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Abstract: High production and consumption of bananas produce large amounts of banana waste. However,
the perception of banana as waste depends on the degree of ripeness, and is therefore subjective, depending
on the sensorial perception, emotional reactions, and cultural differences of consumers. Understanding
consumer perception of different levels of banana ripeness could contribute to better management of the supply
chain, leading thus to a decrease of waste or better utilization of its waste as a byproduct. The aim of this study
was to compare European and Chinese consumers’ sensorial and emotional responses to different stages of
banana ripeness, using facial expression analysis, liking, and emotion measurement by self-report. One
hundred and thirty-five adults of European and Chinese origin watched a video of banana consumption at five
different degrees of ripeness. Participants’ facial expressions were analyzed with regard to six emotions
(neutral, happy, sad, surprised, angry, disgusted, scared). Emotional responses and consumer acceptance of
different degrees of banana ripeness were assessed using pictures of bananas as reference. Liking on a 9-point
Likert scale and emotion measurement using PrEmo® followed, to evaluate emotional responses and
acceptability of different degrees of banana ripeness. Results showed significant differences in facial reactions
between cultures and among ripeness degrees. The European participants were more positively inclined
towards all ripeness degrees, compared to the Chinese. Cultural expectations and level of familiarity seem to
affect consumer acceptability greatly. Finally, explicit methods can give a more accurate picture of consumer
preference and acceptance of different banana ripeness stages. A combination of liking and emotion

measurement can be very effective in understanding consumer preference.

Keywords: fruit waste; cross - cultural study; FaceReader; PrEmo®; emotions; consumer acceptance;
banana ripeness

1. Introduction

1.1. Banana Production and Waste

Banana is cultivated in five continents, in more than 130 countries, and is among the four most
significant crops in global production, alongside wheat, rice, and maize. Bananas are predominantly
produced in Asia, Latin America, and Africa, and have a particular significance in some of the least
developed and low income countries with a food deficit, where they contribute not only to household
food as a staple but also to income as a cash crop [1]. However, production at low-income sites results
to a great amount of banana waste due to luck of storage and refrigeration infrastructure. Fruits and
vegetables, bananas included, have the highest wastage rates of any food product, with almost half
of the production wasted [2]. Food waste is defined as food and the associated inedible parts removed
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from the human food supply chain retail, food service, and households [3]. Ideas for the valorization
of banana waste include the use of banana waste as animal feed [4,5], in the textile industry [6-8],
even as an insulator [9]. Bananas can also be processed and sold in the form of chips [10,11] or flour
[12,13], which helps reduce banana waste. Generally speaking, consumers generate food waste either
in the store when deciding what to buy, and in the household when deciding what to consume [14].

The banana, as a climacteric fruit, presents a decreasing rate of respiration, followed by a sharp
increase (respiratory climacteric period), during which a series of biochemical changes occur, such as
the autocatalytic production of ethylene and the beginning of fruit ripening [15]. During the ripening
process, the peel changes color from green to yellow, then yellow with brown spots, and finally total
black. Moreover, the chlorophyll, responsible for the green color of the fruit peel, degrades, and the
perception of carotenoids becomes more apparent. As a result, the green color of the peel becomes
yellow. Browning significantly affects quality perception, as it is considered a defect by consumers,
thus decreasing liking and willingness to purchase [14,16]. The appeal and acceptability of bananas
at different stages of ripening varies significantly between consumers and is affected by sensorial
reception, emotions, and culture [17]. To effectively manage banana production and to limit waste, it
is necessary to understand consumer perception of bananas ripening stages and banana waste.

1.2. Sensory Attributes of Banana and Consumer Acceptance

The stages of fruit ripeness are key to determining consumer purchase intention. Consumers
show different acceptability degrees towards fruits at various degrees of ripeness [16]. Edible bananas
can be classified on the basis of peel color into seven ripeness degrees, usually assigned by using a
standardized color chart: (1) totally green; (2) green with yellow traces; (3) more green than yellow;
(4) more yellow than green; (5) yellow with green edges; (6) totally yellow; and (7) yellow with brown
spots [18]. Consumers were found to prefer to buy banana from stage 4 to stage 7 [19]. Food shape
abnormality, bananas included, affects purchase intention [14,20,21]. Furthermore, the acceptable
level of ripeness can differ between cultures, maybe due to different food preferences between
cultures in general [22].

1.3. Consumer Perception and Emotion Measurement

Understanding consumers’ perception of various degrees of banana ripeness requires a
multidisciplinary approach. Studying the entirety of the experience requires explicit and implicit
techniques that capture emotional responses elicited by food, beyond sensory liking. It is highlighted
in literature that hedonic liking scores are more discriminating that facial expressions, and that
explicit self-report of emotions provides the greatest discrimination of all three methods. However,
further research to understand the contribution of implicit measures to understanding emotional
response, their association with explicit measures and their representation of unconscious response
in particular, is required [23].

Various implicit emotion measurement methods have been developed: physiological and
behavioral, each focusing on a different component of emotion. Physiological measures include
electroencephalography (EEG), magnetic resonance imaging (MRI), electrocardiography (ECG), and
skin conductance response measurements, used to measure automatic bodily reactions to emotion
elicitation. Behavioral measures include voice tone, pitch, facial expression, bodily expression, and
posture measurements, used to measure expression of emotion. One of the methods used to monitor
facial expressions and emotional responses to foods is the FaceReader [24], which can be a useful tool
to gain insight into consumer perception [25-29]. It is programmed to recognize six (basic) emotions
with 89 percent accuracy: happy, sad, surprised, angry, disgusted, and scared, and the neutral
emotional state. Each facial expression gets an intensity value from zero to one, meaning that the
expression can be totally absent or fully present, respectively. Habits, nationality, and familiarity with
the product have been found to affect the results of FaceReader [30].

On the other hand, explicit cognitive measures are used to measure feeling, action tendency, and
appraisal. In these methods, participants are expected to self-report on how they are feeling by
answering questionnaires that depict emotions as cartoons [31], pictures [32], or emojis [33]. PrEmo®
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is a popular online non-verbal self-report measurement tool, featuring a hand-drawn character
(either male or female) who expresses 14 different emotions (seven positive, seven negative), which
was originally developed to measure emotions elicited by product design [34] and is extensively used
in food consumer studies [35,36].

2. Materials and Methods

2.1. Methodology and Samples

Two studies were conducted with European and Chinese participants: In the first study, the
emotional reactions of one hundred and thirty-five adults (N=135) of European and Chinese origin
[European: 68 (31 male), Chinese: 66 (22 male)] to videos of bananas of various stages of ripeness
were assessed, using an implicit method (FaceReader). In the second study, one hundred and thirty-
four adults (N=134) of European and Chinese origin [European: 64 (30 male), Chinese: 70 (22 male)],
reported their liking and emotional reactions to the same degrees of ripeness, using PrEmo®, an
explicit method. All participants were recruited in Birmingham.

Banana samples (Musa Cavendish) were ripened under controlled conditions, in order to
produce the samples for the two trials. Bananas were placed in groups of three into separate
containers, and ripening was accelerated by ethylene in the incubator at 20°C in dark conditions, to
avoid ripening acceleration due to light [37,38]. Banana samples in the boxes were photographed
daily to capture ripeness degrees. Five ripeness degrees were used for both studies (Figure 1).

((Q(Qq(q(g

Figure 1. Banana samples used in the experiments (a = green, b = more green than yellow, c = all

yellow, d = yellow with brown spots and c = total black).

2.2. Study 1: Measurement of Emotional Responses to Various Degrees of Banana Ripeness Using Facial
Expression Analysis

Five videos were filmed, showing consumption of bananas at five degrees of ripeness (green,
more green than yellow, all yellow, yellow with brown spots, and total black). For each sample, a
model peeled the banana and consumed it, without showing face'. The testing procedure was carried
out according to He et al. (2016) [39] and Kemp et al. (2009) [40]. Each video lasted 15 seconds and, in
between the videos of banana consumption, a photo (relaxing beach scenery) was shown for ten
seconds to reduce transfer of emotions and minimize potential anticipatory effects [41] (see
Supplementary file, Figure S1).

After this test, participants were asked to answer a grocery shopping attitudes questionnaire.
Questions concerned banana eating and purchasing habits to ensure participants were banana
consumers and to monitor banana related preferences. Banana shopping cues were divided into
external attributes (color, price, brand, sustainability labels), internal sensory attributes (texture,
smell, firmness), and credence attributes (depending on consumers’ trust in a brand) (Figure S2).

2.3. Study 2: Liking and Emotional Responses to Various Degrees of Banana Ripeness Using PrEmo®

Banana photos of the five ripening degrees (same as in study 1; Figure 1) were used as stimuli
for liking rating. Pictures of a model consuming each sample were used for emotion measurement
(Figure S4)2. The tests were conducted in individual sensory booths. Participants were instructed to

1.2 The full process is presented in the Supplementary file.
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watch each one of the five pictures of various degrees of banana ripeness and report liking on 9-point
Likert scales (1 = dislike extremely, 9 = like extremely). Then, they were instructed to watch pictures
of a model consuming bananas of various degrees of ripeness and report evoked emotions using
PrEmo®, i.e., by rating the 14 emotions from 0 (I do not feel it at all) to 4 (I feel it extremely). The
stimuli for both liking and emotion measurement were presented in a randomized order with
randomly selected three-digit code labels. After the tests, participants were asked to answer a grocery
shopping attitudes questionnaire (same as in Study 1).

2.4. Statistical Analysis

Facial expression data were analyzed by FaceReader 7.1 (Noldus Information Technology,
Wageningen). All data from FaceReader software were exported as text file for further analysis in
Microsoft Excel 2010 (Microsoft Corp.). Text files contained values of intensity (0 =not expressed; 1=
expressed) of the seven emotional states measured by FaceReader. Mean values (M) and standard
deviation (SD) were estimated. The data of the assessments were analyzed using SPSS (IBM SPSS
software version 22). One-way analysis of variance (ANOVA) by Tukey’s multiple comparisons tests
(p = 0.005) was used to determine differences among the intensities of the seven emotional states
between European and Chinese participants.

Data of liking on 9-point hedonic scale and emotion measurement using PrEmo® were
downloaded from Google Forms and PrEmo® website respectively were transferred to a Microsoft
Excel file. Statistical software SPSS 25 (IBM Deutschland GmbH, Ehningen, Germany) was used to
perform all statistical calculations. To test for differences in emotional profiles among different
ripeness degrees of banana using PrEmo®, mixed-model ANOVA" s on each emotion and liking
(dependent variable) were performed, using participants as a random factor and samples as the fixed
factor. Results are reported corrected for Tamhane’s” T2 (T2) (post hoc tests algorithms) with a
significance level of p < 0.05. Correlation between liking and each one of the emotions was evaluated
by Pearson correlation coefficients (r) [36] and Spearman correlation coefficients. Logistic multiple
linear regression was used to explain the correlations between banana hedonic ratings and emotion
measurement from PrEmo®, mean values were considered at 95% confidence level (p = 0.05), and
average values were considered significantly different when P < 0.05.

3. Results

3.1. Implicit Measurement of Emotional Responses to Various Degrees of Banana Ripeness Using Facial
Expresion Analysis

FaceReader measurements of emotional reactions were analysed in three stages (pre - peeling,
peeling, and during consumption) and averagely for each ripeness degree (Figure 2, Table S2). The
neutral emotional state was found to be the dominant one for all participants and all ripeness degrees
and comparatively higher for Europeans for all ripeness degrees. Disgust was slightly more intensely
felt (or expressed) by Europeans for ripeness degree 5, while by the Chinese for degree 1. The emotion
of scare was higher for all degrees for Chinese participants. Surprise was more evident in the Chinese
participants. Anger was intense for Europeans for degree 4 only, while for the Chinese it was
relatively more intense for all degrees. Happiness was a permanent state for Europeans, while for the
Chinese it was significantly lower in general. Sadness was less intense for Europeans, elicited mainly
by degrees 1 and 3, while for the Chinese it was relatively higher, elicited mainly by degrees 2 and 4.


https://doi.org/10.20944/preprints202408.1911.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 August 2024 d0i:10.20944/preprints202408.1911.v1

5
0.8 07
0.7 0.6
0.6 05
0.5
0.4
04
03
03
02
0.2
AN " ikl |
o M. M. M. e A T O T o ks bl i b e ot ol e il
1 2 3 1 2 3 1 2 3 1 2 3 1 2 1 2 3 1 2 3 1 2 3 1 2 3 1 2
degree 1 degree 2 degree 3 degree 4 degree 5 degree 1 degree 2 degree 3 degree 4 degree 5
mneutral Whappy Msad ®angry Msurprised Mscared ®disgusted mneutral Whappy Msad ®angry Msurprised Mscared Mdisgusted
(a) (b)

Figure 2. Mean intensities of emotions for all three stages (pre-peeling, peeling, and during
consumption) for European (a) and Chinese (b) participants as measured by FaceReader per banana
ripeness degree 1-5.

3.2. Explicit Self-Report of Liking Various Degrees of Banana Ripeness
European and Chinese participants reported liking ripeness degree 3 the most. Degree 2, degree

1, and degree 4 followed in this order. Degree 5 was the least liked (Table 1).

Table 1. Summary table of mean liking scores and standard deviation for the five degrees of ripeness
reported on a consumer preferences questionnaire using 9-point Likert scales (1=dislike extremely,
9=like extremely).

ripeness degree  population mean score  standard deviation
1 European 3.97 2.23
Chinese 3.44 1.60
’ European 5.55 1.90
Chinese 4.93 0.67
3 European 7.63 1.25
Chinese 7.48 0.16
4 European 3.23 1.67
Chinese 2.69 1.29
5 European 1.64 1.36
Chinese 1.44 0.89

3.3. Explicit Self-Report of Emotional Responses to Various Degrees of Banana Ripeness Using PrEmo®

Participants” emotional reactions were measured using PrEmo® for all five ripeness degrees.
Admiration was higher for degrees 2 and 3 for both Europeans and the Chinese, but in the opposite
order. Boredom was rated low for all degrees, the lowest being for degree 3, by both populations.
Contempt was also rated low for all degrees, the lowest being for degree 4 by Europeans and degree
2 by the Chinese. Desire was the most intense for degree 3 and the least intense for degree 5 for both
Europeans and the Chinese. Disgust was rated the lowest by both populations for degree 3, the
highest for degrees 3 and then 3, but the Chinese rated it high for degree 4 as well. Dissatisfaction
was at its lowest for degree 4 for Europeans and degree 3 for the Chinese, and at its highest for degree
5 for both cultures, rated high for degree 4 by the Chinese. Fascination was rated the lowest for degree
5 by both populations. Fear was experienced the most by both population for degree 5 and degree 1,
but the Chinese rated it high for degree 4 as well. Hope, joy, and pride received high ratings for
degrees 2, 3, and 4 by the Europeans, while the Chinese rated it high for degree 3 only. Sadness was
generally high by both populations for degrees 5 and 1. Satisfaction was rated the lowest by
Europeans for degree 5 and degrees 1 and 2 by the Chinese. Shame was not rated high by any
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population for any degree, the lowest being for degree 2 by the Europeans and degree 3 by the
Chinese (Figure 3, Table S3).
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Figure 3. PrEmo® results per emotion for five ripeness degrees for European (a) and Chinese (b)
participants.

4. Discussion

4.1. Acceptance of Banana Ripeness Degrees by European and Chinese Populations

Based on FaceReader and PrEmo® results combined, the neutral emotional state was the
dominant one for all degrees and populations. Walsh et al. (2017) mention that food and eating is a
positive everyday experience, making it difficult to observe big differences in consumers’ responses
[41]. It is also mentioned in literature that familiarity greatly affects sensory perception [42,43].
Cultural expectations also significantly affect consumer acceptability [44], and there are significant
differences in food preferences and habits between Europeans and the Chinese [45,46]. The European
participants were more neutral to positive towards all ripeness degrees compared to the Chinese. The
shopping preference questionnaire also showed Europeans to be more frequent buyers of banana,
and they reported to like it more than the Chinese. Happiness and sadness did not discriminate
among ripeness degrees for either population. Happiness was lower for Europeans for degree 2,
which might mean that they are more familiar with it and thus do not experience any particular
emotion at its sight. Disgust, scare, surprise, and boredom seemed to be irrelevant to banana
consumption for both populations and all ripeness degrees, since they received very low ratings. For
the Chinese participants, scare was relatively higher for all degrees, and surprise was higher for
degrees 1, 2, and 3, which might mean that participants were less familiar with them. The only highly
discriminating emotion was anger for degree 4 (pre-peeling stage) for Europeans. This could
probably be due to a feeling of anger towards the first sight of food going bad. Both positive and
negative emotions provided discrimination among liked and disliked degrees. Negative emotions
seemed to discriminate among liked and disliked degrees even better. An interesting finding was
that fear co-appeared with disgust indicating that what participants find appalling probably relates
to a health hazard in their minds. The Chinese seemed to experience, or express, less intense emotions
than the Europeans. Research has shown that Western participants tend to express high arousal
emotions when assessing food products, while Asian participants express low arousal emotions [46].
This could be a hint that implicit measures are more practical and discriminating with Chinese
participants, while explicit measures are more suitable for Europeans.

As regards liking of ripeness degrees, degree 3 was liked the most and equally by both
populations. Degree 2 followed, with Europeans liking it slightly more than the Chinese. Degree 1
came third in liking for both populations and equally so. Degree 4 came fourth, with Europeans
disliking it slightly less than the Chinese. Degree 5 was the most disliked, equally by both
populations. The range of allocated ratings also shows that degree 3 is universally liked very much,
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and degree 5 universally disliked extremely. Furthermore, according to our findings, Europeans
seem to accept a wider range of banana ripeness degrees than the Chinese.

Participants” responses to the grocery shopping questionnaire can shed some light on emotion
measurements and liking. Attributes relative to ripeness, namely peel color, firmness, texture, and
smell were reported to affect 95.31%, 84.37%, and 73.43% of participants’ purchasing decision,
respectively. The stimuli for all measurements in this study were visual only, based on what the first
impression of food products is when purchasing them in a store. There was no smelling (which could
be considered a limitation) and no tasting (as there is no tasting before purchase). Consumers have
to rely on their previous experience of what is edible and what tastes nice, based mainly on visual
stimuli.

Ripeness degree 5 received the lowest liking scores and the highest ratings of negative emotions,
leading to the conclusion that bananas that look like this (total black) are considered spoiled and non-
edible. Based on previous experience, consuming spoiled fruit can cause food poisoning and
undesirable health symptoms. As a result, people experience negative emotions [41], such as disgust
and fear. These emotions function as preventors to ensure safety [47]. This leads to the conclusion
that overripe bananas should not be sold as table fruit. Unsold bananas at ripeness degree 4 (yellow
with brown spots) should be collected and used as fertilizer, biomass for energy production or
mushroom cultivation, animal feed, or for juice and jam production, to name a few of its uses [48].

According to literature, there is a correlation between banana color, firmness, and sweetness,
although not to the same extent for all varieties [49]. As bananas ripen, there is a degradation of cell
wall compounds, leading to softening, starch content reduces and sugar content increases, leading to
a sweeter pulp. Consumer acceptance of these attributes depends on personal preference, but could
be promoted, as ripe bananas have been found to have increased health benefits. Banana is an
excellent source of phenolic compounds, and thus has antibacterial, vasodilatory, and anti-
inflammatory properties [50]. Sulaiman et al. (2011) also stated that banana pulp with higher phenolic
compounds acts as a natural antioxidant [51]. Degree 4 (yellow with brown spots) was the second
most disliked, more intensely so by the Chinese. Its health benefits could be promoted to increase
acceptability, based on the finding that it has a higher value of total phenolics than unripe fruits [49],
thus decreasing waste. Convincing consumers that visually suboptimal food is still tasty is also of
high relevance to waste reduction [14]. The perceived health effects of food products are found to be
more important for Asian consumers than Westerners [46].

4.2. Comparison between Implicit and Explicit Emotion Measurement Instruments

FaceReader was not able to discriminate among ripeness degrees, which according to literature
is attributed to the fact that banana is a widely known and accepted food product. Discrimination is
better for products of low consumer acceptance when using implicit measurements [52]. Nationality
and familiarity with the product can also affect FaceReader results [30]. Participants in this study
were familiar with banana and consumed it in various frequencies, which makes distinction even
harder. Negative facial expressions are more easily identified than positive ones [53]. Previous
studies mentioned that positive responses were often identified as neutral [54,55]. This may explain
the intensity of the neutral emotional state measured for all ripeness degrees using FaceReader, if
familiarity is not the reason behind this measurement.

PrEmo® seems to provide clearer discrimination among the various ripeness degrees, especially
between liked and disliked ones as verified by liking ratings, probably because it measures more
emotional states than FaceReader. However, some of the participants expressed their confusion about
the actual meaning of certain emotion depictions and sounds, shame for example. Some understood
it to mean “feel shy to eat banana” and others had no idea what emotion the cartoon depicted.
Another example is fear, which some confused with surprise. Moreover, as mentioned in King &
Meiselman (2010), shyness and surprise are neither positive nor negative emotions per se [56]. An
insightful comment has been made in Kdster & Mojet (2015) who claimed that PrEmo®was designed
to be pleasurable, with a fun cartoon and expressive sounds; thus, there is a risk the pleasantness of
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the task to unduly influence emotional responses [57]. More studies are needed for better depiction
of emotions via cartoons.

5. Conclusions

In conclusion, Europeans and Chinese seem to share a favorite ripeness degree. However,
Europeans accept a wider range. Bananas towards the overripe end of the ripeness continuum could
be promoted, especially to the Chinese, to extend the acceptable range, by promoting the health
benefits of overripe bananas. The Chinese experience or express a wider range of emotions, mainly
negative (such as scare and surprise), even at a low intensity, making it easier to discriminate among
samples using both implicit and explicit measurements. Europeans are more neutral to positive
towards all samples tested, probably because they are more familiar with bananas, and consume it
more frequently. To reduce waste, bananas with brown spots could be promoted for their health
benefits, and unsold overripe bananas could be collected to be used in the food, energy, and
agricultural sectors.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Figure S1. The video sequence of samples presentation for facial recognition of
emotions using FaceReader.; Figure S2. Grocery shopping questionnaire.; Figure S3. Quantification of color
changes and development of brown spots in the same banana during ripening at 18°C and 90% relative humidity
(Mendoza & Aguilera, 2004).; Table S1. Mean color intensities and standard deviation (pixels) (as measured by
Image] software) in banana samples that were used in studies 1 and 2.; Figure S4. Pictures of model consuming
bananas of various ripeness degrees provided as stimuli for emotion measurement using PrEmo®.; Table S2.
FaceReader results for European and Chinese participants.; Table S3. PrEmo results for European and Chinese
participants.
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