

Inner brow raises 0.72 ± 1.86 a 0.71 ± 2.76 a 0.00 0.99
Lip press 0.41 ± 1.20 a 0.08 ± 0.16 a 1.88 0.18
Jaw drop 0.40 ± 0.68 a 0.21 ± 0.25 a 1.77 0.19
Chin raise 0.27 ± 0.69 a 0.93 ± 3.79 a 0.63 0.43
Lid tighten 0.23 ± 0.47 a 0.31 ± 0.69 a 0.17 0.68

Nose wrinkle 0.16 ± 0.41 a 2.24 ± 7.55 a 1.59 0.21
Brow furrow 0.09 ± 0.30 a 0.21 ± 0.79 a 0.38 0.54
Lip pucker 0.08 ± 0.17 a 0.09 ± 0.18 a 0.03 0.87
Cheek raise 0.04 ± 0.14 a 0.02 ± 0.04 a 0.26 0.61
Lip stretch 0.04 ± 0.14 a 1.11 ± 5.63 a 0.76 0.39
Eye widen 0.02 ± 0.04 a 1.36 ± 5.35 a 1.31 0.26

Upper lip raise 0.02 ± 0.07 a 0.31 ± 1.06 a 1.63 0.21
Lip corner depressor 0.01 ± 0.02 a 0.01 ± 0.02 a 0.03 0.86

Means values of the different facial expressions with different superscripts in each row indicate a significant
difference (p < 0.05). * F value = Mean square or mean square error. Effects were considered significant if Pr
(probability) > F was <0.05 (bold probability and F value). a Means with different superscripts in each row indicate
significant differences (p < 0.05).

3.4. Correlation and Multivariate Analysis of Hedonic and Facial Expression Responses

The Pearson correlation coefficient matrix (Table 6) shows the correlations between
various variables (sensory attributes, overall liking, familiarity and AFER) for energy
drinks A and B. Familiarity was positively correlated with overall liking (r = 0.44) and
various sensory attributes such as the liking of taste/flavour (r = 0.40), sweetness (r = 0.38),
bitterness (r = 0.44), mouthfeel (r = 0.40) and aftertaste (r = 0.46). The appearance of the
product was negatively correlated to the facial expression of “sadness” (r = −0.33). The fa-
cial expression “anger” was negatively correlated with the liking of sensory attributes such
as sweetness (r = −0.38) and aftertaste (r = −0.29). The results of the principal components
analysis (PCA), which explains the relationship between emotions and hedonic attributes
are shown in Figure 2. The principal component one (PC1) explained 31.59% of total
inertia, while principal component two (PC2) explained 12.68%, respectively. The overall
liking vector was positively related to familiarity, sensory attributes (taste/flavour, mouth-
feel, aroma, sweetness, bitterness and aftertaste) and emotions (“disgust” and “sadness”),
and negatively correlated to emotions (“joy” and “anger”).
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Figure 2. Principal components analysis (PCA) of the sensory attributes, familiarity, liking and emotions of energy drinks.

3.5. Comparison of Liking with Explicit and Implicit Emotions

The explicit and implicit emotions were examined using a linear regression model
with overall liking as a response variable. The difference in regression coefficient and
standard error for each explicit and implicit emotions were explained in Table 7. Model 1
shows the significant effect (p < 0.05) of explicit emotions on the overall liking of the energy
drinks. The explicit emotions “good” and “satisfied” were positively related to overall
liking with the regression coefficient values of 1.05 and 0.97, respectively. The explicit
emotions “disgusted” and “surprised” were negatively related to overall liking with
negative coefficients of −2.17 and −0.82, respectively. The relationship between the implicit
emotions and overall liking were explained in Model 2. There was no significant effect
(p > 0.05) of the emotions from the facial expressions on the overall liking of the samples.
The implicit emotions “sadness” and “anger” were negatively associated with overall
liking with the linear coefficient values of −23.67 and −43.63, respectively.
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Table 7. A linear regression model * for each emotion method using overall liking as the response variable.

Model ** Emotion
Parameter

Regression
Coefficient

Standard
Error (SE)

p Value

Regression
Parameters

R2

Overall
MSE

Mean

Model 1 (self-reported
emotions from CATA)

Active 0.51 0.34 0.14

5.75 1.87 0.59

Adventurous 0.11 0.46 0.81
Bored −0.15 0.63 0.81
Daring 0.87 0.74 0.24

Disgusted >−2.17 >0.58 ><0.01
Eager −0.61 0.50 0.23

Energetic −0.11 0.35 0.76
>Good >1.05 >0.32 ><0.01
Happy 0.59 0.40 0.15

Interested 0.39 0.40 0.34
Joyful 0.02 0.38 0.96
Mild −0.36 0.41 0.38

Pleasant 0.27 0.35 0.44
>Satisfied >0.97 >0.35 >0.01

Warm 0.15 0.50 0.76
Wild −0.99 0.64 0.13

Anger −0.14 1.21 0.91
>Surprised >−0.82 >0.40 >0.04

Fear −1.14 0.94 0.23
Contempt −0.28 0.52 0.59

Model 2 (facial
expressions)

Joy 4.66 7.71 0.55

5.66 4.06 0.05

Sadness −23.67 52.73 0.66
Disgust 0.13 0.19 0.51

Contempt 8.95 10.72 0.41
Anger −43.63 112.84 0.70
Fear 7.47 38.04 0.85

Surprised −1.98 11.85 0.87

* Data points were fitted using a linear regression model with overall liking as the response variable. MSE represents the mean square error
value. R2 is the coefficient of determination of the regression models. ** Bold italicized values indicate that the parameter was significantly
different from 0 (p < 0.05).

4. Discussion
4.1. Traditional Method, Self-Reported Emotional Measurement and Purchase Intent

In general, energy drink A had higher liking scores than those of energy drink B.
The high content of sugar and caffeine present in sample A might have influenced its
overall liking. However, no significant differences were found between both samples in the
liking of sensory attributes such as appearance, aroma, flavour, sweetness and aftertaste.
The familiarity of the product or product category [54] and similar ingredients in both
samples can be the reason for not having significant differences in the hedonic ratings of
other attributes in the study. Earlier studies showed that the sensory profile of the products
made with different ingredients had a strong influence on the hedonic liking scores [55] as
compared to products made with similar ingredients.

For the self-elicited emotions, sample A had higher frequency values for positive
emotions such as “active”, “good”, “adventurous”, “pleasant”, “joyful”, “contempt”,
“warm”, “interested”, and “happy” compared to those of sample B. Sample A had a higher
liking score, and also received a higher selection of high-arousal emotion terms such as
“adventurous”, and “active”. This result shows that high-arousal emotional terms were
important for brand liking in the energy drink category. The selection of high-arousal
emotions such as “active” and “adventurous” can be due to the high sugar and caffeine
contents in the energy drinks. Specterman et al. (2005) studied that the combined effect of
caffeine and glucose had increased excitability and impulsiveness, as blood glucose level
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increased after consumption [56]. The explicit measurements showed that the positive
emotions such as “happy”, “joyful”, and “pleasant” have higher frequency counts as
compared to negative emotions such as “sad” and “angry”. These results are in line with
earlier findings that consumers use more positive emotions to describe food products than
negative emotions [29,57]. In the present study, there was no significant difference in the
purchase intent based on the sensory attributes of the energy drinks. Although, the majority
of panellists (68%) preferred buying energy drink A rather than energy drink B (55%).
This shows that explicit emotions and the overall liking of the product influence the
purchase decisions taken by the consumers, as studied earlier [58,59] and plays an essential
part in our lives.

4.2. Automated Facial Expression Response Measurement

No significant differences in the facial expressions were found. Small sample size
could be a reason for the obtained results. Simultaneously, high individual variability in
the identified emotions by AFER has previously been reported as an issue in discriminating
products [60]. The quasi-absence of the emotions reported through AFER may be attributed
to the liquid state of the test samples. Fewer facial movements involved with the liquid
state [61,62], absence of apparent emotions [39] evoked by energy drinks or poor emotion
recognition by the AFER and higher culture-to-culture (India, China, Cambodia, Vietnam,
Korea and Hispanic respondents in this study) or individual-to-individual variances could
be, to name a few, some of the reasons for marginal differentiation. Although neutral to
positive emotions have been previously found to elicit a few facial expressions [37,63],
the efficacy of AFER systems to differentiate between two competing products of a category
was not sufficient to replace the existing traditional methods. Pragmatically, products com-
peting in the same category, in general, are not profoundly different from each other, and a
high negative valence associated with some of them is not expected. In such cases, the ca-
pacity of AFER to differentiate would be limited without the complement of traditional
sensory techniques. Culturally specific display rules may also be a reason for the lack of
differentiation. These rules govern the amplifying, dampening, or altogether masking of
the facial expressions. The use of water, basic taste solutions at varying concentrations
and target populations (culturally specific) for calibration or testing may be an option
for the efficacy test of AFER systems. A large sample size study using both explicit and
implicit methods may shed some light on the topic in the future, but practitioners should
complement implicit methods with traditional methods for immediate applications. For fu-
ture applications, implicit methods can have considerable implications in the retail and
foodservice industry, and practitioners should keep testing this methodology.

In comparison to sample A, sample B evoked some negative facial expressions, such as
nose scrunch, widen eyes, lip suck, which altogether represent disgust [64] and anger.
c Contempt and disgust belong to the family of hostile emotions [65]. Limited facial
movement hinders the precise measure of some of the facial expressions such as “fear”,
“sad” and “anger” [37,63]. Higher attention and engagement observed with sample A may
imply that the sample was more enjoyable at the time of tasting. The caffeine, glucose
and carbonation in energy drinks enhance the mood and the level of energetic arousal [43]
and might be responsible for higher attention and engagement, irrespective of the sample
type. More dimpler expressions, though not statistically significant, were observed for
sample A. Dimpler has been previously identified as a predictor of positive emotion ratings
by machine learning models [66]. In the case of energy drink A, the intensity of dimpler
facial movements is higher as compared to energy drink B; thus, exhibiting the higher
intensity of emotion contempt during the tasting of energy drink A. The participants
elicited a higher intensity of joy and smile in sample B through implicit measures as
compared to sample A, which was not the case using the nine-point scale ratings and
the explicit study of emotions. Duchenne or genuine smiles are caused by the activation
of facial action units 6 and 12 [67], and generally, this is the result of enjoyment and
happiness. However, previous studies showed that a smile could be misleading, as many
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people smile as a sign of embarrassment [68], disappointment [69] or deliberately to hide
emotions [70]. This shows that overall liking, explicit emotional responses, and implicit
emotional responses vary in the outcome that they have in relationship to hedonic reactions.
Explicit methods of emotion measure the conscious and cognitive actions or associations
with the food product [14], whereas implicit methods measure the unconscious responses
to the stimuli [71]. This finding was in accordance with the study, which stated that the
overall liking, self-reported questionnaire and unconscious responses of the consumers are
weakly to moderately correlated [37].

4.3. Multivariate Analysis of Hedonic and Facial Expression

Based on the Pearson correlation coefficient, familiarity influenced the overall liking of
the product significantly. Similar findings were reported in earlier studies of meat [72,73],
cheese [74], teas [75] and spirulina-filled pasta [76]. The effect of familiarity on consumers’
preferences of the product also varies with socio-demographic factors [74] as well as
cross-culturally [58]. Consumers feel more comfortable with the acquainted brands with
which they are satisfied rather than exploring a new one. Familiarity and liking also affect
the hedonic ratings of the sensory attributes (taste/flavour, aroma, texture, appearance,
sweetness and bitterness) [75], as in the present study, the consumers gave higher liking
ratings to the beverage product having familiar sensory attributes. In the case of implicit
emotions, the emotion “anger” had been negatively correlated to sweetness and aftertaste.
The participants felt less the negative emotion “anger” due to the sweetness and aftertaste
of the product. Sweet foods elicited more positive emotions as compared to negative
emotions in a previous study [77]. Overall, the results obtained from the self-reported
and implicit reactions which provide meaningful insights to understand the differences
in energy drinks. Thus, the correlation between emotions and sensory attributes can help
food innovators to launch a promising product in a competitive market.

5. Conclusions

This preliminary study showed that the samples were significantly different based on
overall liking. However, the sensory profiles of the energy drinks were not significantly
different due to the similar product category, which also affected the purchase intent of the
samples. In the case of explicit emotions, the magnitude of the self-reported positive emo-
tions was slightly higher than negative emotions in both sample types. Higher self-reported
positive emotions were reported for energy drink type A compared to B. However, in the
case of implicit emotions by automated facial responses, positive emotions were expressed
for both energy drinks (A and B). This study concludes that the traditional methods,
self-reported emotional measurements and automated facial expression responses can vary
in their outcome; however, all these reactions provide meaningful insights into the differen-
tiation of the products. Future studies can be planned to test close- competitors in the same
product category with explicit and implicit methods for efficacy-checking of the techniques
based on the findings. Non-liquid food categories may produce better differentiation with
implicit methods, but a study is needed to validate this assumption. Cultural manifesta-
tions, especially those of South and East Asia, in the case of facial expressions, are very
subtle and offer another opportunity to test for. The test sensitivity of implicit methods may
be more drastically affected with a small sample size; hence, power analysis for implicit
methods should be revised. A connection between facial expressions and self-reported
emotions could be another important area to study. Finally, based on the experimental
findings in this study, it can be concluded that implicit emotion measurement methods are
still in their preliminary stages and require many more investigations.

6. Limitations

A considerable proportion of the test population was of Asian origin, which would be a
limitation in the generalization of these findings over other demographics. Additionally, the lim-
ited sample size may pose certain constraints in analysing and interpreting the results.
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In addition, much recognition is required to understand the effect of the environment
on emotions. Therefore, future studies are recommended to employ a greater number of
participants and in different contexts such as central location tests and live experience or
virtual reality sets to understand the environmental effect on the emotions depicted by
facial expression.
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Abstract: Some chemical compounds, especially alcohol, sugars, and alkaloids such as hordenine,
have been reported as elicitors of different emotional responses. This preliminary study was based
on six commercial beers selected according to their fermentation type, with two beers of each type
(spontaneous, bottom, and top). Chemometry and sensory analysis were performed for all samples to
determine relationships and patterns between chemical composition and emotional responses from
consumers. The results showed that sweeter samples were associated with higher perceived liking by
consumers and positive emotions, which corresponded to spontaneous fermentation beers. There was
high correlation (R = 0.91; R2 = 0.83) between hordenine and alcohol content. Beers presenting higher
concentrations of both, and higher bitterness, were related to negative emotions. Further studies
should be conducted, giving more time for emotional response analysis between beer samples,
and comparing alcoholic and non-alcoholic beers with similar styles, to separate the effects of alcohol
and hordenine. This preliminary study was a first attempt to associate beer compounds with the
emotional responses of consumers using non-invasive biometrics.

Keywords: hordenine; happiness; beer consumption; sensory analysis; beer styles

1. Introduction

Beer is a complex alcoholic beverage in terms of its chemical composition and ingredients, such as
barley, yeast, hops, and, in some beer products, includes adjuncts that may consist of other cereals or
fruits [1,2]. The wide range of combinations that may be used from each of the ingredients, along with
the differences in brewing methods, have a great influence on the development of beer’s chemical
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and aroma profiles. Among the most important beer quality compounds are the iso-alpha acids
from hops, which are responsible for the bitterness characteristic of the final product, proteins from
yeast and barley, which contribute to the foamability and foam stability, and alcohol/sugar content,
which determine the strength of beer [3–5]. Furthermore, beer also contains inorganic salts, alkaloids,
polyphenols, aminoacids, and hop resins, which affect the physical and sensory characteristics of the
final product [6]. Beer is a beverage product that potentially affects human emotional responses elicited
by its chemical components.

Some chemical compounds in foods have been associated with either the suppression or release
of certain neurotransmitters that trigger different emotions in humans. Most of these components
are alkaloids, which are mainly considered as biological amines, but may present a diversity of
structures in the form of esters or amides, or combined with sugars [7,8]. Cacao contains alkaloids
such as theobromine, caffeine, phenylethylamine, and salsolinol, which have been studied for their
psychoactive effects on humans. The synergistic effect of theobromine and caffeine has been associated
with changes in mood such as energetic arousal and an increase in cognitive function, as well as
changes in physiological responses such as heart rate [9,10]. Phenylethylamine is a compound similar
to amphetamines, which triggers serotonin that regulates the mood and has been associated with
emotions such as joy, happiness, and love [11,12]. Furthermore, salsolinol is able to bind with dopamine
receptors and stimulate the release of endorphins, which leads to a sensation of reward and suppression
of pain [9]. On the other hand, other chemical compounds, such as alcohol, cause a reduction in
serotonin levels, which leads to depression [13].

Beer also contains some alkaloids, such as salsolinol and hordenine, the latter being in higher
concentrations than salsolinol [14,15]. Hordenine is naturally found in barley during its germination;
therefore, it is passed through the beer process in malting [16]. It has been reported that the
hordenine concentration in beer mainly depends on the time, temperature, and humidity during the
germination process of barley [17]. Even though it is found in low to moderate concentrations in beers,
this alkaloid contributes to the diuretic effect of beer and provides some bitterness characteristics [16,18].
Regarding the effects of hordenine in humans, it has been reported to increase heart rate and blood
pressure [19] as well as to stimulate the release of dopamine, which has been related to happiness [15,20].
On the other hand, other authors have concluded that beer flavors are the main factor responsible for
dopamine release [21]. However, first study [15] was conducted by testing hordenine in radioligand
assays, but not testing the compound in beer, while the second study [21] consisted in performing a
positron emission tomography (PET) when tasting beer flavors. Hence, those experiments did not
evaluate the effects of beer on consumers’ emotional responses. Thus, there is still a large gap in the
understanding of the mechanisms behind beer tasting and consumer perceptions.

This study aimed to assess the effect of beer compounds on the emotional responses of consumers
using traditional sensory tests (self-reported responses) as well as non-invasive biometrics (unconscious
responses). For these purposes, six beer samples from different fermentation types were used to measure
the physicochemical data such as color, iso-alpha acids, hordenine, alcohol content, and bitterness,
among others. Furthermore, a sensory session was conducted with Mexican beer consumers to
obtain both self-reported and subconscious responses in order to assess their acceptability and
elicited emotions. Multivariate data analysis was conducted to assess the relationship between the
physicochemical, liking, and emotional responses from consumers.

2. Materials and Methods

Six commercial beer samples, two from each of the three different types of fermentation
(Table 1), were selected from a pool of 24 beers previously analyzed for physicochemical and sensory
descriptors [1,3,22–25]. The number of samples was limited to six as this is the recommended maximum
number to avoid consumers’ fatigue, especially due to alcohol content and bitterness, and this may also
lead to a decrease in the quality of the responses [26,27]. Samples were purchased from a local supplier
(Beer for Us S.A. de C.V., Monterrey, NL, México) and stored as described. For physicochemical
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characterization, samples were divided into aliquots and stored at −80 ◦C until their use, while samples
for sensory evaluations were kept first at room temperature and then put in refrigeration (4 ◦C) 24 h
before tests were conducted. Samples were defrosted at 4 ◦C and, prior to physicochemical analysis,
were degassed using an ultrasound bath (SH30H, Elmasonic, Frechen, Germany) at 37 kHz for 30 min.

Table 1. Beer styles and labels of samples used to report results.

Beer Style Beer Fermentation Country of Origin Label

Lambic Kriek Spontaneous Belgium LK

Lambic Framboise Spontaneous Belgium LF

Pale Lager Bottom Mexico C

Pale Lager Bottom Mexico H

Blonde Ale Top Belgium L

Porter Top Poland Z

2.1. Physicochemical Characterization

The color parameters (L*, a*, b*) were measured using a LabScan XE System (Hunter Associates
Laboratory, Inc., Reston, VA, USA) colorimeter by triplicate using a CIELAB system. Instrumental
color was expressed as the Hue angle (Equation (1)), Chroma (Equation (2)), and Yellowness Index
(YI, Equation (3); [28]). Evaluation of viscosity was determined in triplicates using a rheometer
(MCR 302, Anton Paar Canada Inc, Quebec, Canada) at 25 ◦C. All samples (30–40 mL) were measured
for pH at 25 ◦C in triplicates using a Fisherbrand Accumet® AB15 pH meter (Fischer Scientific,
Hampton, NH, USA) calibrated against standard buffers (3-point calibration: pH 4.00–0.1 M
Potassium hydrogen phthalate buffer, pH 7.00—Potassium Phosphate Monobasic/Sodium Hydroxide
buffer, pH 10.00–Potassium Carbonate/Potassium Tetraborate/Potassium Hydroxide/Disodium EDTA
Dihydrate buffer). Titratable acidity (TA, as % acetic acid) was measured in duplicates, with the method
described by Okafor et al. [29], and the following modifications. A total of 5 mL was titrated with
0.1 M NaOH until pH = 7.0 was achieved using bromothymol blue as an indicator.

Hue angle = arctan
(

b∗

a∗

)
× 180

3.14
(1)

Chroma =
(
a∗2 + b∗2

)0.5
(2)

YI = 142.86 × b∗
L∗ (3)

The density of samples was assessed based on weight and volume (50 mL). Total dissolved solids
(TDS) were measured in triplicates using a Yuelong YL-TDS2-A digital water quality tester (Zhengzhou
Yuelong Electronic Technology Co., Ltd., Zhengzhou City, Henan Province, China). Salt concentration
was obtained using two drops of the sample in triplicates added to a digital salt-meter (PAL-SALT Mohr,
Atago Co., Ltd. Saitama, Japan). On the other hand, alcohol content was assessed using 18 mL of the
sample at room temperature (20 ◦C) injected to an Alcolyzer Wine M alcohol meter (Anton Paar GmbH,
GRAZ, Austria) with the wine extension method found in the equipment settings; the instrument has a
maximum error of 0.1% vv−1.

2.2. Characterization of Simple Sugars by HPLC-Refractive Index

The simple sugars profile was measured as described by Heredia-Olea et al. [30] and Alonso-Gómez
et al. [31] with slight modifications. The samples were filtered through a polyvinylidene fluoride
(PVDF) syringe filter (0.2 µm) and injected into high-performance liquid chromatography (HPLC)
equipment (Waters HPLC Breeze model, Waters, Milford, MA, USA) with a refractive index detector

25



Foods 2020, 9, 821

(Waters 2414) kept at 50 ◦C. The chromatographic separation was achieved using an ion-exclusion
column Phenomenex Rezex ROA-organic acid h+ (250 × 4.6 mm, 8 µm particle size, Phenomenex,
Torrance, CA, USA) at 60 ◦C. The mobile phase consisted of a 5 mM H2SO4 solution with a 20 min
isocratic flow rate of 0.4 mL min−1 and with an injection volume of 10 µL. Glucose, maltose, and fructose
quantifications were performed with calibration curves of HPLC-grade standards (Sigma-Aldrich,
St. Louis, MO, USA).

Calibration curves for glucose (1–25 mg mL−1), maltose (0.5–5 mg mL−1), and fructose
(1–25 mg mL−1) of HPLC-grade standards (Sigma-Aldrich, St. Louis, MO, USA) were constructed for
quantification purposes (data not shown).

2.3. Determination of Bitterness

Bitterness was assessed by manual isooctane extraction as described in the American Society of
Brewing Chemists (ASBC) Methods of Analysis with the following modifications [32]. A total of 5 mL
of beer was acidified with hydrochloric acid (HCl; 0.5 mL, 3M) and isooctane (10 mL); subsequently,
it was homogenized for 15 min using a mechanical shaker. The separation of organic and aqueous
layers was performed by centrifugation at 400 g × 5 min. Finally, the isooctane phase (upper) was
measured spectrophotometrically at 275 nm. A calculation of bitterness units (IBU) of beer was
obtained, as shown in Equation (4).

IBU =absorbance275×50 (4)

2.4. Characterization of Iso-α-Acids

The iso-α-acids profile was analyzed as described by Vanhoenacker et al. [33]. The beer samples
(~25 mL) were filtered through a polytetrafluoroethylene (PTFE) syringe filter (0.2 µm) and directly
injected to an Acquity Ultra-Performance Liquid Chromatography (UPLC, Waters, Milford, MA, USA)
coupled to Diode-Array Detector (DAD), monitoring at 270 nm. The chromatographic separation
was achieved using a Zorbax Extend C-18 column (100 × 3 mm, 3.5 µm particle size, Agilent, Santa
Clara, SA, USA) kept at 35 ◦C. The mobile phase consisted of 5 mM ammonium acetate in 20%
ethanol (pH 9.95) as phase A; acetonitrile/ethanol (60:40 v/v) as phase B. The solvent flow rate was
0.4 mL min−1, using gradients of 0−3 min, 0% B; 3–4 min, 0−16% B; 4–54 min, 16–40% B; 54–57 min,
40–95% B; 57–65 min, 95%B; 65–67 min, 95–0% B, followed by 20 min re-equilibration. The iso-α-acids
quantification was performed with calibration curves of commercial standards of trans-iso-α-acids
in dicyclohexylamine (DCHA) obtained from the American Society of Brewing Chemists (Saint Paul,
MN, USA). The standards were prepared in methanol (0.05% H3PO4) according to the supplier’s
recommendations and the ASBC Methods of Analysis [34].

2.5. Hordenine Determination by UPLC-MS/MS

Hordenine sample preparation was performed as described by Sommer et al. [35] with slight
modifications. Beer samples were centrifuged for 15 min at 12,000× g and 4 ◦C; two dilution steps
were followed. Dilution I (Dil. I): 50 µL of degassed beer were added to 450 µL of 0.1% formic acid.
Dilution II (Dil. II): 20 µL of Dil. I were added to 980 µL of 0.1% formic acid. The solutions obtained
after Dil. II were passed through a PVDF filter (0.2 µm, Thermo Scientific™, Waltham, MA, USA) prior
to the analysis. For quantification, a calibration curve with a range of 0–0.1 ppm was developed using
a stock solution (2 mg mL−1) of a hordenine commercial standard (Sigma-Aldrich, St. Louis, MO, USA)
prepared in formic acid (0.1%).

Hordenine separation and quantification were conducted in a Quattro Premier XE Micromass
UPLC-MS/MS system (Waters, Milford, MA, USA) equipped with a triple quadrupole mass spectrometer
(QQQ-MS) connected to an Acquity UPLC (Waters, Milford, MA, USA) with electrospray ionization
(ESI) source in positive mode. Hordenine was analyzed in the multiple reaction monitoring (MRM)
mode of m/z 165.95:121. Masslynx 4.1 software (Waters, Milford, MA, USA.) was used for data
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acquisition and instrument control. Hordenine separation was performed using a high strength silica
(HSS T3 C18) column (2.1 mm × 100 mm, 1.8 µm particle size) coupled with a VanGuard HSS T3 C18
column (2.1 × 5 mm, 1.8 µm) maintained at 50 ◦C. Mobile phases were 0.1% formic acid in water
(solvent A) and 0.1% formic acid in 70% acetonitrile and 30% methanol (solvent B) with 6.6 min total
gradient solution as follows: 0–1 min, 5–15% B; 1–2 min, 15–40% B; 2–3 min, 40–70% B; 3–3.5 min,
70–100% B; 3.5–5 min, 100% B; 5–5.2 min, 100–5% B, followed by 1.4 min re-equilibration. The flow
rate was kept constant at 0.5 mL min−1 with an injection volume of 10 µL. Nitrogen was used as the
desolvation gas (400 L/h). The selected ion monitoring conditions were set as capillary voltage 2.5 kV,
source temperature 120 ◦C, and desolvation temperature 400 ◦C. All determinations were conducted
in triplicates.

2.6. Consumer Sensory Evaluation and Biometrics

A sensory session was carried out in Monterrey, NL, Mexico, which is the state with the highest
alcoholic drinks consumption with beer as the leader [36,37]. The session was conducted with N = 61
beer consumers (frequency > three times a month; 54% males; 46% females) between 18 and 51 years
old (mean age 25.6 ± 6.9 years). Participants were recruited via email and asked to participate in a
graduate research project from the Department of Bioengineering, School on Engineering and Sciences
of Tecnológico de Monterrey, Campus Monterrey, Mexico (Ethics ID: CSERDBT-0002). According to
the Power analysis conducted using the Power and Sample Size Calculator from the SigmaXL ver.
8.15 software (SigmaXL Inc., Kitchener, ON, Canada), the number of participants was sufficient to
find significant differences (1-β = 0.98) among the beer samples. The session was conducted at
SensoLab Solutions SC, a sensory and consumer science laboratory center, located at the Technology
Transfer and Innovation Center of Tecnológico de Monterrey, Mexico. The laboratory was equipped
with eight individual sensory booths with uniform lighting. Each booth had an Android® (Google,
Mountain View, CA, USA) Samsung Galaxy Tab 4 tablet (Samsung, Seoul, South Korea) displaying
the Bio-Sensory application (App; The University of Melbourne, Parkville, Vic, Australia). The App
was able to present the questionnaire (Table 2) and record videos from the participants while tasting
the beer samples to further analyze their emotional responses [29]. Samples (30 mL) were served
at refrigeration temperature (4 ◦C), and water was used as palate cleanser before and between each
sample. To assess the visual descriptors of the beers, a video showing the pouring of the sample using
the RoboBEER (The University of Melbourne, Parkville, Vic, Australia) was displayed in the App to
avoid bias from the variability due to the pouring method and glass effects [22]. As shown in Table 2,
two overall liking ratings were obtained at the start and end of the tasting to verify if there is a bias on
this descriptor based on the evaluation of specific attributes.

Table 2. Questionnaire presented in the Bio-Sensory application.

Question/Descriptor Answers (Options) Scale

Overall liking (rated at the
start of the test) Dislike extremely—Like extremely 15-cm non-structured scale

Foam stability Dislike extremely—Like extremely 15-cm non-structured scale

Foam height Dislike extremely—Like extremely 15-cm non-structured scale

Bitterness Dislike extremely—Like extremely 15-cm non-structured scale

Sweetness Dislike extremely—Like extremely 15-cm non-structured scale

Acidity Dislike extremely—Like extremely 15-cm non-structured scale

Aroma Dislike extremely—Like extremely 15-cm non-structured scale

How do you feel when
tasting this sample?
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Table 2. Cont.

Question/Descriptor Answers (Options) Scale

Check all emojis that depict
how you feel when tasting

this sample

Foods 2019 8, x FOR PEER REVIEW 6 of 19 

 

Sweetness Dislike extremely—Like extremely 15-cm non-structured scale 
Acidity Dislike extremely—Like extremely 15-cm non-structured scale 
Aroma Dislike extremely—Like extremely 15-cm non-structured scale 

How do you feel 
when tasting this 

sample? 
 Face Scale (0—100) 

Check all emojis that 
depict how you feel 

when tasting this 
sample 

 
Check all that apply (CATA) 

Check all emotions 
that depict how you 

feel when tasting this 
sample 

Active/Joyful/Aggressive/Bored/Affect
ionate/Disgusted/Free/Friendly/Happy
/Adventurous/Guilty/Nostalgic/Calm/
Pleasant/Satisfied/Secure/Surprised/W

orried* 

Check all that apply (CATA) 

Overall liking (rated 
at the end of the test) Dislike extremely—Like extremely 15-cm non-structured scale 

*Emotion-terms obtained from EsSense Profile® [38]. 

Videos were analyzed using an application developed based on the Affectiva software 
development kit (SDK; Affectiva, Boston, MA, USA). This application uses the histogram of the 
oriented gradient to detect and track the micro- and macro-movements of face features and is able to 
evaluate all videos in batch. Furthermore, it is capable of assessing facial expressions using support 
vector machine algorithms to translate them into emotions such as i) contempt, ii) disgust, iii) 
sadness, iv) surprise, v) joy, vi) valence, vii) engagement, and viii) attention, as well as emojis related 

to facial expressions such as ix) smiley , x) relaxed , xi) winking face , xii) stuck out tongue 

, xiii) flushed , xiv) rage , xv) smirk , and xvi) disappointed  [39]. 

2.7. Statistical analysis 

All data were analyzed through ANOVA and least significant differences (LSD) as a post-hoc 
test (α = 0.05) using Minitab 17.2.1 (Minitab Inc., State College, Pennsylvania, USA). A linear 
correlation analysis was conducted for alcohol and hordenine values using Microsoft Excel 
(Microsoft, Redmond, WA, USA). Chemical, sensory (self-reported), and biometric responses were 
assessed using multivariate data analysis based on principal components analysis (PCA), and 
multiple factor analysis (MFA) with a customized code written in Matlab® R2019b (Mathworks, Inc., 
Natick, MA, USA) and XLSTAT ver. 2020.1.1 (Addinsoft Inc., New York, NY, USA), respectively. 

3. Results 

3.1. Physicochemical results 

Table 3 shows the mean values and results from the ANOVA for selected physicochemical 
parameters. There were significant differences (p < 0.05) between samples for all parameters. Sample 
Z had the lowest mean value for L* (26.58) as this is the darkest beer, while C had the highest value 
(59.36). Similarly, the yellow index (YI) was higher for Z (200.40) than all other samples, C being the 
lowest (15.69). Spontaneous fermentation beers (LK and LF) were the highest in density (1.02 and 
1.03 g mL−1, respectively), and significantly different from the other samples. On the other hand, LK 
was the most viscous (2.16 mPa s), followed by Z and H (1.80 mPa s), with C as the least viscous (1.48 
mPa s). On the other hand, the spontaneous fermentation samples were the most acidic (LF: pH = 
2.94, TA = 0.32; LK: pH = 3.17, TA = 0.41), while Z was the least acidic (pH = 4.42, TA = 0.17). 

 

Check all that apply
(CATA)

Check all emotions that
depict how you feel when

tasting this sample

Active/Joyful/Aggressive/Bored/Affectionate/
Disgusted/Free/Friendly/Happy/Adventurous/

Guilty/Nostalgic/Calm/Pleasant/Satisfied/
Secure/Surprised/Worried *

Check all that apply
(CATA)

Overall liking (rated at the
end of the test) Dislike extremely—Like extremely 15-cm non-structured scale

* Emotion-terms obtained from EsSense Profile® [38].

Videos were analyzed using an application developed based on the Affectiva software development
kit (SDK; Affectiva, Boston, MA, USA). This application uses the histogram of the oriented gradient to
detect and track the micro- and macro-movements of face features and is able to evaluate all videos
in batch. Furthermore, it is capable of assessing facial expressions using support vector machine
algorithms to translate them into emotions such as (i) contempt, (ii) disgust, (iii) sadness, (iv) surprise,
(v) joy, (vi) valence, (vii) engagement, and (viii) attention, as well as emojis related to facial expressions

such as (ix) smiley

Foods 2019 8, x FOR PEER REVIEW 6 of 19 

 

Sweetness Dislike extremely—Like extremely 15-cm non-structured scale 
Acidity Dislike extremely—Like extremely 15-cm non-structured scale 
Aroma Dislike extremely—Like extremely 15-cm non-structured scale 

How do you feel 
when tasting this 

sample? 
 Face Scale (0—100) 

Check all emojis that 
depict how you feel 

when tasting this 
sample 

 
Check all that apply (CATA) 

Check all emotions 
that depict how you 

feel when tasting this 
sample 

Active/Joyful/Aggressive/Bored/Affect
ionate/Disgusted/Free/Friendly/Happy
/Adventurous/Guilty/Nostalgic/Calm/
Pleasant/Satisfied/Secure/Surprised/W

orried* 

Check all that apply (CATA) 

Overall liking (rated 
at the end of the test) Dislike extremely—Like extremely 15-cm non-structured scale 

*Emotion-terms obtained from EsSense Profile® [38]. 

Videos were analyzed using an application developed based on the Affectiva software 
development kit (SDK; Affectiva, Boston, MA, USA). This application uses the histogram of the 
oriented gradient to detect and track the micro- and macro-movements of face features and is able to 
evaluate all videos in batch. Furthermore, it is capable of assessing facial expressions using support 
vector machine algorithms to translate them into emotions such as i) contempt, ii) disgust, iii) 
sadness, iv) surprise, v) joy, vi) valence, vii) engagement, and viii) attention, as well as emojis related 

to facial expressions such as ix) smiley , x) relaxed , xi) winking face , xii) stuck out tongue 

, xiii) flushed , xiv) rage , xv) smirk , and xvi) disappointed  [39]. 

2.7. Statistical analysis 

All data were analyzed through ANOVA and least significant differences (LSD) as a post-hoc 
test (α = 0.05) using Minitab 17.2.1 (Minitab Inc., State College, Pennsylvania, USA). A linear 
correlation analysis was conducted for alcohol and hordenine values using Microsoft Excel 
(Microsoft, Redmond, WA, USA). Chemical, sensory (self-reported), and biometric responses were 
assessed using multivariate data analysis based on principal components analysis (PCA), and 
multiple factor analysis (MFA) with a customized code written in Matlab® R2019b (Mathworks, Inc., 
Natick, MA, USA) and XLSTAT ver. 2020.1.1 (Addinsoft Inc., New York, NY, USA), respectively. 

3. Results 

3.1. Physicochemical results 

Table 3 shows the mean values and results from the ANOVA for selected physicochemical 
parameters. There were significant differences (p < 0.05) between samples for all parameters. Sample 
Z had the lowest mean value for L* (26.58) as this is the darkest beer, while C had the highest value 
(59.36). Similarly, the yellow index (YI) was higher for Z (200.40) than all other samples, C being the 
lowest (15.69). Spontaneous fermentation beers (LK and LF) were the highest in density (1.02 and 
1.03 g mL−1, respectively), and significantly different from the other samples. On the other hand, LK 
was the most viscous (2.16 mPa s), followed by Z and H (1.80 mPa s), with C as the least viscous (1.48 
mPa s). On the other hand, the spontaneous fermentation samples were the most acidic (LF: pH = 
2.94, TA = 0.32; LK: pH = 3.17, TA = 0.41), while Z was the least acidic (pH = 4.42, TA = 0.17). 
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orried* 

Check all that apply (CATA) 

Overall liking (rated 
at the end of the test) Dislike extremely—Like extremely 15-cm non-structured scale 

*Emotion-terms obtained from EsSense Profile® [38]. 

Videos were analyzed using an application developed based on the Affectiva software 
development kit (SDK; Affectiva, Boston, MA, USA). This application uses the histogram of the 
oriented gradient to detect and track the micro- and macro-movements of face features and is able to 
evaluate all videos in batch. Furthermore, it is capable of assessing facial expressions using support 
vector machine algorithms to translate them into emotions such as i) contempt, ii) disgust, iii) 
sadness, iv) surprise, v) joy, vi) valence, vii) engagement, and viii) attention, as well as emojis related 

to facial expressions such as ix) smiley , x) relaxed , xi) winking face , xii) stuck out tongue 

, xiii) flushed , xiv) rage , xv) smirk , and xvi) disappointed  [39]. 

2.7. Statistical analysis 

All data were analyzed through ANOVA and least significant differences (LSD) as a post-hoc 
test (α = 0.05) using Minitab 17.2.1 (Minitab Inc., State College, Pennsylvania, USA). A linear 
correlation analysis was conducted for alcohol and hordenine values using Microsoft Excel 
(Microsoft, Redmond, WA, USA). Chemical, sensory (self-reported), and biometric responses were 
assessed using multivariate data analysis based on principal components analysis (PCA), and 
multiple factor analysis (MFA) with a customized code written in Matlab® R2019b (Mathworks, Inc., 
Natick, MA, USA) and XLSTAT ver. 2020.1.1 (Addinsoft Inc., New York, NY, USA), respectively. 

3. Results 

3.1. Physicochemical results 

Table 3 shows the mean values and results from the ANOVA for selected physicochemical 
parameters. There were significant differences (p < 0.05) between samples for all parameters. Sample 
Z had the lowest mean value for L* (26.58) as this is the darkest beer, while C had the highest value 
(59.36). Similarly, the yellow index (YI) was higher for Z (200.40) than all other samples, C being the 
lowest (15.69). Spontaneous fermentation beers (LK and LF) were the highest in density (1.02 and 
1.03 g mL−1, respectively), and significantly different from the other samples. On the other hand, LK 
was the most viscous (2.16 mPa s), followed by Z and H (1.80 mPa s), with C as the least viscous (1.48 
mPa s). On the other hand, the spontaneous fermentation samples were the most acidic (LF: pH = 
2.94, TA = 0.32; LK: pH = 3.17, TA = 0.41), while Z was the least acidic (pH = 4.42, TA = 0.17). 
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How do you feel 
when tasting this 

sample? 
 Face Scale (0—100) 

Check all emojis that 
depict how you feel 

when tasting this 
sample 

 
Check all that apply (CATA) 

Check all emotions 
that depict how you 

feel when tasting this 
sample 

Active/Joyful/Aggressive/Bored/Affect
ionate/Disgusted/Free/Friendly/Happy
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orried* 

Check all that apply (CATA) 

Overall liking (rated 
at the end of the test) Dislike extremely—Like extremely 15-cm non-structured scale 

*Emotion-terms obtained from EsSense Profile® [38]. 

Videos were analyzed using an application developed based on the Affectiva software 
development kit (SDK; Affectiva, Boston, MA, USA). This application uses the histogram of the 
oriented gradient to detect and track the micro- and macro-movements of face features and is able to 
evaluate all videos in batch. Furthermore, it is capable of assessing facial expressions using support 
vector machine algorithms to translate them into emotions such as i) contempt, ii) disgust, iii) 
sadness, iv) surprise, v) joy, vi) valence, vii) engagement, and viii) attention, as well as emojis related 

to facial expressions such as ix) smiley , x) relaxed , xi) winking face , xii) stuck out tongue 

, xiii) flushed , xiv) rage , xv) smirk , and xvi) disappointed  [39]. 

2.7. Statistical analysis 

All data were analyzed through ANOVA and least significant differences (LSD) as a post-hoc 
test (α = 0.05) using Minitab 17.2.1 (Minitab Inc., State College, Pennsylvania, USA). A linear 
correlation analysis was conducted for alcohol and hordenine values using Microsoft Excel 
(Microsoft, Redmond, WA, USA). Chemical, sensory (self-reported), and biometric responses were 
assessed using multivariate data analysis based on principal components analysis (PCA), and 
multiple factor analysis (MFA) with a customized code written in Matlab® R2019b (Mathworks, Inc., 
Natick, MA, USA) and XLSTAT ver. 2020.1.1 (Addinsoft Inc., New York, NY, USA), respectively. 

3. Results 

3.1. Physicochemical results 

Table 3 shows the mean values and results from the ANOVA for selected physicochemical 
parameters. There were significant differences (p < 0.05) between samples for all parameters. Sample 
Z had the lowest mean value for L* (26.58) as this is the darkest beer, while C had the highest value 
(59.36). Similarly, the yellow index (YI) was higher for Z (200.40) than all other samples, C being the 
lowest (15.69). Spontaneous fermentation beers (LK and LF) were the highest in density (1.02 and 
1.03 g mL−1, respectively), and significantly different from the other samples. On the other hand, LK 
was the most viscous (2.16 mPa s), followed by Z and H (1.80 mPa s), with C as the least viscous (1.48 
mPa s). On the other hand, the spontaneous fermentation samples were the most acidic (LF: pH = 
2.94, TA = 0.32; LK: pH = 3.17, TA = 0.41), while Z was the least acidic (pH = 4.42, TA = 0.17). 
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*Emotion-terms obtained from EsSense Profile® [38]. 

Videos were analyzed using an application developed based on the Affectiva software 
development kit (SDK; Affectiva, Boston, MA, USA). This application uses the histogram of the 
oriented gradient to detect and track the micro- and macro-movements of face features and is able to 
evaluate all videos in batch. Furthermore, it is capable of assessing facial expressions using support 
vector machine algorithms to translate them into emotions such as i) contempt, ii) disgust, iii) 
sadness, iv) surprise, v) joy, vi) valence, vii) engagement, and viii) attention, as well as emojis related 

to facial expressions such as ix) smiley , x) relaxed , xi) winking face , xii) stuck out tongue 

, xiii) flushed , xiv) rage , xv) smirk , and xvi) disappointed  [39]. 

2.7. Statistical analysis 

All data were analyzed through ANOVA and least significant differences (LSD) as a post-hoc 
test (α = 0.05) using Minitab 17.2.1 (Minitab Inc., State College, Pennsylvania, USA). A linear 
correlation analysis was conducted for alcohol and hordenine values using Microsoft Excel 
(Microsoft, Redmond, WA, USA). Chemical, sensory (self-reported), and biometric responses were 
assessed using multivariate data analysis based on principal components analysis (PCA), and 
multiple factor analysis (MFA) with a customized code written in Matlab® R2019b (Mathworks, Inc., 
Natick, MA, USA) and XLSTAT ver. 2020.1.1 (Addinsoft Inc., New York, NY, USA), respectively. 

3. Results 

3.1. Physicochemical results 

Table 3 shows the mean values and results from the ANOVA for selected physicochemical 
parameters. There were significant differences (p < 0.05) between samples for all parameters. Sample 
Z had the lowest mean value for L* (26.58) as this is the darkest beer, while C had the highest value 
(59.36). Similarly, the yellow index (YI) was higher for Z (200.40) than all other samples, C being the 
lowest (15.69). Spontaneous fermentation beers (LK and LF) were the highest in density (1.02 and 
1.03 g mL−1, respectively), and significantly different from the other samples. On the other hand, LK 
was the most viscous (2.16 mPa s), followed by Z and H (1.80 mPa s), with C as the least viscous (1.48 
mPa s). On the other hand, the spontaneous fermentation samples were the most acidic (LF: pH = 
2.94, TA = 0.32; LK: pH = 3.17, TA = 0.41), while Z was the least acidic (pH = 4.42, TA = 0.17). 
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at the end of the test) Dislike extremely—Like extremely 15-cm non-structured scale 

*Emotion-terms obtained from EsSense Profile® [38]. 

Videos were analyzed using an application developed based on the Affectiva software 
development kit (SDK; Affectiva, Boston, MA, USA). This application uses the histogram of the 
oriented gradient to detect and track the micro- and macro-movements of face features and is able to 
evaluate all videos in batch. Furthermore, it is capable of assessing facial expressions using support 
vector machine algorithms to translate them into emotions such as i) contempt, ii) disgust, iii) 
sadness, iv) surprise, v) joy, vi) valence, vii) engagement, and viii) attention, as well as emojis related 

to facial expressions such as ix) smiley , x) relaxed , xi) winking face , xii) stuck out tongue 

, xiii) flushed , xiv) rage , xv) smirk , and xvi) disappointed  [39]. 

2.7. Statistical analysis 

All data were analyzed through ANOVA and least significant differences (LSD) as a post-hoc 
test (α = 0.05) using Minitab 17.2.1 (Minitab Inc., State College, Pennsylvania, USA). A linear 
correlation analysis was conducted for alcohol and hordenine values using Microsoft Excel 
(Microsoft, Redmond, WA, USA). Chemical, sensory (self-reported), and biometric responses were 
assessed using multivariate data analysis based on principal components analysis (PCA), and 
multiple factor analysis (MFA) with a customized code written in Matlab® R2019b (Mathworks, Inc., 
Natick, MA, USA) and XLSTAT ver. 2020.1.1 (Addinsoft Inc., New York, NY, USA), respectively. 

3. Results 

3.1. Physicochemical results 

Table 3 shows the mean values and results from the ANOVA for selected physicochemical 
parameters. There were significant differences (p < 0.05) between samples for all parameters. Sample 
Z had the lowest mean value for L* (26.58) as this is the darkest beer, while C had the highest value 
(59.36). Similarly, the yellow index (YI) was higher for Z (200.40) than all other samples, C being the 
lowest (15.69). Spontaneous fermentation beers (LK and LF) were the highest in density (1.02 and 
1.03 g mL−1, respectively), and significantly different from the other samples. On the other hand, LK 
was the most viscous (2.16 mPa s), followed by Z and H (1.80 mPa s), with C as the least viscous (1.48 
mPa s). On the other hand, the spontaneous fermentation samples were the most acidic (LF: pH = 
2.94, TA = 0.32; LK: pH = 3.17, TA = 0.41), while Z was the least acidic (pH = 4.42, TA = 0.17). 
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*Emotion-terms obtained from EsSense Profile® [38]. 

Videos were analyzed using an application developed based on the Affectiva software 
development kit (SDK; Affectiva, Boston, MA, USA). This application uses the histogram of the 
oriented gradient to detect and track the micro- and macro-movements of face features and is able to 
evaluate all videos in batch. Furthermore, it is capable of assessing facial expressions using support 
vector machine algorithms to translate them into emotions such as i) contempt, ii) disgust, iii) 
sadness, iv) surprise, v) joy, vi) valence, vii) engagement, and viii) attention, as well as emojis related 

to facial expressions such as ix) smiley , x) relaxed , xi) winking face , xii) stuck out tongue 

, xiii) flushed , xiv) rage , xv) smirk , and xvi) disappointed  [39]. 

2.7. Statistical analysis 

All data were analyzed through ANOVA and least significant differences (LSD) as a post-hoc 
test (α = 0.05) using Minitab 17.2.1 (Minitab Inc., State College, Pennsylvania, USA). A linear 
correlation analysis was conducted for alcohol and hordenine values using Microsoft Excel 
(Microsoft, Redmond, WA, USA). Chemical, sensory (self-reported), and biometric responses were 
assessed using multivariate data analysis based on principal components analysis (PCA), and 
multiple factor analysis (MFA) with a customized code written in Matlab® R2019b (Mathworks, Inc., 
Natick, MA, USA) and XLSTAT ver. 2020.1.1 (Addinsoft Inc., New York, NY, USA), respectively. 

3. Results 

3.1. Physicochemical results 

Table 3 shows the mean values and results from the ANOVA for selected physicochemical 
parameters. There were significant differences (p < 0.05) between samples for all parameters. Sample 
Z had the lowest mean value for L* (26.58) as this is the darkest beer, while C had the highest value 
(59.36). Similarly, the yellow index (YI) was higher for Z (200.40) than all other samples, C being the 
lowest (15.69). Spontaneous fermentation beers (LK and LF) were the highest in density (1.02 and 
1.03 g mL−1, respectively), and significantly different from the other samples. On the other hand, LK 
was the most viscous (2.16 mPa s), followed by Z and H (1.80 mPa s), with C as the least viscous (1.48 
mPa s). On the other hand, the spontaneous fermentation samples were the most acidic (LF: pH = 
2.94, TA = 0.32; LK: pH = 3.17, TA = 0.41), while Z was the least acidic (pH = 4.42, TA = 0.17). 
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*Emotion-terms obtained from EsSense Profile® [38]. 

Videos were analyzed using an application developed based on the Affectiva software 
development kit (SDK; Affectiva, Boston, MA, USA). This application uses the histogram of the 
oriented gradient to detect and track the micro- and macro-movements of face features and is able to 
evaluate all videos in batch. Furthermore, it is capable of assessing facial expressions using support 
vector machine algorithms to translate them into emotions such as i) contempt, ii) disgust, iii) 
sadness, iv) surprise, v) joy, vi) valence, vii) engagement, and viii) attention, as well as emojis related 

to facial expressions such as ix) smiley , x) relaxed , xi) winking face , xii) stuck out tongue 

, xiii) flushed , xiv) rage , xv) smirk , and xvi) disappointed  [39]. 

2.7. Statistical analysis 

All data were analyzed through ANOVA and least significant differences (LSD) as a post-hoc 
test (α = 0.05) using Minitab 17.2.1 (Minitab Inc., State College, Pennsylvania, USA). A linear 
correlation analysis was conducted for alcohol and hordenine values using Microsoft Excel 
(Microsoft, Redmond, WA, USA). Chemical, sensory (self-reported), and biometric responses were 
assessed using multivariate data analysis based on principal components analysis (PCA), and 
multiple factor analysis (MFA) with a customized code written in Matlab® R2019b (Mathworks, Inc., 
Natick, MA, USA) and XLSTAT ver. 2020.1.1 (Addinsoft Inc., New York, NY, USA), respectively. 

3. Results 

3.1. Physicochemical results 

Table 3 shows the mean values and results from the ANOVA for selected physicochemical 
parameters. There were significant differences (p < 0.05) between samples for all parameters. Sample 
Z had the lowest mean value for L* (26.58) as this is the darkest beer, while C had the highest value 
(59.36). Similarly, the yellow index (YI) was higher for Z (200.40) than all other samples, C being the 
lowest (15.69). Spontaneous fermentation beers (LK and LF) were the highest in density (1.02 and 
1.03 g mL−1, respectively), and significantly different from the other samples. On the other hand, LK 
was the most viscous (2.16 mPa s), followed by Z and H (1.80 mPa s), with C as the least viscous (1.48 
mPa s). On the other hand, the spontaneous fermentation samples were the most acidic (LF: pH = 
2.94, TA = 0.32; LK: pH = 3.17, TA = 0.41), while Z was the least acidic (pH = 4.42, TA = 0.17). 
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*Emotion-terms obtained from EsSense Profile® [38]. 

Videos were analyzed using an application developed based on the Affectiva software 
development kit (SDK; Affectiva, Boston, MA, USA). This application uses the histogram of the 
oriented gradient to detect and track the micro- and macro-movements of face features and is able to 
evaluate all videos in batch. Furthermore, it is capable of assessing facial expressions using support 
vector machine algorithms to translate them into emotions such as i) contempt, ii) disgust, iii) 
sadness, iv) surprise, v) joy, vi) valence, vii) engagement, and viii) attention, as well as emojis related 

to facial expressions such as ix) smiley , x) relaxed , xi) winking face , xii) stuck out tongue 

, xiii) flushed , xiv) rage , xv) smirk , and xvi) disappointed  [39]. 

2.7. Statistical analysis 

All data were analyzed through ANOVA and least significant differences (LSD) as a post-hoc 
test (α = 0.05) using Minitab 17.2.1 (Minitab Inc., State College, Pennsylvania, USA). A linear 
correlation analysis was conducted for alcohol and hordenine values using Microsoft Excel 
(Microsoft, Redmond, WA, USA). Chemical, sensory (self-reported), and biometric responses were 
assessed using multivariate data analysis based on principal components analysis (PCA), and 
multiple factor analysis (MFA) with a customized code written in Matlab® R2019b (Mathworks, Inc., 
Natick, MA, USA) and XLSTAT ver. 2020.1.1 (Addinsoft Inc., New York, NY, USA), respectively. 

3. Results 

3.1. Physicochemical results 

Table 3 shows the mean values and results from the ANOVA for selected physicochemical 
parameters. There were significant differences (p < 0.05) between samples for all parameters. Sample 
Z had the lowest mean value for L* (26.58) as this is the darkest beer, while C had the highest value 
(59.36). Similarly, the yellow index (YI) was higher for Z (200.40) than all other samples, C being the 
lowest (15.69). Spontaneous fermentation beers (LK and LF) were the highest in density (1.02 and 
1.03 g mL−1, respectively), and significantly different from the other samples. On the other hand, LK 
was the most viscous (2.16 mPa s), followed by Z and H (1.80 mPa s), with C as the least viscous (1.48 
mPa s). On the other hand, the spontaneous fermentation samples were the most acidic (LF: pH = 
2.94, TA = 0.32; LK: pH = 3.17, TA = 0.41), while Z was the least acidic (pH = 4.42, TA = 0.17). 

 

[39].

2.7. Statistical Analysis

All data were analyzed through ANOVA and least significant differences (LSD) as a post-hoc test
(α = 0.05) using Minitab 17.2.1 (Minitab Inc., State College, PA, USA). A linear correlation analysis
was conducted for alcohol and hordenine values using Microsoft Excel (Microsoft, Redmond, WA,
USA). Chemical, sensory (self-reported), and biometric responses were assessed using multivariate
data analysis based on principal components analysis (PCA), and multiple factor analysis (MFA) with
a customized code written in Matlab® R2019b (Mathworks, Inc., Natick, MA, USA) and XLSTAT ver.
2020.1.1 (Addinsoft Inc., New York, NY, USA), respectively.

3. Results

3.1. Physicochemical Results

Table 3 shows the mean values and results from the ANOVA for selected physicochemical
parameters. There were significant differences (p < 0.05) between samples for all parameters. Sample Z
had the lowest mean value for L* (26.58) as this is the darkest beer, while C had the highest value (59.36).
Similarly, the yellow index (YI) was higher for Z (200.40) than all other samples, C being the lowest
(15.69). Spontaneous fermentation beers (LK and LF) were the highest in density (1.02 and 1.03 g mL−1,
respectively), and significantly different from the other samples. On the other hand, LK was the most
viscous (2.16 mPa s), followed by Z and H (1.80 mPa s), with C as the least viscous (1.48 mPa s). On the
other hand, the spontaneous fermentation samples were the most acidic (LF: pH = 2.94, TA = 0.32; LK:
pH = 3.17, TA = 0.41), while Z was the least acidic (pH = 4.42, TA = 0.17).

Figure 1 shows the means and ANOVA results of the total sugars, bitterness (Figure 1a), iso-alpha
acids, and hordenine (Figure 1b). The spontaneous fermentation beers had significantly higher
(p < 0.05) total sugar content (LF: 31.23 mg mL−1; LK: 27.53 mg mL−1) than the samples from other
types of fermentation; for C, the sugar concentration was non-detectable with the chromatographic
conditions used. Sample Z was the highest in both bitterness (34.98 IBU) and total iso alpha-acids
(21.41 mg L−1), while LF was the least bitter (bitterness: 5.08 IBU; total iso-alpha acids: 0.60 mg L−1).
On the other hand, the top fermentation beers (Z and L) had the highest concentrations of hordenine
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(Z: 4.24 mg L−1; L: 3.22 mg L−1), while spontaneous fermentation sample LF had the lowest content
(0.98 mg L−1).

Table 3. Physicochemical characterization of commercial beers.

Sample
Color Density

(g mL−1)
Viscosity
(mPa s)

pH Titratable
AcidityL* a* b* Hue Chroma YI

LK 36.70 d†
± 0.12

23.68 b ±
0.08

17.76 c
± 0.05

0.64 b
± 0.001

29.60 c
± 0.09

69.15 c
± 0.39

1.02 a
± 0.001

2.16 a
± 0.11

3.17 d
± 0.01

0.41 a
± 0.01

LF 29.67 e
± 0.08

26.54 a
± 0.16

20.16 b
± 0.32

0.65 b
± 0.005

33.33 b
± 0.32

97.11 b
± 1.79

1.03 a
± 0.002

1.73 bc
± 0.06

2.94 e
± 0.01

0.32 b
± 0.03

C 59.36 a
± 0.07

−1.27 d
± 0.01

6.52 f
± 0.04

−1.38 c
± 0.003

6.64 f
± 0.03

15.69 f
± 0.07

1.00 c
± 0.003

1.48 d
± 0.09

4.29 b
± 0.00

0.11 d
± 0.00

H 58.72 b
± 0.25

−1.21 d
± 0.03

8.99 e
± 0.09

−1.44 d
± 0.002

9.07 e
± 0.09

21.87 e
± 0.21

1.00 c
± 0.002

1.80 b
± 0.07

4.31 b
± 0.01

0.10 d
± 0.01

L 56.68 c
± 0.27

−1.02 d
± 0.01

16.25 d
± 0.08

−1.51 e
± 0.001

16.28 d
± 0.08

40.96 d
± 0.09

1.01 b
± 0.002

1.54 cd
± 0.02

4.24 c
± 0.01

0.11 d
± 0.00

Z 26.58 f
± 0.16

16.82 c
± 0.14

37.28 a
± 0.52

1.14 a
± 0.003

40.90 a
± 0.53

200.40 a
± 1.59

1.00 c
±0.003

1.80 b
± 0.00

4.42 a
± 0.01

0.17 c
± 0.01

Abbreviations: CIELAB color parameters (L*: lightness, a*: red/green, b*: blue/yellow), YI: yellowness index.
† Values represent the mean ± standard error (nTitratable Acidity = 2, nColor, Density, Viscosity, pH = 3). Abbreviations of
samples may be found in Table 1. Different letters within a column indicate that values are significantly different
according to the least significant difference test (LSD; p <0.05).
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while C was the lowest (0.05%). A similar trend was found for TDS with LF and LK; although being 

significantly different, both presented the highest values (LF: 1226 ppm; LK: 1148 ppm), while C had 

the lowest with 658 ppm. Top fermentation beers showed the highest alcohol content (Z: 9.47%; L: 
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trend was found for the content of trans-Isocohumulone and trans-Isohumulone parameters with Z 

Figure 1. Chemical characterization of commercial beers, including (a) total sugars (mg mL−1),
bitterness (IBU), (b) hordenine (mg L−1), total Iso-α-acid concentration (mg L−1). Different letters above
bars denote significant differences between beer samples, for the same chemical parameter, according
to the least significant difference test (LSD; p < 0.05). * Total sugars not detected in beer C. All values
are the mean ± SE (error bars) of independent determinations. n = 3, hordenine, and bitterness; n = 2,
total sugars, and total-α-acids. Abbreviations of samples may be found in Table 1.

Table 4 shows that the simple sugars from the spontaneous fermentation samples (LF and LK)
were mainly composed of glucose (LF: 14.32 mg mL−1; LK: 13.91 mg mL−1), followed by fructose (LF:
13.51 mg mL−1; LK: 12.56 mg mL−1), and maltose (LF: 3.40 mg mL−1; LK: 1.06 mg mL−1). Sample H
had higher values of maltose (0.79 mg mL−1) than glucose (0.60 mg mL−1) and fructose (0.50 mg mL−1),
while L was higher in fructose (2.04 mg mL−1) than glucose (1.87 mg mL−1) and did not contain
maltose. Spontaneous fermentation beers were the highest in salt concentration (LK and LF: 0.10%),
while C was the lowest (0.05%). A similar trend was found for TDS with LF and LK; although being
significantly different, both presented the highest values (LF: 1226 ppm; LK: 1148 ppm), while C had
the lowest with 658 ppm. Top fermentation beers showed the highest alcohol content (Z: 9.47%; L:
6.68%), while spontaneous fermentation samples had the lowest (LF: 2.53%; LK: 3.53%). A similar
trend was found for the content of trans-Isocohumulone and trans-Isohumulone parameters with Z
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being the highest concentration (10.95 mg L−1, and 10.46 mg L−1, respectively), and LF the lowest
(0.22 mg L−1, and 0.38 mg L−1, respectively).

Table 4. Simple sugars, salt, total dissolved solids, ethanol content, and iso-α-acids of commercial beers.

Sample
Simple Sugars (mg mL−1) Salt

(%)
Total Dissolved

Solids (ppm)

Alcohol
Content

(%)

Iso-α-Acids (mg L−1)

Glucose Fructose Maltose Trans-Isocohumulone Trans-Isohumulone

LK 13.91 a*
± 0.24

12.56 b
± 0.31

1.06 c
± 0.04

0.10 a
± 0.00

1148.00 b
± 11.00

3.53 e
± <0.001

0.33 e
± 0.01

0.45 d
± 0.01

LF 14.32 a
± 0.62

13.51 a
± 0.01

3.40 a
± 0.07

0.10 a
± 0.00

1226.00 a
± 7.00

2.53 f
± <0.001

0.22 e
± 0.01

0.38 d
± 0.01

C ND ND ND 0.05 e
± 0.00

658.00 f
± 9.61

4.62 d
± <0.001

3.44 b
± 0.08

3.91 b
± 0.22

H 0.60 c
± 0.00

0.50 d
± 0.00

0.79 d
± 0.03

0.06 d
± 0.00

738.00 e
± 4.04

4.97 c
± <0.001

2.81 c
± 0.00

3.27 c
± 0.11

L 1.87 b
± 0.06

2.04 c
± 0.08

0.00 e
± 0.00

0.07 c
± 0.00

898.67 d
± 5.55

6.68 b
± <0.001

2.60 d
± 0.05

3.35 c
± 0.12

Z ND ND 2.97 b
± 0.12

0.09 b
± 0.00

1100.33 c
± 26.36

9.47 a
± <0.001

10.95 a
± 0.04

10.46 a
± 0.08

* Values represent the mean ± standard error (nSimple sugars, Iso-α-acids = 2, nSalt, Total dissolved solids, Ethanol content = 3).
ND: Non-detectable. Abbreviations of samples may be found in Table 1. Different letters within a column indicate
that values are significantly different according to the least significant difference test (LSD; p < 0.05).

3.2. Consumer Sensory Evaluation and Biometrics

Table 5 shows the mean values and ANOVA results of the self-reported responses from the
consumers’ sensory tests. Significant differences (p < 0.05) between samples were observed for all
attributes evaluated. In all samples, except for Z, the responses from overall liking were higher when
rated at the end of the test after assessing each attribute, compared to the overall liking at the start
(before assessing individual attributes). Spontaneous fermentation beers with raspberry (Framboise)
and cherry (Kriek) flavors were the most liked overall (LF: 10.79; LK: 10.73) and also received the
highest in bitterness (LF: 11.85; LK: 11.06), acidity (LF: 10.76; LK: 11.37) and aroma (LF: 9.50; LK: 9.53)
liking scores. For sweetness liking, there were non-significant differences among the spontaneous
(LK, LF) and bottom fermentation samples (C, H), but these were significantly different from the top
fermentation beers (L, Z). On the other hand, C had the lowest liking of foam stability (6.79) compared
to all other beers (10.20–11.14).

Table 5. Sensory acceptability (self-reported responses) of commercial beers.

Sample Overall
Liking-Start

Foam
Stability

Foam
Height Bitter Sweet Acidity Aroma Overall

Liking-End

LK 10.35 a*
± 0.56

10.20 a
± 0.38

8.31 b
± 0.38

11.06 a
± 0.42

9.53 a
± 0.46

11.37 a
± 0.50

9.53 a
± 0.44

10.73 a
± 0.50

LF 10.04 ab
± 0.47

11.14 a
± 0.52

11.16 a
± 0.54

11.85 a
± 0.46

9.56 a
± 0.52

10.76 a
±0.51

9.50 a
± 0.50

10.79 a
± 0.50

C 7.57 cd
± 0.55

6.79 b
± 0.52

6.28 c
± 0.59

8.92 bc
± 0.45

8.62 a
± 0.53

7.07 b
±0.51

7.54 bc
± 0.53

7.74 bc
±0.54

H 8.72 bc
± 0.49

10.58 a
± 0.39

10.60 a
± 0.40

8.76 bc
± 0.51

9.51 a
± 0.51

7.35 b
±0.47

8.31 ab
± 0.51

9.07 b
± 0.49

L 6.69 d
± 0.58

10.63 a
± 0.43

10.32 a
± 0.41

7.78 c
± 0.57

6.61 b
± 0.58

6.91 b
±0.52

7.03 bc
± 0.55

6.90 c
± 0.63

Z 7.65 cd
± 0.63

10.46 a
± 0.51

10.83 a
± 0.44

9.48 b
± 0.60

6.83 b
± 0.61

7.59 b
±0.59

6.73 c
± 0.57

7.34 c
± 0.65

* Values represent the mean ± standard error N = 61. Different letters within a column indicate that values are
significantly different according to the least significant difference test (LSD; p < 0.05). Abbreviations of samples may
be found in Table 1.

Figure 2 shows the principal components analysis for the sensory self-reported and emotional
(biometric) responses, and chemical data. The principal component one (PC1) represented 49.40%,
while PC2 accounted for 26.35% of data variability (Total = 75.75%). According to the factor loadings
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Figure 3 shows the MFA for all chemicals, liking, and check all that apply data using emojis
(Figure 3a) and emotion-terms (Figure 3b). In the MFA using emojis (Figure 3a), it can be observed
that factors 1 and 2 (F1 and F2) represented 89.35% of total data variability (F1 = 68.86%; F2 = 20.49%).

According to FL, the F1 was mainly represented by crying
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spontaneous fermentation samples LK and LF were most represented by these descriptors.

In Figure 3b, developed using emotion-terms, F1 and F2 accounted for 88.87% of total data
variability (F1 = 70.50%; F2 = 18.37%). Based on the FL, variables such as FaceScale (FL = 0.99),
overall liking (FL = 0.99), glucose (FL = 0.95) and fructose (FL = 0.95) represented the positive side of
the F1 axis, while pH (FL = −0.95), acidity (FL = −0.88), aggressive (FL = −0.86), and alcohol content
(FL = −0.86) characterized the negative side. Descriptors such as aggressive (FL = 0.84), TDS (FL = 0.77),
maltose (FL = 0.72) and bitterness (FL = 0.71) represented the positive side of the F2 axis, whereas bored
(FL = −0.54) and guilty (FL = −0.20) characterized the negative side. Similar to Figure 3a, hordenine
had a positive relationship with alcohol content, iso-alpha acids, bitterness and emotion-terms such
as aggressive, disgusted and nostalgic. These were negatively related with overall liking, FaceScale,
fructose, glucose, acidity, joyful, affectionate, and happy. Samples were clearly grouped according to
the type of fermentation: top (Z and L), bottom (C and H) and spontaneous (LF and LK).
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Figure 3. Multiple factor analysis showing the results from the sensory (self-reported liking responses),
chemical data (Chem), and (a) emoji and (b) emotions, check all that apply responses. Abbreviations:
F1 and F2 = Factor 1 and 2, TDS = total dissolved solids. Abbreviations for samples are shown in
Table 1.

4. Discussion

Spontaneous fermentation beers resulted in the highest values for total sugars and lowest alcohol
content, bitterness (expressed as IBU), and iso-alpha acids (Figure 1). This may be due to the addition
of fruit juice (cherry in LK and raspberry in LF), and dried hops, which may also be old and oxidized
to provide aromas and flavors but not bitterness [23,25,40].

There was a positive correlation (R = 0.91; R2 = 0.83) between hordenine and alcohol content
for all beer samples studied. The latter effect is in accordance with the study from Brauers et al. [16],
who found higher hordenine content in strong beers (bock style), which have high alcohol content
(6.6–7.5%; [41]), and lower hordenine values in alcohol-free beers. On the other hand, top fermentation
beers were found to have higher concentrations of iso-alpha acids, hordenine, and bitterness (expressed
as IBU) compared to the other samples (Figure 3). Sensorial bitterness can be derived from several
compounds, including polyphenols and alkaloids [42].

For beers, 80% of the perceived bitterness is originated from adding hops during the brewing
process [43]. Hops from female plants contain glands with a resin that is rich in derivates of
phloroglucinol, essential oils, and flavonoids [44]. In terms of the bitter compounds, there are two
types of acids in the hops resins, alpha, and beta; however, these molecules are not bitter in their
raw forms. Before brewing, a thermal isomerization of the alpha-acids occurs during the boiling
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process, and iso-alpha acids are obtained, which are responsible for imparting the bitterness in beer.
Two stereoisomers are generated during this isomerization process, trans- and cis-iso-alpha-acids,
which are catalyzed by magnesium ions [45]. The perceived bitterness intensity is higher when there
is a higher content of iso-alpha-acids. This compound provides a “harsh,” “round,” and “lingering”
flavor to beer [43]. In the present study, the top fermentation beers (L and Z) had the lowest scores for
the liking of bitterness compared to the other beer samples (Table 5). The higher chemical bitterness
(expressed as IBU) for these two samples can potentially explain the disliking of the bitterness in the
tasting session by the participants. Besides, hordenine is known to impart bitterness [18], and the
concentration of this compound was also higher in the top fermentation beers.

Similar results were found using the conscious responses with emojis and words, and from the
subconscious responses using biometrics. According to the PCA and MFA presented in Figures 2 and 3,
respectively, beers with higher sugar content (glucose and fructose) were associated with positive

emotions such as joy, relaxed
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, affectionate, and FaceScale in
both subconscious and conscious responses (emojis and emotion-terms). This coincides with findings
by Kim et al. [46], who reported that samples of beverages and biscuits with the highest sugar content
elicited positive emotions such as affectionate, pleased, joyful, glad, and happy. On the other hand,
bitterness has been associated with rejection due to genetic factors and the innate relationship of
bitter products with poisonous compounds [24,47,48]. Overall taste liking is the result of the intrinsic
balance among the basic tastes that are sensed by the receptors located in the gustative system [49].
Individual taste compounds can elicit discrete sensations in consumers. However, different tastes
can interact with each other, which can result in suppression or enhancement effects of certain
perceptions [50,51]. For instance, minor concentrations of sugar can enhance the sourness of citric acid
solutions; or slight concentrations of salt can enhance the sweetness of sugar solutions. The opposite
can also occur as slight concentrations of quinine (a bitter compound) mixed with saccharides can
suppress the sweetness of the solutions [52,53]. This can potentially explain the overall taste perception
by the consumers in the present study. As the sugar content of the spontaneous fermentation beers
was higher compared to the other samples, the bitterness perception of those beers was somewhat
suppressed, which produced higher hedonic and emotional responses. This effect can be observed for
both responses (conscious and subconscious) measured in this study, as the sweet taste was the main
factor responsible for the overall satisfaction of consumers.

Even though hordenine has been reported to stimulate the release of dopamine and is, therefore,
associated with happiness [15,21], these studies have not evaluated these effects on consumers when
drinking beer. In the present research, it was found that, as hordenine was positively related with
bitterness and other bitter compounds such as iso-alpha acids, all these had a positive relationship

with negative emotions such as disappointed
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and hordenine were associated with negative emotions, which explain the consumers’ preference
for spontaneous fermentation samples, which are sweeter and less bitter than other beer styles.
The strong correlation between alcohol and hordenine, along with the effect that time may have in
terms of increasing the hordenine levels in the bloodstream, leads to the need to conduct further
studies, which may allow giving more time between samples to assess emotional responses and to
compare alcoholic and non-alcoholic beers with similar styles to separate the effects of alcohol and
hordenine. Additionally, further studies may include the assessment of differences in emotional
responses among consumers from different cultural backgrounds. Results from these studies may be
useful for brewing companies to modify their products for different markets and satisfy the needs of
distinct target consumers.
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Abstract: Hedonic scale testing is a well-accepted methodology for assessing consumer perceptions
but is compromised by variation in voluntary responses between cultures. Check-all-that-apply
(CATA) methods using emotion terms or emojis and facial expression recognition (FER) are emerging
as more powerful tools for consumer sensory testing as they may offer improved assessment of
voluntary and involuntary responses, respectively. Therefore, this experiment compared traditional
hedonic scale responses for overall liking to (1) CATA emotions, (2) CATA emojis and (3) FER. The
experiment measured voluntary and involuntary responses from 62 participants of Asian (53%)
versus Western (47%) origin, who consumed six divergent yogurt formulations (Greek, drinkable,
soy, coconut, berry, cookies). The hedonic scales could discriminate between yogurt formulations
but could not distinguish between responses across the cultural groups. Aversive responses to
formulations were the easiest to characterize for all methods; the hedonic scale was the only method
that could not characterize differences in cultural preferences, with CATA emojis displaying the
highest level of discrimination. In conclusion, CATA methods, particularly the use of emojis, showed
improved characterization of cross-cultural preferences of yogurt formulations compared to hedonic
scales and FER.

Keywords: biometrics; Cochran’s Q test; ethnic; plant; conscious; unconscious; check-all-that-apply;
linear model; correspondence analysis

1. Introduction

Sensory analysis is important in the food industry, not only for product development
but also to guide marketing decisions [1]. While simple sensory testing using a tradi-
tional hedonic scale has been widely used to understand the acceptance of foods, this
approach has limited freedom for the expression of a full range of sensory experiences [2].
Furthermore, taste responsiveness differs by ethnicity and gender, which may generate
different perceptions when tasting the same product. However, these differences may not
be reflected when scoring by a hedonic scale and can generate similar scores [3]. Hence, it is
important to understand the affective responses of consumers and how people of different
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cultures perceive food products, especially in a multicultural environment, using a more
elaborate approach [4].

A hedonic scale is a simple method of measuring the overall liking scores, which is
considered the most informative assessment by a consumer. However, consumer perception
of a product goes beyond overall liking, since it also includes extrinsic elements such as the
perceived benefits, quality and wellness of the associated food. These extrinsic elements
can be explained using more advanced approaches, such as the EsSense ProfileTM [5]
and check-all-that-apply (CATA)—conscious methods—and the recognition of the facial
expression—an unconscious method [6]. The CATA methods can be based on emotion
terms or emojis [7,8]. In previous studies, the CATA methodology has been effectively used
to compare consumer perception and liking of different chocolate milk desserts and beers
and has been shown to be an easy and convenient method for understanding consumer
behaviors [9,10]. This method has also been used to observe cultural differences in terms
of word associations with the relative quality criteria of rice consumption [11]. An easy,
non-verbal CATA method is the use of emoji and emoticons to express emotions towards
the different food types [12]. Emoji questionnaires are suitable for a range of populations,
as people find emojis to be more expressive compared to emotional terms [7,11]. However,
there can be drawbacks with this technique, as it may not detect subtle differences between
sensory characteristics [13]. Moreover, this technique is still considered a self-reported
conscious method, because it asks consumers to select options from a list and therefore can
show bias.

Novel techniques for the assessment of consumer liking involve recording the uncon-
scious facial expressions of consumers during product tasting. This approach can provide
details of unconscious emotions expressed by consumers, rather than asking consumers
to select emotional terms. Unconscious consumer responses can be measured using facial
expression recognition technology, such as FaceReaderTM software. This instrumental
analysis measures unconscious consumer emotions by reading the face and classifying
facial expressions while tasting [14]. It is an easy and quick technique to understand the
emotions expressed towards tasted food products. The technique can address any bias,
as it records the emotions of the consumers intrinsically [15], although it does not record
liking. Facial expression recognition technologies are promising for increasing our under-
standing of the link between consumer food choices and the facial expressions induced by
different the food tastes [16]. In a study, FaceReaderTM was used to assess the instant facial
expressions of students with an efficacy of 87%. Students were found to experience neutral,
sad and angry emotions during assessment [17]. However, this technology can generate
noise within the data, which can give false assessments [18].

Benefits may potentially be realized by integrating the different sensory procedures
available. Specifically, this may allow a better understanding of consumer perceptions
for different products in a multicultural environment. Previous studies have shown a
significant effect of culture on the liking and consumer acceptance of a yogurt product and
on the form or inclusions preferred by each of the ethnic groups. This makes it significantly
important to understand the role or acceptance of the yogurts by different cultures using a
cross-cultural sensory experiment [19]. There have been several studies involving various
products, such as coffee labels [20], chocolate [21], beer [22] and artificial sweeteners [23],
where a combination of implicit and explicit sensory methods have been successfully
integrated together to assess the consumer acceptability. In the case of the study with coffee
labels, the biometrics technology of facial expression recognition was also shown to be a
reliable method for sensory evaluation [20]. However, the sensory analysis of chocolate
using other biometrics responses, such as skin temperature and heart rate, did not show
any significant differences for the tasted samples [21].

In the present study, dairy yogurts and their plant alternatives were taken as a refer-
ence for comparison of the different sensory techniques. Previously, plant-based yogurt
alternatives have been shown to be perceived differently by consumers, as compared to
dairy yogurts [24], which could produce different emotional experiences. The objective
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of this study was to understand the effect of culture on the conscious (CATA method
using emotions and emojis) and unconscious (facial expression recognition) emotional
responses. Further, the study sought to compare these methods with a traditional hedonic
scale to understand the method which best represents liking towards yogurts. The study
also sought to understand the purchase intent and willingness to pay for these yogurt
types. The paper is sub-divided into mainly three sub-sections: (1) measuring liking for the
yogurts using each of the four methods (hedonic scales, CATA emotions, CATA emojis and
FER) individually and comparing across the Asian and Western cultures, (2) comparing and
finding relationships between the methods using a linear mixed model and multi-factor
analysis and (3) understanding price perception and purchase intent of the tasted yogurts.

2. Materials and Methods

The participants were recruited for the tasting sessions through email invitations and
all protocols of this study were approved by the Human Ethics Advisory Group (HEAG) of
the Faculty of Veterinary and Agriculture Sciences (FVAS) at the University of Melbourne
(Ethics ID 1853507.2). Consumers allergic to lactose, or those with any other allergies, such
as wheat or nuts, were excluded from the study. Participants were provided with a gift
voucher as an incentive for participation.

2.1. Samples

Six yogurt samples that differed in terms of taste and texture were selected, so that it
was easier to capture the different consumer responses and understand the method that
best relates to consumer liking and expectation. Plant-based yogurts are a new category
of products, and recent reports are available mentioning that these are not as acceptable
as their dairy counterparts [25]. The present study aimed to compare a traditional dairy
product with recently popular plant-based alternatives. Furthermore, comparing different
forms (drinkable) and inclusions (berry or cookies) in yogurt also might affect the consumer
acceptability. Using a focus group study (n = 32), the yogurts were selected for the main
tasting experiment, which included the popular options available commercially, and also
for the selection of emotion terms in the experiment. The product codes, listed in Table 1,
represent the following yogurt types: dairy Greek plain (reference), coconut plain (plant),
soy plain (plant), drinkable (sweetened), dairy with crunchies (sweetened) and dairy with
berry (sweetened).

Table 1. Comparison of overall liking scores of the different yogurt products by Asian and Western consumers.

Yogurt Product Type Product Code (as Used in
This Study)

Overall Liking Scores
(Asian Consumers)

Overall Liking Scores
(Western Consumers)

Dairy Greek yogurt
Reference 5.03 ± 2.33 cd 5.39 ± 2.26 bc

(plain)
Coconut-based yogurt (plain) Coconut 3.73 ± 2.05 d 4.39 ± 2.30 c

Drinkable yogurt (sweetened) Drinkable 6.15 ± 2.16 b 5.51 ± 2.11 b

Soy-based yogurt Soy 5.45 ± 2.25 bc 5.64 ± 2.11 b
(plain)

Dairy yogurt with crunchies (sweetened) Cookies 7.82 ± 0.94 a 6.87 ± 1.43 a

Dairy yogurt with berries (sweetened) Berry 1.90 ± 0.92 e 2.02 ± 1.12 d

* F-value 38.93 20.86
a,b,c,d,e Means with different superscripts in each column indicate significant differences (p < 0.05) by Fisher’s least square difference test.
Highest value with ‘a’ in superscript. The data are presented as mean ± standard deviation. * as an indicator of significance.

2.2. Participants

A total of n = 62 participants answered the questions for the sensory tasting of the six
different yogurt samples. The participants included 47% self-identified Western consumers
(29) and 53% Asian consumers (33), 68% females (42) and 32% males (20), with ages ranging
from 21 to 58 years. The Western consumers were mainly Australian (14), European (8),
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North/South American (3) and Latin (4), and the Asian consumers were mainly Chinese
(19), Indian/Sri Lankan/Bangladeshi (7), Korean (2), Filipino (1), Persian (1), Vietnamese
(2) and Malaysian (1). All participants were students or staff members at the University
of Melbourne.

2.3. Sensory Evaluation and Data Collection

Participants were asked to taste each of the six yogurt samples (~15 g), which were
served in plastic containers at an internal temperature of 10 ± 2 ◦C, labeled with 3-digit
codes and presented in a random order. Participants were seated in individual sensory
booths (under white natural LED light); the temperature of the booths was maintained at
22 ± 2 ◦C. Each booth was equipped with a Samsung 18-inch tablet (Samsung Group, Seoul,
South Korea) for recording videos to obtain consumer responses using the Bio-sensory
app [26], which did not require any calibration. The armed tablets were placed near to
face of the participants, with an in-built camera, and could be adjusted according to the
participant’s height. When a participant was seated in the sensory booth, it was ensured
that their faces were recorded properly in the set-up, at an approximate distance of 45–
50 cm from the participant. The investigators who had expertise in sensory ensured at the
beginning of the tasting that the participants’ faces were recorded properly in the set-up.

There was a mandatory break of at least 30 s in between the tasting of any two
samples for cleansing of the palette with crackers and water. For each product, participants
were asked to evaluate overall liking using a continuous 9-point hedonic scale (1—dislike
extremely, 5—neither dislike nor like and 9—like extremely). The self-reported emotional
responses of participants were recorded using the CATA methodology, where they were
asked to choose the terms from a list of emotions provided (Table S1). These emotion terms
were divided into positive, negative and neutral categories and were selected using the
perceptual mapping technique [27,28]. A similar procedure was implemented for choosing
emojis from another list (Table S2), which were representations of popular face scales from
other tasting studies [7]. Preliminary research group discussions also helped in reaching
the final list of terms of emotions and emojis, which were fitting for the cross-cultural
component of the study.

Facial expressions were recorded during the tasting of each yogurt (Table S3). The
videos were cut from the point when participants placed the spoonful of yogurt in their
mouth until the time it was swallowed (or consumed), showing their first immediate
reaction, which was covered in 5–7 s or even less time in most cases. Further, the data
were processed using FaceReaderTM 8.0 software (Noldus Information Technology, Wa-
geningen, Netherlands) for recording facial emotions. No calibration was required for
the FaceReaderTM software as it has pre-built models to detect faces and analyze the
expressions. The video analysis was carried out using the “general” settings for all the par-
ticipants, except for the participants from South East Asia, for whom specific settings were
used for analysis. Participants were also asked to assess purchase intent and willingness to
pay for each product.

2.4. Data Analysis

Overall liking for each sample on the hedonic scale, purchase intent and willingness to
pay were analyzed with ANOVA, and Fisher’s LSD was used for paired comparisons, with
a significance level of 0.05. The CATA analysis for emotions and emojis was performed
with the Cochran’s Q test and correspondence analysis using XLSTAT (Addinsoft, New
York, NY, USA: version 2020.1.1). Correspondence analysis was carried out by the software
using the variables generated in the Cochran’s Q test. Fisher’s exact test was applied to
2 × 2 cross-tables for comparison of the terms in CATA analysis between the two cultures.
ANOVA was carried out on biometric emotions, and the PCA biplots were constructed
using XLSTAT (Addinsoft, New York, NY, USA: version 2020.1.1). The linear mixed
model for each method was created using REML in GENSTAT (VSN International, Hemel
Hempstead, UK; version 16), after selecting the top descriptors using all-subsets regression
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(p < 0.05). Overall liking scores generated from hedonic liking were taken as response
variables, and the emotion/emoji/biometric variables were taken as fixed factors. The
random factors in the mixed model were “participant codes” and “product codes”. If the
fitting of the model did not converge numerically, one or both random factors were omitted
to obtain convergence. A multi-factor analysis (MFA) was carried out for a combination
of CATA emotions, CATA emojis, FER and overall liking using XLSTAT, with the mean
values for each of the factors.

3. Results
3.1. Overall Liking of Yogurt Products

The mean overall liking scores for yogurt products for both Asian and Western
participants were higher for the crunchy yogurt and lower for the berry yogurt (Table 1).
The liking for the other four yogurt types was in between these two products, with the
drinkable yogurt showing a higher liking by Asian consumers compared to the reference
yogurt, and the coconut yogurt showing a lower liking compared to the drinkable and
soy yogurts. In contrast, Western consumers rated these three samples (soy, drinkable and
reference) similarly, with coconut having a lower liking. The interaction of products and
culture was not significant (p > 0.05); hence, the differences between yogurt samples could
not be observed across the two cultures.

3.2. Comparison of Emotion Terms (CATA Emotions Method)

The emotional terms expressed by consumers of Western and Asian backgrounds
were compared by the Cochran’s Q test (Table 2). The most selected emotional terms
(p < 0.05) for Western consumers for each product type were ‘trusted’ and ‘dependable’ for
the reference, ‘artificial’ and ‘luxury’ for coconut, ‘cheerful’ and ‘uplifting’ for drinkable,
‘cheerful’ and ‘artificial’ for soy, ‘cheerful’ and ‘uplifting’ for cookies and ‘nasty’ and
‘deceitful’ for berry. The distributions of positive, negative and neutral terms are listed
in Table S1. In comparison, for Asian consumers, the top selected emotions (p < 0.05) for
each of the yogurts were ‘basic’ and ‘common’ for the reference, ‘artificial’ for coconut,
‘cheerful’ and ‘basic’ for drinkable, ‘cheerful’ and ‘artificial’ for soy, ‘cheerful’ and ‘luxury’
for cookies and ‘nasty’ and ‘artificial’ for berry. The cookies product generated positive
emotion terms, whereas berry generated negative emotions, by both the cultural groups.
The emotion terms ‘neutral’ and ‘guilt-free’ were similarly rated by both cultures for all the
yogurt products.

Interestingly, the reference product was related more to positive terms by Western
consumers and to neutral terms by Asian consumers. The coconut was linked to more
negative emotions by Asian consumers but was intermediate for Western consumers. The
term ‘common’ was not significantly different for the six yogurt products in the case of
Western consumers, whereas Asians selected ‘common’ more often for the reference yogurt,
as seen by the Fisher’s exact test across cultures.

A correspondence analysis using a biplot for Western consumers (Figure 1a) indicated
that 82.47% of the variability observed could be attributed to the first two principal compo-
nents (F1: 62.29%, F2: 20.18%). The berry was more related to the negative terms (nasty,
pretentious, deceitful), whereas the reference (guilt-free, trusted, dependable) and soy
(luxury, uplifting, cheerful, artificial) were more related to positive emotions. The drinkable
and cookies yogurts were related to more positive and neutral terms (‘common’, ‘basic’,
‘indifferent’, ‘luxury’, ‘cheerful’, ‘uplifting’) and coconut was associated with neutral and
negative responses (‘cheap’, ‘neutral’). The biplot for Asian consumers (Figure 1b) similarly
indicated that 85.5% of the variability observed could be attributed to the two principal
components for (F1: 63.67%, F2: 21.49%). The berry and coconut yogurts were related to
more negative emotion terms (‘nasty’, ‘artificial’, ‘cheap’, ‘deceitful’); the reference dairy
yogurt was related to neutral emotions (‘guilt-free’, ‘common’, ‘neutral’) and the cookies
yogurt was more associated with positive emotions (‘cheerful’, ‘luxury’, ‘uplifting’). The
drinkable and soy yogurts were very similar to each other.
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cated that 82.47% of the variability observed could be attributed to the first two principal 

components (F1: 62.29%, F2: 20.18%). The berry was more related to the negative terms 

(nasty,  pretentious,  deceitful), whereas  the  reference  (guilt‐free,  trusted,  dependable) 

and  soy  (luxury, uplifting,  cheerful, artificial) were more  related  to positive emotions. 

The  drinkable  and  cookies  yogurts were  related  to more  positive  and  neutral  terms 

(‘common’, ‘basic’, ‘indifferent’, ‘luxury’, ‘cheerful’, ‘uplifting’) and coconut was associ‐

ated with neutral and negative responses  (‘cheap’,  ‘neutral’). The biplot  for Asian con‐

sumers (Figure 1b) similarly indicated that 85.5% of the variability observed could be at‐

tributed to the two principal components for (F1: 63.67%, F2: 21.49%). The berry and co‐

conut yogurts were related to more negative emotion terms (‘nasty’, ‘artificial’, ‘cheap’, 

‘deceitful’);  the  reference  dairy  yogurt  was  related  to  neutral  emotions  (‘guilt‐free’, 

‘common’, ‘neutral’) and the cookies yogurt was more associated with positive emotions 

(‘cheerful’, ‘luxury’, ‘uplifting’). The drinkable and soy yogurts were very similar to each 

other. 

 

Figure 1. Correspondence analysis biplots for emotions comparing the two cultural groups: (a) Western consumers, (b) 

Asian consumers, with the confidence ellipses showing emotions related to each of the yogurt products. 

3.3. Comparison of Emojis (CATA Emojis Method) 

The emojis expressed by consumers of Western and Asian groups were assessed by 

the Cochran’s Q  test  (Table 3). The most selected emotion  terms  (p < 0.05)  for Western 

consumers were: ‘smiling face  ’ and ‘relieved face  ’ (reference); ‘smiling face  ’, 

‘persevering  face  ’  and  ‘savoring  delicious  food  ’  (coconut);  ‘relieved  face  ’, 

‘smiling  face  ’ and  ‘savoring delicious  food  ’  (drinkable);  ‘relieved  face  ’ and 

‘smiling face  ’ (soy); ‘smiling face  ’ and ‘relieved face  ’ (cookies); ‘pensive face 

’ (berry). In comparison to Asian consumers, the top selected emotions (p < 0.05) for 

the yogurts were: ‘smiling face  ’ and ‘relieved face  ’ (reference); ‘relieved face  ’ 

(coconut);  ‘relieved face  ’ and  ‘smiling face  ’ (drinkable);  ‘smiling face  ’ (soy); 

Figure 1. Correspondence analysis biplots for emotions comparing the two cultural groups: (a) Western consumers,
(b) Asian consumers, with the confidence ellipses showing emotions related to each of the yogurt products.

3.3. Comparison of Emojis (CATA Emojis Method)

The emojis expressed by consumers of Western and Asian groups were assessed by
the Cochran’s Q test (Table 3). The most selected emotion terms (p < 0.05) for Western

consumers were: ‘smiling face
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’ and ‘relieved face
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’ (reference); ‘smiling face
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’,
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’ and ‘savoring delicious food
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’ (soy); ‘smiling face
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’ and ‘relieved face
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’ (berry). In comparison to Asian consumers, the top selected emotions (p < 0.05) for

the yogurts were: ‘smiling face
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’ and ‘relieved face
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’ (soy);

‘smiling face

Foods 2021, 10, 1237  9 of 18 
 

 

Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’ and ‘savoring delicious food
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’ (cookies); ‘fearful

Foods 2021, 10, 1237  9 of 18 
 

 

Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’ (berry). The
reference, drinkable, soy and cookies yogurts were related to positive emojis, whereas berry

was related to negative emojis, by both the cultural groups. The emojis ‘unamused
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’

and ‘disappointed
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’ were similarly rated by both cultures for all the yogurt products.

The berry yogurt was chosen to be more ‘pensive face
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’ more
often by Western consumers as compared to Asians, as seen by the Fisher’s exact test
across cultures.

The correspondence analysis biplot for Western consumers (Figure 2a) indicates that
86.93% of the variability observed could be attributed to the first two principal components
(F1: 76.42%, F2: 10.51%). Meanwhile, a biplot for Asian consumers (Figure 2b) found
that 89.76% variability (F1: 68.94%, F2: 20.83%) could be attributed to these components.
Both yogurt products, coconut and berry, were related to more negative emojis by Asian
as well as Western consumers, and the cookies was placed in the positive region by both
cultural groups. In the case of Western participants, the reference, drinkable and soy
yogurts were placed in between the positive and negative emotional areas, whereas Asian
participants related the drinkable with positive emojis, and the reference and soy were
placed in between the positive and negative regions.
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‘smiling  face  ’  and  ‘savoring delicious  food  ’  (cookies);  ‘fearful  ’  (berry). The 

reference, drinkable, soy and cookies yogurts were related  to positive emojis, whereas 

berry was related to negative emojis, by both the cultural groups. The emojis ‘unamused 

’  and  ‘disappointed  ’ were  similarly  rated  by  both  cultures  for  all  the  yogurt 

products. The berry yogurt was chosen  to be more  ‘pensive  face  ’ by Western con‐

sumers as compared to the Asians, and the cookies yogurt was related to ‘relieved face 

’ more often by Western consumers as compared  to Asians, as seen by  the Fisher’s 

exact test across cultures. 

The  correspondence  analysis  biplot  for Western  consumers  (Figure  2a)  indicates 

that  86.93%  of  the  variability  observed  could  be  attributed  to  the  first  two  principal 

components (F1: 76.42%, F2: 10.51%). Meanwhile, a biplot for Asian consumers (Figure 

2b)  found  that 89.76% variability  (F1: 68.94%, F2: 20.83%)  could be attributed  to  these 

components. Both yogurt products,  coconut and berry, were  related  to more negative 

emojis by Asian as well as Western consumers, and the cookies was placed in the posi‐

tive  region by both cultural groups.  In  the case of Western participants,  the  reference, 

drinkable and soy yogurts were placed in between the positive and negative emotional 

areas, whereas Asian participants related the drinkable with positive emojis, and the ref‐

erence and soy were placed in between the positive and negative regions. 

 

Figure 2. Correspondence analysis symmetric plots for emojis comparing for the two cultural groups: (a) Western con‐

sumers, (b) Asian consumers, with the confidence ellipses showing emojis related to each of the yogurt products. 

Figure 2. Correspondence analysis symmetric plots for emojis comparing for the two cultural groups: (a) Western consumers,
(b) Asian consumers, with the confidence ellipses showing emojis related to each of the yogurt products.

3.4. Comparison of Facial Expression Recognition (FER) Method

Facial expressions of consumers in response to the different yogurt products were
measured using the FaceReaderTM software. Tables 4 and 5 show the mean values for the
eight facial emotion terms, together with the valence and arousal estimates for Western and
Asian consumers, respectively. No significant differences were observed among the FER
attributes for Western consumers, whereas the emotions ‘surprised’ and ‘disgusted’ were
significantly different (p < 0.05) for Asian consumers, where ‘surprised’ was rated highest
for soy and lowest for berry, whereas ‘disgusted’ was rated highest for berry yogurt.

Table 4. Mean values for the biometric emotions for Western consumers.

Product
Code Neutral NS Happy NS Sad NS Angry NS Surprised

NS Scared NS Disgusted
NS

Contempt
NS Valence NS Arousal NS

Reference 0.53 ± 0.21 0.02 ± 0.02 0.12 ± 0.18 0.12 ± 0.14 0.04 ± 0.05 0.02 ± 0.02 0.07 ± 0.11 0.01 ± 0.02 −0.23 ± 0.19 0.30 ± 0.11
Coconut 0.51 ± 0.20 0.03 ± 0.08 0.10 ± 0.14 0.14 ± 0.22 0.03 ± 0.04 0.02 ± 0.02 0.11 ± 0.13 0.01 ± 0.02 −0.24 ± 0.25 0.32 ± 0.12

Drinkable 0.51 ± 0.17 0.03 ± 0.10 0.16 ± 0.18 0.08 ± 0.10 0.02 ± 0.03 0.03 ± 0.04 0.11 ± 0.16 0.02 ± 0.03 −0.22 ± 0.23 0.27 ± 0.12
Soy 0.54 ± 0.21 0.03 ± 0.05 0.15 ± 0.19 0.11 ± 0.13 0.03 ± 0.04 0.02 ± 0.02 0.10 ± 0.13 0.01 ± 0.01 −0.25 ± 0.20 0.28 ± 0.11

Cookies 0.55 ± 0.18 0.01 ± 0.02 0.12 ± 0.15 0.13 ± 0.13 0.03 ± 0.05 0.02 ± 0.02 0.07 ± 0.08 0.01 ± 0.02 −0.22 ± 0.15 0.26 ± 0.12
Berry 0.47 ± 0.19 0.03 ± 0.04 0.11 ± 0.17 0.16 ± 0.18 0.03 ± 0.04 0.02 ± 0.02 0.12 ± 0.12 0.01 ± 0.02 −0.27 ± 0.20 0.33 ± 0.11

F-value 0.65 0.53 0.51 0.93 0.39 0.69 0.97 0.93 0.20 1.71

NS indicates no significant differences in that column (p > 0.05) by the Fisher’s least square difference test. The data are presented as mean
± standard deviation.

Table 5. Mean values for the biometric emotions for Asian consumers.

Product
Code Neutral NS Happy NS Sad NS Angry NS Surprised Scared NS Disgusted Contempt

NS Valence NS Arousal NS

Reference 0.41 ± 0.14 0.05 ± 0.05 0.20 ± 0.17 0.10 ± 0.08 0.06 ± 0.10 ab 0.04 ± 0.04 0.09 ± 0.09 b 0.01 ± 0.02 −0.22 ± 0.17 0.30 ± 0.14
Coconut 0.41 ± 0.11 0.05 ± 0.05 0.19 ± 0.14 0.11 ± 0.12 0.06 ± 0.08 ab 0.05 ± 0.04 0.08 ± 0.07 b 0.01 ± 0.02 −0.22 ± 0.15 0.30 ± 0.12

Drinkable 0.40 ± 0.12 0.04 ± 0.05 0.23 ± 0.18 0.11 ± 0.14 0.08 ± 0.12 ab 0.03 ± 0.03 0.06 ± 0.08 b 0.01 ± 0.01 −0.26 ± 0.21 0.29 ± 0.10
Soy 0.38 ± 0.13 0.04 ± 0.06 0.25 ± 0.19 0.12 ± 0.13 0.09 ± 0.13 a 0.05 ± 0.06 0.05 ± 0.05 b 0.01 ± 0.01 −0.27 ± 0.19 0.29 ± 0.14

Cookies 0.40 ± 0.15 0.05 ± 0.06 0.23 ± 0.20 0.11 ± 0.12 0.05 ± 0.07 ab 0.05 ± 0.04 0.04 ± 0.05 b 0.01 ± 0.04 −0.23 ± 0.22 0.82 ± 2.84
Berry 0.36 ± 0.11 0.03 ± 0.04 0.20 ± 0.16 0.12 ± 0.13 0.03 ± 0.04 b 0.04 ± 0.05 0.15 ± 0.17 a 0.01 ± 0.01 −0.31 ± 0.15 0.33 ± 0.17

F-value 0.69 0.68 0.59 0.16 1.34 0.65 5.26 0.11 1.07 1.03

a,b Means with different superscripts in each column indicate significant differences (p < 0.05) by the Fisher’s least square difference test. NS

indicates no significant differences in that column (p > 0.05). Highest value indicated with ‘a’ in superscript. The data are presented as
mean ± standard deviation.
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The PCA biplot (Figure 3) shows that 86.35% of the variability in Western consumers’
responses could be attributed to the two principal components (F1: 50.25%, F2: 36.11%)
and 73.28% of the variability could similarly be attributed to Asian consumers (F1: 47.52%,
F2: 25.76%), respectively. ‘Happy’ was positively related to ‘disgusted’ and was negatively
related to ‘surprised’ and ‘neutral’ in the case of Western consumers. In contrast, ‘happy’
was positively related to ‘neutral’ and ‘valence’ in the case of Asian participants and was
negatively related to ‘angry’. The coconut and berry incited ‘arousal’ in the case of Western
consumers and were linked to ‘angry’ emotion. The coconut was related to ‘contempt’ and
berry was placed in between ‘angry’ and ‘disgusted’ for Asian consumers. The drinkable
and cookies incited ‘arousal’ in the case of Asians and were linked to ‘surprised’ and
‘scared’ emotions.
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Figure 3. Biplots for facial expression recognition analysis comparing for the two cultural groups: (a) Western consum‐

ers, (b) Asian consumers. 

3.5. Comparison and Relationship between Methods 

The three methods—CATA emotions, CATA emojis and facial expression recogni‐

tion—were  examined using a  linear mixed model, with overall  liking as  the  response 
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respectively, and were negatively correlated with overall liking. 
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closely each  factor was  linked  to other  factors and  the yogurt products. The MFA plot 

for all participants  (Figure 4) explained 90.43% of  the  total variability  (F1: 80.66%, F2: 

Figure 3. Biplots for facial expression recognition analysis comparing for the two cultural groups: (a) Western consumers,
(b) Asian consumers.

3.5. Comparison and Relationship between Methods

The three methods—CATA emotions, CATA emojis and facial expression recognition—
were examined using a linear mixed model, with overall liking as the response variable
and the individual attributes as fixed effects. The percentage variance explained by each
model was calculated by fitting the same explanatory variables in a linear regression model.
The difference in means and standard error for each of the term in the models is shown in
Table 6.

CATA emotions explained 66.0% of the variation, with ‘cheerful’, ‘neutral’, ‘trusted’,
‘indifferent’ and ‘uplifting’ being positively correlated with overall liking and showing an
increase in the mean rating value of 2.29, 0.84, 1.16, 0.93 and 0.81, respectively. The terms
‘artificial’ and ‘nasty’ decreased the mean rating value by 0.87 and 2.31 units, respectively,
and were negatively correlated with overall liking.

The CATA emojis accounted for 67.8% of the overall variance with the icons, with

‘heart-shaped eyes
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’, ‘relieved face
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’, ‘smiling face
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’ and ‘smiling face with mouth

open
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’ positively related to overall liking, showing an increase in the mean rating
value of 2.08, 1.28, 1.90 and 1.35, respectively. The other emojis, including ‘angry face
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’, ‘fearful
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’, ‘pensive face
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’, ‘persevering face

Foods 2021, 10, 1237  9 of 18 
 

 

Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’, ‘confounded face
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’ and

‘screaming in fear
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’, were negatively linked to overall liking, with a reduction in the
mean rating value by 1.88, 1.69, 1.32, 1.60, 1.05 and 0.13 units, respectively. Only model 2
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showed a significant effect (p < 0.05) of culture (Asian versus Western consumers). Western
consumers had a decrease in the overall liking score of 0.36 in the model compared to
Asian consumers. In other models (1 and 3), culture was not a significant (p > 0.05) effect.

Table 6. A linear mixed model for each of the methods, taking ‘overall liking’ as the response variable and representing
percentage variance explained by each method.

Model Fixed Factor Difference
between Means

Standard
Error (SE) p Value F-Value Random

Factor
Overall
Mean

Standard Error
of Difference

Percentage
Variance

Check-all-
that-apply

(CATA)
emotions

Artificial −0.87 0.18 <0.001 24.16

Yogurt
Samples 4.91 0.20 66

Cheerful 2.29 0.21 <0.001 116.49
Nasty −2.31 0.22 <0.001 106.11

Neutral 0.84 0.21 <0.001 15.86
Trusted 1.16 0.25 <0.001 21.77

Uplifting 0.81 0.23 <0.001 11.17
Indifferent 0.93 0.28 0.001 10.67

Check-all-
that-apply

(CATA)
emojis
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

−1.88 0.38 <0.001 24.59

None 4.91 0.14 67.8
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

1.69 0.27 <0.001 38.15
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

2.08 0.38 <0.001 30.58
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

−1.32 0.27 <0.001 23.86
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

−1.60 0.25 <0.001 39.28
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

1.28 0.19 <0.001 43.97
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

1.90 0.19 <0.001 101.36
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

1.35 0.25 <0.001 29.30
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

−1.05 0.26 <0.001 16.28
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

−0.13 0.37 <0.001 12.49

Culture −0.36 0.15 0.019 5.52

FER
Disgusted −4.73 1.15 <0.001 11.11 Yogurt

Samples 5.52 0.29 8.8Surprised 5.73 1.72 <0.001 16.94

The facial emotion recognition explained only 8.8% of the variation, with the term
‘surprised’ linked positively to overall liking, with an increase of 5.73 units in the mean
value, and the term ‘disgusted’ was negatively linked to overall liking, decreasing the
mean rating value by 4.73 units.

The multifactorial analysis (MFA) plot combined all three data sets, estimating how
closely each factor was linked to other factors and the yogurt products. The MFA plot for
all participants (Figure 4) explained 90.43% of the total variability (F1: 80.66%, F2: 9.76%).
Overall liking was positively linked to ‘cheerful’, ‘uplifting’ and ‘trusted’ in case of the

emotion terms, ‘smiling face
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’, ‘relieved face

Foods 2021, 10, 1237  9 of 18 
 

 

Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’, ‘smiling face with mouth open
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’

and ‘heart-shaped eyes
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’ in case of the emojis, and ‘surprised’ in case of the biometrics.
The overall liking was negatively linked to ‘artificial’, ‘nasty’, ‘indifferent’ and ‘neutral’

emotion terms, ‘fearful
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’, ‘persevering face
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’, ‘angry face
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 

’, ‘pensive face
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 

** Indicates significant differences between samples according to Cochran’s Q test at p < 0.001. * Indicates significant differences between samples according to Cochran’s Q test at p < 

0.05. ns Indicates no significant difference between samples according to Cochran’s Q test at p > 0.05, with ‘a’ the largest in case of Western and ‘x’ in case of Asian consumers. Signifi‐

cant differences between pairs of samples according to Fisher’s exact test are indicated by bold terms. Fisher’s exact test is generally more conservative than Cochran’s Q test, so the 

paired comparisons may all be not significant even if the overall test is significant. 
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Table 3. Cochran’s Q test for emoji terms shown for the two cultural groups (Western consumers, Asian consumers) comparing terms within the culture, and using Fisher’s test to 

compare terms across cultures. 

Western consumers    Asian consumers   

Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values  Attributes  Reference  Coconut  Drinkable  Soy  Cookies  Berry  p‐Values 

ns  0.14 a  0.21 a  0.21 a  0.10a  0.14a  0.14 a  0.817     ns  0.12 xy  0.24 x  0.12 xy  0.15 xy  0.00 y  0.09 xy  0.087 

*  0.28 ab  0.21 ab  0.24 ab  0.31 ab  0.41 a  0.00 b  0.007  **  0.15 yz  0.09 z  0.42 xy  0.30 xyz  0.52 x  0.00 z  <0.001 

ns  0.03 a  0.03 a  0.03 a  0.00 a  0.00 a  0.10 a  0.267  *  0.00 y  0.09 xy  0.00 y  0.03 xy  0.00 y  0.18 x  0.001 

*  0.07 b   0.14 ab  0.03 b  0.07 b  0.03 b   0.35 a  0.001  ns  0.06 x  0.15 x  0.06 x  0.09 x  0.00 x  0.12 x  0.255 

ns  0.10 a  0.00 a  0.00 a  0.03 a  0.10 a  0.00 a  0.098  *  0.03 xy  0.00 y  0.03 xy  0.03 xy  0.18 x  0.00 y  0.004 

**  0.10 ab  0.10 ab  0.00 b  0.03 b  0.00 b  0.31 a  0.000  *  0.21 x  0.09 x  0.03 x  0.12 x  0.00 x  0.21 x  0.026 

ns  0.03 a  0.21 a  0.21 a  0.17 a  0.17 a  0.00 a  0.051  *  0.09 xy  0.00 y  0.06 y  0.09 xy  0.27 x  0.00 y  0.001 

ns  0.28 a  0.14 a  0.24 a  0.35 a  0.07 a  0.10 a  0.050  ns  0.15 x  0.18 x  0.09 x  0.18 x  0.03 x  0.03 x  0.146 

**  0.00 b   0.17 ab  0.03 b  0.14 ab  0.00 b  0.31 a  0.000  **  0.06 y   0.15 xy  0.00 y  0.09 y  0.00 y  0.33 x  <0.001 

*  0.10 ab  0.17 ab  0.24 ab  0.21 ab  0.35 a  0.00 b  0.005  **  0.06 y  0.03 y  0.15 y  0.09 xy  0.42 x  0.00 y  <0.001 

**  0.07 b  0.07 b  0.00 b  0.00 b  0.00 b  0.31a  <0.001  **  0.06 y  0.09 y  0.06 y  0.06 y  0.00 y  0.49 x  <0.001 

*  0.00  0.00  0.03 ab  0.03 ab  0.00  0.17 b  0.004  *  0.06 xy  0.03 y  0.03 y  0.00 y  0.00 y  0.21 x  0.001 

**  0.28 ab  0.07 b  0.45 a  0.35 ab  0.55 a  0.03 b  <0.001  *  0.18 xy  0.18 xy  0.30 x  0.12 xy  0.15 xy  0.00 y  0.014 
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’ emojis, and ‘disgusted’ for the biometrics
measurements. The soy, drinkable, reference and cookies were all positively linked to the
overall liking, and the berry and coconut were linked to negative terms.

The MFA plots comparing the responses of Western and Asian participants (Supple-
mentary Figures S1 and S2) showed that the most liked yogurt (cookies) and the least liked
yogurts (berry and coconut) were similarly placed across both the cultures. Apart from this,
soy and drinkable showed minor differences (although positive) across the two groups.
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However, the reference yogurt was related to more positive terms by Western participants
and associated with slight dislike by Asians.

Foods 2021, 10, 1237  13 of 18 
 

 

 

Figure 4. Multifactor analysis for a combination of check‐all‐that‐apply (CATA) emotions, check‐all‐that‐apply (CATA) 

emojis and facial expression recognition (FER) with overall liking ((a)‐variables, (b)‐yogurt products). 

3.6. Price Perception and Purchase Intent of Yogurts 

Consumers perceived  the cookies yogurt  to be “somewhat”  to “very  likely”  to be 

purchased from a supermarket, with an average purchase intent score of 3.6 (on a scale 

of 5), although they considered its price to be the same as the regular yogurts that they 

generally  consume  (rated  by  59.7%  participants). Only  the  berry  yogurt  received  the 

lowest score of 1.1,  indicating  that  it was  ‘not at all  likely’  to be purchased. The  refer‐

ence, drinkable and soy yogurts were rated to be in between  ‘not so  likely’ and  ‘some‐

what likely’, although their perceived price was rated to be the ‘same’ by 41.9, 38.7 and 

35.5% of participants, as compared to their regular yogurts. The data are shown in Sup‐

plementary Table S4 and S5. The interaction for culture and yogurt products was signifi‐

cant for purchase  intent (p < 0.05). Asian consumers perceived the price of cookies and 

drinkable yogurts to be higher. Western consumers perceived the price of the reference 

yogurt to be higher. 

4. Discussion 

4.1. Traditional Sensory Method 

The advantage of using a 9‐point hedonic  scale  is  that  it  is  simple  to use by con‐

sumers and is effective in predicting the acceptance of a food product [2]. In the present 

study, it was successfully used to predict the liking of the six different yogurt formula‐

tions, suggesting  that  the cookies was  the most  liked and  the berry was  the  least  liked 

yogurt product. However, these scales could not predict any differences in the emotional 

responses of participants, or differences in liking across cultures, which is in contrast to 

some of our previous works,  in which  cultural differences  influenced  the affective  re‐

sponses towards different product types [29]. 

The hedonic  scales have  some drawbacks,  including  less  freedom  for  the partici‐

pants to express a full range of emotions [2]. Furthermore, these liking scores are limited 

in predicting market  success. Hence, more elaborate methods,  that measure consumer 

emotions  (conscious or unconscious), need  to be  included  for a more complete under‐

standing of consumer food choices [30]. 

Overall Liking

Surprised

Disgusted

Cheerful
Nasty

Trusted

Uplifting

Neutral
Artificial
Indifferent

‐1.5

‐1

‐0.5

0

0.5

1

1.5

‐2.5 ‐1.5 ‐0.5 0.5 1.5 2.5 3.5

F
2 

(9
.7

6 
%

)

F1 (80.66 %)

Variables (axes F1 and F2: 90.43 %)

Overall Liking FER Emotions Emojis

a

Reference

Coconut

Drinkable

Soy

Cookies

Berry

‐1.5

‐1

‐0.5

0

0.5

1

1.5

‐2.5 ‐1.5 ‐0.5 0.5 1.5 2.5 3.5

F
2 

(9
.7

6 
%

)
F1 (80.66 %)

Observations (axes F1 and F2: 90.43 %)

Yogurt Products

b

Figure 4. Multifactor analysis for a combination of check-all-that-apply (CATA) emotions, check-all-that-apply (CATA)
emojis and facial expression recognition (FER) with overall liking ((a)-variables, (b)-yogurt products).

3.6. Price Perception and Purchase Intent of Yogurts

Consumers perceived the cookies yogurt to be “somewhat” to “very likely” to be
purchased from a supermarket, with an average purchase intent score of 3.6 (on a scale of 5),
although they considered its price to be the same as the regular yogurts that they generally
consume (rated by 59.7% participants). Only the berry yogurt received the lowest score of
1.1, indicating that it was ‘not at all likely’ to be purchased. The reference, drinkable and
soy yogurts were rated to be in between ‘not so likely’ and ‘somewhat likely’, although
their perceived price was rated to be the ‘same’ by 41.9, 38.7 and 35.5% of participants, as
compared to their regular yogurts. The data are shown in Supplementary Tables S4 and
S5. The interaction for culture and yogurt products was significant for purchase intent
(p < 0.05). Asian consumers perceived the price of cookies and drinkable yogurts to be
higher. Western consumers perceived the price of the reference yogurt to be higher.

4. Discussion
4.1. Traditional Sensory Method

The advantage of using a 9-point hedonic scale is that it is simple to use by consumers
and is effective in predicting the acceptance of a food product [2]. In the present study,
it was successfully used to predict the liking of the six different yogurt formulations,
suggesting that the cookies was the most liked and the berry was the least liked yogurt
product. However, these scales could not predict any differences in the emotional responses
of participants, or differences in liking across cultures, which is in contrast to some of our
previous works, in which cultural differences influenced the affective responses towards
different product types [29].

The hedonic scales have some drawbacks, including less freedom for the participants
to express a full range of emotions [2]. Furthermore, these liking scores are limited in pre-
dicting market success. Hence, more elaborate methods, that measure consumer emotions
(conscious or unconscious), need to be included for a more complete understanding of
consumer food choices [30].
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4.2. Self-Reported Responses (CATA Methods)

Apart from hedonic scale, self-reported methods of emotions or emojis has gained
popularity for sensory segmentation of emotions in sensory experiments. This study shows
that this approach allows differences in liking towards the same yogurt products to be better
understood and is particularly useful where Western and Asian consumers use different
terms to express liking towards the same yogurt type. For example, in this study, Asians
selected ‘common’ to describe the reference yogurt, and the berry yogurt was associated

more with the ‘pensive face
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’ by Western consumers. A similar effect was found for
the selection of the emotional terms in a study of chocolate tasting, as Asian and Western
consumers expressed emotions relating to the consumption of chocolate differently [28].
Hence, CATA terms, when used in combination with a hedonic scale, can better explain
consumer preferences and segmentation, without creating any bias [31].

Further, it has been found that emojis and emoticons can be an easy and effective way
to understand food-related emotions, as consumers can relate to visual cues better than
words [12]. Jaeger, Xia, Lee, Hunter, Beresford and Ares [7] found emojis (or emoticons) to
be suitable for understanding the liking of a wide variety of food products by consumers.
In another study by Jaeger et al. [32], emojis were successfully used to assess emotional
liking towards the consumed food products (where a variety of products were served
according to culture), and emojis had the potential to be used as an approach for direct
measurement.

There are limitations of the self-reported methodology of emojis, as subtle differences
between the samples cannot be easily detected, although this method does offer a simple
and easy approach for understanding the sensory characteristics of food products [13]. Fur-
thermore, it is important to define an emotion, so that it is easier to understand consumers’
expectations from the tasted product and also to keep a balance of positive and negative
emotion terms, in order to eliminate bias [33].

4.3. Facial Expression Recognition Responses (FER Method)

To overcome the bias associated with self-reporting sensory terms, an unconscious
method was developed that involves the recording of the facial expressions of consumers,
without informing them (intrinsically). In the yogurt study, the most liked product (cookies)
was related to the ‘surprised’ facial expression emotion. The least liked product (berry)
was related to the ‘disgusted’ facial emotion by both cultures. ‘Happy’ was not an effective
discriminator for the products based on facial expressions, as it was related to ‘disgusted’
in the case of Western participants and to ‘neutral’ for Asian participants. Previously,
in a study tasting orange juices, the ‘neutral’, ‘disgusted’ and ‘angry’ facial expressions
explained liking towards the tasted samples, whereas the ‘happy’ emotion was not a useful
discriminator during the implicit measurement of samples. It was also shown in this
implicit study that participants displayed more negative emotions, and the least liked
samples were easier to differentiate [34], consistent with observations made here.

The FaceReaderTM emotions detected clear cultural differences here among Asian
consumers, who showed a significant difference in means for ‘surprised’ and ‘disgusted’,
whereas no differences were observed for Western consumers. A similar outcome was
previously observed for chocolate samples, where no significant differences were observed
by FaceReaderTM emotions, although the consumer panel was not differentiated by cul-
ture [21].

The facial expression recognition method also has some limitations. The mean value
for the term ‘neutral’ was the highest for both cultures. This could be attributed to the
fact that participants performed tastings in an isolated booth, which was a socially distant
and neutral environment. Hence, the consumers did not show much variation in positive
emotions, but negative emotions were more pronounced. In a related study, it was seen that
liking was not well correlated with emotional effects but a shift in liking for the yogurts
tasted was well distinguished, showing the importance of emotions experienced [35].
Negative emotions were also better displayed for disliked samples in another study of
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different juices [36]. This suggests that it is easier to distinguish a disliked product using
facial recognition. Alvarez-Pato et al. [37] also found that facial recognition could not be
used as a stand-alone method for predicting consumer acceptance of food products and
this method is better applied in combination with other techniques, which is consistent
with the findings here.

4.4. Comparison and Relationship of Methods

To compare the conscious methods of sensory analysis with the unconscious method,
the overall liking scores (from hedonic scales) were used as a reference method. This
comparison was performed to determine the method that best represents the variance
observed and to provide the most accurate consumer insights.

The conscious methods, CATA emotions and emojis, explained more variation in
the consumer data—67.8% and 66.0%, respectively. The emojis model also explained the
variation for the cultural differences (p < 0.05), which could not be explained by the other
two models. The unconscious method (FER) explained quite a low level of variation within
the data (8.8%). Only two terms were relevant in the model, which were ‘surprised’ and
‘disgusted’. This outcome suggests that self-reported methods can be used alone with a
hedonic scale to explain the variability in consumer response. In contrast, facial emotion
recognition should be used in combination with other techniques for a better estimation of
variance across consumer responses.

The MFA plot, shown in Figure 4, explains the relationship between the hedonic
scales and conscious and unconscious methods of sensory analysis for the six yogurt types.
The plot shows an association of positive terms with the overall liking scores and shows
negative terms to be opposite to liking. In a beer tasting study [22], unconscious biometric
responses were successfully integrated with conscious sensory responses for predicting
consumer liking of beers. However, in another study by van Bommel et al. [38] where
implicit facial expressions were compared with the explicit self-reported emotions, little
overlap was found between methods, which were not directly comparable. A sensory study
of organic herbal infusions [8] also found similarities between the conscious responses
chosen by the consumers (EsSense Profile®) and unconscious responses from their facial
expressions and successfully characterized emotional responses. Negative emotions were
better identified by FaceReaderTM and positive emotions were better displayed with an
EsSense Profile®. However, there are differing responses in the literature, as another
study, involving a comparison of self-reported and implicit responses for beer, found
liking scores to have a higher discrimination compared to facial expression and also found
self-reported emotional responses to display the highest discrimination compared to the
other two methods [39]. Another study with juices also found that a higher correlation
of negative emotions from facial expression analysis was observed with hedonic liking
measurements [40].

The price perception in this study for the most liked yogurt (cookies) and least liked
yogurt (berries) was directly related to the liking predicted by all three sensory methods.
The plain plant soy yogurt and the reference dairy yogurt were similarly liked by the
participants, indicating that liking does not necessarily depend on the source of protein.
However, the different food textures of the yogurts evoked different emotions in our study.
Reports have shown that emotions are more linked to the intrinsic properties of a food
product and can vary accordingly, even if the liking scores are the same. The relation
between the emotions and liking is not straightforward [41], also confirmed in our study
with yogurts. Further, familiarity or neophobia is an important parameter that plays an
significant role in the representation of emotions across cultures [42]. In a study with Greek
yogurts, different textures produced varying consumer responses and liking [43]. Hence,
it is important to understand the emotions linked to the tasted yogurts, as in our case,
to understand food choice. Studies have shown that different cultures understand the
same set of emotions, expressing these differently [33]. Other structural and compositional
factors may also affect liking scores, which were not explored in detail in this study.
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5. Conclusions

The traditional sensory methods using a hedonic scale offer benefits in terms of their
speed and ease of use but have shortcomings in quantifying the full range of emotional
responses and reasons behind liking or disliking of yogurt products. Conscious and un-
conscious methods can also be combined with a hedonic scale for a better understanding
of consumer perceptions. These advanced approaches were found to be useful in measur-
ing the cultural differences in liking towards yogurt products, even though the hedonic
scale liking scores were similar. The conscious approach using the CATA methodology
explained a higher proportion of variance for yogurt-tasting data. In contrast, the novel
facial expression recognition approach distinguished the acceptability of different yogurt
samples—more specifically, disliked samples—even though this method explained a very
low proportion of the variability in the consumer data. The effect of culture was shown by
the CATA and FER methods, where each culture displayed a different set of emotions for
the tasted yogurts. Although an effect of culture was not shown by the traditional hedonic
scale method, this effect was seen on the price perception of the tasted yogurts. At least
in the evaluation of yogurt formulations, it is therefore recommended that these different
methods be combined for a more comprehensive explanation of consumer perceptions and
expectations in a multi-cultural environment.

6. Limitations and Future Research

The limited sample size in the experiment may present certain constraints in inter-
preting the results. Therefore, future research is recommended by increasing the sample
size of participants. Additionally, the dependence of gender can be studied through all
three methods tested in the experiment once the sample size is increased. Furthermore,
the sensitivity of tasting can be checked for a second and third tasting trial using the FER
method (that is, having multiple tastings during the sensory session) to understand how
the result could vary with more than one trial, for the same participant. The FER can
also be tested in different locations for a more ecologically valid experience, rather than a
closed isolated setting, which might help in generating fewer facial expressions. Product
parameters, such as particle size and emulsifiers, are also important factors contributing to
the liking of yogurts, and these parameters can be measured and linked to the emotions to
improve our understanding of liking in further studies.
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Abstract: Insect-based food products offer a more sustainable and environmentally friendly source
of protein compared to plant and animal proteins. Entomophagy is less familiar for Non-Asian
cultural backgrounds and is associated with emotions such as disgust and anger, which is the basis of
neophobia towards these products. Tradicional sensory evaluation may offer some insights about the
liking, visual, aroma, and tasting appreciation, and purchase intention of insect-based food products.
However, more robust methods are required to assess these complex interactions with the emotional
and subconscious responses related to cultural background. This study focused on the sensory
and biometric responses of consumers towards insect-based food snacks and machine learning
modeling. Results showed higher liking and emotional responses for those samples containing insects
as ingredients (not visible) and with no insects. A lower liking and negative emotional responses
were related to samples showing the insects. Artificial neural network models to assess liking based
on biometric responses showed high accuracy for different cultures (>92%). A general model for all
cultures with an 89% accuracy was also achieved.

Keywords: entomophagy; neophobia; alternative protein source; emotions; emojis

1. Introduction

Increasing public concerns related to the environmental impacts and health-related issues
associated with foods from animal sources have influenced the increased research interest in the use
and acceptability of alternative protein sources. Insects have been shown as a feasible, sustainable
protein source in recent studies [1–5]. The latter is because, for animals, the production of 1 kg of
animal weight will typically require around 2.5 kg of feed for chicken, 5 kg for pork, and 10 kg for beef.
On the contrary, for insects, to produce the same weight of crickets (Gryllidae), around 1.7 kg of feed
is required. Furthermore, edible insect parts are around 80% compared to only 55% for chicken and
40% for cattle [6]. Most insects, when compared to plants, have higher protein content—for example,
insects have, in general, 35% to 77% protein content per edible weight, compared to soybeans with
approximately 35%. Insects are considered as a complete protein food due to the presence and amount
levels of all, or most of, the essential amino acids required for adequate human health that cannot be
found from plant sources, such as cereals and legumes [7,8]. From an environmental point of view,
insects can produce between 88% (cockroaches) and 46% less CO2 (crickets and beetles) compared
to beef cattle per unit of weight gain. Furthermore, the production of other greenhouse gases with
300 and 84 times more potency compared to CO2, such as N2O and CH4, respectively, are negligible
compared to those produced by beef cattle or pigs [9].
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Although the consumption of insects dates from ancient times and up to 100 million years
ago from anthropological studies, and they are currently a common source of food in more than
100 countries [10,11], most cultures are still reluctant to include them as part of their daily diets [3].
In previous studies, food neophobia and disgust have been reported as the main reasons for consumers
being hesitant to try insect-based foods, especially for Westerners [1]. Other studies have reported
that curiosity, novelty, and interest in searching for healthier meat alternatives are the main drives
for consumers to try insect-based foods [12,13]. It has also been found that consumers are more
willing to try these foods when the insects are used as part of their ingredients and are not visible,
compared to when they can see the whole insect or parts of them within the presented dish [1,14].
Therefore, the initial assessment of the visual attributes of dishes of insect-based foods is very important,
as they create the first impression for consumers and determine their eagerness to taste the product
or not. Furthermore, the presentation of food, beverages, and even the packaging of food products
using imagery presented on digital screens renders statistically similar information when presenting
the same product for taste or handling, as it creates the first impression for consumers when judging
a product [15–17]. Hence, the visual renderings of insect-based food may help to break negative
emotions related to first impressions.

Due to the influence of emotions in decision-making, especially for new food products and even
food packaging for consumer acceptability [15,16,18–21], it is important to assess how insect-based food
products make consumers feel, besides studying only their acceptability. Therefore, some studies have
been conducted to evaluate emotional responses towards foods with insects [22], specifically focused on
disgust [23,24]. More recently, the use of emojis has been implemented for this purpose, as consumers
tend to identify emotions using proxy images related to expressed emotions as non-verbal cues, as these
are more closely associated with their feelings [25–27]. Subconscious responses from consumers have
also been evaluated for chocolate and beer using computer vision techniques and machine learning to
assess their facial expressions [15,16,20,28,29]. These studies may produce more relevant information
that may be missed using conventional self-reported sensory analysis, especially for insect-based
food products.

Therefore, this study aimed to assess consumers’ self-reported and subconscious emotional
responses towards different insect-based food samples evaluated using emojis, video capturing,
and analysis (biometrics) as a quick and reliable approach to understand emotional responses
according to cultural backgrounds. To achieve this, a cross-cultural analysis was conducted to compare
the responses of Chinese and Australian participants. A sensory session was conducted using the
BioSensory application (app; University of Melbourne, Melbourne, Vic, Australia; [30]) to obtain
biometrics and check all that apply (CATA), using emojis to assess emotions and a 15 cm non-structured
scale to evaluate the acceptability of five different foods prepared with insects. Furthermore, machine
learning (ML) based on artificial neural networks (ANN) models were developed to classify samples
into low and high overall liking using the subconscious (biometrics) emotional responses as inputs.

2. Materials and Methods

2.1. Sensory Session Description and Video Analysis

A total of 88 participants (34 Asians and 54 non-Asians) were recruited from the pool of staff and
students at the University of Melbourne (UoM), Australia. The Asian participants were from countries
such as China, Malaysia, Vietnam, Philippines, India, and Indonesia, while the non-Asians were from
Australia, New Zealand, Mexico, Colombia, Germany, Ukraine, and the United States of America.
The ethics considerations were related to the minimal risks associated with personal information and
image/video acquisition from participants. Ethics approval was granted by the Faculty of Veterinary
and Agricultural Sciences (FVAS) from the UoM with ID: 1545786.2. Furthermore, proper data handling
and storage have been followed for security reasons and will be stored for five years. The participants
were asked to sign a consent form for them to allow being video-recorded and to specify any allergies
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to assess whether they may take the test. The only information that was provided to participants about
the samples along with the consent form previous to the test was “Some samples may contain insects”,
due to the allergic reactions that these may cause. A power analysis was performed using SAS® Power
and Sample Size version 14.1 software (SAS Institute Inc., Cary, NC, USA), showing that the number of
participants per culture was sufficient to find significant differences among the samples and cultures
(Power: 1 − β > 0.99). The session was conducted in individual sensory booths located in the sensory
laboratory belonging to the FVAS of the UoM (Melbourne, Australia) using the BioSensory app [30]
to display the questionnaire and automatically record videos of the participants while assessing
the insect-based food samples. The participants were asked to taste two control and three different
insect-based food samples (Table 1), one at a time, and rate their liking for different descriptors as well
as to indicate how they felt towards the different samples using a FaceScale (FS; Table 2) and check all
that apply (CATA) tests for different emojis that best represented their emotions towards the sample
(Table 3). The samples were assigned a 3-digit random number and served at room temperature (20 ◦C);
the avocado was prepared just before serving, and drops of lime juice were added to avoid oxidation
and darkening. The participants were provided with water and water crackers as palate cleansers
between samples.

Table 1. Image and description of samples used in the sensory session.

Sample Image Sample Description
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between samples. 

Table 1. Image and description of samples used in the sensory session. 

Sample Image  Sample Description 

 

Tortilla chip with cornflour 

(Control) 

 

Toast with avocado 

(Control) 

 

Tortilla chip with corn and cricket flour 

 

Toast with avocado and crickets 

 

Roasted crickets 

Table  2.  Descriptors  and  scale  used  in  the  questionnaire  to  acquire  self‐reported  responses. 

Questionnaires were uploaded in the BioSensory app, including sample numbers, descriptors, scales, 

and emoticons. 

Descriptor  Scale  Anchors  Label 

Tortilla chip with corn and cricket flour
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information  that was  provided  to  participants  about  the  samples  along with  the  consent  form 

previous to the test was “Some samples may contain insects”, due to the allergic reactions that these 

may  cause. A  power  analysis was  performed  using  SAS®  Power  and  Sample  Size  version  14.1 

software (SAS Institute Inc., Cary, NC, USA), showing that the number of participants per culture 

was sufficient to find significant differences among the samples and cultures (Power: 1 − β > 0.99). 

The session was conducted in individual sensory booths located in the sensory laboratory belonging 

to  the  FVAS  of  the  UoM  (Melbourne,  Australia)  using  the  BioSensory  app  [30]  to  display  the 

questionnaire and automatically record videos of the participants while assessing the insect‐based 

food samples. The participants were asked to taste two control and three different insect‐based food 

samples (Table 1), one at a time, and rate their liking for different descriptors as well as to indicate 

how they felt towards the different samples using a FaceScale (FS; Table 2) and check all that apply 

(CATA) tests for different emojis that best represented their emotions towards the sample (Table 3). 

The samples were assigned a 3‐digit random number and served at room temperature (20 °C); the 

avocado was prepared just before serving, and drops of lime juice were added to avoid oxidation and 

darkening.  The  participants  were  provided  with  water  and  water  crackers  as  palate  cleansers 

between samples. 

Table 1. Image and description of samples used in the sensory session. 

Sample Image  Sample Description 

 

Tortilla chip with cornflour 

(Control) 

 

Toast with avocado 

(Control) 

 

Tortilla chip with corn and cricket flour 

 

Toast with avocado and crickets 

 

Roasted crickets 

Table  2.  Descriptors  and  scale  used  in  the  questionnaire  to  acquire  self‐reported  responses. 

Questionnaires were uploaded in the BioSensory app, including sample numbers, descriptors, scales, 

and emoticons. 

Descriptor  Scale  Anchors  Label 

Toast with avocado and crickets
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information  that was  provided  to  participants  about  the  samples  along with  the  consent  form 

previous to the test was “Some samples may contain insects”, due to the allergic reactions that these 

may  cause. A  power  analysis was  performed  using  SAS®  Power  and  Sample  Size  version  14.1 

software (SAS Institute Inc., Cary, NC, USA), showing that the number of participants per culture 

was sufficient to find significant differences among the samples and cultures (Power: 1 − β > 0.99). 

The session was conducted in individual sensory booths located in the sensory laboratory belonging 

to  the  FVAS  of  the  UoM  (Melbourne,  Australia)  using  the  BioSensory  app  [30]  to  display  the 

questionnaire and automatically record videos of the participants while assessing the insect‐based 

food samples. The participants were asked to taste two control and three different insect‐based food 

samples (Table 1), one at a time, and rate their liking for different descriptors as well as to indicate 

how they felt towards the different samples using a FaceScale (FS; Table 2) and check all that apply 

(CATA) tests for different emojis that best represented their emotions towards the sample (Table 3). 

The samples were assigned a 3‐digit random number and served at room temperature (20 °C); the 

avocado was prepared just before serving, and drops of lime juice were added to avoid oxidation and 

darkening.  The  participants  were  provided  with  water  and  water  crackers  as  palate  cleansers 

between samples. 

Table 1. Image and description of samples used in the sensory session. 

Sample Image  Sample Description 

 

Tortilla chip with cornflour 

(Control) 

 

Toast with avocado 

(Control) 

 

Tortilla chip with corn and cricket flour 

 

Toast with avocado and crickets 

 

Roasted crickets 

Table  2.  Descriptors  and  scale  used  in  the  questionnaire  to  acquire  self‐reported  responses. 

Questionnaires were uploaded in the BioSensory app, including sample numbers, descriptors, scales, 

and emoticons. 

Descriptor  Scale  Anchors  Label 

Roasted crickets

Table 2. Descriptors and scale used in the questionnaire to acquire self-reported responses.
Questionnaires were uploaded in the BioSensory app, including sample numbers, descriptors, scales,
and emoticons.

Descriptor Scale Anchors Label

Appearance 15 cm non-structured Dislike extremely-Neither like nor
dislike-Like extremely Appearance

Appearance FaceScale (0–100)
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Appearance 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
Appearance 

Appearance 
FaceScale (0–

100)                      FS App 

Aroma 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
Aroma 

Texture 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
Texture 

Flavor 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
Flavor 

Overall liking 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
OL 

Tasting 
FaceScale (0–

100)    FS Taste 

Purchase 

intention 

15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
PI 

Table 3. Emojis used for the check all that apply questions for the sensory test using the BioSensory 

app. 

Emoji  Meaning  Emoji 
Meani

ng 

 
Happy 

 

Savori

ng 

 
Surprised 

 
Scared 

 

Expressionl

ess   
Angry 

 

Disappoint

ed   

Confus

ed 

 
Neutral 

 
Joy 

 
Unamused 

 

Laughi

ng 

 

Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

FS App

Aroma 15 cm non-structured Dislike extremely-Neither like nor
dislike-Like extremely Aroma

Texture 15 cm non-structured Dislike extremely-Neither like nor
dislike-Like extremely Texture

59



Foods 2020, 9, 903

Table 2. Cont.

Descriptor Scale Anchors Label

Flavor 15 cm non-structured Dislike extremely-Neither like nor
dislike-Like extremely Flavor

Overall liking 15 cm non-structured Dislike extremely-Neither like nor
dislike-Like extremely OL

Tasting FaceScale (0–100)
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Appearance 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
Appearance 

Appearance 
FaceScale (0–

100)                      FS App 

Aroma 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
Aroma 

Texture 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
Texture 

Flavor 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
Flavor 

Overall liking 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
OL 

Tasting 
FaceScale (0–

100)    FS Taste 

Purchase 

intention 

15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
PI 

Table 3. Emojis used for the check all that apply questions for the sensory test using the BioSensory 

app. 

Emoji  Meaning  Emoji 
Meani

ng 

 
Happy 

 

Savori

ng 

 
Surprised 

 
Scared 

 

Expressionl

ess   
Angry 

 

Disappoint

ed   

Confus

ed 

 
Neutral 

 
Joy 

 
Unamused 

 

Laughi

ng 

 

Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

FS Taste

Purchase intention 15 cm non-structured Dislike extremely-Neither like nor
dislike-Like extremely PI

Table 3. Emojis used for the check all that apply questions for the sensory test using the BioSensory app.

Emoji Meaning Emoji Meaning
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Appearance 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
Appearance 

Appearance 
FaceScale (0–

100)                      FS App 

Aroma 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
Aroma 

Texture 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
Texture 

Flavor 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
Flavor 

Overall liking 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
OL 

Tasting 
FaceScale (0–

100)    FS Taste 

Purchase 

intention 

15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
PI 

Table 3. Emojis used for the check all that apply questions for the sensory test using the BioSensory 

app. 

Emoji  Meaning  Emoji 
Meani

ng 

 
Happy 

 

Savori

ng 

 
Surprised 

 
Scared 

 

Expressionl

ess   
Angry 

 

Disappoint

ed   

Confus

ed 

 
Neutral 

 
Joy 

 
Unamused 

 

Laughi

ng 

 

Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

Happy
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Appearance 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
Appearance 

Appearance 
FaceScale (0–

100)                      FS App 

Aroma 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
Aroma 

Texture 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
Texture 

Flavor 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
Flavor 

Overall liking 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
OL 

Tasting 
FaceScale (0–

100)    FS Taste 

Purchase 

intention 

15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
PI 

Table 3. Emojis used for the check all that apply questions for the sensory test using the BioSensory 

app. 

Emoji  Meaning  Emoji 
Meani

ng 

 
Happy 

 

Savori

ng 

 
Surprised 

 
Scared 

 

Expressionl

ess   
Angry 

 

Disappoint

ed   

Confus

ed 

 
Neutral 

 
Joy 

 
Unamused 

 

Laughi

ng 

 

Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

Savoring
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Appearance 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
Appearance 

Appearance 
FaceScale (0–

100)                      FS App 

Aroma 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
Aroma 

Texture 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
Texture 

Flavor 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
Flavor 

Overall liking 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
OL 

Tasting 
FaceScale (0–

100)    FS Taste 

Purchase 

intention 

15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
PI 

Table 3. Emojis used for the check all that apply questions for the sensory test using the BioSensory 

app. 

Emoji  Meaning  Emoji 
Meani

ng 

 
Happy 

 

Savori

ng 

 
Surprised 

 
Scared 

 

Expressionl

ess   
Angry 

 

Disappoint

ed   

Confus

ed 

 
Neutral 

 
Joy 

 
Unamused 

 

Laughi

ng 

 

Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

Surprised
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Appearance 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
Appearance 

Appearance 
FaceScale (0–

100)                      FS App 
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15 cm non‐

structured 
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structured 
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Flavor 

Overall liking 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
OL 

Tasting 
FaceScale (0–

100)    FS Taste 

Purchase 

intention 

15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
PI 

Table 3. Emojis used for the check all that apply questions for the sensory test using the BioSensory 

app. 

Emoji  Meaning  Emoji 
Meani

ng 

 
Happy 

 

Savori

ng 

 
Surprised 

 
Scared 

 

Expressionl

ess   
Angry 

 

Disappoint

ed   

Confus

ed 

 
Neutral 

 
Joy 

 
Unamused 

 

Laughi

ng 

 

Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

Scared
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Appearance 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
Appearance 

Appearance 
FaceScale (0–

100)                      FS App 
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15 cm non‐

structured 
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Dislike extremely‐Neither like nor dislike‐
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Flavor 
15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
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Overall liking 
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structured 
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Tasting 
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100)    FS Taste 

Purchase 

intention 

15 cm non‐

structured 

Dislike extremely‐Neither like nor dislike‐

Like extremely 
PI 

Table 3. Emojis used for the check all that apply questions for the sensory test using the BioSensory 

app. 

Emoji  Meaning  Emoji 
Meani

ng 

 
Happy 

 

Savori

ng 

 
Surprised 

 
Scared 

 

Expressionl

ess   
Angry 

 

Disappoint

ed   

Confus

ed 

 
Neutral 

 
Joy 

 
Unamused 
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ng 

 

Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

Expressionless
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Table 3. Emojis used for the check all that apply questions for the sensory test using the BioSensory 

app. 

Emoji  Meaning  Emoji 
Meani

ng 

 
Happy 
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Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

Angry
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Table 3. Emojis used for the check all that apply questions for the sensory test using the BioSensory 

app. 
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Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 
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Laughing

Videos were recorded along with the self-reported answers from participants using the BioSensory
app and analyzed using a second app developed with the Affectiva software development kit (SDK;
Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to obtain the facial expressions
from participants based on the micro- and macro-movements of the different features of the face,
using the histogram of the oriented gradient for computer vision analysis. Additionally, it uses machine
learning algorithms based on support vector machine to translate facial expressions into emotions and
emojis; it also assesses head movements (Table 4).

Table 4. Facial expressions and emotion-related parameters obtained from the biometric video analysis
(Affectiva app).

Parameter Label Parameter Label Parameter Label

Joy Joy Winking face
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Table 4. Cont.

Parameter Label Parameter Label Parameter Label

Surprise Surprise Disappointed
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3.1. Results from the ANOVA of Self‐reported and Biometric Responses 

2.2. Statistical Analysis and Machine Learning Modeling

An ANOVA was conducted for the quantitative self-reported and biometric responses with
a Fisher’s least significant differences (LSD) post hoc test to assess significant differences (α = 0.05)
between samples nested within cultures (Asians and non-Asians) using XLSTAT ver. 2020.3.1
(Addinsoft, New York, NY, USA). Furthermore, multivariate data analysis was conducted using
principal component analysis (PCA) to find the relationships and associations among samples
and variables from the quantitative self-reported and biometric responses using Matlab® R2020a
(Mathworks, Inc., Natick, MA, USA). On the other hand, to find relationships between the frequency
responses from emojis using the CATA test and quantitative self-reported and biometric responses as
well as the associations of samples with each response, a multiple factor analysis (MFA) was conducted
using XLSTAT. Furthermore, a correlation matrix was developed using Matlab® R2020a to assess only
the significant correlations (p ≤ 0.05) between the quantitative self-reported and biometric responses.

The machine learning (ML) models based on artificial neural networks (ANN) pattern recognition
were developed using a code written in Matlab® R2020a to evaluate 17 different training algorithms.
Bayesian Regularization was selected as the best algorithm, resulting in models with higher accuracy
and no signs of overfitting from performance tests. A total of 45 inputs from the biometrics emotion
analysis (Table 4) were used to classify the samples into low and high overall liking. Model 1 was
developed using data from Asian participants, while Model 2 was constructed using data from
non-Asians. A further ML model (Model 3) was created as a general model, using the results from all
the participants regardless of their cultural background. The data were divided randomly using 80% of
the samples (samples x participants) for training and 20% for testing. The performance assessment was
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based on the mean squared error (MSE), and a neuron trimming test (3, 7, 10 neurons) was conducted
to find the models with the best performance and no overfitting from performance tests. Figure 1
shows the diagram of the ANN models developed using a tan-sigmoid function in the hidden layer
and Softmax neurons in the output layer.Foods 2019 8, x FOR PEER REVIEW  6 of 19 
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Figure 1. Diagram of the artificial neural network two-layer feed-forward models showing the number
of inputs (Table 4), the outputs/targets, and the number of neurons.

3. Results

3.1. Results from the ANOVA of Self-Reported and Biometric Responses

Results from the ANOVA of the self-reported responses showed that there were significant
differences between samples for the eight descriptors considered (Table S1). However, non-significant
differences were found between the cultures for appearance, FS App, aroma, texture, and overall liking.
For flavor, overall liking, and purchase intention, there were significant differences between cultures
for the tortilla chips made with cricket flour and the avocado toast with crickets. Likewise, for FS Taste,
there were significant differences between cultures for the avocado toast with crickets. The control
samples of tortilla chips and avocado toast, along with the tortilla chips made with cricket flour,
were the most liked in terms of appearance and texture. For Asians, besides the control samples,
the tortilla chips made with cricket flour were the most liked in terms of texture and overall but were
significantly different from the control. Conversely, for non-Asians, the tortilla chips made with cricket
flour were amongst the highest in liking of all sensory descriptors as well as in the FaceScale rating, and
non-significant differences were found with the control samples. Similarly, for non-Asians, the avocado
toast with crickets was amongst the highest in flavor liking, with non-significant differences compared
to the control samples.

The results of the ANOVA for the biometrics responses showed there were significant differences
between the samples and/or cultures (Table S2). There were significant differences between the cultures
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when assessing the avocado toast with crickets and the whole crickets,
with more negative results for the Asians, which means that they moved the head to the right side
when evaluating these samples. For joy, there were significant differences between cultures, with the
avocado toast control sample having higher expression of this emotion in Asians. The Asians also
behaved significantly differently to the non-Asians in terms of engagement when assessing the tortilla
chips made with cricket flour, with the Asians being more engaged with the sample. The Asians
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the toast with crickets than the non-Asians. Likewise, the Asians expressed significantly more stuck out

tongue with winking eye
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Table  4.  Facial  expressions  and  emotion‐related  parameters  obtained  from  the  biometric  video 

analysis (Affectiva app). 
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expressions when assessing the tortilla chips made with cricket flour.

3.2. Multivariate Data Analysis

3.2.1. Principal Components Analysis

Figure 2a shows the PCA from Asians, which explains 74.23% of the total data variability
(PC1 = 44.18%; PC2: 30.05%). According to the factor loadings (FL), the principal component one
(PC1) was mainly represented by roll (FL = 0.27), flavor (FL = 0.27), and texture (FL = 0.25) on the

positive side of the axis, and by winking face
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 

Table  4.  Facial  expressions  and  emotion‐related  parameters  obtained  from  the  biometric  video 
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(FL = −0.26), disgust (FL = −0.24), and sadness

(FL = −0.24) on the negative side. On the other side, PC2 was mainly represented by kissing

Foods 2019 8, x FOR PEER REVIEW  5 of 20 

 

analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 

Table  4.  Facial  expressions  and  emotion‐related  parameters  obtained  from  the  biometric  video 

analysis (Affectiva app). 
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(FL = 0.32), rage
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 

Table  4.  Facial  expressions  and  emotion‐related  parameters  obtained  from  the  biometric  video 

analysis (Affectiva app). 
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(FL = 0.30), and anger (FL = 0.30) on the positive side, and pitch
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 

Table  4.  Facial  expressions  and  emotion‐related  parameters  obtained  from  the  biometric  video 

analysis (Affectiva app). 
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(FL = −0.19) on the negative side of the axis. It can be observed that both control samples (avocado
toast and tortilla chip) were associated with a higher liking of flavor, purchase intention, overall liking,

valence, smiley face
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 

Table  4.  Facial  expressions  and  emotion‐related  parameters  obtained  from  the  biometric  video 

analysis (Affectiva app). 
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, and roll
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Flushed 
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2.2. Statistical Analysis and Machine Learning Modeling 

An ANOVA was conducted for the quantitative self‐reported and biometric responses with a 

Fisher’s  least  significant differences  (LSD) post hoc  test  to  assess  significant differences  (α  =  0.05) 

between  samples  nested  within  cultures  (Asians  and  non‐Asians)  using  XLSTAT  ver.  2020.3.1 

(Addinsoft, New York, NY, USA). Furthermore, multivariate data  analysis was  conducted using 

principal component analysis (PCA) to find the relationships and associations among samples and 

variables  from  the  quantitative  self‐reported  and  biometric  responses  using  Matlab®  R2020a 

(Mathworks, Inc., Natick, MA, USA). On the other hand, to find relationships between the frequency 

responses from emojis using the CATA test and quantitative self‐reported and biometric responses 

as well  as  the  associations of  samples with  each  response, a multiple  factor analysis  (MFA) was 

conducted using XLSTAT. Furthermore, a correlation matrix was developed using Matlab® R2020a 

to  assess  only  the  significant  correlations  (p  ≤  0.05)  between  the  quantitative  self‐reported  and 

biometric responses. 

The  machine  learning  (ML)  models  based  on  artificial  neural  networks  (ANN)  pattern 

recognition were developed using a code written in Matlab® R2020a to evaluate 17 different training 

algorithms. Bayesian Regularization was  selected as  the best algorithm,  resulting  in models with 

higher accuracy and no signs of overfitting  from performance  tests. A  total of 45  inputs  from  the 

biometrics emotion analysis (Table 4) were used to classify the samples  into  low and high overall 

liking. Model 1 was developed using data from Asian participants, while Model 2 was constructed 

using data from non‐Asians. A further ML model (Model 3) was created as a general model, using 

the results from all the participants regardless of their cultural background. The data were divided 

randomly using 80% of the samples (samples x participants) for training and 20% for testing. The 

performance assessment was based on the mean squared error (MSE), and a neuron trimming test (3, 

7, 10 neurons) was conducted to find the models with the best performance and no overfitting from 

performance tests. Figure 1 shows the diagram of the ANN models developed using a tan‐sigmoid 

function in the hidden layer and Softmax neurons in the output layer. 

 

Figure  1.  Diagram  of  the  artificial  neural  network  two‐layer  feed‐forward models  showing  the 

number of inputs (Table 4), the outputs/targets, and the number of neurons. 

3. Results 

3.1. Results from the ANOVA of Self‐reported and Biometric Responses 

, while the tortilla chip made with cricket flour

was associated with emotions and emojis such as anger, rage
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 

Table  4.  Facial  expressions  and  emotion‐related  parameters  obtained  from  the  biometric  video 

analysis (Affectiva app). 
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, smirk
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 

Table  4.  Facial  expressions  and  emotion‐related  parameters  obtained  from  the  biometric  video 

analysis (Affectiva app). 

Parameter  Label  Parameter  Label 
Paramet

er 
Label 

Joy  Joy  Winking face 
 

Lip 

Corner 

Depress

or 

LCD 

Disgust  Disgust  Rage 
 

Lip 

Press 
LPr 

Sadness  Sadness  Smirk 
 

Lip Suck  LS 

Surprise  Surprise  Disappointed 
 

Mouth 

Open 
MO 

Anger  Anger  Scared 
 

Smirk 

Facial 

Expressi

on 

SmirkFE 

Fear  Fear 

Stuck out 

tongue with 

winking eye   

Eye 

Closure 
EC 

Contempt  Contempt  Laughing 
 

Eye 

Widen 
EW 

Valence  Valence  Kissing 
 

Cheek 

Raise 
CR 

Smile  Smile 
Inner Brow 

Raise 
IBR 

Lid 

Tighten 
LT 

Smiley 
 

Nose 

Wrinkle 
NW 

Jaw 

Drop 
JD 

Relaxed 
 

Upper Lip 

Rise 
ULR  Pitch 

 

Stuck out 

tongue   
Chin Raise  CR  Yaw 

 

, and laughing
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 

Table  4.  Facial  expressions  and  emotion‐related  parameters  obtained  from  the  biometric  video 
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.

On the other hand, the avocado toast with crickets was associated with winking face
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 

Table  4.  Facial  expressions  and  emotion‐related  parameters  obtained  from  the  biometric  video 

analysis (Affectiva app). 
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, disgust,

sadness, and flushed face
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2.2. Statistical Analysis and Machine Learning Modeling 

An ANOVA was conducted for the quantitative self‐reported and biometric responses with a 

Fisher’s  least  significant differences  (LSD) post hoc  test  to  assess  significant differences  (α  =  0.05) 

between  samples  nested  within  cultures  (Asians  and  non‐Asians)  using  XLSTAT  ver.  2020.3.1 

(Addinsoft, New York, NY, USA). Furthermore, multivariate data  analysis was  conducted using 

principal component analysis (PCA) to find the relationships and associations among samples and 

variables  from  the  quantitative  self‐reported  and  biometric  responses  using  Matlab®  R2020a 

(Mathworks, Inc., Natick, MA, USA). On the other hand, to find relationships between the frequency 

responses from emojis using the CATA test and quantitative self‐reported and biometric responses 

as well  as  the  associations of  samples with  each  response, a multiple  factor analysis  (MFA) was 

conducted using XLSTAT. Furthermore, a correlation matrix was developed using Matlab® R2020a 

to  assess  only  the  significant  correlations  (p  ≤  0.05)  between  the  quantitative  self‐reported  and 

biometric responses. 

The  machine  learning  (ML)  models  based  on  artificial  neural  networks  (ANN)  pattern 

recognition were developed using a code written in Matlab® R2020a to evaluate 17 different training 

algorithms. Bayesian Regularization was  selected as  the best algorithm,  resulting  in models with 

higher accuracy and no signs of overfitting  from performance  tests. A  total of 45  inputs  from  the 

biometrics emotion analysis (Table 4) were used to classify the samples  into  low and high overall 

liking. Model 1 was developed using data from Asian participants, while Model 2 was constructed 

using data from non‐Asians. A further ML model (Model 3) was created as a general model, using 

the results from all the participants regardless of their cultural background. The data were divided 

randomly using 80% of the samples (samples x participants) for training and 20% for testing. The 

performance assessment was based on the mean squared error (MSE), and a neuron trimming test (3, 

7, 10 neurons) was conducted to find the models with the best performance and no overfitting from 

performance tests. Figure 1 shows the diagram of the ANN models developed using a tan‐sigmoid 

function in the hidden layer and Softmax neurons in the output layer. 

 

Figure  1.  Diagram  of  the  artificial  neural  network  two‐layer  feed‐forward models  showing  the 

number of inputs (Table 4), the outputs/targets, and the number of neurons. 

3. Results 

3.1. Results from the ANOVA of Self‐reported and Biometric Responses 

, while the whole crickets were associated with disgust and pitch
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 

Table  4.  Facial  expressions  and  emotion‐related  parameters  obtained  from  the  biometric  video 

analysis (Affectiva app). 
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.
Figure 2b shows the PCA for non-Asians, which explained 70.43% of the total data variability

(PC1 = 50.98%; PC2 = 19.45%). The PC1 was mainly represented on the positive side of the axis by

joy (FL = 0.25), smiley
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 
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(FL = 0.24),
and on the negative side by the self-reported responses (FL = 0.24) appearance, texture, flavor, overall

liking, and purchase intention. The PC2 was mainly represented by pitch
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 
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stuck out tongue with winking eye
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 

Table  4.  Facial  expressions  and  emotion‐related  parameters  obtained  from  the  biometric  video 
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(FL = 0.21) on the positive side of the axis, and by surprise

(FL = −0.34), laughing
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 
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(FL = −0.34) on the negative side.
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The control sample of the tortilla chip was associated with yaw
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 

Table  4.  Facial  expressions  and  emotion‐related  parameters  obtained  from  the  biometric  video 

analysis (Affectiva app). 

Parameter  Label  Parameter  Label 
Paramet

er 
Label 

Joy  Joy  Winking face 
 

Lip 

Corner 

Depress

or 

LCD 

Disgust  Disgust  Rage 
 

Lip 

Press 
LPr 

Sadness  Sadness  Smirk 
 

Lip Suck  LS 

Surprise  Surprise  Disappointed 
 

Mouth 

Open 
MO 

Anger  Anger  Scared 
 

Smirk 

Facial 

Expressi

on 

SmirkFE 

Fear  Fear 

Stuck out 

tongue with 

winking eye   

Eye 

Closure 
EC 

Contempt  Contempt  Laughing 
 

Eye 

Widen 
EW 

Valence  Valence  Kissing 
 

Cheek 

Raise 
CR 

Smile  Smile 
Inner Brow 

Raise 
IBR 

Lid 

Tighten 
LT 

Smiley 
 

Nose 

Wrinkle 
NW 

Jaw 

Drop 
JD 

Relaxed 
 

Upper Lip 

Rise 
ULR  Pitch 

 

Stuck out 

tongue   
Chin Raise  CR  Yaw 

 
, and disappointed

Foods 2019 8, x FOR PEER REVIEW  5 of 20 

 

analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 
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,
while the control sample of avocado toast and tortilla chip with cricket flour were mainly linked with
the liking of aroma and flavor, as well as disgust. On the other hand, the avocado toast with crickets

was associated with pitch
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 
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, while the whole crickets were linked with joy, valence, relaxed
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 
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Figure 2. Cont.
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(b) 

Figure 2. Principal components analysis for the biometric and quantitative self‐reported responses for 

(a) Asians and (b) non‐Asians. Abbreviations: PC1 and PC2: principal components one and two.

3.2.2. Correlation Analysis 

Figure 3a shows the significant correlations (p ≤ 0.05) between the quantitative self‐reported and 

biometric emotional responses for Asians. It can be observed that roll was positively correlated with 

the liking of appearance (correlation coefficient: r = 0.88), aroma (r = 0.92), texture (r = 0.93), flavor (r 

= 0.98), overall liking (r = 0.92), FS Taste (r = 0.91), and purchase intention (r = 0.91). The  liking of 

aroma was negatively correlated with winking face    (r = −0.94), and disgust (r = −0.95), while 

the liking of flavor had a negative correlation with winking face    (r = 0.93), and the latter with 

FS Taste (r = −0.88). On the other hand, Figure 3b shows the significant correlations (p ≤ 0.05) found 

for non‐Asians. It can be observed that joy had a negative correlation with the liking of appearance 

(r = −0.94), FS App (r = −0.95), the  liking of texture (r = −0.97), flavor (r = −0.89), overall liking (r = 

−0.94), FS Taste (r = −0.89), and purchase intention (r = −0.96). Valence had a negative correlation with

appearance liking (r = −0.97), FS App (r = −0.97), texture liking (r = −0.96), overall liking (r = −0.95),

and FS Taste (r = −0.96). Similarly, relaxed   was negatively correlated with appearance liking (r 

= −0.92), FS App (r = −0.94), texture liking (r = −0.96), overall liking (r = −0.90), and purchase intention 

Figure 2. Principal components analysis for the biometric and quantitative self-reported responses for
(a) Asians and (b) non-Asians. Abbreviations: PC1 and PC2: principal components one and two.

3.2.2. Correlation Analysis

Figure 3a shows the significant correlations (p ≤ 0.05) between the quantitative self-reported and
biometric emotional responses for Asians. It can be observed that roll was positively correlated with the
liking of appearance (correlation coefficient: r = 0.88), aroma (r = 0.92), texture (r = 0.93), flavor (r = 0.98),
overall liking (r = 0.92), FS Taste (r = 0.91), and purchase intention (r = 0.91). The liking of aroma

was negatively correlated with winking face
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 
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(r = −0.94), and disgust (r = −0.95), while the

liking of flavor had a negative correlation with winking face
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 
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(r = 0.93), and the latter with FS
Taste (r = −0.88). On the other hand, Figure 3b shows the significant correlations (p ≤ 0.05) found
for non-Asians. It can be observed that joy had a negative correlation with the liking of appearance
(r = −0.94), FS App (r = −0.95), the liking of texture (r = −0.97), flavor (r = −0.89), overall liking
(r = −0.94), FS Taste (r = −0.89), and purchase intention (r = −0.96). Valence had a negative correlation
with appearance liking (r =−0.97), FS App (r =−0.97), texture liking (r =−0.96), overall liking (r =−0.95),

and FS Taste (r = −0.96). Similarly, relaxed
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was negatively correlated with appearance liking
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(r = −0.92), FS App (r = −0.94), texture liking (r = −0.96), overall liking (r = −0.90), and purchase
intention (r = −0.93). Smiley has a negative correlation with appearance liking (r = −0.89), FS App
(r = −0.88), liking of aroma (r = −0.89), texture (r = −0.91), flavor (r = 0.92), overall liking (r = −0.90),
and purchase intention (r = −0.90).
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3.2.3. Multiple Factor Analysis 
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Figure 3. Matrices showing the significant (p ≤ 0.05) correlations between the quantitative self-reported
and biometric emotional responses for (a) Asians and (b) non-Asians. Color bar: blue side depicts the
positive correlations, while the yellow side represents the negative correlations; likewise, darker blue
and yellow denote higher correlations.

66



Foods 2020, 9, 903

3.2.3. Multiple Factor Analysis

Figure 4a shows the MFA of Asian consumers, which explained a total of 76.61% (Factor 1:

F1 = 53.69%; Factor 2: F2 = 22.92%). The F1 was mainly represented by surprised
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Table 3. Emojis used for the check all that apply questions for the sensory test using the BioSensory 
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Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

(FL = 0.93),

and laughing
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Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

(FL = 0.91) on the positive side of the axis, and by savoring
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Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

(FL = −1.00)
and appearance liking (FL = −0.99) on the negative side. On the other hand, F2 was mainly represented

on the positive side of the axis by rage
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(FL = 0.97) and kissing
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(FL = 0.93), and on the

negative side by unamused
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Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

(FL = −0.49) and pitch
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 
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(FL = −0.42). It can be observed
that the control samples (tortilla chip and avocado toast) were associated mainly with self-reported
responses such as the liking of flavor, aroma, overall liking, and purchase intention, as well as some

subconscious responses such as roll
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Figure  1.  Diagram  of  the  artificial  neural  network  two‐layer  feed‐forward models  showing  the 

number of inputs (Table 4), the outputs/targets, and the number of neurons. 

3. Results 

3.1. Results from the ANOVA of Self‐reported and Biometric Responses 

, smiley

Foods 2019 8, x FOR PEER REVIEW  5 of 20 
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, and valence. The tortilla chip

made with cricket flour was associated with emojis measured with biometrics such as kissing
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 
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Table 3. Emojis used for the check all that apply questions for the sensory test using the BioSensory 

app. 

Emoji  Meaning  Emoji 
Meani

ng 

 
Happy 

 

Savori

ng 

 
Surprised 

 
Scared 

 

Expressionl

ess   
Angry 

 

Disappoint

ed   

Confus

ed 

 
Neutral 

 
Joy 

 
Unamused 
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Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

from the CATA test. On the other hand, the avocado toast with crickets was associated with emojis

from the CATA test, such as disappointed
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Table 3. Emojis used for the check all that apply questions for the sensory test using the BioSensory 

app. 

Emoji  Meaning  Emoji 
Meani

ng 

 
Happy 

 

Savori

ng 

 
Surprised 

 
Scared 

 

Expressionl

ess   
Angry 

 

Disappoint

ed   

Confus

ed 

 
Neutral 

 
Joy 

 
Unamused 

 

Laughi

ng 

 

Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

, confused
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Table 3. Emojis used for the check all that apply questions for the sensory test using the BioSensory 

app. 
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Meani

ng 

 
Happy 

 

Savori

ng 

 
Surprised 

 
Scared 

 

Expressionl

ess   
Angry 

 

Disappoint

ed   

Confus

ed 

 
Neutral 

 
Joy 

 
Unamused 

 

Laughi

ng 

 

Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

, and winking face
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 

Table  4.  Facial  expressions  and  emotion‐related  parameters  obtained  from  the  biometric  video 

analysis (Affectiva app). 
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from the

biometrics. The whole crickets were linked to emojis from the CATA test, such as laughing
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Table 3. Emojis used for the check all that apply questions for the sensory test using the BioSensory 

app. 

Emoji  Meaning  Emoji 
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Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

,

surprised
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Table 3. Emojis used for the check all that apply questions for the sensory test using the BioSensory 

app. 
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Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

, expressionless
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Table 3. Emojis used for the check all that apply questions for the sensory test using the BioSensory 

app. 
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Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

, and pitch
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 

Table  4.  Facial  expressions  and  emotion‐related  parameters  obtained  from  the  biometric  video 
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.
Figure 4b shows the MFA of non-Asian consumers, which explained a total of 76.59% (F1 = 58.26%;

F2 = 18.33%). Based on the FL, the F1 was mainly represented by surprised
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Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

(FL = 0.99),

disappointed
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Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

(FL = 0.99), and confused
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Table 3. Emojis used for the check all that apply questions for the sensory test using the BioSensory 

app. 
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Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

(FL = 0.99) on the positive side of the axis, and by

texture liking (FL = −1.00), happy
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Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

(FL = −0.99), liking of appearance (FL = −0.99), FS App (FL =

−0.99), and purchase intention (FL = −0.99) on the negative side. On the other hand, F2 was represented

by pitch
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 

Table  4.  Facial  expressions  and  emotion‐related  parameters  obtained  from  the  biometric  video 

analysis (Affectiva app). 

Parameter  Label  Parameter  Label 
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(FL = 0.97) on the positive side of the axis, and by laughing
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(FL = −0.95)

and scared
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 
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(FL = −0.84) on the negative side. The control sample of the tortilla chip was mainly

67
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associated with head movements such as yaw
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 
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analysis (Affectiva app). 

Parameter  Label  Parameter  Label 
Paramet

er 
Label 

Joy  Joy  Winking face 
 

Lip 

Corner 

Depress

or 

LCD 

Disgust  Disgust  Rage 
 

Lip 

Press 
LPr 

Sadness  Sadness  Smirk 
 

Lip Suck  LS 

Surprise  Surprise  Disappointed 
 

Mouth 

Open 
MO 

Anger  Anger  Scared 
 

Smirk 

Facial 

Expressi

on 

SmirkFE 

Fear  Fear 

Stuck out 

tongue with 

winking eye   

Eye 

Closure 
EC 

Contempt  Contempt  Laughing 
 

Eye 

Widen 
EW 

Valence  Valence  Kissing 
 

Cheek 

Raise 
CR 

Smile  Smile 
Inner Brow 

Raise 
IBR 

Lid 

Tighten 
LT 

Smiley 
 

Nose 

Wrinkle 
NW 

Jaw 

Drop 
JD 

Relaxed 
 

Upper Lip 

Rise 
ULR  Pitch 

 

Stuck out 

tongue   
Chin Raise  CR  Yaw 

 
and roll
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Lip Pucker  LP  Roll 

 

2.2. Statistical Analysis and Machine Learning Modeling 

An ANOVA was conducted for the quantitative self‐reported and biometric responses with a 

Fisher’s  least  significant differences  (LSD) post hoc  test  to  assess  significant differences  (α  =  0.05) 

between  samples  nested  within  cultures  (Asians  and  non‐Asians)  using  XLSTAT  ver.  2020.3.1 

(Addinsoft, New York, NY, USA). Furthermore, multivariate data  analysis was  conducted using 

principal component analysis (PCA) to find the relationships and associations among samples and 

variables  from  the  quantitative  self‐reported  and  biometric  responses  using  Matlab®  R2020a 

(Mathworks, Inc., Natick, MA, USA). On the other hand, to find relationships between the frequency 

responses from emojis using the CATA test and quantitative self‐reported and biometric responses 

as well  as  the  associations of  samples with  each  response, a multiple  factor analysis  (MFA) was 

conducted using XLSTAT. Furthermore, a correlation matrix was developed using Matlab® R2020a 

to  assess  only  the  significant  correlations  (p  ≤  0.05)  between  the  quantitative  self‐reported  and 

biometric responses. 

The  machine  learning  (ML)  models  based  on  artificial  neural  networks  (ANN)  pattern 

recognition were developed using a code written in Matlab® R2020a to evaluate 17 different training 

algorithms. Bayesian Regularization was  selected as  the best algorithm,  resulting  in models with 

higher accuracy and no signs of overfitting  from performance  tests. A  total of 45  inputs  from  the 

biometrics emotion analysis (Table 4) were used to classify the samples  into  low and high overall 

liking. Model 1 was developed using data from Asian participants, while Model 2 was constructed 

using data from non‐Asians. A further ML model (Model 3) was created as a general model, using 

the results from all the participants regardless of their cultural background. The data were divided 

randomly using 80% of the samples (samples x participants) for training and 20% for testing. The 

performance assessment was based on the mean squared error (MSE), and a neuron trimming test (3, 

7, 10 neurons) was conducted to find the models with the best performance and no overfitting from 

performance tests. Figure 1 shows the diagram of the ANN models developed using a tan‐sigmoid 

function in the hidden layer and Softmax neurons in the output layer. 

 

Figure  1.  Diagram  of  the  artificial  neural  network  two‐layer  feed‐forward models  showing  the 

number of inputs (Table 4), the outputs/targets, and the number of neurons. 

3. Results 

3.1. Results from the ANOVA of Self‐reported and Biometric Responses 

and disappointed
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 
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. The control sample of the avocado toast and the tortilla chip made with cricket flour were
associated with self-reported responses such as the liking of aroma, flavor, overall liking, and purchase

intention as well as flushed
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2.2. Statistical Analysis and Machine Learning Modeling 

An ANOVA was conducted for the quantitative self‐reported and biometric responses with a 
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higher accuracy and no signs of overfitting  from performance  tests. A  total of 45  inputs  from  the 

biometrics emotion analysis (Table 4) were used to classify the samples  into  low and high overall 

liking. Model 1 was developed using data from Asian participants, while Model 2 was constructed 
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7, 10 neurons) was conducted to find the models with the best performance and no overfitting from 

performance tests. Figure 1 shows the diagram of the ANN models developed using a tan‐sigmoid 

function in the hidden layer and Softmax neurons in the output layer. 

 

Figure  1.  Diagram  of  the  artificial  neural  network  two‐layer  feed‐forward models  showing  the 

number of inputs (Table 4), the outputs/targets, and the number of neurons. 

3. Results 

3.1. Results from the ANOVA of Self‐reported and Biometric Responses 

. The avocado toast with crickets was mainly associated with

emojis from the CATA test, such as laughing
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Table 3. Emojis used for the check all that apply questions for the sensory test using the BioSensory 

app. 
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Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

, disappointed
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Table 3. Emojis used for the check all that apply questions for the sensory test using the BioSensory 
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Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

, unamused
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Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

, confused
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analysis. Additionally,  it uses machine  learning  algorithms  based  on  support  vector machine  to 

translate facial expressions into emotions and emojis; it also assesses head movements (Table 4). 

Table  4.  Facial  expressions  and  emotion‐related  parameters  obtained  from  the  biometric  video 

analysis (Affectiva app). 

Parameter  Label  Parameter  Label 
Paramet

er 
Label 

Joy  Joy  Winking face 
 

Lip 

Corner 

Depress

or 

LCD 

Disgust  Disgust  Rage 
 

Lip 

Press 
LPr 

Sadness  Sadness  Smirk 
 

Lip Suck  LS 

Surprise  Surprise  Disappointed 
 

Mouth 

Open 
MO 

Anger  Anger  Scared 
 

Smirk 

Facial 

Expressi

on 

SmirkFE 

Fear  Fear 

Stuck out 

tongue with 

winking eye   

Eye 

Closure 
EC 

Contempt  Contempt  Laughing 
 

Eye 

Widen 
EW 

Valence  Valence  Kissing 
 

Cheek 

Raise 
CR 

Smile  Smile 
Inner Brow 

Raise 
IBR 

Lid 

Tighten 
LT 

Smiley 
 

Nose 

Wrinkle 
NW 

Jaw 

Drop 
JD 

Relaxed 
 

Upper Lip 

Rise 
ULR  Pitch 

 

Stuck out 

tongue   
Chin Raise  CR  Yaw 

 

, and

smirk
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. On the other hand, the whole crickets were linked to the biometric responses such as

engagement, rage
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Videos  were  recorded  along  with  the  self‐reported  answers  from  participants  using  the 

BioSensory  app  and  analyzed  using  a  second  app  developed  with  the  Affectiva  software 

development kit (SDK; Affectiva, Boston, MA, USA). The latter app can analyze videos in batch to 

obtain  the  facial expressions  from participants based on  the micro‐ and macro‐movements of  the 

different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

and expressionless
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different  features  of  the  face,  using  the  histogram  of  the  oriented  gradient  for  computer  vision 

.

Foods 2019 8, x FOR PEER REVIEW  13 of 19 

 

 

(a) 

Figure 4. Cont.

68



Foods 2020, 9, 903
Foods 2019 8, x FOR PEER REVIEW  14 of 19 

 

 

(b) 

Figure 4. Multiple  factor analysis  for  the biometric,  frequencies  (check all  that apply: CATA) and 

quantitative self‐reported (Liking) responses for (a) Asians and (b) non‐Asians. Abbreviations: F1 and 

F2: factors one and two. 
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Stage  Samples x Participants  Accuracy  Error  Performance 

Figure 4. Multiple factor analysis for the biometric, frequencies (check all that apply: CATA) and
quantitative self-reported (Liking) responses for (a) Asians and (b) non-Asians. Abbreviations: F1 and
F2: factors one and two.

3.3. Machine Learning Modeling

In Table 5, it can be observed that Model 1, developed with the results from the Asian participants,
had a 92% accuracy to classify the samples into high and low liking using only the emotional responses
from biometrics as inputs. Model 2 for non-Asians had a higher overall accuracy (94%) compared to
the Asians, and with higher accuracy also in the training stage (non-Asians: 76%; Asians: 71%). On the
other hand, Model 3, which was developed as a general model with data from all the participants
(Asians and non-Asians), presented an overall accuracy of 89%. The three models had a lower MSE
value for the training stage compared to testing, which indicates that there was no overfitting. Figure 5
shows the receiver operating characteristics (ROC) curves, which depict the performance based on the
specificity (false positive rate) and sensitivity (true positive rate) of each model and classification group.

Table 5. Statistical data from the three artificial neural network models. Performance shown is based
on the mean squared error (MSE).

Stage Samples × Participants Accuracy Error Performance
(MSE)

Model 1: Asians

Training 134 97% 3% 0.03

Testing 34 71% 29% 0.24

Overall 168 92% 8% -
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Table 5. Cont.

Stage Samples × Participants Accuracy Error Performance
(MSE)

Model 2: Non-Asians

Training 216 99% 1% 0.01

Testing 54 76% 24% 0.20

Overall 270 94% 6% -

Model 3: General

Training 350 97% 3% 0.03

Testing 88 71% 29% 0.25

Overall 438 89% 11% -
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(c) 

Figure 5. Receiver operating characteristics (ROC) curves for the three artificial neural network models
for (a) Model 1: Asians, (b) Model 2: non-Asians, and (c) Model 3: general (Asians + non-Asians).

4. Discussion

In general, for this study, consumer perception had higher scores for self-reported information for
the control samples, which did not contain insects, and the lowest scores for full insects, as expected.
These scores were similar to the sample with insects as an ingredient, in which no parts of insects were
visible, which is in accordance with previous literature [1,14,31]. However, mid-range liking, FS Taste,
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and purchase intention were obtained for visible insects mixed with more familiar products, such as
toast and avocado mash (Table S1).

When combining self-reported information with the subconscious and emotional responses
through the PCAs (Figure 2), it was found that high and similar variability of data was explained
for both the Asian and non-Asian participants (>70%). For the Asians (Figure 2a), more negative
emotional responses were associated with insect-based samples compared to the controls, with a clear
separation in the vertical plane (PC1). For the non-Asians (Figure 2b), a similar separation was observed
for the samples with visible insects, with a difference in the insect tortilla chip. These results may
seem contrasting with the self-reported data; however, the subconscious responses are related to the
first impression of the samples for visible, aroma, and taste responses from consumers, which are
spontaneous and more complex when tasting food and beverage products of any kind [32–34].
Similar relationships were found using the correlation matrix analysis (Figure 3) and the further MFA
combining the self-reported data, biometrics, and CATA.

A deeper understanding of consumer acceptability, liking, and intention to purchase new
insect-based food products is extremely important, since around 95% of new food products may
fail in the market without proper assessment [35,36]. Predictive modeling incorporating cultural
backgrounds may offer more information and the possibility of automation for the decision-making
process or product variation when developing new insect-based food products. Recent research has
been based on automatic estimations of liking based on facial expression dynamics, especially for
infants, since self-reported data may not be easily obtained [37,38]. However, research on automatic
assessments based on biometrics is rarer [15,28,32].

By using ML modeling considering the separation of cultural background, it was possible to
obtain high accuracy (≥92%) in the prediction of liking based on the biometrics from Asians (Table 5;
Figure 5a) and non-Asians (Table 5; Figure 5b) using the Bayesian Regularization ANN algorithm.
However, since ML using ANN is considered to be a robust method to detect patterns within data,
the cultural distinction could be an internal feature of a general model, as shown in Table 5 and
Figure 5c. This general model, with an accuracy of 89%, may be used to detect the liking levels of
snacks containing insects as part of their ingredients or as whole insects. Further research is required
to test and model the biometric responses from a wider variety of insect-based food or beverages.

A quicker analysis for consumer acceptability, liking, and intent to purchase can be achieved as
a first approach by presenting images of dishes prepared with insects through the BioSensory app
to obtain biometrics from panelists. It has been previously shown for packaging assessments that
presenting images of the packaging, and the physical packaging samples resulted in non–significant
statistical differences in their appreciation by panelists in a sensory trial [39]. Similarly, for beer tasting
panelists looking at videos of beer pouring gave similar levels of liking and general appreciation
compared to those that tasted the same beers [15,40]. The applicability for the assessment of images of
insect-based dishes is supported by the data presented in this study, especially related to the statistically
significant correlations between the appearance and overall liking for both cultures (Figure 3a,b) and
the higher variability of the data explained by PC1 for both Asians and non-Asians (Figure 2a,b).

The advantages of using both the self-reported and biometric responses rely on the fact that
they allow us to obtain the first and subconscious reaction that consumers have towards the product
they are assessing as well as the way they may modify their responses after the thinking process.
This aids in a deeper assessment of consumers’ behavior and acceptability towards food and beverages
to understand the target market and develop products according to their needs. The results from
Asians and non-Asians were statistically analyzed separately due to the cultural differences that may
be related to the expression of emotional responses. This was also the main reason for developing ML
models for each culture and a general model considering both cultures. However, despite that Model
3 (general model) had a slightly lower accuracy, it was shown that ANN is able to accurately find
patterns among data that may be related to differences in responses from different cultural backgrounds
to predict liking regardless.
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5. Conclusions

The introduction of insect-based food and beverage products in the market may be a viable
alternative for sustainable and nutritional sources of protein. However, the neophobia associated with
these products is based on the cultural background and lack of familiarity. More studies are required
to break misconceptions and insect-based phobia, which requires the study of complex interactions
between the response of consumers to insect-based food products due to visual first impressions,
aroma, taste, emotional responses, and cultural background. The implementation of biometrics and
machine learning modeling could provide deeper insights regarding these complex interactions and
the liking/purchase intention of insect-based food products. Computer vision and machine learning
should be further explored and researched as the basis for the development of an artificial intelligence
approach to assess new food products and potential success in the market.

Supplementary Materials: The following are available online at http://www.mdpi.com/2304-8158/9/7/903/s1:
Table S1: Means and standard error of the self-reported responses for each sample per culture. Different letters
denote significant differences based on ANOVA and Fisher’s least significant difference post hoc test (α = 0.05).
Table S2: Means and standard error of the statistically significant biometric responses for each sample per culture.
Different letters denote significant differences based on ANOVA and Fisher’s least significant difference post hoc
test (α = 0.05).
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Abstract: Food experiences are not only driven by the food’s intrinsic properties, such as its taste,
texture, and aroma, but also by extrinsic properties such as visual brand information and the
consumers’ previous experiences with the foods. Recent developments in automated facial expression
analysis and heart rate detection based on skin color changes (remote photoplethysmography or
RPPG) allow for the monitoring of food experiences based on video images of the face. RPPG
offers the possibility of large-scale non-laboratory and web-based testing of food products. In this
study, results from the video-based analysis were compared to the more conventional tests (scores of
valence and arousal using Emojis and photoplethysmography heart rate (PPG)). Forty participants
with varying degrees of familiarity with soy sauce were presented with samples of rice and three
commercial soy sauces with and without brand information. The results showed that (1) liking and
arousal were affected primarily by the specific tastes, but not by branding and familiarity. In contrast,
facial expressions were affected by branding and familiarity, and to a lesser degree by specific tastes.
(2) RPPG heart rate and PPG both showed effects of branding and familiarity. However, RPPG heart
rate needs further development because it underestimated the heart rate compared to PPG and was
less sensitive to changes over time and with activity (viewing of brand information and tasting). In
conclusion, this study suggests that recording of facial expressions and heart rates may no longer be
limited to laboratories but can be done remotely using video images, which offers opportunities for
large-scale testing in consumer science.

Keywords: RPPG and PPG heart rate; facial expressions; emojis; branding; familiarity; soy sauce

1. Introduction

Food perception typically starts before the food is placed in the mouth. Before the
food is consumed, consumers typically smell the food and see the food, often with the
food package with brand name. Consequently, prior to tasting, consumers will already
have expectations regarding the food’s taste and flavor based on visual, smell, tactile, and
sometimes even auditory cues. These expectations affect whether the consumer will eat the
food. Numerous studies have focused especially on visual cues. They have demonstrated
the effects of branding, names and sensory descriptors, and health and ingredient labels
on food choice decisions. These “extrinsic” variables provide consumers with informa-
tion regarding the product’s quality, which is part of “brand equity” [1,2]. Brand equity
combines perceived quality with factors such as brand loyalty, name awareness, and other
associations that the consumer may have with the brand [3]. Obviously, the factors vary
with the consumer’s experience with the product and aid consumers in selecting prod-
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ucts that fit their attitudes [4,5]. Extrinsic variables may also exert direct effects on taste
experiences [6,7].

Models such as the assimilation and contrast model [6,8] describe various ways of
how expectations interact with actual experiences, depending on their overlap and dis-
crepancies. In the assimilation model, the discrepancy is relatively small, and experiences
are adjusted to the expectations. In contrast, when the discrepancy is relatively large, the
differences between expectations and experiences are amplified. As a result, ratings for
the experience will shift in the opposite direction of the expectations. Recently, examples
of assimilation and contrast were provided by Głuchowski et al. [9], who investigated
emotional and hedonic reactions to traditional and new innovative food dishes. The results
showed that for traditional dishes, expected liking based on visual aspects was in line with
experienced liking during tasting, whereas for new innovative dishes the experienced lik-
ing fell short compared to the expected liking. The results also demonstrate the importance
of taking consumers’ characteristics such as food neophobia and consumer innovativeness
into account.

Most studies used subjective ratings and questionnaires, so-called explicit measures, to
assess the effects of expectations on taste experiences, i.e., these studies rely on introspection
while consumers may not even be aware of the way expectations affect their experiences
(e.g., [10]). Additionally, virtually all studies measured the effect of expectation indirectly
by measuring its effect on subsequent taste experiences, i.e., only very few studies try to
measure the expectations themselves, except for Thomson, who uses a specially developed
technique [11].

On the other hand, implicit measures of autonomic nervous system (ANS) responses,
such as heart rate, and their behavioral correlates, such as facial expressions, offer a
promising alternative. In fact, these measurements (1) do not rely on introspection and
offer insight into the subconscious as well as conscious processes and (2) can be measured
continuously during expectations and experiences (e.g., [12]). The continuous measurement
of ANS responses and facial expressions facilitate insights in the different stages of the
temporal development of responses and have been corner stones of theories of emotions,
such as appraisal theories. Early responses reflect aspects of stimuli, such as the stimulus’
novelty, relevance, or pleasantness. Later responses include cognitive reactions on the
earlier responses.

Despite their potential, facial expressions and ANS responses have been used only in
relative few food studies and with varying success: some studies failed to find effects on
ANS responses or facial expressions between the tastes of foods, such as chocolates [13],
beers [14], and energy drinks [15], whereas others found significant effects, even though
they were small and difficult to interpret (e.g., [16] for juices, [17] for beers, and [18]
for breakfast drinks). In studies where the foods were not only tasted but also visually
inspected, the results typically showed clearer differences between foods. In a recent study,
Bercik et al. [19] measured facial expressions as well as eye movements for three dishes
with the same ingredients but served in three different ways. Results showed that the way
the food was visually presented had significant emotional effects and influenced the way
participants visually inspected the foods. Similarly, facial expressions were intensified
when foods were tested in a natural consumption environment, such as one’s own home,
rather than in the unrealistic and uninspiring setting of a sensory laboratory [20], which
suggests that this type of measure reflects the complete food experience determined by a
combination of variables such as the food, the physical location, and the social environment,
rather than by specific taste experiences.

Unfortunately, ANS measurements and some facial expression measurements typ-
ically cannot be used in realistic non-laboratory settings because they require sensors
attached to face and body [9,13,14,16,18,21–24]. Recent technical developments have re-
sulted in video-based automated analysis of facial expressions and even more recently
in video-based recordings of heart rate using remote photoplethysmography or RPPG
(e.g., [20,25]). If these new methods prove to be a good alternative for the gold-standard
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methods such as electrocardiogram (ECG) and photoplethysmography (PPG), then these
measurements would no longer require physical contact between the sensor and human
volunteer. This would open a whole new range of applications such as testing in realistic
consumption environments, and internet testing using a webcam, which is built-in in most
notebooks nowadays.

This study explored the use of video-based facial expressions, RPPG heart rate, and
Emoji scores of valence and arousal [26], for branded and unbranded foods. The results
of this study complement results from the same study reported previously. Those results,
based on invasive PPG heart rates, as well as skin conductance measures, showed that
facial expressions, PPG heart rate, and skin conductance varied significantly with the level
of familiarity of product for the consumer and with the type of branding and varied less
with the brand of soy sauce. Visual analogue scale (VAS) liking and arousal scores also
varied with the level of familiarity and with the brand of soy sauce. In contrast with the
other measures, VAS scores did not vary with branding [27].

This study aims at (1) the comparison of valence and arousal from video-based facial
expressions with Emoji scores during food tasting, and (2) the comparison of video-based
RPPG heart rate and PPG heart rate during food viewing and tasting. Specifically, the
sensitivity of the methods to detecting effects of branding, soy sauce, and degree of
consumers’ familiarity will be compared. For these purposes, samples of branded and
unbranded soy sauces are presented to experienced and inexperienced consumers. During
visual inspection and tasting, video-based facial expressions, RPPG and PPG heart rate,
and Emoji scores of valence and arousal [26] were recorded.

2. Materials and Methods
2.1. Participants

Forty healthy participants (30 females and 10 males aged between 20 and 59 yrs. with
an average age of 43 yrs.) were recruited from the consumer database of Food, Health,
and Consumer Research (Wageningen Food and Biobased Research) after screening with
an online survey (EyeQuestion Software, Logic8 B.V., The Netherlands). The database
consists of 2945 persons (1015 males and 1930 females all living in or near Wageningen
and aged between 19 and 95 yrs). Exclusion criteria were allergies or intolerance to wheat,
gluten, soybean, or rice allergy. All participants provided written consent to participate
in the experiment. In the recruitment questionnaire, participants were asked to indicate
the frequency of their soy sauce use using an 8-point scale (more than three times a week,
1–2 times a week, once a month, once per 3–4 month, 1–2 times a year, less than once a
year, never used, and I do not know if I use soy sauce) and daily use soy sauce brand.
The participants were assigned to one of two groups depending on their frequencies of
use. Twenty-two participants, 17 females and 5 males, who used soy sauce either never
or maximum once per month were assigned to the low-frequency user group. Eighteen
participants, 15 females and 3 males, who used soy sauce at least once per week were
assigned to the high-frequency user group.

The participants received financial compensation of 10 euro after finalizing the study.
The study was approved by the Social Ethical Committee of Wageningen University
and Research.

2.2. Soy Sauces

Three soy sauces were selected based on the similarity of ingredients and availability
in the Netherlands. Soy sauce is a condiment with a distinctive flavor that is familiar
to most Asian consumers, and nowadays, a large variety of soy sauces are increasingly
being offered in regular supermarkets to the mainstream consumers. Despite its growing
popularity, soy sauce is still consumed regularly by a relatively small group of consumers,
while most consumers either never consume soy sauce or very infrequently [28]. Recently,
the frequency of use of soy sauce was related to factors such as food neophobia and
preferences for soy sauces in general as well as preferences for specific brands of soy
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sauce [29]. Based on this study, two familiar brands of soy sauces (Kikkoman (Kikkoman
Foods Europe B.V., Sappemeer, The Netherlands) and Inproba (Inproba B.V., Baarn, The
Netherlands)) were selected that shared the typical savory salty taste of soy sauce and one
unfamiliar brand of soy sauce with a clearly different taste (Maekrua Gold Label® Soya
Sauce Formula 1 (Mae Krua Sri Ruen Company Limited, Bangkok, Thailand)). In order
to study the effect of brand familiarity, the familiar Inproba soy sauce was presented in
an unfamiliar bottle (Wan Ja Shan from Taiwan). Samples of the soy sauces (1 mL, either
with or without branding information) were mixed together with 16 g of shaped Sticky-rice
(Yumenishiki, JFC Deutschland GmBH, Düsseldorf, Germany) in a styrofoam cup and
presented at a comfortable temperature. White rice with soy sauce was selected as a carrier
because it is a relatively common way to use soy sauce in the Netherlands. Rice had been
cooked in a commercial rice cooker and kept warm at 60 ◦C in the incubator and portioned
before each session.

2.3. Procedure

Participants participated in one 1-h session, which started with an explanation of the
procedure, followed by the attachment of the PPG heart rate sensor on the fingers of the
non-dominant hand, and by two practice trials. Participants were seated in front of a laptop
with a webcam (Microsoft LifeCam) that recorded their face. Instructions and images of the
unbranded or branded soy sauces were shown on the laptop screen using E-Prime software
(E-Prime, Science Plus Group, Groningen, The Netherlands). Participants were instructed
that their perception of soy sauces was studied, and that to avoid unnecessary movements
that may interfere with the measurements, small samples of rice with soy sauce would be
put in their mouth by the experimenter. The sample should be chewed normally, and the
participant was instructed to signal the swallow with a hand signal, after which scores
were entered by a mouse click.

Next, participants received three blocks of stimulus trials in which he/she received
taste samples of cooked rice mixed one of three soy sauces. In each trial, participants,
either familiar or unfamiliar with soy sauces, first received an auditory warning signal
followed after 5 s by an image (viewing phase) for 5 s showing either a generic volume
of soy sauce in a white cup (unbranded block 1), or the same white cup with soy sauce
combined with the bottle of one of the soy sauces showing the package of the product
(blocks 2 and 3, with matched branding and non-matched branding, respectively). After
the 5 s viewing period, the image disappeared during an anticipatory waiting period of
approximately 5 s. Next, the image reappeared and the participants were given a spoon of
the mixture of rice and soy sauce in the mouth by the experimenter who simultaneously
pressed the enter key of the keyboard to signal the start of tasting (tasting phase) in the data
recordings. In the branded match block 2, the brand shown in the image and the tasted
soy sauce were the same, whereas they were different in the branded non-match block
3 (results will not be reported in here). After each sample, which was chewed typically for
at least 10 s, the participant first scored the liking of the sample using a visual analogue
scale (VAS), followed by a just-right scale for saltines. Next, participants indicated the
perceived valence and arousal using a so-called “EmojiGrid” [26,30] (see Figure 1). Only
the Emoji scores of valence and arousal will be reported here. Heart rate responses and
facial expressions were recorded during each of the phases in all trials. Each of the three
soy sauces was presented twice in block 1 and four times in block 2 in a randomized order.
To avoid possible unwanted interference of the non-matched condition with the other
conditions, the non-matched condition (not reported here) was tested last in block 3 with
only two of the three soy sauces presented once. This resulted in a total number of 20 trials
presented at a rate of approximately 1 trial per 150 s. The order of the blocks was the same
for all participants. The procedures are shown schematically in Scheme 1.
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 Scheme 1. Schematic representation of the study procedure. Participants were presented with 3 blocks of trials. Each
trial started with an attention signal (asterisk), followed by an image of branded or unbranded image soy sauce, a
viewing/anticipation period, and a period where rice with soy sauce was chewed. ECG and RPPG heart rate, skin
conductance, and facial expressions were recorded continuously. VAS and EmojiGrid scores were recorded at the end of
each trial. Heart rates, facial expressions, and Emoji scores for block 1 and 2 are reported in this manuscript.

2.4. Physiological ANS Measures

PPG heart rate was collected using a BIOPAC MP150 system and AcqKnowledge
5.0.4 data acquisition software (BIOPAC Systems Inc., Santa Barbara, CA, USA). Heart
rate was measured using the TSD200 PPG transducer attached to the index finger of
the non-dominant hand. The TSD200 transducer was also connected to the PPG/EDA
transmitter. Data were stored on a desktop PC (sample rate 250 Hz). The PPG signal was
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processed real-time in AcqKnowledge using the Pulse Rate calculation channel, resulting
in the pulse/heart rate in beats-per-minute (bpm).

RPPG heart rate was recorded remotely based on photoplethysmography (RPPG), a
technique that measures the small changes in color caused by changes in blood volume
under the skin epidermis using a multi-wavelength RGB camera [31,32]. Pilot food studies
in which RPPG heart rate was compared to the gold-standard ECG and PPG during
chewing and not-chewing showed that RPPG heart rate was generally approximately
6 BPM lower than ECG and PPG heart rate, especially during chewing. Overall, the
correspondence between RPPG and ECG/PPG heart rate was satisfactory [33].

Heart rate in combination with other physiological parameters have previously been
related to food preferences and emotions (see [12]).

2.5. Facial Expressions

Video segments of the consumption of each bite were stored together with the par-
ticipant’s code, the product code, and time and date information. Facial expression data
were automatically analyzed per time frame of 0.04 s by FaceReader 8.0 (Noldus Infor-
mation Technology, Wageningen, The Netherlands) in three steps. The face is detected in
the first step using the Viola-Jones algorithm [34]. Next, the face is accurately modelled
using an algorithmic approach [35]. Based on the Active Appearance method described
by Cootes and Taylor [36], the model is trained with a database of annotated images that
describes over 500 key points in the face and the facial texture of the face. Finally, the actual
classification of the facial expressions is based on an artificial neural network trained with
10,000 manually annotated images. The face classification provides the output of seven
basic expressions (happy, sad, angry, surprised, scared, disgusted, and contemptuous), one
neutral state on the basis of the Facial Action Coding System developed by Ekman and
Friesen [37], three “affective attitudes” (interest, boredom, and confusion), and arousal
and valence dimensions based on combinations of facial expressions. Valence scores were
calculated per time frame from the FaceReader happiness score minus the most intense
FaceReader negative emotion score (sad, angry, surprised, scared, disgusted, and contemp-
tuous). FaceReader scores for each emotional expression, except arousal, range from 0
(emotion is not detected) to 1 (maximal detection) and are based on intensity judgments of
human experts. Arousal scores range from −1 to 1. FaceReader allows for the simultaneous
presence of multiple emotions. Only the arousal and valence dimensions were used for
this study.

FaceReader was validated by others using the Radboud Faces Database, a standard-
ized test with images of expressions associated with basic emotions. The test persons in the
images were trained to pose a particular emotion and the images were labelled accordingly
by the researchers. Subsequently, the images were analyzed in FaceReader. Accuracy
of the assessment of the emotions by FaceReader varied between 84.4% for scared and
95.9% for happy, with an average of 90% [38]. Other validation studies showed superior
performance of FaceReader for neutral faces (90% correct recognition for FaceReader versus
59% for humans) [39].

A more detailed description of the science behind FaceReader can be found at http://
info.noldus.com/free-white-paper-on-facereader-methodology/ (accessed on 18 May 2021).
Whether all possible emotional expressions can be categorized by these six emotions, affec-
tive attitudes, and arousal/valence dimensions remains a matter of debate (e.g., [40]).

2.6. Data Analysis

Physiological responses and facial expressions. Facial expressions and heart rates were
collected during the five-second intervals of the viewing, anticipation, and tasting phases.
The duration of the anticipation phase was not exactly controlled because it ended when
the participant was manually fed the test food and started chewing, and only the results
of the viewing and tasting phases will be reported here. For each phase, averages per
second were used for further analysis. PPG heart rate was not successfully collected for
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five participants. To allow the proper comparison, RPPG heart rates of these participants
were also omitted from further analysis. For the remaining participants, heart rates were
missing in 4% of all cases, and facial expressions were missing in 1% of all cases.

EmojiGrid scores. The positions of the scores on the EmojiGrid valence (X) and arousal
(Y) axis were converted into numerical values (1–10).

Results were analyzed with Mixed Model Anovas (IBM® SPSS® statistics, version
25, Armonk, New York, NY, USA) with the participant as a random factor, and with the
familiarity with soy sauce (familiar and unfamiliar users), soy sauce (3), duration (5 s), and
condition (unbranded and branded) as fixed factors. The usage of soy sauce was a between-
subject factor, and the others were within-subject factors. LSD post-hoc tests were used for
main effects. 95% Confidence intervals were used for post-hoc tests of interaction effects.

3. Results
3.1. General

The results of facial expressions and RPPG/PPG heart rates will be presented for the
viewing and tasting phases, together with Emoji valence and arousal scores, which were
collected only in the tasting phase. The effects of each phase will be presented, as well as
the effects of soy sauce, familiarity with soy sauce, and branding (no branding, matched
branding). Post-hoc test results will only be reported when they are significant.

3.2. Viewing Phase: Facial Expressions

Facial expressions of valence. Facial expressions to images of foods became more nega-
tively valenced when branding information was added (F(1,1092) = 27.2, p < 0.001). The
effects of branding varied with the type of soy sauce (interaction F(2,1092) = 3.9, p = 0.02).
Facial expressions did not vary with time.

Facial expressions of arousal. Facial expressions related to arousal became intensified
with branding information (F(1,1092) = 35.4, p < 0.001). Facial expressions varied overall
between soy sauces (F(2, 1091) = 3.4, p = 0.03), and varied with combination of soy sauce
and experience (interaction: F(2,1091) = 4.5, p = 0.01). Branding affected familiar and
unfamiliar participants differently (interaction: F(1,1091) = 4.3, p = 0.04). Facial expressions
did not vary with time. Results are shown in Figure 2.
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3.3. Viewing Phase: RPPG and ECG Heart Rate

RPPG heart rate. RPPG heart rates during viewing of the food lowered from 59.7 to
57.9 BPM when branding information was also presented (F(1,1080) = 24.0, p < 0.001). RPPG
heart rates varied between soy sauces (F(2,1080) = 3.2, p = 0.04), and with combinations
of soy sauce, familiarity, and branding (F(2,1080) = 5.5, p < 0.01). RPPG heart rate did not
vary with time.

PPG heart rate. PPG heart rates during viewing were 9–10 BPM higher than RPPG heart
rates but showed a similar decrease with branding information (from 70.6 to 68.6 BPM,
F(1,957) = 78.6, p < 0.001). The effect of branding varied with the participants’ familiarity
(F(1,957) = 10.2, p = 0.001). The lowering of PPG heart rate with branding information
was larger for unfamiliar participants. PPG heart rate did not vary with time. Results are
shown in Figure 3.
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3.4. Tasting Phase: Facial Expressions

Facial expressions of valence. Facial expressions became increasing more negatively
valenced during tasting (effect of time: F(4,1099) = 7.4, p < 0.001). Brand information
was associated with more negatively valenced facial expressions in low-frequency users,
whereas branding did not affect facial expressions of high-frequency users (interaction:
F(1,1099) = 5.8, p = 0.02).

Facial expressions of arousal. Overall, arousal was more intense at the beginning of
tasting and became less intense there after (F(4,1098) = 27.9, p < 0.001). Facial expressions
during tasting became more aroused with branding information (F(1,1098) = 27.2, p < 0.001).
The branding effect was strongest for inexperienced participants (F(1,1098) = 5.5, p = 0.02).
Expressions of experienced participants were most aroused by Kikkoman, whereas those
of inexperienced participants were most aroused by Inproba (interaction F(2,1098) = 3.3,
p = 0.04). Results are shown in Figure 2.

3.5. Tasting Phase: RPPG and PPG Heart Rate

RPPG heart rate. RPPG heart rates during tasting lowered from 60.2 to 57.8 BPM with
branding information (F(1,1074) = 44.5, p < 0.001). This decrease was especially large for
inexperienced participants (interaction: F(1,1074) = 7.6, p < 0.001). RPPG heart rates of
experienced participants were highest for Kikkoman, whereas those for inexperienced
participants were highest for Formula 1 (interaction: F(2,1073) = 13.7, p < 0.001).
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PPG heart rate. PPG heart rates during tasting were 12–14 BPM higher than RPPG
heart rates, but also showed a lowered PPG heart rate (from 74.6 to 71.9 BPM) with
branding information (F(1,954) = 116.2, p < 0.001). PPG heart rates varied with soy sauce
(F(2,954) = 5.2, p < 0.001). PPG heart rates increased during chewing from 71.6 to 74.6 BPM
(F(4,954) = 17.2, p < 0.001). This increase was especially large for inexperienced participants
(F(4,954) = 2.8, p = 0.02). Results are shown in Figure 3.

3.6. Explicit Valence and Arousal during Tasting

Emoji liking (EmojiX scores) varied significantly with soy sauce (F(2,190) = 6.2,
p < 0.01). Kikkoman was liked best (6.1), followed by Formula1 (5.7) and Inproba (5.3).
Inclusion of (matched) branding information or familiarity group did not affect Emoji liking
scores. Emoji arousal (EmojiX scores) also varied significantly with soy sauce F(1,190) = 4.5,
p = 0.01). Arousal was strongest for Kikkoman (3.2) and Formula1 (3.2) and weakest for
Inproba (2.70). Inclusion of (matched) branding information or familiarity group did not
affect Emoji arousal scores.

4. Discussion

The study investigated the effects of consumer’ experience and branding on reactions
to the sight and taste of branded and unbranded soy sauces. This study aimed at (1) the
comparison of valence and arousal from video-based facial expressions and from Emoji
scores during food tasting, and (2) the comparison of video based RPPG heart rate and
PPG heart rate during food viewing and tasting.

With regard to the first aim, the study showed differences between the results from
implicit (facial expressions and heart rate) and explicit (scores) responses. Explicit Emoji
taste scores of arousal and valence showed significant differences between the brands of
soy sauce but showed no effects of branding and consumer’ experience. In general, facial
expressions of arousal and valence primarily showed effects of branding and consumer’
experiences. Moreover, these differences were not only found during tasting but also
prior to tasting when the participants’ looked at the unbranded and branded foods. This
illustrates the importance of consumers’ expectations based on so-called extrinsic food
factors, such as the food’s visible appearance, the packaging, and branding information. It
also suggests that measures such as facial expressions and heart rate are better suited to
investigate the role of extrinsic factors than the more traditional measures such as scores.
Overall, this outcome corresponds with other results of the same study reported earlier [27],
as well as results of a recent study that also showed that scores reflected differences between
brands of soy sauce but were not affected by branding [29].

The PPG and facial expression results from the same study reported previously [27]
failed to show systematic differences between soy sauces, whereas in the results reported
here occasional differences between soy sauces were found during viewing as well as
tasting. These differences are probably related to differences in the way the results of the
earlier and this study were analyzed. In the previous study, changes in heart rate, and
facial expressions, relative to the start of viewing and tasting were analyzed, whereas in
this study absolute values were used. The fact that differences between soy sauces were
found in the absolute values and not in the relative values suggest that these differences
do not develop during tasting but have already developed previously during the viewing
of the food and branding information, and the following anticipation phases, and are
continued during tasting. This illustrates how measures such as facial expressions and
heart rate provide a window into processes that start prior to tasting with expectations
based on visual (as well as possibly olfactory and auditory) information and that affect
experiences during subsequent tasting. These interactions between expectations and actual
taste experiences are not (always) reflected in scores. The richness of the processing
during visual inspection and subsequent tasting that is reflected in the heart rate and facial
expressions may also be a reason why heart rates, and responses of the autonomic system
in general, do not always show differences between products when they are based solely
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on taste responses. For example, Gunaratne [41] presented participants with unbranded
chocolate samples and failed to find effects of specific chocolate tastes on heart rate and
skin temperature (see also [13,14], who showed similar results for chocolate and beer,
respectively). Other studies did demonstrate significant product effects on ANS responses,
but these effects were typically small and difficult to interpret (e.g., [18]). The higher
sensitivity of heart rate and facial expressions compared to explicit scores for factors
such as branding that are not directly related to the food’s taste properties is in line with
our previous study. In that study, participants evaluated foods repeatedly in their own
home and in the sensory laboratory [20]. Factors such as time of the day, day of the
week, and sample preparation and presentation procedure were kept constant, whereas
the physical location was systematically varied. Again, the results showed that explicit
scores reflected primarily the differences between the test foods, whereas the heart rate
and facial expressions reflected differences between test locations as well. Combined,
the results of these studies suggest that physiological measures and facial expressions
may reflect experiences in general and not only experiences directly related to foods.
These experiences may be related to a specific mood that is affected by the food that is
consumed and the circumstances in which the food is consumed. A close link between
the consumption context and how consumers feel has been postulated by others [42], and
these feelings are thought to be underlying modulators of food perception, food liking,
and overall enjoyment of human eating experiences [43]. Others, such as Meiselman [44],
have also stressed the importance of assessing foods and drinks in accurate contexts in
order to increase the external validity of the results of consumer tests. The present study
demonstrates that physiological measures and facial expressions may be especially well
suited for the assessment of general food experiences.

Subjective rating scores such as the Emoji scores used in this study are single point
measurements where all the consumer’ processes during viewing, anticipation, and tasting
are collapsed over time into one single score. An obvious result is that many of the nuances
pre- and during tasting are blunted and possibly lost. Facial expressions and heart rate offer
a continuous measurement of the pre- and during tasting processes. The fact that facial
expressions and PPG heart rate vary between viewing and tasting, and show variation
over time, illustrates that these consumer’ processes are highly dynamical. In order to
understand consumer’ processes, these dynamics need to be considered when selecting
the appropriate measurement. This means that the measurements need to be continuous,
like facial expressions and heart rate, and not static like scores.

The second aim of the study was the comparison of heart rate recorded with non-
invasive video-based RPPG and with invasive PPG (which relates closely to ECG, the
ground truth). A successful comparison would mean that physiological heart rate record-
ings are no longer limited to laboratory studies but could be also applied to studies in
realistic consumer situations. This is important because consumer’ reactions to foods are
not only driven by food properties but also by the physical and social context in which
the food is consumed. Another possible new application would be internet-based surveys
where large numbers of consumers can be reached. Unfortunately, the comparison of RPPG
and PPG heart rates indicates that at this moment the RPPG method cannot fully replace
the PPG and other invasive methods. RPPG heart rates were systematically approximately
10–12 BPM slower than PPG heart rates, and this difference seemed to be larger for higher
PPG heart rates associated with for example chewing activity. Similar results were reported
previously by Kanemura et al. [33], who speculated that some of the differences could
be related to the effects of chewing activity on skin color. In addition, PPG heart rates
changed rapidly over time during viewing and tasting, whereas RPPG heart rates were
relatively stable. Rapid changes in PPG heart rates have been associated with orienting
responses to new and unexpected stimuli and attentional processes (e.g., [21,45]). The
results of this study suggest that the current RPPG heart rate measurements cannot (yet)
be used to study this detailed level of processes. Even though RPPG heart rates based
on video images currently lack the high level of sensitivity provided by “gold-standard”
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measurements, RPPG heart rates showed overall effects of consumers’ experience, phase
(viewing, anticipation, and tasting) and occasionally of brand of soy sauce, similar to PPG
heart rates. Obviously, further development of the RPPG technique is needed for a closer
match with PPG heart rates, and additional research is needed to explore the relation
between both types of heart rate measurements further.

This research contributes—together with other studies—to the understanding of how
experiences and expectations from packaging and branding interact with subsequent taste
experiences. The results clearly demonstrate that taste reactions are directly related to
reactions to packages and branding, and that both need to be considered for the devel-
opment of new products. In traditional sensory research, taste experiences are typically
tested with unbranded products, i.e., without any packaging and branding information. In
subsequent consumer tests, only products that successfully pass the initial sensory taste
test were tested together with branding and packaging information. This, as well as other
research, indicate that this step-wise approach may not be the most efficient way to develop
new successful products (see also [46]). This study also demonstrates the need to not only
assess effects of branding/packaging on taste reactions but also to measure reactions to
the branding/packaging itself. There reactions are especially difficult for consumers to
articulate because they are often unaware of them. In those cases, measures such as facial
expressions and physiological measurements may provide important insights, not only
into the effects of branding/packaging but also into the interactions with specific consumer
characteristics, such as the consumers’ experience with the brand or product.

In conclusion, this study suggests that video-based measurements of facial expres-
sions and RPPG heart rates offer opportunities for large-scale web-studies to investigate
consumers’ reactions to extrinsic food factors such as packages, labels, logos, and product
information. In addition, facial expressions and RPPG heart rates may be well suited to
study the effects of consumers’ traits, such as level of experience with the foods, on their
reactions to extrinsic food factors.
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Abstract: Implicit (‘unconscious’) approach–avoidance tendencies towards stimuli can be measured
using the Approach Avoidance Task (AAT). We recently expanded a toolbox for analyzing the raw
data of a novel, mobile version of the AAT (mAAT), that asks participants to move their phone
towards their face (pull) or away (push) in response to images presented on the phone. We here
tested the mAAT reaction time and the mAAT distance in a study with 71 Dutch participants that were
recruited online and performed an experiment without coming to the laboratory. The participants
used both the mAAT and (explicit) rating scales to respond to photographic images of food. As
hypothesized, the rated wanting, rated valence and mAAT reaction time indicated a preference for
palatable over unpalatable food, and for Dutch over Asian food. Additionally, as expected, arousal
was rated higher for unpalatable than for palatable food, and higher for Dutch than for Asian food.
The mAAT distance indicated that the unpalatable food images were moved across larger distances,
regardless of the movement direction (pull or push), compared to the palatable food images; and the
Dutch food images were moved across larger distances than the Asian food images. We conclude
that the mAAT can be used to implicitly probe approach–avoidance motivation for complex images
in the food domain. The new measure of mAAT distance may be used as an implicit measure of
arousal. The ratings and the mAAT measures do not reflect the exact same information and may
complement each other. Implicit measures, such as mAAT variables, are particularly valuable when
response biases that can occur when using explicit ratings are expected.

Keywords: food images; consumer; approach–avoidance; Approach–Avoidance Task (AAT); valence;
arousal; wanting; implicit measure; self-report; mobile phone

1. Introduction

Emotional attitudes towards food are considered to be important in predicting con-
sumer behavior [1–5]. It has been shown that, compared to verbal liking preferences,
food-evoked emotions have more predictive value in foreseeing whether consumers will
like a product or not [1]. Recent literature reviews on the use of implicit (‘unconscious’) and
explicit (self-report) methods to measure food-evoked emotions show the dominance of
explicit methods in the field [6,7]. Implicit and explicit measures of food-evoked emotions
can convey similar information. For instance, for a range of physiological, behavioral and
explicit measures, responses toward tasting a clearly unpalatable drink stand out with
respect to responses toward regular drinks [8]. However, on closer examination, all of these
measures do reflect different processes. For instance, skin conductance has consistently
been found to be positively associated with arousal [9–12], and is influenced by factors
unrelated to emotion, such as temperature, whereas explicit reports on arousal reflect
‘arousal’ as interpreted by the individual, to the extent that he or she is aware of this and
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chooses to share this information. A difference between explicit and implicit measures, and
thus, the added value of implicit measures, is, e.g., expected in cases of social pressure for
a certain explicit response, or when explicit responses are affected by cultural bias [13–15].

The tendency to energize behavior towards a positive stimulus or away from a neg-
ative stimulus [16] is one of several facets of emotional experience. In the case of food,
this approach–avoidance tendency can be estimated by asking individuals their explicit
response to whether they want the food. As an implicit measure, Electroencephalogram
(EEG) alpha asymmetry has been used [17,18]. Another implicit method, that does not rely
on brain signals, is the Approach–Avoidance Task (AAT), first developed by Solarz [19].
He asked participants to pull cards towards themselves, or push them away, and found
that cards with positive words were pulled more quickly than cards with negative words,
and that cards with negative words were pushed more quickly than cards with positive
words. When the original AAT was redesigned to run on personal computers [20,21],
this greatly increased the flexibility of the task and facilitated its application across many
different research areas. In the redesigned AAT, participants are presented with images on
a computer screen and push these ‘away’ to avoid stimuli or pull them ‘near’ to approach
stimuli by moving a joystick in the direction away or towards themselves, respectively.
However, a downside of this version compared to the original, is the ambiguity introduced
by the joystick. If one pulls a joystick to oneself, it is ambiguous whether that motion
reflects the self (i.e., ‘moving myself away from the stimulus’, indicating avoidance) or
whether the motion reflects the stimulus (i.e., ‘moving the stimulus to me’, indicating
approach). Thus, for a more natural experience, reminiscent of the original test, yet easy to
run and quantify, Zech et al. [22] developed a mobile version of the AAT (mAAT), in which
images are presented on a smartphone screen that participants have to push away or pull
toward themselves. Indeed, it was found that participants were faster when they had to
approach positive stimuli (happy faces) or avoid negative stimuli (angry faces), compared
to when these instructions were reversed [22]. The mAAT seems a particularly suitable
tool to measure approach–avoidance in the domain of food, given that food has a very
natural, unambiguous relation to approach and avoidance (bringing food to the mouth, or
pushing it away). The fact that the mAAT runs on a mobile phone enables the collection
of data outside the lab, which is useful for testing in specific contexts of interest [22] or
when coming to the laboratory is impossible or inconvenient for other reasons, such as the
COVID-19 pandemic.

As noted by Zech et al. [22], reaction time (RT) may not be the only variable of interest
that can be extracted from the mAAT. Participants may not only respond quicker when
moving a stimulus in the direction that is congruent to their (approach or avoidance)
motivation but may also move these stimuli over a larger distance. The potential advantage
of distance over RT is that it may be less sensitive to factors that can affect RT besides
approach–avoidance motivation. In cases where complex stimuli are used, such a factor
may be the time it takes to recognize a stimulus. We recently improved the usability and
analysis of the data generated by the mAAT [23], including calculating the new variable of
mAAT distance.

In the food domain, the AAT has been used to investigate healthy eating [24], food
craving [25–27] and eating disorders [28]. There are few studies investigating the implicit
AAT approach–avoidance tendencies related to food experience. A notable exception
is [29]. In this study, a computerized joystick AAT paradigm was used on appealing and
disgusting food images, wherein, as expected, the participants exhibited an approach bias
towards appealing food and an avoidance bias away from disgusting food.

In the current study, we benchmarked the mAAT and the updated toolbox on pho-
tographic images of food. We utilized standardized images [30] for which a very strong
difference in approach or avoidance motivation is expected: regular, palatable food (con-
gruent with pull, incongruent with push), and food that was unpalatable because of mold
or because it was infested by insects, worms or snails (congruent with push, incongruent
with pull). We also used images for which a subtle difference in approach or avoidance
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motivation is expected: food from the participant’s own (in this case, Dutch) culture, and
food from another culture (in this case, Asian). Previous studies consistently report that
individuals overall prefer familiar food, or food from their own culture [13,15]. Both the
mAAT RT and the mAAT distance were examined. The results were related to the explicit
measures of approach–avoidance motivation (ratings of wanting) and emotion (valence
and arousal) in response to the same set of images.

2. Materials and Methods
2.1. Participants

Participants were recruited through Prolific (www.prolific.co, Prolific, London, UK).
In order to participate, participants had to have a Dutch nationality, fall within an age
range of 18 to 65 years old and not follow any diet or suffer from any food allergy. See
Supplementary File A for the recruitment text. A total of 120 individuals started the
procedure. Complete datasets were obtained for 71 participants and were included in the
analysis. Thirty of them were female, and their age ranged from 18 to 59, with a median
of 30 years old. Their Body Mass Index ranged from 16.5 to 35.5, with a median of 24.5.
Most of the participants reported eating Asian food weekly (n = 33), followed by monthly
(n = 24). One participant reported eating Asian food every other day, and the remaining
participants (n = 13) less than once a month. Participants who completed the experiment
received a monetary reward of GBP 5.

2.2. Materials
2.2.1. Stimuli

Food images were taken from the CROCUFID (CROss CUltural Food Images Database; [30])
and represented the following four categories: Asian food, Dutch food, palatable food (i.e.,
universal food, such as fruits and vegetables) and unpalatable food (i.e., molded food, or
food with snails or insects crawling on it). Each category was represented by 20 unique
images. Figure 1 shows an example image from each category. The complete set of used
images is in Supplementary B.
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2.2.2. Questionnaires

Before the presentation of the food images, the participants filled out a questionnaire
that was used to describe the participant sample and to enable the control of possibly
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relevant factors (such as current feelings of satiation and frequency of eating Asian food—
see Supplementary File C). For the same reasons, they also filled out the Food Neophobia
Scale [31], consisting of ten questions that the participant rated on a 7-point scale, ranging
from ‘strongly disagree’ to ‘strongly agree’. High scoring participants are considered food
neophobic, meaning that they are unwilling to try new food, while low scoring participants
are enthusiastic about trying new and different food. We used Gorilla (www.Gorilla.sc,
Cauldron Science, Cambridge, UK, accessed on 1 June 2020) as the experimental platform
to ask the questions and direct the participants through the experiment.

2.2.3. Stimulus Rating Scales

Each food image was rated using two rating scales. We used the EmojiGrid tool [32]
to measure explicit food-related valence and arousal. The EmojiGrid is a 2D pictorial
scale that separates the valence (x-axis) and arousal (y-axis) axes of emotion. To respond,
participants click anywhere on the plane to express their food-related experience. For each
trial, we recorded valence and arousal. Participants rated food wanting by using a slider
on a VAS (Visual Analogue Scale) running from ‘fully disagree’ to ‘fully agree’ in response
to the question ‘I want this very much’.

2.2.4. mAAT

The mAAT app developed by Zech et al. [22] was set up for our conditions and made
available for download from the Google Play Store. Participants installed the app on their
personal phone. The app presents images and records the accelerations and rotational rates
(if gyroscopic sensors are present) of the phone.

2.3. Experimental Design

Participants performed the experiment in two halves, interleaved with a break during
which they were asked to watch a 6-minute movie (One group of participants (n = 38) was
asked to watch a movie about the making of Lego bricks; the other group (n = 33) was
asked to watch a movie about the making of soy sauce. We suspected that Asian food
might be liked better after watching the movie about soy sauce compared to the movie
unrelated to food. Since no such effect was observed in any of the variables, in this study,
we grouped the data for all analyses.) The experiment halves were identical except for
the exact images used, where we divided each of the four sets of 20 images (palatable,
unpalatable, Dutch, Asian) into two sets of 10. Which set was presented before the break,
and which after the break, was counterbalanced across the participants. Each half consisted
of (firstly) the rating task and (secondly) the mAAT.

In the rating task, participants rated the images, presented in random order, using
firstly, the EmojiGrid and, secondly, the wanting VAS. The mAAT task consisted of the
following two parts: first, the Dutch and Asian food images were presented and, second,
the palatable and unpalatable. Before the start of each part, participants were instructed
to pull the phone towards them upon presentation of one (randomly determined) type of
stimulus (e.g., ‘Dutch’) and push the phone away upon presentation of the other stimulus
type (‘Asian’). When all of the images had been shown twice, the opposite instruction was
given (i.e., in the example, to pull the phone when an ‘Asian’ food image was shown and
push when ‘Dutch’ food was presented). Again, all of the images were shown twice. Thus,
in the mAAT task, each of the images was presented four times; twice with the instruction
to pull and twice with the instruction to push each image. Then, the part with the palatable
and unpalatable food images was performed in the same way. After the break, the second
half was performed.

2.4. Procedure

Figure 2 depicts the procedure of the complete experiment. Participants read about
the experiment in Prolific and signed the informed consent by clicking a checkbox. They
could not proceed before giving informed consent. They were then instructed to download
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the mAAT app from the Appstore on their phone and were redirected to Gorilla on their
(desktop or laptop) computer. Participants completed the general questionnaire and Food
Neophobia Scale. After that, instructions appeared regarding the rating scales, asking
participants to indicate their first impression. Then, the first half of the experiment started.
Participants started with rating the food images using the explicit tools. Each image was
first presented alongside the EmojiGrid. After clicking the location on the grid that best
represented their current emotion towards the presented stimulus using the computer
mouse or touchpad, the image was presented again alongside the wanting VAS. After
clicking the appropriate location, the next image and scale appeared until all 40 images
were rated. Participants were then instructed on the mAAT, including a short movie of the
desired type of movements. For each of the four combinations of food types (Asian/Dutch,
palatable/unpalatable) and movement instruction (pull ‘A’/push ‘B’ or pull ‘B’/push ‘A’),
participants practiced 5 trials with a dedicated set of (CROCUFID) images from the relevant
food categories that were distinct from those used in the experimental trials. Within each
trial, participants first saw a fixation cross for 500 ms to guide the eyes to the center of the
phone’s display. After this, the current trial’s image was shown until either the participant
responded by moving the phone, or after 2 s had elapsed (this was considered as ‘no
reaction’). After pushing or pulling the phone, participants completed the response by
immediately returning the phone to the initial position. Once the phone had come to
rest, the next trial started. After finishing the mAAT, participants were directed to their
computer to watch a movie as a break. Then, the second half of the experiment started,
which was identical to the first, except for the exact images used. The whole procedure
took about 1 h to complete.

2.5. Analysis

For each participant and each stimulus category (palatable, unpalatable, Dutch, Asian),
an average score of EmojiGrid valence, EmojiGrid arousal and rated wanting was deter-
mined. Wilcoxon signed ranks tests were used to test for significant differences between
the palatable and unpalatable, and between the Asian and Dutch food images.

Data from the mAAT app were processed using the expanded mAAT processing
toolbox, as described in [23]. The toolbox is freely available for download at https://
github.com/Jasper-van-beers/AAT (accessed on 30 November 2020). The mAAT RTs
were defined as the time between stimulus onset and onset of the motion of the phone.
Motion onset was defined as the moment that the acceleration is greater than the maximum
(0.8, (0.3·amax)) ms−2, with amax denoting the maximum measured acceleration. Any
RTs < 200 ms were discarded and any RTs > 2000 ms were considered to be ‘no reactions’.
Data from participants with less than 75% valid trials were considered to be incomplete
datasets and were not included in the analyses. The innovative feature of mAAT distance
was derived using the magnitude and the duration of the acceleration.

An average RT and an average distance were calculated for each participant, stimulus
category and movement direction (pull or push). Repeated measure ANOVAs with stimulus
category and movement direction were applied to the mAAT RT and the mAAT distance for
the palatable and unpalatable food images, and for the Asian and Dutch food images.

To further explore how implicit mAAT responses relate to other measures that we
expect to be associated with the approach and avoidance motivation, we computed an
mAAT RT score by subtracting ‘mAAT RT pull’ from ‘mAAT RT push’ for each participant
and each image category. A high mAAT score would correspond to approach motivation.
It was expected to correlate positively with valence and wanting scores, and negatively
with food neophobia for Asian food images. Pearson correlations were performed to test
for these effects.

Repeated measure ANOVAs were performed using an SPSS 25 (IBM, Armonk, NY,
USA). Wilcoxon signed ranks tests and Pearson correlations were performed using a
MATLAB R2020a (The MathWorks Inc., Natick, MA, USA). For all statistical tests, we used
an alpha level of 0.05.
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3. Results
3.1. Explicit Ratings

Figure 3 shows the explicit ratings of valence (a), arousal (b) and wanting (c), averaged
across the participants for each of the four stimulus categories. The Wilcoxon signed
ranks tests indicated significant differences between the palatable and unpalatable food
images, and between the Asian and Dutch food images, for all three explicit ratings
(all p-values < 0.01). The valence and wanting indicated a preference for palatable over
unpalatable, and a preference for Dutch over Asian food. The rated arousal was higher for
unpalatable than for palatable food, and higher for Dutch than for Asian food.
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categories. Error bars indicate standard errors of the mean.

3.2. mAAT Measures

Figure 4 shows the mAAT RT (a) and the mAAT distance (b) averaged across the
participants for each of the four stimulus categories and the push–pull direction.

For the mAAT RT, the ANOVA for palatable and unpalatable food showed that, in
general, people responded quicker when making a pulling than a pushing movement
(main effect of movement direction: p < 0.001) and that responses to unpalatable food were
quicker (main effect of image type: p < 0.001). Importantly, a significant interaction effect
between the movement direction and the image type (p < 0.001) showed that, as expected,
the participants were quicker to push a stimulus congruent with avoidance motivation
(i.e., unpalatable food) than a stimulus that was not, relative to pulling. The explicit ratings
and the literature led to the expectation that familiar food (Dutch) and unfamiliar food
(Asian) result in similar mAAT tendencies as palatable and unpalatable food, respectively.
Indeed, the ANOVA for the Asian and Dutch food images showed similar results, with a
main effect of the movement direction (p < 0.001) and of the image type (p < 0.001), as well
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as an interaction effect (p = 0.007), indicating quicker pulling responses than pushing, but
especially for the Dutch food images.
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Figure 4. mAAT RT (a) and mAAT distance (b) for each of the four stimulus categories and each
movement direction, pull and push.

For the mAAT distance, the ANOVA for palatable and unpalatable food showed a
significant main effect of the movement direction (p < 0.001), with shorter distances for
pushing than pulling, and a significant effect of the image type (p < 0.001), indicating that,
overall, the unpalatable food images were moved across larger distances than the palatable
images. There was no interaction (p = 0.79). The same pattern of results was found for
Dutch and Asian food, with a main effect of the movement direction (p < 0.001), and a main
effect of the image type (p = 0.001), where the Asian food images were moved across larger
distances compared to the Dutch food images. No interaction effect was present (p = 0.99).

3.3. Correlations

The mAAT RT score did not significantly correlate with valence or wanting for any
of the four food image categories. It also did not correlate with food neophobia for Asian
food images. As a comparison, food neophobia did show a negative correlation with the
EmojiGrid valence for Asian food images (R2 = 0.32, p < 0.001; Figure 5a), and a similar
negative correlation was found between food neophobia and wanting (R2 = 0.31, p < 0.001;
Figure 5b).
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Figure 5. Correlation between food neophobia score and EmojiGrid valence (a) and wanting (b) for
Asian food images. Each data point represents one participant.

Given the effects of the food image categories on the mAAT distance and arousal, we
computed an mAAT distance score by averaging the pull and push distance per image
category and per participant. These values were correlated to rated arousal for each image
category separately, but no significant relations were found.

4. Discussion

The current study showed that approach–avoidance tendencies for food can be reliably
measured in participants in the field using a phone, without personal technical help
or instructions.

The mAAT RT results showed the expected interaction between an image category
and a movement direction, not only for the stimulus categories that were expected to differ
strongly in approach–avoidance motivation (palatable and unpalatable food images), but
also for more subtly differing food categories (images depicting food from the participant’s
own or another culture). The explicit ratings of valence, arousal and wanting showed
the expected pattern of a strong preference for palatable over unpalatable food, and a
preference for their own culture’s (Dutch) food over another culture’s (Asian) food. While
our design did not allow for a direct statistical comparison, as one would expect, the
size of the effect in the mAAT RT (i.e., the difference between pull and push), seems to
be similar for the palatable and the Dutch food images, whereas the effect seems to be
larger for the unpalatable than for the Asian food images. The overall shorter RTs to the
palatable and the unpalatable food images compared to the Dutch and the Asian food
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images may be explained by the difference in the time it takes to identify and categorize
the images. It may also be a time order (practice) effect—in each of the two experiment
halves, participants responded to the Dutch and Asian food images before the palatable
and unpalatable images.

The mAAT distance results showed a different pattern than the mAAT RT results.
We had anticipated the mAAT distance to mirror the mAAT RT, i.e., the food images
congruent with approach may be pulled both quicker and further towards oneself, and
the images congruent with avoidance would be pushed both quicker and further away,
where distance may have been relatively unaffected by aspects that are expected to affect
RT, such as recognition of the stimulus. However, what we found were larger distances
for the unpalatable and the Dutch food images, irrespective of the movement’s direction.
The unpalatable and the Dutch food images were also judged relatively high in arousal (as
found before [15]). Given the specific food images used, depicting molded and infested
food, high arousal for the unpalatable images does not come as a surprise. The finding that
the Dutch food images were rated higher in arousal than the Asian ones can be understood
by the fact that both types of images were generally rated as pleasant, in which case valence
and arousal are commonly found to be positively related [33–35]. Since Dutch food is rated
high in valence, the high arousal scores are not surprising. The finding that the mAAT
distance may be associated with arousal is intriguing and important, since it has been
argued that arousal is a crucial determinant in determining (sustained) the attractiveness
of products [36,37], but is also hard to capture with explicit questionnaires [35,38]. It would
also nicely complement the mAAT RT approach–avoidance motivation, that is more closely
related to valence. Future studies need to replicate and further test the possible association
between the mAAT distance and arousal.

Given the previous and current results, correlations between rated wanting and
mAAT RT, as well as between rated arousal and mAAT distance, may have been expected.
However, we did not find such correlations at the participant and stimulus category level.
This suggests that these (explicit and implicit) measures reflect different processes. A
discrepancy at the condition level may be observed if a discrepancy between the explicit
and implicit measures is expected, such as may be the case when there is social pressure to
shape explicit responses in a certain way.

A limitation of the study is the loss of participants and data. Twenty-four of the
120 participants that started the procedure quit after performing only a fraction of the
experiment. Some of them may not have been able to generate proper mAAT movements.
Another twelve participants did not reach the criterion of 75% valid mAAT trials. The
number of valid mAAT trials may be increased in the future by setting more strict inclusion
criteria for the phones that can be used (e.g., only those containing a linear accelerometer)
and by giving participants more precise feedback about inappropriate movements (e.g.,
rotations rather than pulling and pushing) during the test. In our study, the data of another
13 participants were lost because they did not fill out the rating scales and questionnaires
completely or filled out information incompatible with the inclusion criteria. Future online
experiments can be made more robust against such omissions by preventing participants
from proceeding whenever data is missing or incompatible.

5. Conclusions

In conclusion, the current study showed the sensitivity of the mAAT to measure an
approach–avoidance motivation to complex food images, and with the new measure of
mAAT distance, possibly arousal, therewith complementing the dominant use of explicit
tools in research on food experience. The mAAT more closely maps onto approach–
avoidance movement than joystick approaches do. Moreover, the mAAT is a promising
tool for evaluating food experience, since it can be used to collect users’ implicit tendencies
remotely, which can be valuable both from a practical point of view and from a research
perspective, when research questions are related to specific times and places that are not
compatible with laboratory tests.
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Abstract: A home-use test (HUT) is one method that provides a measure of ecological validity as the
product is consumed in home under common daily use circumstances. One product that benefits
from being evaluated in-home are ready-to-eat (RTE) meals. This study determined consumer
acceptance of microwave-thermally-pasteurized jambalaya, a multi-meat and vegetable dish from
American Cajun cuisine, and a control (cooked frozen jambalaya) through an on-line home-use test
(HUT) over a 12-week storage period. Paralleling the HUT, an online auction determined consumers’
willingness to pay. The study also explored how the social environment may impact the liking of
the meals when a partner of the participants joined the sensory evaluation of the meals. Consumers
(n = 50) evaluated microwave-processed jambalaya stored at 2 ◦C and a control (cooked frozen
jambalaya stored at −31 ◦C) after 2, 8 and 12 weeks of storage. Consumer liking of different sensory
attributes was measured. Participants could choose to share the meals with a partner as a way to
enhance ecological validity. The responses from 21 partners to the sensory-related questions were
collected. After the sensory evaluation, the participants bid on the meal they had just sampled.
Results showed that processing method (microwave vs. control) did not significantly influence the
measured sensory attributes. Only flavor liking decreased over storage time (p < 0.05). The inclusion
of partners significantly increased (p = 0.04) the liking of the appearance of the meals. The mean
values of the bids for the meals ranged from $3.33–3.74, matching prices of commercially available
jambalaya meals. This study found suggests that the shelf- life of microwave-processed meals could
be extended up to 12 weeks without changing its overall liking. The study also shows the importance
of exploring HUT methodology for the evaluation of consumers’ acceptance of microwave-processed
jambalaya and how including a partner could contribute to enhance ecological validity.

Keywords: home-use test; ecological validity; jambalaya; online auction

1. Introduction

Sensory evaluations are commonly made in confined spaces in sensory laboratories.
However, people do not habitually consume their meals in sensory booths, individually
partitioned in a room full of strangers, focused on a ballot to assess their food. Rather, they
eat at home, in a restaurant or café; sometimes alone, but frequently with family, friends
and colleagues [1].

Koster (2003) [2] has shown that testing in a sensory lab regular setup removes the
natural consumption setting in which a food is consumed, and thus makes it difficult
to elicit accurate data from consumers. Ecological validity is the degree to which a test

101



Foods 2021, 10, 1623

predicts behaviors in real-world settings or the extent to which the context of the evaluation
matches the user’s real context [3]. Test designs that parallel real-life situations produce
findings that can be generalized to real life outcomes [4]. To enhance ecological validity,
the site of the research can be shifted from the standard sensory booth to a setting closer
to a more authentic environment, one that closely approximates the condition in which
consumers actually purchase or consume the food products being tested [1,4,5].

Because it remains challenging to evaluate food products in a controlled manner
within the consumer’s natural habitat, in recent years researchers have begun to explore
novel solutions to provide more authentic environments [1]. The home-use-test (HUT) is
one such methodology. In a HUT, consumers prepare, consume, and evaluate samples in
their homes, usually for a period of several days [6,7]. HUTs offer tremendous advantages
in terms of validity of the data generated, this type of test is less controlled and allows
for the evaluation of product attributes under conditions that relate more closely to real-
life usage, thereby increasing the validity of data obtained [6,8]. The opinions of other
family members or partners can also enter the picture, as they do in everyday use of
purchased products.

Various factors, such as social interaction, physical environment and the serving of
the product may influence the liking of different food products [9]. Social interaction may
play a key role in consumer behavior [7]. Social interaction may explain the reason why
different hedonic results could be observed between standardized situation tests (SST), like
laboratory test or central location tests (CLT) and HUTs. In SST, the consumption of the
product been tested is always individual whereas in HUT it can be social [7]. Clendenen,
Herman, and Polivy, 1994 [10] reported that subjects eat more when eating occurred in
groups of several people than when they eat alone especially when meal companions are
relatives or friends.

The different locations, even when consumers evaluate food under natural conditions,
can also impact the acceptance of a food product depending on the circumstances [7].
Accordingly, de Graaf et al. (2005) [11] reported that the predictive ability of laboratory
ratings depends on the type of food been evaluated. Lab ratings are more relevant for
snacks than for served dishes. A key factor in the explanation of differences in hedonic
results between SST and HUT is the way the product is usually eaten [7]. For products
that are strongly related to specific contexts and serving size, a HUT might be more useful
to determine consumers’ acceptance [6]. Multiple studies have compared CLT versus
HUTs in the evaluation of consumers’ acceptance of products such as ready-to-mix protein
beverages [6]; cod products [12]; ready-to-heat meals [13]; as well as salted cheese crackers
and sparkling water [7].

Auctions offer another ecologically valid method of assessing consumer acceptance of
food. Although individual dietary choices are primarily influenced by such considerations
as taste, convenience and nutritional value of foods [14] cost has to be considered as a
factor in the development of the product. In new product development, it is important
to evaluate consumers’ willingness to pay for the product. In laboratory settings or field
experiments, such as HUTs, auctions have been intensively employed to elicit willingness
to pay. In auctions, products, services or rights are bought and sold through a formal
bidding process [15]. An auction is useful to gain knowledge of consumers’ evaluations of
a product or brand; thus, auctions can be used to reveal consumers’ valuations to facilitate
future pricing decisions [16].

One product that is appropriate for assessment by a HUT and an auction is a RTE
meal. Ready-to-eat (RTE) meals are products that are pre-cooked, packaged, and ready
for consumption without additional preparation and cooking beyond simple heating [17].
Consumption of RTE meals in the United States has been influenced by the fact that over
the past four decades, demand has grown for foods that save households time in meal
preparation and cleanup (i.e., “convenience foods”). This type of meal fits very well with
the needs of consumers who are looking for convenience in food products [18]. However,
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there is also a need to develop more nutritious, safe, autochthonous, and quality-enhanced
RTE meals.

Within this context, microwave pasteurization offers opportunities for the food indus-
try to produce high quality, safe, frozen and chilled RTE meals [19]. The main advantage of
a microwave-assisted pasteurization system (MAPS) over traditional thermal processing
systems is reduced processing time; the generation of volumetric heat in this system makes
it possible to increase the heat transfer rate and reduce the total heating time by three to
five times [20,21]. Thus, MAPS is particularly suitable for pasteurization of pre-packaged,
heat-sensitive, multi-component meals that are highly viscous, semisolid, or solid [19].
Montero, Sablani, Tang and Ross (2020) [22] investigated the potential of MAPS to extend
the shelf life of RTE fried rice. The authors found that MAPS processing was able to extend
the shelf life of a chilled fried rice meal up to 6 weeks when stored at 7 ◦C, demonstrating
the potential of this technology for the RTE industry. Barnett, Sablani, Tang and Ross
(2019) [23] evaluated the shelf life of sterilized microwave-processed chicken meals and
consumer liking of the meals and found that the overall liking did not vary due to the
effect of storage time.

The use of a sensory methodology such as a HUT is highly suitable to evaluate
consumers’ liking of RTE meals. Since there is an extra step before the consumption of
the meal (e.g., heating via microwave), and it is tested at home this adds a more realistic
context to the sensory experience and expectations of consumers because it resembles the
way these meals are usually eaten.

Therefore, this study determined consumer acceptance of MAPS-processed jambalaya
and a control (cooked and frozen jambalaya) through an on-line HUT over a 12-week
storage period. Jambalaya was chosen because it is a multicomponent ready-to-eat meal
with three different types of protein ingredients (sausage, chicken and shrimp) and a
vegetable-based sauce, making it a complete meal and suitable for microwave processing.
Jambalaya, a regional dish of the American South, is a type of RTE meal that is increasingly
available nationwide to consumers who are interested in exploring regional and global
cuisines [24,25]. Paralleling the HUT, an online auction determined consumers’ willingness
to pay. Another goal of the study was to determine the degree to which a manipulation
in the social environment of the HUT impacted the level of perceived acceptability on the
part of the participants

The study had two hypotheses: (1) the acceptance/liking of different sensory charac-
teristics of MAPS-processed RTE jambalaya would not change significantly during storage
as compared to a control (cooked and frozen jambalaya) over a 12-week storage period;
(2) ecologically valid measures of consumer acceptance (a modified HUT and an auction)
would impact the degree of acceptance of the RTE meals.

2. Materials and Methods
2.1. Preparatory Steps
2.1.1. Jambalaya RTE Meals Preparation

The formulation and ingredients shown in Table 1 were used in the production of
the jambalaya:

The jambalaya was manufactured in a sanitary food preparation room at the School
of Food Science facilities (Pullman, WA, USA) according to the formulation presented in
Table 1. Over a period of three days, 120 trays were assembled and sealed per day for a
total of 360 jambalaya trays. The total time for a batch of 120 trays to be cooked, assembled,
stored, and MAPS-processed was two days. The workload was staggered in batches of
120 trays over a four-day period as shown in Table 2.
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Table 1. Jambalaya formulation and ingredient specifications.

Ingredient Percentage (%) Source/Brand

Vegetables
Crushed tomatoes 34.12 Signature Select

Pre-chopped yellow onion 8.77 Safeway brand
Pre chopped celery ribs 4.09 Safeway brand

Pre chopped pasilla pepper 4.02 Safeway brand
Ready-to-use minced garlic 0.66 Spice world

Meat
Chicken breast 13.32 Safeway brand

Raw, small, shell and tail-on shrimp 9.97 Waterfront Bistro
Andouille pork smoked sausages 9.03 Johnsonville

Spices
Worcestershire sauce 0.64 Lea and Perrin
Old Bay seasoning 0.11 McCormick
Cajun seasoning 0.10 IGA brand

Salt 0.05 Morton
Coarse ground black pepper 0.03 McCormick

Other
Chicken broth 15.09 Swanson

Total 100.00

Table 2. Preparation and processing schedule of the three batches of jambalaya used in the study.

Steps in the Process Day 1 Day 2 Day 3 Day 4

Cooking/assembling B1 1 B2 2 B3 3

MAPS processing B1 B2 B3
Freezing of the controls B1 B2 B3

1 B1: Batch 1; 2 B2: Batch 2; 3 B3: Batch 3.

All the ingredients were weighed and prepared the day before the preparation of
the jambalaya. The daily cooking steps for the chicken, sausage, shrimp and sauce are
described here.

Chicken: 15 mL of olive oil was added to a deep sauté pan over medium-high heat
(level 6). The chicken was added and cooked for 5 min on one side until golden brown.
Each piece of chicken was then turned over and cooked for another 5 min until fully cooked
(to an internal temperature of 74 ◦C). The cooked chicken was transferred to a bowl and set
aside for 5 min. Then the meat was manually pulled into pieces of approximately 2.54 cm
(1 inch). The pulled chicken pieces were transferred to a disposable aluminum foil pan
with a lid and then stored at 4 ◦C until the trays were assembled.

Sausage: These were unpacked, and the edges were cut and discarded. They were
sliced into 0.6 cm rounds. Approximately 14–16 slices were obtained from each sausage. A
total of 15 mL of olive oil was heated in a pan over medium-high heat (level 6/10). Then
the sausage slices were added. They were seared for 2 min on one side. The pan was
then removed from the burner and the sausages were turned to the uncooked side. The
uncooked side was seared for 30 s. Each batch of cooked sausages was then transferred into
a disposable aluminum pan with a lid and stored at 4 ◦C until the trays were assembled.

Shrimp: The shrimp were thawed by placing 48–54 shrimp on trays the day before the
jambalaya preparation, so they could defrost for at least 16 h under refrigerated conditions
(4 ± 1 ◦C). After being thawed, the shells were removed but not the tails. A total of 15 mL
of olive oil was heated in a pan over low-medium heat (level 4/10). Then the shrimp were
added. The shrimp were seared on one side for 1 min. The pan was then removed from the
burner and the shrimp were turned to the uncooked side. Then the shrimp were seared
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for 30 s on the uncooked side. Each batch of cooked shrimp was then transferred into a
disposable aluminum pan with a lid and stored at 4 ◦C until the trays were assembled.

Sauce: 15 mL of olive oil was added to a large pot over medium-high heat (level 6/10).
Then the pre-chopped onion, celery, and pasilla pepper were added. The ingredients were
cooked until they caramelized (approximately 6 min). Next the chicken broth, Old Bay and
Cajun seasoning, tomatoes and Worcestershire sauce were added. The heat was increased
and brought to a boil (approximately 15 min). Then the heat was reduced to simmer (low
heat level 2–3) for 5–6 min. Each batch of cooked sauce was then transferred to a disposable
aluminum pan with a lid and stored at 4 ◦C until the trays were assembled.

Meal Assembly: After all the meat ingredients (chicken, sausages, and shrimp) and the
sauce were prepared, 250 ± g EVOH trays (Silgan PFC, dimensions: 15.5 × 11 × 3 cm) were
assembled as described here. The assembled product in each tray consisted of 30 ± 0.5 g
of sausages (6 units); 40 ± 0.5 g of shrimp (6 units); 40 ± 0.5 g of pulled chicken; and
140 ± 0.5 g of sauce. Once the trays were assembled, they were sealed with film lids with
the same composition reported by Barnett et al. (2019) [23], under the following conditions:
200 ◦C for 4 s under a 65 mbar vacuum with a 400 mbar nitrogen flush. The sealed trays
were then stored at 4 ◦C.

2.1.2. MAPS and Frozen Meal Processing

MAPS Processing/Freezing: On the day following production, 60 trays of the daily
production of 120 were processed through MAPS and the other half were frozen (−35 ◦C)
and used as a control. In total, 180 were frozen as controls and 180 trays were pasteurized
in a pilot-scale MAPS in the Food Processing Pilot Plant at Washington State University
(WSU), Pullman, WA. A detailed description of MAPS can be found in Tang et al. (2018) [19].
The specific processing conditions used to produce jambalaya in the MAPS are described in
the methods section of Montero et al., (2020) [22]. At the time the study was conducted, the
MAPS could process 16 trays in one run; thus, there were 12 total runs. After being MAPS-
processed, the 180 trays were stored at 2.0 ± 0.5 ◦C. A Temperature Data Logger RC-5+
(Elitech, CA, USA) was used to track the storage temperature during the whole study.

A total of 180 trays were used as control samples (frozen and stored at −31 ◦C). The
control samples were sealed under conditions identical to those of the MAPS-samples.
During the freezing step, the sample trays were placed on boards across the top shelves in
a freezer 1 m in front of the evaporator with an air velocity of 1.6 m/s and stored at −31 ◦C.
The storage conditions for the control samples were selected to ensure minimal product
changes over the length of the study.

Trays of each type (MAPS and control) were randomly selected and analyzed for
microbial, sensory, and chemical properties at 2, 8, and 12 weeks of storage.

Microbial/Safety Testing: At weeks 2, 8 and 12 microbial analyses were performed.
MAPS-processed jambalaya and control trays were randomly selected and sent to Micro-
chem Laboratories (Seattle, WA, USA). The jambalaya samples were screened for the
following pathogens as a way to assure their safety before human consumption, Bacillus
cereus (Local Instruction); Salmonella; Listeria monocytogenes; and E. coli O157:H7 (AOAC
050501). For the analyses of pathogens, a 25 g sample was tested. The following analyses
from AOAC International Official Methods of Analysis were used to detect signs of spoilage:
aerobic plate count; yeasts and molds; and total coliforms. The results from the microbial
testing are presented in Table 3.

Based on the microbial testing results the jambalaya meals were safe for consumption
at each of the evaluated time points.

The jambalaya meals were evaluated in two separate sensory evaluations by two
different groups of participants, a home-use test and a semi-trained panel evaluation.
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Table 3. Pathogens and spoilage-related microbial analyses conducted on the MAPS-processed jambalaya and the control
during 12 weeks of storage at 2 ◦C and −31 ◦C, respectively.

Storage
Time

(Weeks)
Treatment

Microorganism Tested

B. cereus
(CFU/g)

Salmonella
(in 25 g)

L. monocy-
togenes
(in 25 g)

E. coli
O157:H7
(in 25 g)

Aerobic
Count

(CFU/g)

Yeast and
Molds

(CFU/g)

Total
Coliforms

(CFU/g)

2
MAPS 1 <10 Negative Negative Negative 40 <10 <10
Control <10 Negative Negative Negative 10 <10 <10

8
MAPS <10 Negative Negative Negative 10 <10 10

Control <10 Negative Negative Negative 21 <10 <10

12
MAPS <10 Negative Negative Negative <10 <10 <10

Control <10 Negative Negative Negative 86 <10 <10
1 Microwave-thermally processed jambalaya is represented as MAPS and cooked frozen jambalaya is represented as Control.

2.1.3. Participant Recruitment and Orientation

The study protocol described here received the approval of the WSU Institutional Re-
view Board for conducting tests with human subjects, under the title Consumer Preferences
of Jambalaya IRB #16994.

Participant Recruitment and Selection: 50 participants with previous experience in
sensory evaluation (18 male, 32 female, ages 21 to 78 years, mean age = 40 years) were
recruited through the WSU Sensory Evaluation Listserv. Most of the participants were
students, staff, or retirees of WSU and community members living in the Pullman (WA)
and Moscow (ID) region.

The participants were recruited based on the following three criteria: expressed liking
for and frequency of consumption of RTEs (at least twice a month); not presenting allergies
to the jambalaya ingredients; and being available and committed to doing the sensory
testing at the three defined time points.

Orientation and Procedures for the HUT: The jambalaya samples were tested in a
home-use test. A 30 min orientation session was conducted on the same day of the first sen-
sory evaluation time point. The objectives of the session were to explain to the participants
the general aim of the study; to provide instructions on how they should manage the two
jambalaya samples prior to and during consumption (e.g., heating instructions); to explain
how the sensory evaluation was conducted online; and to explain how to participate in the
online auction (Figure 1).

Because the jambalaya samples provided a full serving so that two adults could
portion out and evaluate the same serving, participants who were able to have one other
person evaluate the samples with them (i.e., partner, husband, wife, friend, roommate) were
encouraged to do so. The requirements for a partner to participate were to be over 18 years
old and not present allergies to the jambalaya ingredients. All participants’ partners signed
a consent form in accordance with IRB #16994. A total of 21 partners joined the study
(11 male, 10 female, ages 26 to 85 mean age = 44 years). Their answers to the sensory
evaluation were collected with a paper-based questionnaire. Partners did not participate in
the on-line auction.

As shown in Figure 1, the participants picked up the two jambalaya samples from
the Food Science and Human Nutrition Building on the specified evaluation day. At each
time point, the samples were provided to the participants in a small cooler that contained
the two jambalaya samples packed inside a plastic bag with a sticker that indicated the
heating instructions and the order in which the samples should be tested. Each jambalaya
meal was assigned a three-digit code so the participants could easily identify each meal.
The serving order was randomized across participants. In the heating instructions, the
participants were asked to first puncture the tray’s lid on each corner using a knife; then
to microwave the meal on Power 9 for 3 min; let the sample rest for 1 min inside the
microwave; afterwards to take the tray out of the microwave and to carefully stir the
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content with a spoon; finally, to transfer the content to a white container so they could
easily conduct the sensory evaluation. The participants were indicated to evaluate the
jambalaya meals during dinner time, between 5:00 and 9:00 p.m.
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Figure 1. Instructions provided to the panelists in the home-use test evaluation of jambalaya.

The control trays had been thawed in water at room temperature for 8 h before being
distributed to the participants, so both the MAPS sample and the control looked the same.
The cooler also contained an ice pack (Freez Pak™ Mini, Lifoam, MD, USA) to keep the
jambalaya samples at a cool temperature and 2 units of unsalted crackers (Nabisco, NJ,
USA) were provided to serve as palate cleansers.

2.2. Evaluation Procedures
2.2.1. HUT Evaluation

HUT Scales: Participants in the home-use test used a total of four different scales to
evaluate the entrees described here. Question design and data acquisition were accom-
plished with Compusense® Cloud (Guelph, ON, Canada) software.

A 7-point hedonic scale [13] was used to test the liking/acceptance of different sensory
modalities: the overall liking; aroma; overall flavor; texture acceptance of the shrimp,
chicken and sausage; and the overall liking.

A 5-point just-about-right (JAR) scale was used to test the spiciness and texture
perception of each of the three meat components (shrimp, chicken and sausage).

A 3-point JAR scale about perception of the size of the jambalaya meal was asked
at the end of the study. The scale ranged from 1 (=less than I would like) to 3 (=more
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than I would like). The participants were asked about their perception of the unit/tray
size (250 g = 1 serving); the quantity of sauce; the quantity of vegetables; the size of the
vegetables; the quantity of each of the meats, shrimp, chicken, and sausage; the level of
saltiness; and their preference for tails off the shrimp.

Participants were also asked (open question) to describe the experience participating
in the HUT. Comments were collected, revised and categorized into seven groups. The
categories were validated by the agreement between two researchers of the study. The
categories are the following: enjoyed experience with partner, HUT vs. in-lab evaluation,
time flexibility, fun/positive experience, liking of the meals and willingness to pay for
the meals.

Willingness to Pay Evaluation: In collaboration with the School of Economics, a
complementary study, an online auction was conducted to measure product satisfaction
by the willingness of participants to pay for the jambalaya samples. At each of the three
evaluation time points (Weeks 2, 8 and 12), after the sensory evaluation component, the
participants were asked to submit their bids (i.e., their willingness to pay) for a unit
(equivalent to 9 oz-250 g) of each of the jambalaya sample tested. Compensation for doing
the sensory evaluations as well as the online auction at each of the three evaluation points
totaled $90.00 in cash mailed to the participants. Partners were not included for this
component of the study.

The online auction followed a second price auction protocol. The protocol and the
benefits of using this type of action to determine the willingness to pay are described by
Lusk and Shogren (2007) [26].

The protocol followed in the present study is reported by Garrido et al. (2021) [24].
To determine the winner of the auction, the first step was to randomly select one of the
jambalaya samples (control or MAPS). The winner of the auction was the participant who
placed the highest bid for the selected sample. The winner received one meal unit of this
meal, and in exchange, they had to pay the market price, or the second highest bid. This
process was repeated at each of evaluation time points and was done after the sensory
testing of the meals.

At the first evaluation time point (2 weeks of storage), no information about the
two samples of jambalaya was provided before participants submitted their bids in the
auction. The only information provided was the three-digit code or identification number
for each meal. At the second and third evaluation time points, two pieces of information
were disclosed to the participants before bidding. The order for receiving these two
pieces of information was randomized among the participants. At the second time point
(8 weeks of storage), the information about the name of the technology used to preserve
each jambalaya sample (MAPS versus freezing) was provided to 25 participants. The
information about the environmental impacts of the MAPS sample versus the frozen sample
was provided to the remaining 25 participants. At the third time point (12 weeks of storage),
the information disclosure was reversed. To avoid interfering with the participants’ ratings
of the sensory attributes of the meals, the information about the name of the technology
and the environmental impacts was disclosed after the sensory testing [24].

2.2.2. Semi-Trained Panel Evaluation

Participant Selection and Orientation: A semi-trained panel (n = 10; 8 females, 2 males,
ages 23–46) also evaluated the sensory profile of the MAPS-jambalaya and the control
with rate-all-that-apply (RATA) questions. All the members of the semi-trained panel had
previous experience in conducting sensory evaluation and had participated in multiple
descriptive panels conducted at the WSU Sensory Science Center [22].

These evaluations were also done at Weeks 2, 8, and 12 of storage. RATA methodology
has been reported to be a valid and reliable sensory profiling tool suitable for semi-trained
panels [22,27]. For each session, the control trays were thawed in water at room temperature
for 1.5 h. Next, each jambalaya tray (250 g) was warmed at 45–50 ◦C for 30 min (15 min on
each side, top and bottom) with a food warmer (Glo-Ray HATCO Corporation, Milwaukee,
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WI, USA). Then the trays were opened, and the jambalaya was carefully mixed. A total of 17–
20 g of warmed jambalaya was then portioned into plastic cups; each sample was checked
to ensure it contained all of the proportionally identical components of the jambalaya
(sausage, shrimp, chicken). All samples were evaluated at 40 ± 1 ◦C. A 30 s break was
given after the evaluation of each sample. Filtered water and unsalted crackers (Nabisco,
NJ, USA) were provided as palate cleansers. Evaluations were conducted individually, in a
discussion room, under white lighting.

RATA questions for the jambalaya were divided into six sections: aroma, appear-
ance, taste/flavor, texture, mouthfeel, and aftertaste. As assessors evaluated six sensory
modalities-aroma, followed by appearance, taste/flavor, texture, mouthfeel and aftertaste,
they checked the terms they considered appropriate to describe the jambalaya samples
(Figure 2). The list consisted of 4 to 17 terms, depending on the sensory modality. The terms
used for each of the sensory modalities were defined based on pilot work. Assessors then
rated the intensity of the selected terms, using a three-point structured scale (low, medium,
and high). Answers were collected with a paper-based ballot. The jambalaya samples
were coded with three-digit codes and presented in monadic sequential, randomized,
balanced order.
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Figure 2. List of the sensory attributes tested for the MAPS-jambalaya and the control with
RATA questions.

2.3. Analyses
2.3.1. Sensory Data Analysis

HUT Data: During the 12-week storage period, a repeated measures ANOVA with
mixed models was conducted to evaluate the liking results of the different sensory modali-
ties of the jambalaya samples. Processing method, storage time, having a partner and the
interaction between processing method*time were analyzed as the fixed factors, with stor-
age time as the repeated factor, and panelists as the subject factor. Means were separated
with Tukey’s HSD test. The JAR scale results were interpreted with penalty analysis for
each of the meals at the three-evaluation time points (2, 8 and 12 weeks). XLSTAT 2017
(Addinsoft, Paris, France) statistical software was used for all sensory data analyses.

RATA Data: RATA results were analyzed by treating the RATA scores as continuous
data and expanding the scale to four points (0, 1, 2, 3 for absent, low, medium, and high,
respectively) [22,28,29]. A repeated measures ANOVA with mixed models was conducted.
Processing method and storage time and the interaction (treatment*time) were analyzed as
the fixed factors, storage time as the repeated factor, and participants as the subject factor.
Means were separated with Tukey’s HSD test. Significance was defined as p < 0.05.

If the terms were used at a frequency of 20% or less by the assessors, those terms were
not considered for analysis [22]. Out of the 82 terms (Figure 2) that comprised the complete
list of attributes, 14 were not considered for analysis. The results from the assessors were
validated by internal agreement on the rating of the intensity of one of the attributes, as
described by Montero et al. (2020) [22].

2.3.2. Online Auction Data Analysis

Data from the online auction were analyzed by a repeated measures ANOVA with
mixed models. Treatment and storage time and the interaction (treatment × time) were
analyzed as the fixed factors, storage time as the repeated factor, and participants as the
subject factor. Means were separated with Tukey’s HSD test (HSD).

3. Results and Discussion

The study evaluated two main hypotheses.
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Hypothesis 1. The acceptance/liking of different sensory characteristics of MAPS-processed
jambalaya would not change significantly during storage at 2 ◦C as compared to a control (cooked
and frozen jambalaya) over a 12-week storage period.

Hypothesis 2. Ecologically valid measures of consumer acceptance (a modified HUT and an
online auction) would impact the degree of acceptance of the RTE meals. Hypothesis 2 employed an
exploratory approach regarding how the social environment may impact the liking of RTE jambalaya
meals when a partner joins the evaluation of the meals.

3.1. HUT Evaluation
3.1.1. Comparison of Results n = 50 vs. n = 71: Inclusion of Partners

As a way to enhance ecological validity of the study and test Hypothesis 2, the
responses from 21 partners were collected, included and analyzed. The obtained results
were compared to the responses of the 50 participants.

In comparing the consumer liking scores of the 50 participants with those of the
71 participants (50 participants + 21 partners), there were no significant differences in
the liking scores for most of the tested sensory modalities (Tables 4 and 5). These results
indicate that it is reasonable to include the responses collected from the 21 partners. To
have a larger number of responses in a HUT increases the robustness and power of the
observed results [30]. It was observed that in certain sensory modalities such as appearance
(Table 5) the p-value decreased and moved closer to being significant. This result could
indicate that it was possible to identify potential difference due to the storage time effect as
the number of responses increased.

Table 4. Consumer liking responses and bids’ values for jambalaya MAPS-processed meals and a control (cooked and
frozen meals) as evaluated by 50 and by 71 participants.

Processing Method Appearance Aroma Flavor Texture
Shrimp

Texture
Chicken

Texture
Sausage

Overall
liking Bids ($)

n = 50
MAPS-processed 5.66 a 5.79 a 6.00 a 5.13 a 4.95 a 5.68 a 5.61 a 3.59 a

Control 5.71 a 5.92 a 5.99 b 5.35 a 4.94 a 5.70 a 5.67 a 3.48 a
p-value 0.78 0.40 0.94 0.32 0.98 0.92 0.70 0.48

n = 71
MAPS-processed 5.63 a 5.68 a 5.88 a 5.16 a 4.93 a 5.63 a 5.34 a -

Control 5.70 a 5.85 a 5.89 a 5.27 a 4.98 a 5.77 a 5.65 a -
p-value 0.64 0.23 0.96 0.54 0.78 0.34 0.45 -

Different letters within a column (a, b) indicate that the tested parameter mean value was different among processing methods p < 0.05 as
determined by using Tukey’s HSD. Mean values are collapsed over participants and storage time. Results range between 1 and 7 due to the
use of a 7-point hedonic scale.

Table 5. Consumer liking responses and bid values for jambalaya meals as evaluated by 50 and by 71 participants, over a
12-week storage period.

Storage Time (Weeks) Appearance Aroma Flavor Texture
Shrimp

Texture
Chicken

Texture
Sausage

Overall
Liking Bids ($)

n = 50

2 5.77 a 5.85 a 6.29 a 5.30 a 5.14 a 5.80 a 5.72 a 3.54 a
8 5.69 a 5.80 a 5.80 b 5.43 a 5.00 a 5.71 a 5.59 a 3.42 a
12 5.79 a 5.91 a 5.89 b 5.00 a 4.69 a 5.56 a 5.61 a 3.65 a

p-value 0.26 0.53 <0.0001 0.03 0.02 0.20 0.46 0.50

n = 71

2 5.55 a 5.74 a 6.09 a 5.16 a 5.12 a 5.78 a 5.68 a -
8 5.63 a 5.72 a 5.75 b 5.41 a 5.01 a 5.73 a 5.55 a -
12 5.82 a 5.83 a 5.81 ab 5.09 a 4.75 a 5.59 a 5.54 a -

p-value 0.004 0.45 0.001 0.06 0.03 0.22 0.26 -

Different letters within a column (a, b) indicate the mean value of the tested parameter was different across storage times at p < 0.05 as
determined using Tukey’s HSD. Mean values are collapsed over participants and processing method. Results range between 1 and 7 due to
the use of a 7-point hedonic scale.
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Two main effects were evaluated with the 71 collected responses. To test Hypothesis 1,
the effect of the processing method (MAPS-processed and in chilled storage vs. control,
cooked and frozen storage), the effect of the storage time, and their respective interaction
on the consumer liking scores for the different sensory modalities were evaluated. The
interaction was not significant for any of the sensory modalities; thus, the simple effects
were analyzed.

The processing method (MAPS-processed vs. control) did not significantly influence
the liking scores that the participants (n = 71) assigned to the different sensory attributes
that were evaluated (Table 4). These results indicate that the acceptance of multiple sensory
attributes was comparable between the MAPS-processed meals and the cooked and frozen
(control) meals.

As shown in Table 5, when the storage time effect was evaluated, only flavor liking
scores decreased significantly over time (p = 0.001, n = 71). Considering the meals were
evaluated on a 7-point hedonic scale, the liking score for flavor ranged between like
slightly and like moderately. For a multicomponent new RTE meal that rating level can be
considered as an acceptable/good liking score. On a nine-point hedonic scale, a mean liking
score of 7 (like moderately) is usually indicative of highly acceptable sensory quality [31].

The results obtained from the evaluation of the processing method and the storage
time indicate the potential of MAPS processing to extend the shelf life of a complex RTE
meal such as the jambalaya when stored at 2 ◦C. Given the increased consumption of RTE
nowadays, the food industry is constantly looking for alternative processing techniques
that allow for the extension of the shelf of RTE meals and do not require a freezing step.
Freezing has been reported as an effective method to extend the shelf life of multiple food
products including RTE meals; however, it is energy intensive, and it can affect the texture-
related characteristics when freeze-thawing occurs [32]. For this reason, the potential of
MAPS-processing seems promising in the processing and conservation of RTE stored under
refrigeration conditions.

A paucity of HUT studies have focused on the evaluation of RTE meals consumed in
a home setting. A similar HUT study by Olsen et al., (2012) [13] determined that overall
liking of the meal drives consumers’ likelihood of buying healthy convenience meals.
As in the present study, complex foods were evaluated. Two ready-to-heat meals with
multiple components or different ingredients were assessed: (1) salmon fillets with raw
vegetables (cauliflower, carrots, and green beans), precooked pasta and pasteurized cream
and mushroom sauce; and (2) chicken breast fillets, with raw vegetables (cauliflower,
carrots, and green beans), precooked white rice and pasteurized red bell pepper sauce.
However, Olsen’s results focused on drivers of overall liking including appearance, odor,
amount of ingredients, and flavor. While these attributes were also considerations in our
study, our study also focused on the effects of the processing method, storage time and the
enhanced social environment in which the food was consumed along with the willingness
to purchase of the product.

3.1.2. Willingness to Pay as Evaluated with an Online Auction

To evaluate the participants willingness to pay for the jambalaya meals an online
auction was conducted. The auction protocol established that participants received money
for placing the bids at each evaluation time point, and because the economic resources were
limited, only the 50 participants joined the online auction. The bidding was performed
based on the sensory evaluation of each of the jambalaya meals. Information of the
processing system was not included at the time of placing the bid at the first time point; this
type of information was given at the second and third time points. However, during these
two points, the information was provided after the participants conducted the sensory
evaluation and prior to submitting their bids [24]. As previously mentioned, the effect
of the processing method, storage time and their interaction on the bid values were also
analyzed. The interaction was not significant and for this reason the main effects were
interpreted. The bid values did not significantly differ (p = 0.48) between the MAPS-
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processed jambalaya and the control, and they were not influenced by the storage time
(Table 4).

The bids values assigned by the participants to the meals were comparable to com-
mercially available jambalaya meals. The mean bid values ranged from $3.48–3.74 for the
MAPS-processed jambalaya and from $3.33–3.56 for the control.

3.1.3. Effect of Eating with Having a Partner on the Consumer Liking Scores of the
Jambalaya Meals

To test Hypothesis 2, the effect of eating with a partner in the liking scores of the
sensory characteristics of the meals were also evaluated (Table 6).

Table 6. Consumer liking responses and bid values for jambalaya meals as evaluated by participants who had or did not
have a partner (n = 50).

Partner Appearance Aroma Flavor Texture
Shrimp

Texture
Chicken

Texture
Sausage

Overall
Liking Bids ($)

Yes 5.88 a 1 5.98 a 6.04 a 5.40 a 5.07 a 5.83 a 5.69 a 3.59 a
No 5.54 b 5.76 a 5.96 a 5.13 a 4.85 a 5.59 a 5.60 a 3.50 a

p-value 0.04 0.18 0.63 0.24 0.35 0.20 0.62 0.57
1 Different letters within a column (a,b) indicate that the tested parameter mean value was different among those participants with a
partner vs. those without at p < 0.05 as determined using Tukey’s HSD. Data are collapsed over processing method and storage time.
Results range between 1 and 7 due to the use of a 7-point hedonic scale.

It was determined that those participants having a partner gave a significantly higher
score (p = 0.04) to the appearance of the jambalaya meals. The value was 5.88 vs. 5.54 for
those participants without a partner. This liking value is associated with a rating between
like slightly and like moderately on a seven-point hedonic scale. Overall, there was a
trend in the liking scores of the evaluated sensory attributes; those participants with a
partner gave higher scores to the liking of all the evaluated sensory attributes of the meals.
Laureati and Pagliarini (2019) [5] defined three main contextual factors that influence eating
behavior when conducting consumer testing, the meal (i.e., sensory characteristics); the
physical environment (i.e., appropriate location and setting); and the social environment or
social interaction (i.e., people present at the experiment). In this study, each of those factors
was explored and the social environment seemed to be positively impacted by the partners
addition. Piliner, Bell, Kinchla and Hirsch (2003) [33] stated that social interaction has a
positive effect on food consumption of naturally created groups but not artificially created.
In our study, the partners (spouse, friend, roommate) could be categorized as members of a
naturally created group for the participants or that will evoke a more realistic consumption
situation [34,35].

Petit and Siefferman (2007) [36] maintain that conducting food testing in naturalistic
conditions is more advantageous than in-lab tests due to the realism of the evaluation, but
situational tests such as HUTs can be more expensive and time-consuming than in-lab ones.
As shown in our study, the addition of a partner could mitigate some of these downsides,
mainly the one related to costs. Currently, with COVID-19 restrictions, including responses
from partners could represent a simple option for sensory scientists and food companies to
increase the number of respondents and enhance ecological validity of the study.

In this study the modified HUT and an online auction seemed to positively impact
the degree of acceptance of the RTE meals.

To address Hypothesis 2, on the last evaluation time point the 50 participants were
asked to provide feedback about their experience participating in the HUT. The comments
were carefully reviewed and divided into seven categories (Table 7). Almost 30% of the
participants of the study indicated that they had a positive experience when sharing the
evaluation of the meals with their partners. One of the participants mentioned “sharing
the samples with my partner is enjoyable, because after we record our ratings individually,
we compare and discuss the two samples”.
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Table 7. Categories, frequency of mention and some comment examples from the participants of the study (n = 50).

Categories Frequency of
Mention (%) Comment Examples

Enjoyed experience
with partner 26

“I enjoyed sharing this with my partner, who was equally eager to partake due to
being unable to partake in the in-lab studies”

“Nice to do the tasting a home on my own time and get feedback from my wife”
“Sharing the samples with my partner is enjoyable, because after we record our

ratings individually, we compare and discuss the two samples”
“I enjoyed having this experience with my partner as we could discuss what we

liked and didn’t like”

HUT vs. in-lab
evaluation 42

“Way more convenient than in-lab and it’s the same setting in which I’d be eating
the convenience meal if I purchased one”

“I liked being able to utilize my samples as dinner on each of the nights. I felt that I
could give a better evaluation because I had more of a sample to taste”

“I really appreciate the research these students are involved in and the fact they
incorporate real people and samples rather than all lab studies”

“I like bringing the samples home to taste because it is more realistic and relevant to
how I would actually eat the food”

Time flexibility 14

“This in-home study offered me more flexibility with the time period. I didn’t feel
pressured to get out of my chair and let the next person in line have a seat”

“I spend more time evaluating at home versus in the lab where it is hurried to leave”
“I liked being able to take my time and enjoy each sample without feeling rushed”
“I enjoyed having more flexibility in the amount of time I could take the survey”

Fun/positive
experience 42

“My husband and I had fun with your in-home study, thank you”
“It was a pleasant in-home study, and the quality was good”

“I enjoyed being able to do this at home”
“This was fun to participate in and it was easy”

Liking of the meals 16

“I very much enjoyed the samples and will be sad to not have them anymore”
“I enjoyed the food and getting cash for participating”

“ . . . the jambalaya was something I looked forward to, I didn’t get tired of it”
“I could have eaten both samples myself”

Willingness to pay for
the meals 8

“We both liked the meals and would definitely purchase if available at the store” “I
hope I will see the samples in the store”

“I could better consider if the sample would be something I would purchase”
“We would be willing to spend a little more on these since they have a large variety

in them . . . ”

The category HUT vs. in-lab evaluation shows how over 40% of the participants
preferred doing the sensory evaluation of the jambalaya meals at home vs. at the SST or
in-lab set up. One of the participants mentioned “I like bringing the samples home to
taste because it is more realistic and relevant to how I would actually eat the food”; this
comment points to the value of conducting the sensory evaluation under a setup that is
more realistic and familiar to the participant. These aspects contribute to the enhancement
of the ecological validity of the study [1,36]. Time flexibility was another topic mentioned
by the participants in their comments. Almost 15% of their comments indicated that the
participants liked being able to take their time and enjoy each sample without feeling
rushed. This is another positive component of the in-home evaluation setup. Another
category of frequently mentioned comments (42%) was that the participants had a fun or
positive experience while participating in the study.

The two final categories were liking of the meal and willingness to pay-related com-
ments. Almost 20% of the participants mentioned liking the meals and almost 10% ex-
pressed their willingness to pay for the jambalaya meals if they were available in the market.

Based on the type of comments mentioned by the participants of the HUT, it seems
that overall, the HUT was a pleasant, positive experience that allowed them to manage the
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time for evaluating the meals at their own convenience. This seems like a promising way
to accomplish Hypothesis 2.

3.1.4. Potential Improvements on the Jambalaya RTEs Meals

To evaluate the impact of the processing methods and storage time on the spiciness
and texture perception of the meat components of the meals, JAR questions were used. The
main results are presented in Figure 3.

Foods 2021, 10, 1623 15 of 19 
 

 

“I enjoyed being able to do this at home” 
“This was fun to participate in and it was easy” 

Liking of the meals 16 

“I very much enjoyed the samples and will be sad to not have them anymore” 
“I enjoyed the food and getting cash for participating” 

“…the jambalaya was something I looked forward to, I didn’t get tired of it” 
“I could have eaten both samples myself” 

Willingness to pay for the 
meals 

8 

“We both liked the meals and would definitely purchase if available at the store” 
“I hope I will see the samples in the store” 

“I could better consider if the sample would be something I would purchase” 
“We would be willing to spend a little more on these since they have a large vari-

ety in them…” 

3.1.4. Potential Improvements on the Jambalaya RTEs Meals 
To evaluate the impact of the processing methods and storage time on the spiciness 

and texture perception of the meat components of the meals, JAR questions were used. 
The main results are presented in Figure 3. 

 
Figure 3. Percentage of responses for the indicated anchor of the JAR scale in the sensory evaluation of the intensity of 
spiciness and texture of the three meat components of the jambalaya meals (MAPS-processed and control) over a 12-week 
storage period (n = 71). (a) Control after 2 weeks of storage; (b) Control after 12 weeks of storage; (c) MAPS-jambalaya 
after 2 weeks of storage; (d) MAPS-jambalaya after 12 weeks of storage. 

JAR questions are useful as they can provide focused direction to new product de-
velopment. With penalty analysis, it is possible to determine which elements most impact 
the overall liking of a product. 

The spiciness intensity in most of the samples was considered not spicy. The texture 
of the shrimp and sausage were mostly rated “just-about-right” on the JAR scale for both 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Spiciness Shrimp texture Chicken texture Sausage texture

49

11
0

14

43

58

45

74

8

32

55

12

%

Too little JAR Too much

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Spiciness Shrimp texture Chicken texture Sausage texture

51

4 0

17

37

46

35

72

13

49

65

11

%

Too little JAR Too much

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Spiciness Shrimp texture Chicken texture Sausage texture

39

10
1

11

45

68

44

80

15
23

55

8

%

Too little JAR Too much

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Spiciness Shrimp texture Chicken texture Sausage texture

48

10
1

11

39

59

44

80

13

31

55

8

%

Too little JAR Too much

(d) (c) 

(a) (b) 

Figure 3. Percentage of responses for the indicated anchor of the JAR scale in the sensory evaluation of the intensity of
spiciness and texture of the three meat components of the jambalaya meals (MAPS-processed and control) over a 12-week
storage period (n = 71). (a) Control after 2 weeks of storage; (b) Control after 12 weeks of storage; (c) MAPS-jambalaya after
2 weeks of storage; (d) MAPS-jambalaya after 12 weeks of storage.

JAR questions are useful as they can provide focused direction to new product devel-
opment. With penalty analysis, it is possible to determine which elements most impact the
overall liking of a product.

The spiciness intensity in most of the samples was considered not spicy. The tex-
ture of the shrimp and sausage were mostly rated “just-about-right” on the JAR scale for
both the control and the MAPS-processed jambalaya. In addition, when the first eval-
uation time point (2 weeks) was compared to the last one (12 weeks), the ratings were
similar. Chicken texture was the one attribute most penalized by the participants of the
study as they considered it to be too chewy/overcooked. This was observed for both the
control and the MAPS-processed jambalaya in both time points, after 2 and 12 weeks of
storage, respectively.
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To complement the potential improvements that could be made to the jambalaya
meals, on the last evaluation time point the participants (n = 50) answered a series of
JAR questions.

Most of the aspects of the meals were rated close to two on the three-point scale, which
corresponds to the JAR point. The other two values on the scale were 1 (=less than I would
like) and 3 (=more than I would like).

The portion size was scored with an average value of 1.68, the quantity of sauce
was rated with 1.96, the quantity and size of vegetables were scored with 1.56 and 1.82,
respectively. The quantity of shrimp, chicken and sausage with 1.74, 2.12 and 1.72. The
saltiness was rated with a value of 2.04, also very close to the JAR point.

The only question that pointed out a potential improvement was the question related
to removing the tails of the shrimps (score = 2.84). Most of the participants favored the
removal of the tails.

Overall, JAR questions contributed on having a better understanding of Hypothesis 1.

3.2. Semi-Trained Panel Evaluation

The other evaluation was done by a semi-trained panel. This panel used RATA
questions as the sensory evaluation technique. This component of the study also supported
Hypothesis 1 of the study.

For the analysis, the effect of the treatment (MAPS-processed vs. control), the effect
of the storage time, and their respective interaction on the intensity of different sensory
attributes were evaluated. The interaction was not significant for any the sensory modalities;
thus, the simple effects were analyzed.

As shown in Table 8, only the storage significantly impacted the intensity of different
sensory attribute scores as evaluated by the panelists.

Table 8. Mean intensity values of multiple sensory attributes of jambalaya meals as evaluated by a semi-trained panel
(n = 10) over a 12-week storage period with RATA.

Storage Time
(Weeks)

Oxidized
Aroma

Brothy-Chicken
Aroma Oily Appearance Shriveled/Overcooked

Chicken Appearance Chewy Sausage

2 0.05 a 2.15 a 0.25 a 2.45 a 1.55 a
8 0.10 b 2.85 b 1.50 b 1.50 b 2.40 b

12 0.68 ba 2.60 ab 1.72 b 1.15 b 2.01 ab
p-value <0.0001 0.002 <0.0001 <0.0001 0.001

Different letters within a column (a,b) indicate that attribute intensities were different among storage times at p < 0.05 as determined using
Tukey’s HSD. These results range between 0 and 3 due to the use of a four-point scale of 0, 1, 2, 3 (absent, low, medium, high). Mean values
are collapsed over processing method, replicate and panelists.

The aroma related attributes, for example oxidized and brothy-chicken significantly
increased as storage time increased. In the case of oxidized aroma, the values ranges
were less than 1; therefore, they are considered to be more in the low range. The brothy-
chicken aroma increased mainly after 8 weeks of storage. Barnett et al. (2019) [23] reported
increases in the intensities of some aroma and flavor attributes of microwave-processed
Cajun chicken pasta meals as the storage time increased. The concentration of aroma and
flavor may have resulted from potential water migration from the package [23,37].

For the appearance related attributes, oily appearance intensity significantly increased
due to the effect of the storage time, meanwhile the shriveled/overcooked appearance in
chicken decreased. This result could be explained by the fact that this specific attribute
could be a difficult one to evaluate, therefore the panelists gave initially medium to high
score and then after 8 weeks of storage a score between low and medium. The opposite
trend could have been expected, that as an effect of the potential water migration in the
tray [23,37] the chicken experienced some level of dehydration and therefore was perceived
by the panelists as more shriveled-overcooked.

Another appearance attribute that was significantly different was the shriveled-
overcooked appearance of the shrimp. In this case the interaction processing method × stor-
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age time was significant. At 2 weeks of storage the MAPS-processed jambalaya (2.20) was
rated significantly higher (p = 0001) as the control (0.80). This result could be explained
by the fact that the MAPS-processed meal goes through an extra thermal processing step.
However, at 8 and 12 weeks of storage there were not significant differences when compar-
ing the MAPS-processed jambalaya to the control. The intensities of shriveled-overcooked
appearance of the shrimp at 8 and 12 weeks of storage ranged between 2.00 and 1.50.

It is also important to consider that these two texture-related appearance attributes,
shriveled/overcooked appearance in chicken and shriveled-overcooked appearance of
the shrimp could have more impact if they significant difference in the texture sensory
modality and that was not the case.

The final type of sensory attribute that was impacted by storage time was the texture
of the sausage, specifically its chewiness. This attribute significantly increased as storage
time increased primarily when Week 2 and Week 8 of storage were compared.

Overall, based on the RATA results few sensory attributes were affected by the main
factors evaluated in the study.

4. Conclusions

Our findings showed that the acceptance/liking of different sensory characteristics
of MAPS-processed jambalaya did not change significantly during storage at 2 ◦C as
compared to a control (cooked and frozen jambalaya stored at −31 ◦C) over a 12-week
storage period. Using a HUT to evaluate consumer acceptance of jambalaya and including
partner participation, is a promising way of testing acceptance in a more realistic context.
An on-line auction with a HUT sensory testing of jambalaya meals showed that consumers
are willing to pay a price that is comparable to commercially available jambalaya meals.
Both were ecologically valid measures of consumer acceptance and positively impacted
the degree of acceptance of the RTE meals.

This study has utility and presents an innovative approach as compared to previously
reported HUTs. The inclusion of a partner in the evaluation of a ready-to-eat meal processed
with a novel technology, such as microwave-assisted pasteurization has not been previously
reported. In addition, the evaluation was conducted during an extended period of time
of 12 weeks. Most reported HUTs are conducted within a week and the exposure to the
product being tested occurs one time or consecutive times within a short period of time
(e.g., one week). In addition, the study incorporated the evaluation of a complimentary
evaluation with a semi-trained panel that used a rapid method, rate-all-that-apply. These
elements were combined with an online auction to determine consumers’ willingness to
pay for the meals.

As for the HUT results, it should be noted that this study had an observational/
exploratory approach, focused on a specific RTE meal. Because of the relatively restricted
number of consumers that joined the study, future research should evaluate the effect of the
inclusion of partner as an intentional/designated treatment and target a larger number of
participants. A HUT and an SST (laboratory test or central location test) could be conducted
simultaneously at a defined storage period and the results of both tests compared.

In addition, the inclusion of an analytical technique, like gas chromatography-mass
spectrometry and texture profile analysis (TPA), could be considered for future studies to
describe specific chemical and physical changes in the meals. However, multicomponent
meals are a complex/challenging food matrix to work with that is why sensory evaluation
seems like a more effective methodology to characterize them during storage instead of
analytical techniques.
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Abstract: Virtual reality (VR) technology is emerging as a tool for simulating different eating environ-
ments to better understand consumer sensory response to food. This research explored the impact
of different environmental contexts on participants’ hedonic ratings of two different food products:
beef steaks, and milk chocolate, using VR as the context-enhancing technology. Two separate studies
were conducted. For beef, two different contextual conditions were compared: traditional sensory
booths and a VR restaurant. For chocolate, data were generated under three different contextual
conditions: traditional sensory booths, VR Irish countryside; VR busy city (Dublin, Ireland). All VR
experiences were 360-degree video based. Consumer level of engagement in the different contextual
settings was also investigated. The results showed that VR had a significant effect on participants’
hedonic responses to the food products. Beef was rated significantly higher in terms of liking for all
sensory attributes when consumed in the VR restaurant. While for chocolate, the VR countryside
context generated significantly higher hedonic scores for flavour and overall liking in comparison to
the sensory booth. Taken together, both studies demonstrate how specific contextual settings can
impact participants’ sensory response to food products, when compared to a traditional sensory
laboratory condition.

Keywords: beef; chocolate; acceptability; virtual reality; immersive environments

1. Introduction

The act of eating is among the most pleasurable and enjoyable experiences in our
everyday lives. It is also a highly multisensory experience involving a dynamic interplay
between the brain and each of the five senses, comprising visual and auditory cues, smells,
tastes, and tactile sensations. While much of the pleasure we perceive from food depends
on the quality of the ingredients and how they are prepared, our surrounding environment
or context in which we consume the food also plays a critical role. The location or setting,
the type of music, lighting or sounds, and the presence or not of family and friends, are all
examples of contextual factors that consumers typically consider when making sensory
judgements about a food or a meal [1–3].

Despite consumption context playing an important role in how people perceive food,
consumer-based sensory tests typically take place in a highly controlled sensory laboratory
setting, which lacks environmental or contextual cues. While a sensory testing facility is
specifically designed to minimise potential variation caused by the external environment,
the setting does not represent how consumers interact with food products in real life [4]. In
addition, and beyond contextual cues, a sterile sensory laboratory setting may also induce
feelings of boredom, disinterest, and a lack of engagement among participants, resulting in
data that poorly predicts the success rate of newly launched products in the marketplace.
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Although many factors can contribute to the poor predictive validity of consumer sensory
data, researchers have cited an overall lack of effective engagement by study participants
during the sensory task as a contributing cause [2,5,6]. As a result, there is considerable
interest among researchers in investigating ways to evoke consumption contexts during the
sensory evaluation of foods, with the aim of improving the ecological validity of consumer
data. To date, several different approaches have been proposed including written, imagined
or image depicted scenarios [4,7], the creation of an immersive environment, such as a
beach [8] or café [9], and the use of virtual reality technology [10–12].

The use of virtual reality (VR) technology to simulate immersive contextual settings
for hedonic testing is becoming an increasingly popular study area in sensory science (see
Crofton et al. [13] for a review describing recent advancements in virtual and augmented
reality and their potential application in sensory science). Research comparing consumer
responses generated in immersive VR environments and sensory laboratory settings have
been recently reported for a range of food products, including chocolate [11], tea break
snacks [14], cheese [15], and alcoholic beverages [10,12]. Consumer hedonic ratings were
found to change depending on the context for some products [12,15], but not others [10,11],
although this may be explained by the different environmental contexts used across these
studies. Outside of academia, the food industry are exploring ways VR technology can
be used to customise a unique multisensory experience for their consumers. For instance,
Guinness, a popular Irish stout sold worldwide, recently designed specific VR environ-
ments to complement the sensory profile of a new range of beers [16], while restaurants are
adopting the technology to create more memorable and engaging food experiences [17].

The potential for VR technology to generate ecologically valid data comparable to
that obtained in a natural consumption setting, in a faster, more cost-effective and con-
trolled experimental manner, is a promising innovation strategy for the food industry to
consider [14,18]. In this regard, the overall aim of this research was to explore the effect of
different environmental contexts on consumers’ hedonic responses to two different food
products: beef, and milk chocolate, using VR as the context-enhancing technology. Beef
and chocolate are associated with very different types of eating occasions. For instance,
beef is typically eaten in the context of a meal, while chocolate is considered a snack suited
to a range of eating occasions [11,19]. As certain products are better suited to specific situa-
tions of consumption [20], our hypothesis was that a virtual environment appropriate to
each product, may enhance consumer hedonic ratings, when compared to sensory testing
booths as the control setting. Therefore, two separate studies were conducted. For beef,
two different contextual conditions were compared; (1) traditional sensory booth; (2) VR
restaurant. For chocolate, data were generated under three different contextual conditions;
(1) traditional sensory booth; (2) VR Irish countryside; (3) VR busy city (Dublin, Ireland).
Consumer level of engagement in the different contextual settings was also investigated.

2. Materials and Methods
2.1. Participants

Participants for both the beef trial (n = 30, 15 females and 15 males, ranging in age
from 22 to 55 years) and the chocolate trial (n = 30, 18 females and 12 males, ranging in
age from 22 to 65 years) were recruited via internal email from a pool of staff and students
based at Teagasc Food Research Centre, Dublin, Ireland. Participants had to meet the
following inclusion criteria: (1) consumed the product used in the study at least twice
per month; (2) had no known history of food allergies related to the study products; and
(3) did not suffer from motion sickness. Selected participants were asked to refrain from
eating, drinking, or smoking for at least 1 h prior to the start of the trial. Informed consent
was obtained from each participant and they were free to withdraw from the study at any
time. The sensory trials were conducted in accordance with the guidelines for ethical and
professional practices for the sensory analysis of foods as set out by the Institute of Food
Science and Technology [21] and the American Meat Science Association [22]. The sessions
were conducted during mid-morning (10:00–11:30 a.m.) and took place at the Sensory
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Science Suite at Teagasc Food Research Centre, which has been designed in accordance
with ISO 8586:2007.

2.2. Product Stimuli and Sensory Procedure
2.2.1. Beef Trial

Individual beef steaks of 2.54 cm thickness were cut from the M. longissimus lum-
borum. Each beef steak was vacuum-packaged and stored at −20 ◦C until analysis. The
steaks were placed in a refrigerator to thaw 24 h prior to sensory analysis. One hour prior
to cooking, the steaks were taken from the refrigerator and removed from the vacuum bag.
Steaks were cooked on a Velox grill using minimal cooking oil and no seasoning, until an
internal temperature of 71 ◦C was reached [22]. Each steak was removed from the grill,
allowed to rest for 2 min, wrapped in aluminium foil and labelled with a random three-
digit code. Each steak was cut into two equal-sized portions and presented monadically to
participants in two different environments: a traditional sensory booth and a virtual reality
restaurant. The presentation order of the environmental context was completely balanced
across participants (i.e., 15 participants assessed the beef in the traditional booth first, and
15 in the virtual reality restaurant first). Participants were instructed to evaluate the meat
for liking in terms of smell, tenderness, juiciness, beef flavour, and overall liking on a
9-point hedonic scale, where 1 = dislike extremely and 9 = like extremely. In an effort to
retain the level of immersion in the virtual reality condition, participants provided answers
to the questions verbally in all conditions, and the data was immediately recorded by the
researchers via Compusense Cloud® (West Guelph, ON, Canada). All participants were
familiarised with the questionnaire design and testing procedure prior to starting the trial
and were instructed on how to wear and use the VR headsets. Beef samples were served to
participants after they were wearing the HMD device, and researchers were available to
assist the participants, if required. A five-minute break was enforced between each tasting
condition and plain crackers (Carr’s, UK) and mineral water (Evian, France) were provided
as palate cleansers to avoid product carry-over effects.

2.2.2. Chocolate Trial

Milk chocolate (20% cocoa, Cadbury’s) was the sensory stimuli used in this trial. It
was purchased at a local convenience store and was stored at room temperature prior to
the sensory trial. Three identical square pieces of chocolate, taken from the same chocolate
bar, were placed on separate ceramic white plates 5 min prior to each testing session,
and presented monadically to participants in three testing environments—a traditional
sensory booth, a VR Irish countryside, and a VR busy city. The presentation order of
the testing environment was completely balanced across participants. Participants were
instructed to evaluate the chocolate for liking in terms of smell, flavour, sweetness, texture,
smoothness, and overall liking on a 9-point hedonic scale, where 1 = dislike extremely and
9 = like extremely. Similar to the approach taken in the beef trial, participants provided
answers to the questions verbally in all conditions in an effort to retain the degree of
perceived immersion in the VR session. All participants were familiarised with testing
procedures prior to starting the test. Data was recorded by the researchers via Compusense
Cloud ® (West Guelph, ON, Canada). Plain crackers (Carr’s, UK) and mineral water (Evian,
France) were used as palate cleansers and a five-minute break was enforced between each
tasting condition to avoid product carry-over effects.

2.3. Contextual Settings
2.3.1. Beef Trial

Two different experimental conditions were set-up; a traditional sensory booth (Figure 1a)
and an immersive VR restaurant (Figure 1b). The VR restaurant context was captured
using a Samsung Gear 360 4 K Ultra High Definition (HD) camera at a restaurant in
Dublin, Ireland. The restaurant was open to customers during the recording to ensure
the atmosphere created was as close as possible to real-life conditions. Audio recordings
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consisting of indistinguishable conversation and background noises were also recorded.
The 360-degree video was 2 min in length and was set to loop throughout the tasting
condition. The video was presented to participants through a head mounted display
(HMD) (Oculus Go).
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Figure 1. Contextual settings for the sensory evaluation of beef samples: (a) Traditional sensory booth; (b) Virtual Reality
(VR) restaurant.

2.3.2. Chocolate Trial

Participants evaluated chocolate in three different environmental contexts: a tradi-
tional sensory booth, a VR busy city (Figure 2a), and a VR Irish countryside (Figure 2b).
These specific VR contexts were chosen as they were expected to elicit different hedonic
responses from participants. The VR environments were created using 360-degree videos
displayed through a HMD (Oculus Go). The VR videos were captured using a Garmin
VIRB 360 camera and included audio recordings. Both 360-degree videos had a length of
2 min and the videos were set to loop during each tasting session. The 360-degree busy
city video was recorded in Dublin City, Ireland, and depicted the International Financial
Services Centre (IFSC), public transport, and people walking through the streets. The video
was supported by the sounds of the busy city environment. The 360-degree countryside
video was recorded in a rural part of Meath, Ireland and provided a view of a typical Irish
countryside setting with bright sunlight, the movement of the grass and the background
noises included the sound of the wind.
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Figure 2. Contextual settings for the sensory evaluation of chocolate: (a) VR busy city (Dublin, Ireland) and (b) VR
Irish countryside.

For both trials, participants were asked questions regarding their level of engagement,
perceived effort to assess the samples, level of distraction, and purchase intent. The
following questions were asked for all contextual environments: Was the sensory testing
experience memorable? Do you think testing the product in the surrounding environment
requires much effort? Do you think the surrounding environment distracted you from
performing the task? Responses to these questions were rated on a 7-point scale where
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1 = not at all and 7 = very much. Purchase intent of each sample was measured using 5-point
scale where 1 = definitely not buy and 5 = definitely buy.

2.4. Data Analysis

Due to the small sample size of participants used in both the beef (n = 30) and chocolate
(n = 30) trial, and because the data collected was ordinal, non-parametric tests were used
to analyse the data. For the chocolate trial, the Friedman’s ANOVA test was performed
to determine the effect of the different environmental conditions on participants’ hedonic
ratings of chocolate samples. Where Friedman’s indicated significant differences were
present, a Wilcoxon pairwise comparison (with Bonferroni adjustment) was conducted to
identify where the differences occurred. In terms of the beef trial, a Wilcoxon signed-rank
test was conducted to test if the surrounding environment influenced hedonic ratings
of beef samples. The probability level used for significance between responses was set
at p < 0.05 and all data were analysed using SPSS 25 statistical software (IBM, Armonk,
NY, USA).

3. Results and Discussion
3.1. The Effect of the Surrounding Environment on Participants’ Hedonic Ratings of Beef Steaks

Tenderness, juiciness, and flavour are the most important palatability attributes affect-
ing beef eating quality [23,24]. In this trial, participants evaluated beef steak in terms of
smell, tenderness, juiciness, flavour, and overall liking in two different contextual settings.
Participants were unaware that the sample of beef presented in both settings was taken
from the same steak. A Wilcoxon signed-rank test showed that the environmental condi-
tion had a significant effect of liking of attributes smell (Z = −2.514, p = 0.012), tenderness
(Z = −3.094, p = 0.002), juiciness (Z = −3.129, p = 0.002) and flavour (Z = −2.982, p = 0.003),
with beef consumed in the VR restaurant environment setting receiving higher liking scores,
compared to the sensory booths. In addition, overall liking scores were significantly greater
(Z = −2.898, p = 0.004) for beef eaten in the VR context, indicating that the VR restaurant
had a positive impact on participants’ hedonic ratings of beef steaks. Descriptive statistics
for the data is presented in Table 1. To the best of our knowledge, no studies to date have in-
vestigated the application of immersive technologies, such as VR, in meat sensory research.
Hersleth et al., (2015) [25], showed that evoked meal contexts in the form of written texts
and images, affected consumers’ responses to both the intrinsic and extrinsic attributes
in dry-cured ham, although the strongest effects were observed for the extrinsic ratings.
In addition, many studies have demonstrated that a restaurant environment is typically
associated with positive emotions [26–28], and that consumers tend to be more critical
of beef tenderness in the home than in a restaurant [24]. Taken together, these findings
indicate that the surrounding environment can considerably influence consumers’ sensory
perception of beef. As a result, VR technology could provide the food industry with new
opportunities to improve sensory marketing efforts through the creation of immersive,
multisensory dining experiences, specifically designed to enhance consumer engagement.

The potential for VR in creating a unique eating experience has never been more
relevant, as the current coronavirus pandemic continues to hamper access to sharing meal
experiences with family and friends. In addition, recent advancements in virtual reality
and computational gastronomy could be used an as innovative tool to create multisen-
sory meat-eating experiences while potentially alleviating the health concerns consumers
often associate with red meat [13,29]. A more realistic insight into the environmental or
contextual cues which influence sensory perception of meat, may also assist industry in
developing innovative strategies that will assist in improving the meat-eating experience,
and enhance brand characteristics by eliciting stronger emotional connections towards
meat products.
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Table 1. Means, standard deviations (SD), medians and interquartile ranges (IQR) for participant he-
donic ratings * of beef in a traditional sensory booth and a virtual reality (VR) restaurant environment.

Context/Attribute
Sensory Booth VR Restaurant

Mean SD Median IQR Mean SD Median IQR

Smell 6.67 1.12 6.5 1.25 7.20 0.85 7 1
Tenderness 6.17 2.02 7 3 7.53 1.48 7 2

Juiciness 5.87 1.85 6 2.25 7.03 1.38 7 2
Flavour 5.93 1.62 6 2 6.87 1.41 7 2

Overall liking 6.13 1.85 7 2.25 7.17 1.12 7 1.25
* Evaluated on a 9-point hedonic scale, where 1 = dislike extremely and 9 = like extremely.

3.2. The Effect of the Surrounding Environment on Participants’ Hedonic Ratings of Chocolate Samples

In this study, participants rated the smell, flavour, sweetness, texture, smoothness,
and overall liking of three identical pieces of chocolate in three different contextual settings.
Participants were unaware that the same chocolate was being served in all three conditions.
There was a significant difference in perceived liking of flavour (χ2(2) = 7.971, p = 0.019)
and overall liking (χ2(2) = 10.750, p = 0.005), depending on the environment in which
the chocolate was consumed. A post hoc analysis with Wilcoxon signed-rank tests was
conducted with a Bonferroni correction applied, resulting in a significance level set at
p < 0.017. The results showed that participants rated the flavour (Z = −2.950, p = 0.003)
and overall liking (Z = −2.885, p = 0.004) of chocolate significantly higher when consumed
in the VR countryside setting, compared to the traditional sensory booth. The surrounding
context did not influence hedonic ratings of other chocolate attributes. However, in general,
the VR countryside setting produced higher liking scores for chocolate compared to the VR
busy city and sensory booth environment. Descriptive statistics for the data is presented in
Table 2.

Table 2. Means, standard deviations (SD), medians and interquartile ranges (IQR) for participant hedonic rating * of
chocolate in a traditional sensory booth, a VR busy city and a VR Irish countryside environment.

Context/Attribute
Sensory Booth VR Busy City VR Irish Countryside

Mean SD Median IQR Mean SD Median IQR Mean SD Median IQR

Smell 6.53 1.78 7 3 6.77 1.46 7 2 7.10 1.35 7 2
Flavour 6.83 1.62 7 2 7.13 1.41 7 2 7.33 1.24 7.5 1.25

Sweetness 7.37 1.22 7 1.5 7.23 1.41 7 1.25 7.13 1.43 7 2.25
Texture 7.03 1.65 7 2.25 6.97 1.25 7 1 7.27 1.23 7 2

Smoothness 7.10 2.04 8 3 7.27 0.98 7 1.25 7.43 1.17 8 1
Overall liking 6.80 1.58 7 2 7.23 1.33 7 2 7.50 1.11 7 1

* Evaluated on a 9-point hedonic scale, where 1 = dislike extremely and 9 = like extremely.

While our research findings agree with previous studies which show that consumers’
hedonic ratings of food can change depending on the specific context [2,12,15,25,26], it is
also contradictory with others [8,10,11]. For instance, Kong et al. (2020) [11] studied the
impact of three contextual settings, including sensory booths and two VR environments
(a pleasant sightseeing tour and a live music concert), on consumer liking of three types
of chocolate. While their research showed significant differences in consumer liking
of the different chocolate types, the surrounding context did not influence the tasting
experience. The different immersive environments used to evoke context might explain
the inconsistency in findings between this study and ours. Research suggests that certain
food products are better suited to specific consumption contexts [3,30], which in turn
may alter the sensory perception of food during consumption, through the elicitation of a
positive emotional response [26]. Although in this exploratory study we did not measure
consumer emotional response to chocolate in the different immersive environments, the
more naturalistic and peaceful setting of the Irish countryside might have improved
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the mood of the participants, which favourably influenced their liking of the chocolate
flavour, when compared to the sensory booths and VR city environment [31]. Based on
this assumption, we would have expected the chocolate consumed in the busy VR city
environment to have produced overall lower hedonic ratings in comparison to the quiet
sensory booth setting, as observed elsewhere for chocolate ice-cream [26]. Picket and
Dando [12], used VR to investigate how the surrounding environment (winery vs bar)
influenced sensory perception of two alcoholic drinks (wine and beer). They showed that
while participants liked the wine more and were willing to pay more for it when it was
consumed in a virtual winery context, these effects were not observed for beer.

VR technology is a promising tool for simulating immersive environments for con-
sumer sensory evaluations and could be used in conjunction with non-invasive biometric
sensors to enrich our understanding of the emotions responsible for driving consumer
liking in the real world [2,13,32]. Nonetheless, as research in this area is in its infancy,
further studies are required to identify the specific conditions in which utilizing VR is
relevant and is likely to improve the reliability and ecological validity of sensory testing
outcomes [2,13].

Beyond the importance of selecting an appropriate immersive environment for a
particular food product, another possible explanation for the conflicting results associated
with using VR as a context-enhancing technology for sensory assessments could be related
to how it is being applied during sensory tests. For instance, some studies, including ours,
have created immersive VR environments by displaying custom-recorded 360-degree VR
videos and their corresponding sounds through a HMD [11,12,15]. In contrast, computer-
simulated 3D virtual environments, in which participants can physically walk around and
interact with the virtual space using a HMD, have been used to study various aspects
of consumer behaviour [33,34]. While both methods are expected to provide a more
engaging experience compared to a traditional testing environment [2,5], the use of the
HMD fully replaces the participants’ view of the real world, restricting their ability to
interact visually with the ‘real’ food product. In an effort to capture consumers’ hedonic
responses while fully immersed in the VR environment, the participants in this study
provided answers to the questions verbally, which were subsequently recorded by the
researcher. In similar studies, participants were instructed to remove their VR headsets
after tasting and answer questions on a paper ballot [10,11], while othersoverlaid audio
instructions and visual scales in the 360-degree VR video [15]. While each approach has
clear advantages and disadvantages, future studies could investigate which approach can
best improve the ecological validity of consumer sensory data, while continuing to retain
participant engagement. In the meantime, this limitation could be overcome by using a
mixed-reality device, such as Microsoft HoloLens, which integrates specific elements from
the ‘real-world’ within the surrounding VR space, enabling the user to interact with the real
food product while simultaneously answering questions in a controlled environment [13].
Mixed reality was recently utilised to understand consumer response to tea-break snacks
and was shown to evoke ecologically valid data comparable to a real-life context [14].

3.3. Engagement, Effort, Distraction and Purchase Intent for Beef Steaks and Chocolate

The mean scores and standard deviations for beef and chocolate are shown in Figure 3a,b,
respectively. There were no significant differences in the effort required to perform the sensory
test in the respective environments for beef (p = 0.865) or chocolate (p = 0.153). For
beef, a significant difference (Z = −2.262, p = 0.013) was found in terms of distraction
between the two environments, with participants recording higher levels of distraction
when immersed in the VR restaurant setting than the sensory booths. This effect was
not observed in the chocolate study, although the effect was approaching significance
(p = 0.055), with scores indicating that the VR busy city environment was more distracting
than the sensory booth. Two separate studies by the same research group found contrasting
results with respect to the impact of immersion on levels of distraction [2,5]. However, in
these studies, the immersive context was presented to participants by means of a purpose-
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built physical environment, as opposed to a VR headset as used in ours. Nonetheless,
efforts to minimise potential distractions contained within an immersive VR environment
is required to improve the value and reliability of data generated using this method.
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Figure 3. Participants mean scores and standard deviations for beef (a) and chocolate (b) in each testing condition. The
questions asked were: Do you think testing the product in the surrounding environment requires much effort? Do you think
the surrounding environment distracted you from performing the task? Was the sensory testing experience memorable?
Responses recorded on a 7-point scale where 1 = not at all and 7 = very much.

In our study, participants found the VR restaurant experience to be a significantly
more memorable testing environment in comparison to evaluating the beef steaks in the
traditional sensory booth set-up (Z = −4.323, p < 0.0001). A similar trend was observed
for the chocolate samples tested in the three different environments, with the VR settings
perceived as more memorable compared to the traditional sensory booth (χ2(2) = 46.444,
p < 0.0001). In terms of purchase intent, no significant differences were observed between
the three environmental conditions for chocolate (p = 0.124). For beef, participants were
more willing to purchase the beef when consumed in the VR restaurant than in the sensory
booth (p < 0.05).

3.4. Limitations

While our data yielded some interesting findings with respect to how different VR
environments impact hedonic response to beef and chocolate, our study has some limita-
tions that offer avenues for further research. An obvious limitation is the relatively small
sample size of participants used in both experimental trials, and therefore further research
is needed in a more representative sample of the population. Another potential limitation
was that participant hedonic responses were not also collected in a ‘real-world’ environ-
ment, which was not possible in this research study due to economic and time constraints.
Finally, it must be noted that improvements are needed in how data are collected from
participants immersed in a VR environment, such as including scales in the VR video, or
utilizing a mixed-reality approach, in which elements of the ‘real-world’ environment are
integrated within the VR space.

4. Conclusions

This study demonstrated that changing the surrounding environment had a significant
effect on participants’ hedonic ratings of beef and chocolate. Specifically, we showed
that an immersive VR environment tended to induce a positive hedonic response, when
compared to a traditional sensory booth setting. Beef was rated as significantly higher for all
sensory attributes when consumed in the VR restaurant. For chocolate, the VR countryside
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context generated significantly higher hedonic scores for flavour and overall liking in
comparison to the sensory booth. In general, the VR countryside setting produced the
highest liking scores for chocolate. This study also demonstrated that the perceived effort
to assess food samples was not significantly impacted by using VR technology, although
the surrounding VR environment was more distracting, in comparison to the sensory
booths. Overall, this research enhances our understanding of how different environments,
simulated using VR technology, can impact sensory perception of beef and chocolate. The
study also demonstrates how VR technology can be used to evoke contextual information
in consumer sensory tests, which is often an expensive and time-consuming task to conduct
in a ‘real-world’ environment. Nonetheless, as studies investigating the application of
VR in stimulating the human senses are only beginning to emerge, further research is
necessary before the technology can be confidently used to improve the predictive validity
of consumer sensory assessments.
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Abstract: Traditional booths where sensory evaluation usually takes place are highly controlled
and therefore have limited ecological validity. Since virtual reality (VR) is substantially interactive
and engaging, it has the potential to be applied in sensory science. In this preliminary study, three
chocolate types (milk, white, and dark) were evaluated under three contextual settings, including
sensory booths (control) and two VR environments (360-degree videos using VR headsets: (i) a
pleasant sightseeing tour, and (ii) a live music concert). Untrained participants (n = 67) were asked to
rate their liking and the intensity of different chocolate attributes based on the 9-point hedonic scale
and just-about-right-scale (JAR). Emotions were evaluated using the check-all-that-apply (CATA)
method. Results showed that there were no significant effects of context type on the tasting experience;
however, there were significant effects of chocolate type. Milk and white chocolates were preferred
over dark chocolate irrespective of the context type. Additionally, more positive emotions were elicited
for the dark chocolate in the “virtual live concert” environment. Dark chocolate under the other
two environments was associated with negative emotional terms, such as “bored” and “worried.”
In terms of more reliable and ecologically valid sensory responses, further research is needed to match
suitable VR environments to different chocolate types.

Keywords: virtual reality; immersive environments; acceptability; emotions; chocolate products

1. Introduction

Virtual reality (VR) is an emerging technology that provides artificially simulated environments
based on computer technology and relevant software [1]. These artificial environments can be either
recorded videos, pictures, or animated scenes, which are either immersive [2] or non-immersive [3],
and either similar or completely different from the real world [4]. In general, both immersive and
non-immersive VR environments can be achieved by some common methods, such as the wall
projection [2]. However, fully immersive VR environments are usually achieved by VR headsets
nowadays. Based on the high-resolution 360-degree vision and 3D sound, VR headsets provide users
with a highly interactive and engaging experience by mobilizing their sight and hearing [5].

VR has become increasingly common in our daily life. For example, VR can enrich people’s
entertainment life on the basis of immersive sensory experience regarding games, movies, travelling,
and even shopping [6]. It has also been commonly applied in training and education areas, such as
supporting the teaching and learning process [7]. A few studies have also explored its application
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in medicine and tourism [8,9]. Apart from that, applying VR technologies in sensory science is an
emerging research field due to the limited ecological validity of traditional sensory booths [10].

The eating environment is considered to have a significant impact on consumers’ sensory
perception as well as hedonic responses towards most food products [10]. In sensory science, booths
can be used for the sensory evaluation of food products. However, the sensory responses obtained
under booths may not describe the totality of the eating experience since the testing environment is
highly controlled [10]. This could be one of the reasons why many new products, which were the
most liked in consumer trials, eventually failed after launching into the marketplace [11]. The highly
controlled sensory booths do not reflect the real consumption environment, and eventually, the obtained
results from such setups could have a low ecological validity [12]. However, it seems challenging and
relatively expensive to evaluate food products in various real environments. Therefore, the interest in
using VR technologies in sensory science has increased dramatically in recent years.

The application of VR technologies in sensory science helps us better understand ecologically
valid consumer experiences for certain food products [13]. A few studies have applied VR technologies
in sensory science by simulating physically immersive environments, such as a bar, a coffeehouse, and
an airplane [14–16]. In general, the perceived appropriateness and enjoyment of the eating process for
certain food products could be largely influenced by the context. Sinesio et al. [2] observed higher liking
scores of tomato and wild rocket salads when they were tasted in an immersive multisensory room
compared to the traditional sensory booths. However, the discrimination efficacy of freshness of both
vegetables was lower in the immersive environment than in the booths. As different food categories
could elicit different sensory perceptions from participants, it is also necessary to take food categories
into consideration. For example, Picket and Dando [17] tested how context influences the sensory
perception of two alcoholic drinks, beer and sparkling wine. The results showed that the suitable
and matched environments for each alcoholic drink tended to improve participants’ acceptance and
willingness to purchase.

As a common snack, chocolate tends to elicit more emotions than other snacks, such as chips [18].
Therefore, three major chocolate products, which were white chocolate, milk chocolate, and dark
chocolate, have been evaluated in this preliminary research to better understand consumers’ sensory
acceptability and emotional responses affected by immersive VR environments. Three contextual
settings were applied in the sensory evaluation process, including two 360-degree recorded videos
using VR headsets, and traditional sensory booths as the control setting. As there is an increasing
awareness of limited ecological validity in sensory tests, this study also aimed to preliminarily explore
the potential of VR technology as a support in regular sensory tests.

2. Materials and Methods

2.1. Participants

A total of 67 untrained participants (31 males and 36 females, 20–50 years old, originally from
Asia, South America, Oceania, and Europe) were recruited voluntarily through Lincoln University
intranet. All participants claimed that they were not allergic to the chocolate ingredients involved in
this research. A brief introduction about products and sensory procedures was given first. According to
Lincoln University Policies and Procedures, they were asked to complete the consent form regarding
human ethics (approval: 2019-68) before tasting the chocolate products. Sensory sessions were
carried out at the sensory laboratory located in the Replacement For Hilgendorf (RFH) building,
Lincoln University, Lincoln, New Zealand. There were three sessions conducted on four consecutive
days: one control session using sensory booths and two sessions using VR settings. The duration
of each session was around 15 to 25 min per participant, and the order of the three sessions was
randomized for each participant. Participants were asked to refrain from eating, drinking, and smoking
for at least one hour before the sessions.
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2.2. Stimuli

Three major chocolate types were used in this research, including Whittaker’s 28% Cocoa White
Chocolate, Whittaker’s 33% Cocoa Creamy Milk Chocolate, and Whittaker’s 72% Cocoa Dark Ghana
Chocolate (J.H. Whittaker and Sons, Ltd., Porirua, New Zealand). These chocolate products were
purchased from a local supermarket before conducting sensory sessions. They were purchased in
blocks and served in squares, and they were stored in sealed containers at 4 ◦C in a refrigerator
(Samsung, Seoul, South Korea) when they were not in use. The preparation and sampling processes
were conducted within two hours prior to the sensory sessions to prevent chocolate samples from being
stale. Three stimuli (white, milk, and dark chocolate) were assessed initially by a focus group panel
(n = 4) within Lincoln university to make sure they had notable differences in terms of certain attributes,
such as sweetness and cocoa flavor. In each sensory session, each chocolate square was served in a
transparent plastic cup coded with a 3-digit random number for identification. The presentation order
of the three samples was randomized and balanced for each participant to prevent positional bias.

2.3. Sensory Procedure

At the beginning of sensory sessions, a brief explanation of the procedures was given to all
participants. They were instructed regarding the proper operation and wearing of the VR headsets as
well as how to answer questions in tablets (Galaxy Tab A, Samsung, Seoul, South Korea). Three sensory
sessions were randomly carried out for each participant. After signing the consent form, participants
were instructed to evaluate three randomly ordered chocolate samples from left to right under one
of three contextual settings (booth or two VR settings). In the questionnaire, participants were asked
to rate the acceptability of ten attributes of each chocolate sample, including taste/flavor, sweetness,
bitterness, cocoa flavor, dairy flavor, texture, hardness, smoothness, aftertaste, and overall liking.
The acceptability test was based on the 9-point hedonic scale, which represented nine hedonic responses
using number 1 (dislike extremely) to 9 (like extremely) with a neutral response at 5 (neither like
nor dislike) [19]. Sweetness, bitterness, cocoa flavor, dairy flavor, and overall texture were also
evaluated by a just-about-right-scale (JAR) in terms of both intensity and acceptability (1 = too little,
2 = just about right, 3 = too much for sweetness, bitterness, cocoa flavor, and dairy flavor; 1 = too soft,
2 = just about right, 3 = too hard for overall texture) [20].The next question was purchase intent of each
chocolate sample (Would you purchase this product if it was available at a reasonable price where you
normally shop?), and the answer was based on a binomial scale (1 = No, 2 = Yes). The last section of this
questionnaire was the evaluation of emotional responses (Please select all the emotions that you think
apply regarding this chocolate sample). The check-all-that-apply (CATA) method was used with a list
of 33 emotional terms that were pre-selected previously from 48 original terms [21,22]. These terms
were “adventurous,” “satisfied,” “active,” “affectionate,” “calm,” “energetic,” “enthusiastic,” “free,”
“friendly,” “glad,” “good,” “happy,” “interested,” “joyful,” “loving,” “merry,” “nostalgic,” “peaceful,”
“pleased,” “pleasant,” “secure,” “warm,” “bored,” “disgusted,” “worried,” “aggressive,” “daring,”
“eager,” “guilty,” “polite,” “steady,” “understanding” and “wild.” Plain crackers and water were used
to cleanse participants’ palate in between different chocolate samples.

2.4. Contextual Settings

Three contextual settings were used in this research, including the traditional sensory booth as
the control setting, and two VR settings achieved by VR headsets (Oculus VR, LLC., Menlo Park, CA,
USA). The sensory booth was located at the RFH building, Lincoln University, Lincoln, New Zealand.
Individual booth units were separated by a solid protection panel, and there was a worktop within
each isolated booth unit for placing samples and tablets (Figure 1a,c). The booth temperature was set
to 21 ◦C, and white-color fluorescent lights were used during the entire sensory evaluation process.

For sensory sessions associated with the two VR settings, they were carried out in an isolated
focus room, which differed from the booth (Figure 1b). Four Oculus Go All-in-One VR Headsets (32 GB)
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with independent controllers were used for the generation of immersive VR environments. Both VR
environments were 360-degree videos selected from a video, movie, and photo platform called VeeR
VR, which was available within the VR headset itself (VeeR VR, San Francisco, CA, USA). VeeR VR is a
premium VR entertainment platform with more than ten thousand high-quality videos, photos, and
interactive experiences. The VR settings used for this research were selected by a focus group (n = 4)
from a list of 14 preliminarily evaluated 360-degree videos (VeeR VR). The criterion for selecting the
videos was based on the experienced pleasantness that participants had during the test in the focus
group session. One pleasant and one unpleasant video were selected for further analysis. There were
at least two instructors to help participants wear the VR headsets and place samples during the entire
sensory session under the VR settings. Chocolate samples were served to participants after they were
wearing the headsets and earphones. Participants were instructed to take the headsets off and start
answering questions on the tablets when they finished the tasting. This process was repeated until the
tasting of all three chocolate samples has been completed for each participant under each VR setting.

With regard to the VR environments, two 360-degree recorded videos (VeeR VR) that could elicit
different feelings and emotional responses from participants were selected. The first VR environment
was titled as “Pure relaxation in the luxurious apartments Vidamar resorts Algarve.” As shown
in Figure 1d1–d3, this video was a sightseeing tour in a 5-star hotel located in Guia, Portugal.
It had a duration of 41 min along with relaxing music, which showed beautiful sceneries such as
a large swimming pool and a peaceful beach. The second VR environment was titled “Elemental
Live—Halloween” (Figure 1e1,e2), which had a duration of 54 min. It was a noisy live music concert,
which was held on a cloudy day and was crowded with people. The first and second VR environments
were represented by the labels positive VR (PVR) and negative VR (NVR) respectively for convenience,
and B was used to represent traditional sensory booths as well.
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Figure 1. Contextual settings for the sensory evaluation of chocolate products. (a) Booths set up;
(b) Virtual reality (VR) set up; (c) Sensory booth setting; (d, 1–3) Positive VR setting; (e, 1–2) Negative
VR setting. VR environments were obtained from the VeeR VR app (VeeR VR, San Francisco, CA, USA).
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2.5. Statistical Analysis

A 3 × 3 factorial design was used in this research, which referred to three chocolate products and
three contextual settings. The acceptability data for sensory attributes were tested for normality by
the Shapiro–Wilk test procedure and all attributes that were found violating the normal distribution
were transformed through the PROC RANK procedure of Statistical Analysis System-SAS (SAS,
Cary, NC, USA) for the subsequent Friedman’s test (RStudio, Version 1.1.456—© 2009-2018 RStudio,
Inc.). To assess whether the reported sensory differences among chocolate type × environment were
significant or not, we used the non-parametric Friedman and post-hoc Nemenyi tests. The Friedman
test first establishes whether at least one of the treatments is significantly different from the rest, and if
this was the case, we used the Nemenyi test to identify those treatments for which there is evidence of
statistically significant differences. Nememyi test can be used [23,24], provided that data has an equal
sample size between each group and Friedman-type ranking of the data. The advantage of this testing
approach is that it does not impose any distributional assumptions and does not require multiple
pairwise testing between treatments, which would distort the outcome of the tests. The package
tsutils for RStudio implications were used to run the Nemenyi test (R package version 0.9.2.) [25].
Penalty analysis was applied to the JAR data in order to determine how much the overall liking and
acceptance of the chocolate samples were influenced by their attributes. The effect of contextual settings
was also considered in this research. The CATA emotional responses of chocolate samples under
different settings were assessed by the Cochran’s Q test, Correspondence analysis (CA), and principal
coordinate analysis (PCoA) [22,26]. With regard to the purchase intent, it was analyzed for multiple
comparisons based on Cochran’s Q test and the simultaneous confidence intervals testing as well.
Principal component analysis (PCA; Correlation Biplot) was used to analyze the relationship between
the hedonic acceptability of ten attributes and chocolate samples under different environmental settings.
The PCA results are presented as a product-attribute biplot. Chocolate samples under different settings
were categorized by the Agglomerative Hierarchical Cluster (AHC) analysis. The dissimilarity of them
was analyzed based on the Euclidean distance and the Ward’s method. The responses given through an
electronic questionnaire were collected by RedJade Sensory Software (Martinez, CA, USA). Data were
analyzed using Minitab 18 (Minitab, LLC, State College, PA, USA) and XLSTAT Statistical Software
2016 (Addinsoft, New York, NY, USA).

3. Results

3.1. The Effect of Environments on Sensory Acceptability of Chocolate Products

3.1.1. Hedonic Ratings

The sensory attributes measured on 9-point interval scale were analyzed under the null hypothesis
that all treatment groups were taken from populations with the same median, and they do not evoke
different liking in consumers. Friedman’s two-way nonparametric analysis of variance (ANOVA) was
used to evaluate the effect of context environment and chocolate type on the response. By using the
ANOVA procedure in conjunction with the PROC RANK procedure, data was ranked ‘not’ by block
to analyze the effect of context, whereas traditional method of rank assigning was used, i.e., rank
within blocks for the chocolate type. As Friedman’s test cannot be used for interaction, another method
was used, where the non-normal distributions were transformed by NORMAL = BLOM function of
PROC RANK [27]. This function computes normal scores from the ranks using the formula yi = (1/P)
(ri-3/8)/(n + 1/4), and after normalization the data were evaluated by using PROC GLM (general linear
model) procedure for main and interaction effects. Each response was grouped by two categorical
factors, namely context type, and chocolate type, and ranks were assigned by PROC RANK in SAS.
In a nutshell, the chocolate type effect was statistically significant, whereas the environment effect
was not significant at 95% confidence level. Furthermore, the interaction between chocolate types
and environments did not significantly affect the liking scores of the evaluated sensory attributes at

135



Foods 2020, 9, 515

95% confidence. Interestingly, the cocoa flavor was affected by the environment effect at about 88%
confidence level.

Consumers that tasted the different chocolate types showed a significant difference in the liking
of sensory attributes and thus, accepting the alternate hypothesis that all treatments groups do not
belong to the same population median. Nemenyi test, similar to Tukey-HSD (honestly significant
difference), helped identify the treatments responsible for the significance of the chocolate effect by
comparing the medians of distribution (Figure 2). In general, milk chocolate had the highest liking
scores of the evaluated sensory attributes, followed by white chocolate. However, the two types of
chocolate products (milk and white) were not significantly different (sharing the same color, brown
line) regarding the liking scores of most attributes except for cocoa flavor (Figure 2d). Milk chocolate
under PVR and white chocolate under B scored 6.51 ± 0.20 and 5.06 ± 0.24, respectively, for the liking
of cocoa flavor, which were significantly different from each other. Dark chocolate was the least liked
chocolate type (aqua color line), and its liking scores of taste/flavor, dairy flavor, texture, smoothness,
aftertaste, and overall liking were significantly different from other two chocolate types regardless
of the environments. Considering the effect of environments, there were no significant differences
among PVR, NVR, and B within the same type of chocolate product (p > 0.05). The liking scores of the
evaluated attributes under PVR were similar and generally high (but not significant, p > 0.05) for both
milk chocolate and white chocolate, whereas generally high (but not significant, p > 0.05) liking scores
of evaluated attributes were obtained under NVR for dark chocolate.
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Figure 2. Nemenyi test (post hoc) results comparing medians at 5% significance level for sensory
attributes, (a) taste, (b) sweetness, (c) bitterness, (d) cocoa flavor, (e) dairy flavor, (f) texture, (g) hardness,
(h) smoothness, (i) aftertaste, and (j) overall. Treatments sharing color implies not statistically different.

3.1.2. Just-about-Right (JAR) Results

Figures 3–5 show the JAR frequencies (%) and mean drops based on the penalty analysis for
the three chocolate products (milk, white, and dark) under three environments (PVR, NVR, and B),
regarding their sweetness, bitterness, cocoa flavor, dairy flavor, and overall texture. As shown in
Figure 3, milk chocolate had the highest selections of JAR for cocoa flavor (75%) and overall texture
(81%) under B, whereas the highest proportion of participants (75%) selected JAR for dairy flavor
under PVR. Milk chocolate under NVR had the highest selections of “too little/soft” for both cocoa
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flavor (31%) and overall texture (27%), and “too much” for dairy flavor (27%). The frequencies of
sweetness and bitterness for milk chocolate were similar under three environments. For white chocolate
(Figure 4), JAR was selected most frequently for sweetness (46%) and overall texture (87%) under
B, as well as for bitterness (46%) and cocoa flavor (54%) under PVR. White chocolate under NVR
had the highest selection of JAR for dairy flavor (63%). Selections of “too much/hard” for bitterness
(0–1%), cocoa flavor (0%) and overall texture (4–9%), as well as “too little” for sweetness (0–1%) and
dairy flavor (3–10%) of white chocolate were negligible regardless of the environments. With regard
to dark chocolate (Figure 5), JAR was selected most frequently for sweetness (46%), bitterness (40%),
cocoa flavor (54%), and overall texture (63%) under PVR. Dark chocolate under NVR had the highest
selection of JAR for dairy flavor (37%). The frequencies of “too much” regarding sweetness, dairy
flavor, and “too little/soft” regarding bitterness, cocoa flavor, the overall texture of dark chocolate
under three environments were negligible.

Penalty analysis was conducted based on both JAR frequencies and the overall liking scores of
chocolate products considering the environments. As shown in Figures 3–5, the threshold for the
population size was set as 20%. The attributes that appeared in the upper right-hand corner of the
penalty plot were considered to have negative effects on the liking of products, as more than 20% of
people thought they were either “too much/hard” or “too little/soft” [28]. Accordingly, both milk and
white chocolate were penalized for being too sweet and not bitter enough, which was opposite to dark
chocolate. Milk chocolate under both PVR and NVR was penalized due to not having enough cocoa
flavor. In addition, “too much” dairy flavor for milk chocolate under both NVR and B also affected
their overall liking scores. The penalty analysis results for both white chocolate and dark chocolate
were generally consistent under the three tested environments, of which cocoa flavor and dairy flavor
were penalized for being “too little” and “too much” for white chocolate, respectively, whereas the
opposite happened with dark chocolate. Moreover, the liking of dark chocolate was affected by its
hard texture as well (Figure 5).

3.2. Multivariate Analysis of Chocolate Products under Different Environments

3.2.1. Emotional Responses

According to Cochran’s Q test results (Table S1), 23 emotional terms were significant, including
“adventurous,” “satisfied,” “active,” “calm,” “affectionate,” “energetic,” “enthusiastic,” “friendly,”
“glad,” “good,” “happy,” “interested,” “joyful,” “loving,” “peaceful,” “pleased,” “pleasant,” “bored,”
“disgusted,” “worried,” “aggressive,” “polite”, and “wild.” Figure 6 shows the correspondence analysis
(CA) and principal coordinate analysis (PCoA) results. The CA displays the relationships between
emotional terms obtained based on the CATA method and three chocolate products considering
the contextual effect. As shown in Figure 6a, the principal component one (PC1) and principal
component two (PC2) were 63.43% and 22.86%, respectively, which explained 86.29% of data variability
in total. According to CA results, milk chocolate and white chocolate under PVR and B were
found to share similar profiles, which were associated with both neutral and positive emotional
descriptors such as “peaceful,” “pleasant,” “good,” “satisfied,” “glad,” “pleased,” and “polite.” Milk
and white chocolate under NVR were also associated with positive terms, such as “affectionate,”
“interested,” “happy,” “loving,” “joyful,” and “friendly.” Dark chocolate had highly distinctive groups
of emotional terms under NVR and PVR/B. With regard to dark chocolate under NVR, it was related
to ardent descriptors, including “adventurous,” “energetic,” “wild,” “active,” and “enthusiastic.” In
contrast, dark chocolate under PVR and B were related to negative terms, such as “bored,” “worried,”
“disgusted,” and “aggressive.”

The PCoA results show the relationship between emotional terms and the overall liking scores
of the three chocolate products under three different contextual settings (Figure 6b). Only the terms
“aggressive,” “disgusted,” “worried,” and “bored” were selected in relation to the lowest mean values
(<5.0) for the overall liking of chocolate products under different environments. However, terms such as
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“pleased,” “glad,” “good,” “loving,” “friendly,” “peaceful,” “pleasant,” “affectionate,” “satisfied,” and
“joyful” contributed to higher overall liking scores of chocolate products considering the contextual
effect (>5.0).Foods 2020, 9, x FOR PEER REVIEW 9 of 19 
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Figure 3. Just-About-Right (JAR) frequencies and penalty analysis results 1 regarding milk chocolate
attributes under different environments 2. 1 Penalty analysis was associated with the overall liking
scores (9-point hedonic scale). 2 M-PVR: milk chocolate positive VR; M-NVR: milk chocolate negative
VR; M-B: milk chocolate sensory booth.
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Figure 5. Just-About-Right (JAR) frequencies and penalty analysis results 1 regarding dark chocolate
attributes under different environments 2. 1 Penalty analysis was associated with the overall liking
scores (9-point hedonic scale). 2 D-PVR: dark chocolate positive VR; D-NVR: dark chocolate negative
VR; D-B: dark chocolate sensory booth.
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Figure 6. (a) Correspondence analysis (CA) of emotional terms for chocolate products tasted under
different contextual settings 1; (b) Principal coordinate analysis (PCoA) of emotional terms regarding
the overall liking scores. 1 M-PVR: milk chocolate positive VR; M-NVR: milk chocolate negative VR;
M-B: milk chocolate sensory booth; W-PVR: white chocolate positive VR; W-NVR: white chocolate
negative VR; W-B: white chocolate sensory booth; D-PVR: dark chocolate positive VR; D-NVR: dark
chocolate negative VR; D-B: dark chocolate sensory booth.

3.2.2. Principal Component and Cluster Analyses of the Chocolate Products under
Different Environments

The principal component analysis (PCA) and agglomerative hierarchical clustering (HCA) results
are shown in Figure 7. PCA biplot visualized the associations between liking scores of ten attributes
and the three chocolate products (milk, white, and dark) while considering the contextual effect
(Figure 7a). The principal component one (PC1) and principal component two (PC2) were 91.72%
and 6.64%, respectively, explaining totally 98.36% of data variability. Liking vectors of most attributes
were well linked with the horizontal axis, which was PC1 (squared cosines varied from 0.91 to 0.99).
The liking vector of cocoa flavor was aligned with the vertical axis, which was PC2 (squared cosine
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was 0.53). Liking vectors of most attributes, except for cocoa flavor, were close to each other in
Figure 7a, indicating their positive association. In addition, the liking vector of cocoa flavor was not
associated with the liking vectors of hardness and texture as they were almost orthogonal. In terms of
chocolate products, milk chocolate was highly associated with the liking of cocoa flavor under PVR
and NVR, and milk chocolate under B was associated with the overall liking as well as the liking of
bitterness, sweetness, smoothness, dairy flavor, aftertaste and taste/flavor. In addition, white chocolate
was relatively associated with the liking of hardness and texture under PVR and NVR. However,
dark chocolate was negatively correlated with the liking of all evaluated attributes regardless of the
contextual effects.

Figure 7b shows the dendrogram based on AHC for the nine chocolate–environment combinations
(3 × 3 factorial design). Three main cluster groups were formed, which were (1) dark chocolate
under all environments, (2) milk chocolate under all environments, and (3) white chocolate under
all environments.
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Figure 7. (a) Principal component analysis (PCA) biplot regarding liking scores 1 of chocolate attributes
in different environments 2; (b) Dendrogram of agglomerative hierarchical clustering (AHC) grouping
chocolate products under different environments 2. 1 Liking scores were based on the 9-point hedonic
scale (1 = dislike extremely, 5 = neither like nor dislike, 9 = like extremely) [19]. 2 M-PVR: milk
chocolate positive VR; M-NVR: milk chocolate negative VR; M-B: milk chocolate sensory booth; W-PVR:
white chocolate positive VR; W-NVR: white chocolate negative VR; W-B: white chocolate sensory
booth; D-PVR: dark chocolate positive VR; D-NVR: dark chocolate negative VR; D-B: dark chocolate
sensory booth.
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3.3. The Effect of Environments on the Purchase Intent of Chocolate Products

The frequencies of purchase intent for three chocolate products (milk, white, and dark) under
the three environments (PVR, NVR, and B) are shown in Table 1. In general, milk chocolate had the
highest purchase intent (64.2–73.1%) followed by white chocolate (56.7–62.7%), and dark chocolate had
the lowest purchase intent (31.3–43.3%). Milk chocolate and white chocolate were not significantly
different in their purchase intent under the three environments (p > 0.05). However, milk chocolate
had significantly higher purchase intent than dark chocolate under the PVR, NVR, and B, respectively
(p < 0.05). Based on the results, participants tended to be more willing to purchase three chocolate
products under PVR, whereas there were no significant differences among PVR, NVR, and B regarding
each chocolate type (p > 0.05).

Table 1. Purchase intent frequencies of chocolate products under different environments.

Treatments 1
Willingness to Purchase (%) 2

Chocolate Environment

Milk
PVR 73.1 a

NVR 64.2 ab

B 70.1 a

White
PVR 62.7 ab

NVR 61.2 ab

B 56.7 abc

Dark
PVR 43.3 bc

NVR 31.3 c

B 34.3 c

1 three types of chocolate products (milk, white and dark) were tested under three contextual settings (PVR: positive
VR, NVR: negative VR, and B: sensory booth). 2 Cochran’s Q test was used together with Marascuilo procedure for
multiple pairwise comparisons (n = 67); a–c Frequencies with different superscripts within the same column indicate
significant differences (Cochran’s Q test and Marascuilo procedure, p < 0.05).

4. Discussion

4.1. The Effect of Environments on Sensory Acceptability of Chocolate Products

4.1.1. Hedonic Ratings

The effect of context was found to not significantly affect the tasting experience of the chocolate
types. The increased social element (via context) was found here not contributing enough to change
the eating experience. Many reasons could be responsible for this finding, such as:

(a) Large product effect with respect to empathy, [29], emotions [29], ecstasy, involvement or indulgent;
(b) Irrelevant consumption context [30];
(c) Familiarity with the product, thus context plays a smaller role [31,32];
(d) Strong preference effect compared to context effect with respect to chocolate type, which may

consequently help explain the stable preference pattern for chocolates, namely milk and white
chocolate type;

(e) Meal context, not testing context, is the more effective influence [31];
(f) Attention bias could also make consumers focused only on chocolate testing and not to be affected

by context environments, as consumers were aware of testing chocolate in three settings.

Pound and Duizer (2000) found similar no context effect results with chocolate type tested in
four testing situations, namely, central location, in-home, teaching laboratory, and sensory laboratory.
Similarly, context has previously been found to have no effect on the eating experience of cheese [30].
Thus, the effect of context depends on many of the abovementioned factors, which can contribute to
the variability of the results.
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In the present study, the type of chocolate was found to have significant effects on the hedonic
ratings towards certain sensory attributes. Milk chocolate was the most liked product, followed by
white chocolate, whereas the dark chocolate was the least liked among all the products (Figure 2).
The three types of chocolate products used in this research varied in cocoa content, which were 28%
(white), 33% (milk), and 72% (dark). Therefore, their sensory attributes can be largely affected by their
ingredients, such as sweetness, bitterness, and cocoa flavor. Glicerina et al. [33] reported that these three
chocolate types also have different textual properties. White chocolate has less aggregate structure and
the lowest viscosity, whereas dark chocolate has the highest aggregate structure and fewer void spaces
between particles. The microstructure and rheological properties of milk chocolate are in-between,
which could be the reason for the highest liking scores. It has been reported that consumers prefer less
hard and light chocolate products, which could be a support for the findings of the present research as
well [34]. Apart from that, consumer preferences and relevant hedonic ratings may also be affected
by demographic factors, such as gender [35]. Although the effect of the environment on the hedonic
responses was marginal in this study, other reactions of consumers could be affected by the context in
which consumers taste the product. As reported by Stelick and Dando [10], the environment where
food products are consumed could affect the enjoyment, feelings, and purchase intent of alcoholic
drinks [17].

4.1.2. JAR Results

JAR results can describe both the acceptability and intensity towards sensory attributes of products.
In general, milk chocolate was the most acceptable product among the three chocolate types since its
JAR selections for all attributes were comparatively high (Figure 3). However, the overall liking of
milk chocolate was found to be affected by the contextual settings based on the penalty analysis results.
The effect of an attribute on overall liking of the product is considered significant when the proportion
of participants’ responses to “not JAR” is greater than the commonly used threshold of 20% [36,37].
In the present study, both PVR and NVR led to the higher selection of “too little,” and lower selections
of JAR, and “too much” of the cocoa flavor for the milk chocolate (Figure 3). This might be because
both PVR and NVR provided a better engagement than the sensory booth did, in which participants
might focus more on the virtual experience than the chocolate itself. Bangcuyo et al. [15] also reported
that consumers were more engaged in a coffee evaluation session that took place in an immersive
virtual coffeehouse rather than in the traditional sensory booth. Therefore, the finding of this research
might indicate that sensory evaluation conducted under immersive VR environments could have
better engagement and ecological validity than traditional sensory booths.

The white and dark chocolates had lower JAR selections regarding all attributes compared to
milk chocolate (Figures 4 and 5). About 81–87% of participants found that the overall texture of white
chocolate under the three environments was just about right (Figure 4). Similar to the penalty analysis
results, the other four attributes of white chocolate, including sweetness, bitterness, cocoa flavor, and
dairy flavor, were penalized for being either “too much” or “too little” regardless of the environments.
For the dark chocolate under three environments, all five attributes tended to have great negative effects
on its overall liking (Figure 5). On the other hand, the sweetness and dairy flavor of white chocolate
could be reduced and its cocoa flavor and bitterness could be increased for increasing consumers’
liking, while on the contrary for dark chocolate. Overall, contextual settings did not affect the penalty
analysis results for the white and dark chocolates. As previously mentioned, white chocolate has 28%
cocoa content and less aggregate structure, whereas dark chocolate has 72% cocoa content and the
highest aggregate structure [33]. In other words, both chocolate types have extreme cocoa content and
textual properties, which could have greater effects than contextual settings (Figure 2). Milk chocolate
has relatively moderate cocoa content (33%) and textual properties, which could minimize the effect
of chocolate itself and enlarge the effect of contextual settings [33]. This is probably why the penalty
analysis results for milk chocolate were different under the three environments.
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4.2. Multivariate Analysis of Chocolate Products under Different Environments

4.2.1. Emotional Responses

In the present study, the most frequently selected emotional terms changed depending on both
chocolate types as well as contextual settings (Figure 6). The descriptors selected for both milk chocolate
and white chocolate were generally similar under different environments, which were both neutral
and positive, such as “polite” and “affectionate.” However, dark chocolate was associated with distinct
emotions in different environments. Dark chocolate under NVR tended to have ardent emotional terms
such as “adventurous” and “energetic.” On the contrary, dark chocolate under both PVR and B were
associated with negative terms, including “bored,” “worried,” “disgusted,” and “aggressive,” which
contributed to low overall liking scores of chocolate products (<5.0). Overall, each chocolate product
tasted under PVR elicited generally similar emotions as the control setting, namely sensory booths.
However, NVR tended to evoke more passionate emotions from participants, especially towards
dark chocolate.

Both VR environments used in this study showed their impacts on consumers’ emotional responses
towards chocolate products, especially the NVR. Xu et al. [38] reported that the environments where
food products are consumed could heavily affect consumers’ emotions. They found significant changes
in emotions evoked from subjects when ice cream was consumed under laboratory, café, university
study area, and bus stop settings. Apart from the visual effect, the auditory effect involved in this study
should also be considered, as the VR environments were based on videos [39]. The liking of the two
VR environments was highly subjective as dark chocolate was associated with negative emotions and
low overall liking scores under B, which was the control setting, whereas the “virtual live concert”
setting positively affected participants’ emotional responses and overall acceptance of dark chocolate.
According to the results, consumers might feel more appropriate to consume a dark chocolate rather
than milk or white chocolates in a “live concert” environment.

4.2.2. Principal Component and Cluster Analyses of the Chocolate Products under
Different Environments

Three clusters were formed primarily based on the type of chocolate products, whereas contextual
settings were found not significant enough to affect the clustering in the present study (Figure 7).
In general, milk chocolate was the most liked chocolate, and dark chocolate was the least liked chocolate
based on the PCA results, which is similar to the finding in Figure 2. Both PVR and NVR were found
to have positive effects on the cocoa flavor liking of milk chocolate and the textual liking of white
chocolate. Some previous studies reported that both enjoyment and hedonic responses of food products
tended to be higher under immersive VR environments [2,17]. However, those environments were
pleasant and suitable for the consumption of relevant food products, such as tasting sparkling wine
in a winery as well as vegetables in a holiday farm. Although the two VR environments used in this
research belong to different categories, their positive effects towards certain chocolate attributes were
similar. Hathaway and Simons [3] reported that the hedonic ratings of cookies obtained under relevant,
immersive VR environments were more reliable and discriminating. Therefore, it would be necessary
to select a matched tasting environment for each chocolate product in order to obtain reliable hedonic
data. These sensory results could be further applied in testing newly developed chocolate products
before launching.

4.3. The Effect of Environments on the Purchase Intent of Chocolate Products

In the present study, the purchase intent was highly associated with participants’ hedonic responses
as well as the PCA results, in which milk chocolate was the most liked chocolate type (Figures 2
and 7). As discussed above, milk chocolate had moderate cocoa content and textual properties, which
could be the primary reason for the consumers’ preference [33]. Although participants were most
willing to pay for three chocolate products under PVR, there were no significant differences among
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PVR, NVR, and B within each chocolate type (p > 0.05). Apart from the chocolate category, there
are many factors that could affect consumers’ willingness to purchase, such as the nutritional value
and health claims of products [40]. Gunaratne et al. [26] also reported that the packaging could have
effects on consumers’ acceptance, purchase intent, and emotions regarding chocolate products. On the
other hand, the consuming context may also contribute to those impacts. As reported by O’Brien and
Toms [41], aesthetically pleasant environments could positively influence consumers’ engagement.
The highest frequencies of purchase intent achieved under PVR for each chocolate product might be
correlated with improved engagement, which might have been perceived by the participants.

5. Conclusions

This preliminary study firstly explored the effect of 360-degree immersive videos (based on
VR headsets) on the sensory perception of chocolate products. Changing the context environments
did not significant affect the hedonic ratings of chocolates. As compared to the traditional sensory
booth, participants tended to have better engagement when they tasted chocolate products under
both VR environments. Therefore, the data could be more ecologically valid as well as relevant to
actual consumers’ experience. In addition, the combination of dark chocolate and “virtual live concert”
significantly affected consumers’ hedonic responses and emotions into a positive and passionate
direction. However, it is necessary to further match each chocolate type to a suitable consuming
environment achieved by VR headsets, for more reliable and ecologically valid sensory responses.
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Abstract: Wine tasting is a multidimensional experience that includes contextual information
from tasting environments. Formal sensory tastings are limited by the use of booths that lack
ecological validity and engagement. Virtual reality (VR) can overcome this limitation by simulating
different environmental contexts. Perception, sensory acceptability, and emotional responses of
a Cabernet Sauvignon wine under traditional sensory booths, contextual environments, and VR
simulations were evaluated and compared. Participants (N = 53) performed evaluations under
five conditions: (1) traditional booths, (2) bright-restaurant (real environment with bright lights),
(3) dark-restaurant (real environment with dimly lit candles), (4) bright-VR (VR restaurant with bright
lights), and (5) dark-VR (VR restaurant with dimly lit candles). Participants rated the acceptability
of aroma, sweetness, acidity, astringency, mouthfeel, aftertaste, and overall liking (9-point hedonic
scale), and intensities of sweetness, acidity, and astringency (15-point unstructured line-scale).
Results showed that context (booths, real, or VR) affected the perception of the wine’s floral aroma
(dark-VR = 8.6 vs. booths = 7.5). Liking of the sensory attributes did not change under different
environmental conditions. Emotional responses under bright-VR were associated with “free”, “glad”,
and “enthusiastic”; however, under traditional booths, they were related to “polite” and “secure”.
“Nostalgic” and “daring” were associated with dark-VR. VR can be used to understand contextual
effects on consumer perceptions.

Keywords: virtual reality; acceptability; Cabernet Sauvignon; wine; context; emotions

1. Introduction

The globalization of markets, an increase in per capita income (especially in developing countries),
and eventually increased spending power has allowed more consumers to access wine products
from around the world [1]. With the increasing consumers’ wine demand and increased competition,
the production of higher quality and more acceptable wines is one of the biggest challenges for the
wine industry to remain relevant in the market [2]. Sensory analysis of wines is an essential and
critical component of quality control [3,4]. The chemical composition measured by instrumental
analysis can provide valuable and reliable information to assess the quality of wine products; however,
the consumers’ assessment is a critical decision-making tool to test the success of the product in the
marketplace [1,2]. Sensory analysis, which relies on the sight, smell, taste, touch, and hearing senses
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to determine the intrinsic properties of wine products provides a multidimensional response that is
closely related to the tasting experience of consumers. From the vineyards (grape quality) to the final
wine products that are being consumed on various occasions, sensory analysis is an important tool in
the manufacturing chain of wine production and commercialization [5].

Traditional wine assessment depends on the tasting abilities of a panel of experts who rate
the quality of wines using an attribute-based grading system [2]. However, this method only uses
a small number of scores that might not explain the acceptability of the product entirely. On the
other hand, standard consumers’ sensory evaluation relies on using isolated booths for removing
external environmental factors, including odors and noises that can produce biases in responses [6,7].
However, these controlled environments lack ecological validity because they do not offer “real-world”
conditions for replicating the authentic tasting experience of consumers [8]. Sensory laboratories can
be considered unfamiliar environments for the consumption of foods and beverages, where consumers
are separated in booths and isolated from external stimuli. In reality, consumption of foods and
beverages is influenced by the environmental factors that stimulate the senses of consumers [9–11].
The contextual elements are complex and variable, including several sensory stimuli, which constitute
the background information of the tasting experience. The different external factors create complex
contextual cues that are essential for the formation of subsequent consumers’ behaviors, expectations,
and hedonic evaluations [12–15]. Besides the sensory characteristics of products, external factors
surrounding consumers (environmental and social interaction) can also affect the acceptability and
emotional responses [16].

The lack of active consumers’ engagement in the sensory and hedonic evaluations can reduce
the prediction rates of product choice, which leads to a higher probability of failure in the research
and development of new products in the food and beverage industry [8]. The primary purpose of
using a sensory laboratory is to collect responses generated by the senses of participants with the
elimination of the influences produced by external factors [17]. Compared to traditional sensory
laboratory setups, “real-world” environments have multiple external variables that are difficult to
quantify and control. For instance, Dorado, Chaya, Tarrega, and Hort [16] stated that the contextual
information could affect the emotional responses of consumers towards beer products, but this effect
was not significant for liking. Sester et al. [18] found that different contexts, produced by the simulation
of two bar environments using immersive technology (bars were decorated with cold and warm tone
lights with different background pictures), had a significant effect on consumers’ choices of drinks.
Nijman et al. [19] found that consumers were able to discriminate lager and ale beers better using a
real bar as a testing environment compared to that of traditional sensory booths. However, conducting
sensory research in external locations is challenging because it can be generally time-consuming and
expensive [20].

The creation of a simulated virtual environment within the controllable laboratory setup for the
sensory evaluation of wine products could be a step closer to pursue ecological validity at a relatively
lower cost. Virtual reality (VR) technology, which combines a series of interactive computer-generated
images or videos that link users’ minds and sensory systems, can be applied to simulate environments
similar to the “real world” [21]. The virtual environment provided by the VR technology usually is
generated by using VR headsets, which can offer visual and auditory stimuli with the advantage of being
easy to operate [22]. VR technology can generate virtual scenes throughout dynamic environments
that make participants feel engaged by using stereoscopic displays and sensing technology. Moreover,
compared with the “real-world” environment, the conditions of VR environments are relatively
controllable, and the environments are easy to replicate. There is a growing interest in the scientific
community on studying the effects of VR on sensory and consumer sciences [23–25]. Regarding the
use of real surroundings, Hannum et al. [26] evaluated the effect of three contextual environments
(traditional sensory booths, an immersive wine bar, and an actual wine bar) on the acceptability and
purchase intent of consumers toward wine samples. Although they found that the environment
had a marginal effect on acceptability, individual consumers’ behaviors changed depending on the
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environment that was used. There is still very little information on how the VR environments perform
against “real-world” contexts. Therefore, this study evaluated the perception, sensory acceptability, and
emotional responses of a Cabernet Sauvignon wine under different conditions, including traditional
sensory booths, “real-word” contextual environments, and VR simulations with associated hardware.

2. Materials and Methods

2.1. Participants

The research protocol for this study was listed as a minimal risk with the ethics approval 1543704.2
obtained in February 2017 by the Human Ethics Advisory Group (HEAG) of the Faculty of Veterinary
and Agricultural Science at The University of Melbourne, Australia. A total of N = 53 participants
(12 males and 41 females) with ages of 35 ± 10 years old were recruited from a pool of students and
staff belonging to The University of Melbourne to participate in this study. A power analysis was
performed to verify that the number of participants (N) used in the present study was adequate
(Power = 0.93). All participants were untrained and reportedly not allergic to any food product.
Participants who consumed wine products at least once per month were pre-selected for the sensory
sessions. All participants were asked to sign a consent form approved by the Human Ethics Advisory
Group (The University of Melbourne) before tasting the wine. Sensory sessions were held at the sensory
laboratory facilities of The University of Melbourne, Australia, which is composed of 20 sensory booths
and focus group rooms. Five sensory sessions (traditional booths, bright-restaurant, dark-restaurant,
bright-VR, and dark-VR) were conducted on five different days. The order of the sessions was
randomized within each participant. The duration of one sensory session was approximately 20 to
30 min for each participant. At the end of all five sessions, participants were rewarded with a $10
gift card.

2.2. Stimulus

A descriptive panel (N = 8) from The University of Melbourne was used to select the Cabernet
Sauvignon wine for this study. Six red wines were classified as high, medium, and low according
to their average quality scores (100 points). A medium-quality (score = 76.25) Cabernet Sauvignon
wine (Phoenix, Penley Estate, Coonawarra, SA, Australia) was used as the product stimulus for this
experiment. Only one medium-quality red wine was selected because the focus of this experiment
was to measure the effects of the context and environment on the taste perception of the wine. Bottles
of 750 cc wines from the same batch were purchased from a local grocery store and kept at 16 ◦C.
Five hours before the sensory sessions, the bottles of wines were transferred to the tasting room to
reach room temperature (25 ◦C). Wine bottles were wrapped with aluminum foil to hide any packaging
cues that can bias the responses of participants. A total of 15 mL of wine was poured in standard wine
clear glasses (international standard wine tasting glasses, Luigi Bormioli International Organization
for Standardization (ISO) wine tasting glasses with a rim diameter of 46 mm, height of 155 mm, and a
total volume of 215 mL). For each environment, participants received two wine samples with different
three-digit random codes from the same bottle (duplicates). This was done to avoid positional biases,
logical errors, and pattern effects that can lead to guessing the nature of the samples. The purpose of
this test was to measure the effect of the context and environment on consumers’ responses having
samples with the same taste.

2.3. Sensory Procedure

At the beginning of the tasting sessions, instructions were provided to each participant explaining
the experimental procedures, including the proper operation and wearing of VR headsets, as well
as information about how to fill out the paper ballots. After a brief explanation of the test
procedures, participants who were willing to continue with the sensory test signed the consent
form. The environments in this study included (1) traditional booths, (2) bright-restaurant (real
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environment illuminated with bright lights), (3) dark-restaurant (real environment illuminated with
dimly lit candles), (4) bright-VR (VR restaurant illuminated with bright lights), and (5) dark-VR
(VR restaurant illuminated with dimly lit candles) (Figure 1). In the VR sessions, participants were
instructed to wear the VR headsets and taste the wine with the help of the instructor in the room. For
the immersive (real) and traditional booth sessions, participants were seated in the tables and had
the samples ready in front of them for tasting. Participants tasted two wine samples (using the same
wine) in each session. The presentation of the samples was randomized, and a sequential monadic
sample order was used within each participant. In the VR sessions, participants were instructed to take
VR headsets off and start answering questions once they finished tasting. This process was repeated
for each participant until the tasting of all samples was completed under each VR setting. In the
immersive (real) and traditional booth sessions, participants were instructed to taste the wine samples
from left to right and answer the questions in the paper ballots. In the paper ballots, participants were
asked to rate the acceptability of the floral aroma, fruity aroma, sweetness, acidity, mouthfeel-body,
astringency, aftertaste, and overall liking of the red wine sample using the nine-point hedonic scale
(1 = disliked extremely, 5 = neither liked nor disliked, 9 = liked extremely). The intensities of floral
aroma, sweetness, acidity, and astringency were evaluated using a 15 cm unstructured line scale.
Sweetness, acidity, astringency, and body were also assessed using a just-about-right scale (JAR; for
sweetness, acidity, and astringency: 1 = too little, 2 = just about right, 3 = too much; for body: 1 = light,
2 = medium, 3 = full). Purchase intent (question: “If this product is available on the market, will you
buy it?”) of the wine samples was evaluated using a binomial scale (1 = yes, 2 = no). No re-tasting of
samples was allowed in the current experiment, and all the collected responses were memory-based.

To assess the emotional responses elicited by the wine tasting experience in the different
environments, a check-all-that-apply (CATA) procedure was applied using a list of 33 emotional terms
(adventurous, pleased, satisfied, pleasant, active, secure, affectionate, warm, calm, bored, energetic,
disgusted, enthusiastic, worried, free, aggressive, friendly, daring, glad, eager, good, guilty, happy,
polite, interested, steady, joyful, understanding, loving, wild, merry, nostalgic, and peaceful).

These emotion terms were pre-selected from a list containing 48 emotional terms obtained from
previous studies [27,28] to cover two-dimensional affective spaces (valence and arousal), according
to Bradley and Lang [29]. Participants used water and unsalted crackers to cleanse their palate in
between wine samples.
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2.4. Test Environments

As shown in Figure 1, five test environments (traditional booths, bright-restaurant, dark-restaurant,
bright-VR, and dark-VR) were used for the tasting experiences of the wine. Traditional booths
(traditional sensory evaluation environment) consisted of isolated individual booths located in the
sensory laboratory facilities at the University of Melbourne, Australia (Figure 1a). The dimensions of the
sensory testing booths were 1.5 m (width) × 2.1 m (height) with a worktop used for placing samples and
questionnaires. The sensory booths were illuminated with light emitting diode (LED) light (configured
with white color; RGB = 255, 255, 255). The temperature of the sensory room was set at 25 ◦C. The VR
environments used in this study (restaurants with bright and dark ambient) were both obtained from
YouTube (Google LLC, San Bruno, CA, USA), and were selected from a pool of 10 VR environments
(YouTube) in preliminary focus group discussions (N = 6) (bright-VR contextual environment (https:
//www.youtube.com/watch?v=y8iqpLN-YIE), and dark-VR contextual environment (https://www.
youtube.com/watch?v=2zYWdAqmxBw)) The “real” restaurant environments were assembled to
create two restaurant conditions for this study (bright and dark conditions). Before the testing session,
wine samples coded with three-digit random numbers and questionnaires (paper ballots) were placed
on the table for the participants.

Consumer tests in the “real” restaurant contexts were conducted in two separate rooms having
bright and dark environments (Figure 1e,f, respectively). In the bright-restaurant environment,
participants were seated in restaurant-type tables that were decorated with a vase with flowers and a
wooden table with bread. In the bright-restaurant room, there was a 60 inch TV screen (Samsung, Seoul,
Korea) that displayed a photo of a wine cabinet with a wide variety of wines. In the dark-restaurant
environment, participants were seated in a dark room that was illuminated by artificial LED tea-lights
(Kmart, Melbourne, VIC, Australia), and decorated with flowers and plates. In the dark-restaurant
room, there was also a 60 inch TV screen that displayed a photo of a dark-restaurant room.

The consumer test sessions under the VR environments were conducted in a private and isolated
focus-group room (Figure 1b). The VR environments were generated by an Oculus Go all-in-one
VR headset with a controller (Facebook Technologies, LLC, Menlo Park, CA, USA), which provided
the dynamic visual scenarios (Figure 1c,d). Throughout the VR testing process, a testing supervisor
was always present to help the subjects wear the VR headsets. After the tasting of each wine sample,
participants were asked to remove their VR headsets and answer the questions on the paper ballots.
The bright-restaurant VR environment was a restaurant-type room illuminated with bright lights.
The subjects in this environment tasted the wines in a simulated restaurant bar, facing a cabinet that
has a wide variety of wines (Figure 1c). During the tasting experience, participants were able to
see, hear, and feel the activities of other persons dining in the restaurant. The background noise for
this environment included low-pitched conversations from other persons in the restaurant. On the
other hand, the dark-restaurant VR was placed in a restaurant illuminated with dim lights with
no background music. The restaurant had several tables with seated persons that were having
low-pitched conversations. Table lamps with yellow lights were placed in several places in the
restaurant. Participants in this VR environment were placed in one table at the corner of the restaurant
(Figure 1d).

2.5. Statistical Analysis

A two-way ANOVA (environment × order) with a generalized linear model (GLM) and a post-hoc
Tukey’s Honest Significant Difference (HSD) test were used to asses significant differences among
the evaluated environments (traditional booths, bright-restaurant, dark-restaurant, bright-VR, and
dark-VR) for the hedonic ratings and intensity scores of the Cabernet Sauvignon wine. The order effect
was included in the ANOVA model to test whether the position of the samples was a significant factor
when tasting the wine. A penalty test on the JAR data was performed to determine the effects of sensory
attributes on the hedonic liking. Mean drops for the “too much” and “too little” scores were calculated
(differences between the liking mean for the JAR level minus the “too much” or “too little” levels). For
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the CATA frequency data, correspondence analysis and principal coordinate analysis were used to
assess the differences among the evaluated environments relative to the selection of the emotion terms
and overall liking levels. For the purchase intent, the Cochran’s Q test and simultaneous confidence
intervals testing were used for multiple comparisons. A principal component analysis (PCA) was
applied to interpret relationships between the hedonic ratings and intensity scores of the wine in
different environments. A product-attribute biplot was used for the illustration of the PCA. Data were
analyzed at α = 0.05 using the XLSTAT Statistical Software version 2017 (Addinsoft, New York, NY,
USA). All data were reported as mean values with standard errors.

3. Results

3.1. Sensory Responses to the Wine Sample in Different Environments

Results of the analysis of variance (ANOVA) for the different sensory parameters are shown
in Table 1 (acceptability and intensity). For the acceptability responses (floral aroma, fruity aroma,
sweetness, acidity, mouthfeel astringency, body, aftertaste, and overall liking), none of the main
effects (environment nor order) were significant (p ≥ 0.05) in the ANOVA models. The interaction
(environment*order) effect was only significant (p < 0.05) for the fruity aroma attribute on the model of
acceptability. For the intensity parameters (floral aroma, sweetness, acidity, and astringency), the type
of environment effect was only significant (p < 0.05) for the floral aroma and astringency parameters.
The interaction effect (environment*order) was only significant (p < 0.05) for the acidity and astringency
intensity parameters. The order main effect was not a significant factor (p ≥ 0.05) for neither the
acceptability nor the intensity parameters; therefore, the means of the two served samples could be
pooled for the post-hoc means comparison analysis.

Table 1. ANOVA 1 table for the acceptability and intensity parameters of the wine by
environment samples.

ANOVA Environments

Effects 1
Acceptability

Floral Aroma Fruity Aroma Sweetness Acidity

F Value 2 Pr > F 2 F Value 2 Pr > F 2 F Value 2 Pr > F 2 F Value 2 Pr > F 2

Environment 1.15 0.33 1.25 0.29 1.09 0.36 0.92 0.45
Order 0.46 0.50 1.61 0.20 0.00 0.96 0.05 0.83

Environment*Order 3 1.44 0.22 2.63 0.03 1.66 0.16 0.81 0.52

Effects 1
Acceptability

Mouthfeel
Astringency Mouthfeel Body Aftertaste Overall Liking

F Value 2 Pr > F 2 F Value 2 Pr > F 2 F Value 2 Pr > F 2 F Value 2 Pr > F 2

Environment 0.76 0.55 0.28 0.89 0.16 0.96 0.43 0.79
Order 0.33 0.57 0.68 0.41 2.05 0.15 0.47 0.49

Environment*Order 3 0.99 0.41 0.87 0.48 0.85 0.50 1.53 0.19

Effects 1
Intensity

Floral Aroma Sweetness Acidity Astringency

F Value 2 Pr > F 2 F Value 2 Pr > F 2 F Value 2 Pr > F 2 F Value 2 Pr > F 2

Environment 4.04 <0.01 0.73 0.57 1.05 0.38 2.42 0.05
Order 0.02 0.89 2.41 0.12 0.47 0.49 0.03 0.86

Environment*Order 3 1.42 0.23 1.11 0.35 2.93 0.02 5.08 <0.01
1 ANOVA = analysis of variance (five types of environments (traditional booths, bright-restaurant, dark-restaurant,
bright-VR, and dark-VR) and two positional orders. Liking scores were based on a nine-point hedonic scale
(1 = dislike extremely, 9 = like extremely). Intensity scores were based on a 15-point Likert scale (1 = absent,
15 = very strong). 2 F value, mean square/mean square error. Effects were considered significant when the
probability Pr > F was less than 0.05 (bolded and italicized probabilities). 3 The environment effect was crossed with
the replicate effect in a two-way factorial design (type of environment by order) using participants as blocks.
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Table 2 shows the mean acceptability scores of the red wine sample in each environmental
condition (traditional booths, bright-restaurant, dark-restaurant, bright-VR, and dark-VR). For the
aroma acceptability attributes, the floral aroma scores for all the environments were not significantly
different (p ≥ 0.05) among them, ranging from 5.65 (dark-VR) to 5.94 (dark-restaurant). On the other
hand, the acceptability score of the fruity aroma of the wine sample in the dark-restaurant environment
was significantly higher (p < 0.05) compared to that of the wine sample in the traditional booths
(5.99 vs. 5.65, respectively). No significant differences (p ≥ 0.05) were found among the environments
in the taste acceptability parameters (sweetness, acidity, astringency, body, and aftertaste) and overall
liking of the wine sample. The mean intensity scores of the wine sample in each environment for the
floral aroma, sweetness, acidity, and astringency are also shown in Table 2. The real dark-restaurant
environment had a significantly (p < 0.05) higher floral aroma intensity score compared to those
values of the traditional booths and the VR environments (bright and dark; 8.61 vs. 7.45–7.96). On
the other hand, the real bright-restaurant had a significantly (p < 0.05) higher floral aroma intensity
score compared to the value of the traditional booths (8.14 vs. 7.45, respectively), but was not
significantly (p ≥ 0.05) different compared to the VR environments (bright and dark). Opposite results
were observed for the astringency intensity attribute, in which the real dark-restaurant environment
had a significantly (p < 0.05) lower score compared to that of the traditional booths and the dark-VR
environment (7.57 vs. 8.34–8.39, respectively; Table 2). For the sweetness and acidity intensity attributes,
no significant differences (p ≥ 0.05) were found among the environments.

Table 2. Acceptability and intensity mean values of the wine sample in each environment 1.

Environments 1 Acceptability 2

Floral Aroma Fruity Aroma Sweetness Acidity

Traditional booths 5.66 ± 1.59 a 5.65 ± 1.58 b 5.26 ± 1.68 a 5.06 ± 1.71 a

Bright-restaurant 5.90 ± 1.36 a 5.91 ± 1.38 a, b 5.19 ± 1.77 a 5.21 ± 1.78 a

Dark-restaurant 5.94 ± 1.49 a 5.99 ± 1.35 a 5.41 ± 1.66 a 5.23 ± 1.69 a

Bright-VR 5.81 ± 1.32 a 5.79 ± 1.31 a, b 5.47 ± 1.72 a 5.10 ± 1.65 a

Dark-VR 5.65 ± 1.49 a 5.90 ± 1.44 a, b 5.59 ± 1.77 a 5.44 ± 1.66 a

Environments 1 Acceptability 2

Astringency Body Aftertaste Overall Liking

Traditional booths 5.15 ± 1.81 a 5.67 ± 1.47 a 5.59 ± 1.49 a 5.57 ± 1.60 a

Bright-restaurant 5.48 ± 1.54 a 5.73 ± 1.36 a 5.49 ± 1.37 a 5.58 ± 1.46 a

Dark-restaurant 5.41 ± 1.85 a 5.58 ± 1.57 a 5.58 ± 1.55 a 5.60 ± 1.66 a

Bright-VR 5.28 ± 1.43 a 5.62 ± 1.31 a 5.50 ± 1.50 a 5.54 ± 1.52 a

Dark-VR 5.44 ± 1.79 a 5.75 ± 1.54 a 5.60 ± 1.59 a 5.77 ± 1.56 a

Environments 1 Intensity 2

Floral Aroma Sweetness Acidity Astringency

Traditional booths 7.45 ± 3.04 c 6.62 ± 2.88 a 8.16 ± 2.67 a 8.39 ± 2.14 a

Bright-restaurant 8.14 ± 3.13 a, b 6.67 ± 2.76 a 8.25 ± 2.84 a 8.23 ± 2.55 a

Dark-restaurant 8.61 ± 2.93 a 6.97 ± 2.71 a 8.09 ± 2.44 a 7.57 ± 2.62 b

Bright-VR 7.96 ± 2.65 b, c 7.05 ± 3.00 a 7.65 ± 2.57 a 7.78 ± 2.79 a, b

Dark-VR 7.84 ± 2.84 b, c 7.01 ± 2.93 a 7.94 ± 2.80 a 8.34 ± 2.59 a

1 Five environments were tested (traditional booths, bright-restaurant, dark-restaurant, bright-VR, and dark-VR).
Means and standard deviations of 53 participants. 2 Liking scores were based on a nine-point hedonic scale
(1 = dislike extremely, 9 = like extremely). Intensity scores were based on a 15-point Likert scale (1 = absent,
15 = very strong). a–c Means with different superscripts in each column within each attribute indicate significant
differences (p < 0.05) by the Tukey studentized range Honest Significant Difference (HSD) test.

The frequency distribution (%) of participants’ responses for the intensities of sweetness, acidity,
astringency, and body of the wine sample in each environment using the just-about-right (JAR) scale is
shown in Figure 2. In general, the wine sample was considered to be “just-about-right” (49%–59%) and
“too little” (37%–50%) in the sweetness for all tested environments in this study. Moreover, participants
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considered the wine sample to be “just-about-right” (52%–66%) and “too much” (28%–38%) in acidity
and astringency for all environments. For the body of the wine sample, participants rated this attribute
as “just-about-right” (61%–71%) for all the environments (Figure 2). The penalty analysis using the
JAR data is shown in Table 3. In general, the wine sample for all the environments was considered
to be “too little” in sweetness (mean drop = 1.25–1.99; p < 0.05) except for the dark-VR environment,
in which the mean drop was not significant in the overall liking (0.40; p ≥ 0.05).

Table 3. Penalty analysis results for the sweetness, acidity, astringency, and body of the wine sample in
different environments 1.

Environment
Sweetness Acidity Astringency Body

Too
Little

Too
Much

Too
Little

Too
Much

Too
Little

Too
Much

Too
Little

Too
Much

Booths 1.54 −0.25 1.66 1.44 0.14 1.52 0.72 0.17
Bright-real 1.25 0.21 0.43 1.30 0.01 1.34 −0.20 −0.67
Dark-real 1.99 0.06 1.58 1.94 0.31 1.94 −0.08 −0.02
Bright-VR 1.51 0.60 0.89 1.17 1.47 1.76 0.66 0.01
Dark-VR 0.40 −1.64 −0.47 1.24 −1.06 1.02 −1.35 1.00

1 Booths = traditional sensory booths, Bright-real = bright restaurant real environment, Dark-real = dark restaurant
real environment, Bright-VR = bright restaurant VR environment, and Dark-VR = dark restaurant VR environment.
Values represent the mean drops using the nine-point hedonic scale. Mean drops were considered significant when
the probability Pr > F was less than 0.05 (bolded and italicized values).

Participants penalized the wine sample in all the environments for being “too much” in acidity
(mean drop = 1.17–1.94) and astringency (1.02–1.94), but they did not penalize the body attribute
(p ≥ 0.05; Table 3). Moreover, the purchase intent values of the wine samples in all the environments
were not significantly (p ≥ 0.05) different (42%–45%; data not shown).
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3.2. Emotions and Multivariate Analysis of the Wine Sample in Different Environments

Figure 3a shows the corresponding analysis of the emotional terms of the CATA question related
to the wine sample in each environment. The principal component one (PC1) and principal component
two (PC2) accounted for 26.41% and 36.65%, respectively, which explained 63.03% of the total data
variability. The wine sample was only associated with the emotions “polite” and “calm” under the
traditional booths environment. Under the real bright-restaurant environment, participants’ emotions
toward the wine sample were associated with “interested”, “secure”, “friendly”, and “loving”.
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On the other hand, participants only elicited emotions such as “free” and “enthusiastic” towards the
wine sample under the bright-VR environment. The emotions “glad” and “enthusiastic” were associated
with the wine under the real dark-restaurant environment. Conversely, “nostalgic”, “daring”, and
“disgusted” were associated with the wine under the dark-VR environment. The principal coordinate
analysis of the emotion terms concerning the overall liking of the wine sample in different environments
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is shown in Figure 3b. In general, overall liking was positively associated with the emotion terms
“secure”, “free”, “interested”, “good”, and “friendly.” Moreover, the overall liking of the samples was
negatively associated with “daring”, “affectionate”, “eager”, “adventurous”, and “wild.”

The principal component analysis (PCA) biplot shows the acceptability and intensity parameter
vectors associated with the five environmental conditions (traditional booths, bright-restaurant,
dark-restaurant, bright-VR, and dark-VR) in which the wine sample was tasted (Figure 4). Considering
all acceptability and intensity sensory parameters, the PC1 and PC2 accounted for 36.93% and 31.77%
of the biplot, respectively, explaining 68.7% of the total data variability. The fruit aroma liking and
floral aroma intensity (factor loading = 0.89–0.91; data not shown) vectors contributed largely to the
discrimination of the environments in the PC1.
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On the other hand, the overall liking vector (factor loadings = 0.96) contributed largely to the
discrimination of the samples in the PC2. According to the PCA, the acidity, sweetness, and aftertaste
liking scores were positively associated with overall liking. On the other hand, the liking of the floral
aroma was positively associated with the intensity of the floral aroma, but it was negatively associated
with the intensity of astringency. The sweetness intensity was positively associated with the liking
of the fruity aroma and astringency, but it was negatively associated with the intensity of the acidity.
Moreover, the liking of the body was positively associated with the liking of the aftertaste, but it was
negatively associated with the liking of the floral aroma. The real dark-restaurant and bright-VR
environments were related to higher floral aroma intensity and liking. The dark-VR environment was
related to a higher overall liking score, and the traditional booths environment was related to a higher
intensity of acidity (Figure 4).

4. Discussion

4.1. Sensory Responses to the Wine Sample in Different Environments

This study showed that the type of environment (traditional booths, bright-restaurant,
dark-restaurant, bright-VR, and dark-VR) had a marginal effect on the sensory acceptability (floral
aroma, sweetness, acidity, astringency, body, aftertaste, and overall liking) of the Cabernet Sauvignon
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wine sample (Tables 1 and 2). Only the real dark-restaurant environment had a higher acceptability
score for the fruity aroma attribute compared to that of the traditional booths (5.99 vs. 5.65, respectively;
Table 2). On the other hand, the type of environment significantly affected the intensity perception of
the floral aroma and astringency of the wine sample. The wine tasted in both real environments (bright
and dark) had a significantly higher floral aroma compared to that of the wine tasted in the booths
(8.14–8.61 vs. 7.45, respectively; Table 2). Conversely, the wine tasted in the real dark environment had
a significantly lower astringency compared to that of the booths and the dark-VR environment (7.57 vs.
8.34–8.39, respectively; Table 2).

Virtual reality technology can provide consumers with simulated scenarios that are close to real
environments [30]. The present research showed that changing the environment had a significant effect
on perception, but that effect was marginal for acceptability. The overall liking of the wine sample in
the real environments was similar compared to that of the VR environments. The same effect occurred
for the perception of sweetness and acidity; however, there were significant differences between the
real and VR in the dark environments for the perception of floral and astringency. Environments
may affect consumers’ expectations and experiences of products because their decisions can be
unconsciously changed by several extrinsic factors [26]. Ryu and Jang [31] tested different contextual
factors such as lighting, facility aesthetics, ambiance music, dining equipment, and employees’
interactions on consumers dining experiences. They found that consumers showed positive emotions
to simple environmental changes such as the type of music played and the layout of the dining
environment. Moreover, the lighting conditions are very important for the sensory evaluation of
foods. Bschaden et al. [32] found that the lighting conditions of the testing environment can affect the
saltiness perception of tomato soups. Moreover, consumers tend to choose less healthy food options
when the ambient lighting is dim [33]. In the present study, the dark environment might have been the
most adequate contextual surrounding for consumers to taste the wine sample, as the perception of
fruity and floral aroma had positive effects on consumers. In a similar study, Hersleth et al. [34] found
that the wine tasting experience in a reception type of room was significantly improved compared to
the tasting of the wines in traditional booths. With the development of more efficient virtual reality
technologies, more sensory stimuli can be tested with different contextual situations. The virtual reality
technology might potentially replace the use of physical environments in the future, becoming an
important tool for sensory evaluation [35].

4.2. Emotions and Multivariate Analysis of the Wine Sample in Different Environments

In the present study, changes in the environment affected the elicited consumers’ emotions toward
the wine sample. Neutral to positive emotions such as “interested”, “secure”, “polite”, and “friendly”
were elicited for the wine tasted in the traditional booths and the real bright restaurant. The wine tasted
in the real dark-restaurant and bright-VR environments was associated with “enthusiastic”, “glad”,
and “aggressive”. On the other hand, emotions such as “nostalgic” and “daring” were associated with
the wine tasted in the dark-VR environment (Figure 3). Berridge and Kringelbach [36] stated that
the environmental factors could change the human cognitive ability to elaborate the psychological
representation of pleasant events, which might increase the perception of richness and taste by shaping
the emotions that are felt toward the stimuli. This means that personal emotions are closely related to
the environment in which they occur, and different consumption situations may have a significant
effect on consumers’ emotional responses [16].

The interaction between product and environment can affect the elicited emotions of consumers
during the tasting. Piqueras-Fiszman and Jaeger [37] showed that the contextual scenario is, in fact,
a trigger of emotional changes in the consumers. The scenarios that are considered more appropriate
to consumers for food consumption had more positive elicited emotions compared to inappropriate
contextual environments, which can produce more negative emotional terms associated with the
product [37]. In the present study, the use of real restaurant environments triggered more positive
elicited emotions compared to that of the traditional booths, which can be an indication of the
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appropriateness of the restaurant environments when tasting wine samples. In a similar study,
Park and Farr [38] showed that consumers’ emotions were affected by the lighting conditions of the
testing environment. Changes in mood and emotions can also affect consumers’ taste perception.
In the present study, consumers perceived the wine sample to be higher in floral aroma and lower
in astringency in the real dark-restaurant environment compared to that in the traditional booths.
The real dark-restaurant environment was also responsible for generating positive emotions such as
“enthusiastic”, “glad”, and “warm” when tasting the wine sample (Figure 3). Noel and Dando [39]
showed that positive emotions were associated with increased sweetness and decreased acidity
in ice-cream products, concluding that modulating taste perception can play an important role in
emotional eating. In the present study, the overall liking of the wine sample was significantly and
positively correlated with the perceived floral aroma and sweetness (r = 0.3 to 0.6), and negatively
correlated with astringency (r = −0.2 to −0.4) for all testing environments (Table S1, Table S2, Table S3,
Table S4 and Table S5).

In the present study, the purchase intent of the wine sample was marginally affected by the
change in the environment. Consumers’ decisions to buy a product are affected by several extrinsic
factors such as packaging, logo, and color [40,41]. These external factors, combined with the contextual
effects of the environment, can greatly modify the purchasing behaviors of consumers. Although
traditional laboratory environments are designed to collect data, minimizing the influences of external
contextual effects, these environments may lack ecological validity during the tasting. The use of real
environments is an option to measure those external factors, but the experimental conditions might
produce several variables that are difficult to control [42]. Virtual reality offers a novel solution to
measure the effects of environmental factors and having controlled laboratory conditions.

Boesveldt et al. [43] stated that the development of the sensory perception is closely linked
with the environment. Sensory perception plays an important role in the acceptance or rejection of
food and drinks. Moreover, hedonic responses and preferences can be affected by the familiarity
toward the food products that consumers have [28]. However, purchasing decisions of foods can
be affected by the surrounding elements of different consumption environments, which means that
each product can have a specific consumption environment that is suitable for it [37]. King et al. [44]
found that the dining environment greatly affected the consumers’ acceptance and choice of products.
García-Segovia et al. [45] stated that the table decoration and dining place also affected consumers’
acceptance and perception of foods. In the present study, the real environment had a greater effect on
participants’ perceptions of floral aroma and astringency compared to that of the VR environments.
However, the emotions elicited by the wine sample were greatly affected by the VR environments;
in particular, this effect was more evident for the dark environment. Future studies are needed to
evaluate the effects of other environmental factors such as music and consumers’ interactions with the
use of novel virtual reality technologies.

5. Limitations

No re-tasting of test samples was possible under the VR testing process, which could be a limitation
of this method and the results. Another limitation of this study was that participants were unable to
assess the appearance of the sample when wearing the virtual reality headsets. Future technologies
such as augmented reality (AR) can overcome this issue and provide a more immersive approach than
VR; however, future studies are needed.

6. Conclusions

The context and environment affected the perceptual responses of consumers when tasting a
wine product. Although liking was marginally affected, the dark-VR environment elicited different
emotional responses compared to those of the traditional booths. The virtual reality technology
provides a relatively stable and inexpensive method for sensory evaluation by providing a more
realistic consuming environment compared to that of traditional sensory booths.
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Supplementary Materials: The following are available online at http://www.mdpi.com/2304-8158/9/2/191/s1,
Table S1: Correlation analysis (r)* of the variables measured for the wine sample in the traditional booth
environment, Table S2: Correlation analysis (r)* of the variables measured for the wine sample in the bright
restaurant environment, Table S3: Correlation analysis (r)* of the variables measured for the wine sample in the
dark restaurant environment, Table S4: Correlation analysis (r)* of the variables measured for the wine sample in
the bright VR environment, Table S5: Correlation analysis (r)* of the variables measured for the wine sample in
the dark VR environment.
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