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A B S T R A C T

New plant-based alternatives (PBAs) to dairy are being created by the food industry and they are of interest to
many consumers. However, some of these PBAs use ingredients that are unfamiliar to consumers. As such, the
objectives of this study were to rst evaluate the acceptability and sensory perception of ice cream as well as
dairy and plant-based frozen desserts. Secondly, to evaluate the impact of the ingredient lists on the acceptability
and perception of these food products. Two sensory trials were conducted using hedonic scales and check-all-
that-apply (CATA). Participants (n = 117) were asked to evaluate ve products (dairy, frozen dairy dessert
(FDD), cashew, coconut, and soy) in blinded and informed conditions (with the ingredient list). The plant-based
samples were liked signicantly less than the dairy-based ice cream in both the blinded and informed conditions.
The dairy ice cream was associated with natural vanilla, creamy avour, sweet and milk/dairy avour, which all
increased the participants’ liking. The plant-based samples were associated with off-avours, nutty, beany, and
vegetal, as well as a strong aftertaste, sandiness, and grittiness. The presentation of the ingredient lists decreased
the participants’ liking of the plant-based samples’ avour but it did not impact their sensory perception based
on the CATA question. Overall, the presence of the ingredient list decreased the consumer acceptability but did
not impact the sensory properties the participants perceived in the ice cream samples.

1. Introduction

Ice cream and frozen desserts are popular dessert choices among
consumers globally. The category of frozen desserts refers to a broad
range of products that encompass frozen confectionary treats similar to
ice cream but do not adhere to the legal standard of identity (VanWees
et al., 2020). Frozen desserts are a multiphase system that contains ice
crystals, whipped air cells, fat globules, and partially coalesced fat net-
works that are distributed in an unfrozen serum phase they can be made
from dairy or plant-based ingredients. The serum phase is made up of
dissolved soluble components, such as water, milk proteins, sweeteners,
and hydrocolloid stabilizers (VanWees et al., 2020). Both distinct com-
ponents of frozen desserts function to interact as the frozen dessert melts
in the consumer’s mouth, aiming to deliver the consumer an ideal bal-
ance of smoothness, rheology, enhanced texture, and overall consumer
acceptance (Malinski et al., 2003). Frozen dairy dessert (FDD) is the
most common type of frozen dessert, and it contains dairy ingredients
but does not meet standards of identity to be labelled as ice cream. One
of the main identiable differences between frozen desserts and ice

cream is their formulation and composition of ingredients. Ice cream is
made from dairy products and must contain a certain percentage of milk
fat and solids depending on the country of sale, while frozen desserts do
not necessarily need to contain dairy to be marketed (Sipple et al.,
2022). Despite ice cream being popular choice for consumers, North
Americans’ sales in recent years have remained stagnant with trends of
only modest increases in sales (Sipple et al., 2022). Consumer prefer-
ences are shifting, and they are exploring new options, which cater
better to dietary preferences and the consumer’s wellness goals than
traditional ice cream.

Consumers are increasingly seeking food products that are both
indulgent and offer nutritional and functional properties to improve
their health and wellness (de Medeiros et al., 2019). Globally, there is a
concern about the relationship between processed food consumption
and rising rates of obesity and obesity-related diseases. Ice cream’s
sensory properties are dependent on its sugar and fat content, which
renders it an energy-dense food. Ice cream’s high sugar and fat content
can be considered a contributor to the steadily rising trend of health
complications associated with obesity (de Medeiros et al., 2019). The

* Corresponding author.
E-mail address: matthew.mcsweeney@acadiau.ca (M.B. McSweeney).

Contents lists available at ScienceDirect

Food and Humanity
journal homepage: www.editorialmanager.com/foohum/journal_overview.html 

https://doi.org/10.1016/j.foohum.2023.09.028
Received 9 August 2023; Received in revised form 22 September 2023; Accepted 28 September 2023



Food and Humanity 1 (2023) 1267–1273

1268

average amount of sucrose found in ice cream ranges from 10% to 14%
(de Medeiros et al., 2019). Ice cream also needs a high-fat content to
inuence avour release, develop a rich avour intensity, obstruct the
growth of ice crystals, stabilize air bubbles, and deliver a smooth creamy
texture consumers desire. The optimal fat content for consumer accep-
tance is between 10.2% and 11.75% (Guinard et al., 1997). Both the
sugar and fat content of ice cream contribute to its high caloric content.

Ice cream’s high-calorie content is not the only factor that may be
affecting consumer purchases, there are also growing ethical concerns
about the dairy industry and high demands for dairy-free alternatives
that address diet choices and allergy concerns. With the demand for
dairy products increasing, due to population growth, urbanization, and
Westernization of diets; natural resources cannot keep up with the de-
mand and dairy farming also contributes signicantly to the amount of
methane and nitrous dioxide that is released into the atmosphere
(Lagrange et al., 2015; Naranjo et al., 2020). Likewise, the dairy industry
proposes other environmental challenges such as land degradation,
excessive water usage, and animal welfare concerns. Raising cattle re-
quires a substantial allocation of land for animal housing and to grow
enough feed to support their function. One-third of the earth’s land mass
is dedicated to supporting the growth of industry, causing deforestation,
soil erosion, overgrazing, and ultimately threatening the biodiversity of
our ecosystems (Feil et al., 2020; Michalk et al., 2019).

With the growing popularity of plant-based/vegan diets, consumers
are seeking options that mimic the taste and texture of conventional
dairy products without the use of animal-derived ingredients (de Jesus
et al., 2023). Studies have investigated the sensory properties of PBA
beverages and yogurts (Anitha & Manivannan, 2023; Cardello et al.,
2022; Greis et al., 2020, 2022; Jaeger et al., 2023; Vaikma et al., 2021).
However, dairy-free frozen desserts have experienced strong growth in
sales over recent years, even inuencing traditional ice cream com-
panies to formulate their own plant-based frozen dessert alternatives
(Sipple et al., 2022) and their sensory properties need to be further
explored. Consumers may choose plant-based frozen desserts over ice
cream due to health concerns; PBAs being perceived as healthier, and
personal beliefs surrounding the environment and animal welfare (Sip-
ple et al., 2022). Plant-based frozen desserts are typically created using
plant-based beverages such as coconut, almond, oat, and soy milk, and
usually have similar fat, sugar, and caloric content as frozen dairy des-
serts (FDDs) (Bullock et al., 2020). The various plant beverages bases
allow consumers to develop avour preferences and explore different
plant-based options, while literature reveals that consumers choose a
plant-based frozen dessert that is creamy, sweet, and lower in calories
(Craig & Brothers, 2022). With recent advancements in food product
development, many plant-based frozen desserts can be created to have
similar sensory proles as traditional ice cream, which has grown the
consumer acceptance of frozen vegan desserts. A recent study focused on
chocolate frozen dessert formulations that utilized protein isolates and
lower-calorie sugar alternatives (de Medeiros et al., 2019). It was found
that vegan chocolate frozen desserts made without the use of milk and
using protein isolates met consumer liking expectations and shared a
similar sensory prole to traditional chocolate frozen desserts (de
Medeiros et al., 2019). Additionally, a study surveyed vegan and
non-vegan consumers to evaluate the same plant-based frozen desserts
and rate their liking of the product using a 9-point hedonic scale (da
Silva et al., 2021). The study revealed that mean acceptance ratings for
vegan and non-vegan consumers both had adequate rates of acceptance,
indicating the frozen dessert was liked regardless of dietary choices.
However, vegans and non-vegans identied different attributes neces-
sary for the acceptance and liking of plant-based frozen desserts. This
could be attributed to the vegans’ familiarity with plant-based beverages
(da Silva et al., 2021). The research regarding consumer acceptance of
plant-based frozen desserts is limited, meaning more studies must be
done to ll this important gap and meet consumer needs.

Additionally, many researchers have identied that the ingredients
of PBAs could impact consumer acceptability and perception (Giacalone

et al., 2022). These unfamiliar ingredients can lead to consumers
perceiving PBAs as unhealthy and processed (Aschemann-Witzel, Ares
et al., 2019; Aschemann-Witzel et al., 2021; Weinrich, 2018). As such
sensory studies need to be conducted including the ingredient list, an
extrinsic cue, to evaluate how it impacts consumer acceptability. This
study evaluates animal and plant-based products using nine-point he-
donic scales and check-all-that-apply in blinded conditions and then in
an informed condition, with the ingredient list included with the sample.
The study has two objectives: rstly, to evaluate the sensory properties
and acceptability of plant-based ice cream compared to conventional ice
cream and a frozen dairy dessert; secondly to evaluate the impact of the
ingredient list on the consumer perception of the ice cream and frozen
desserts (plant and animal-based).

2. Materials and methods

2.1. Samples

The ice cream samples were included based on diversity in plant-
based ingredients (coconut, cashew, soy) and if they were regularly
available in the grocery stores surrounding the test area (Annapolis
Valley, Nova Scotia, Canada). A single avour, vanilla, was chosen
based on the criteria outlined in Jaeger et al. (2023). Also, a conven-
tional ice cream and a frozen dairy dessert were included in the study
(also vanilla avoured). Ingredients of all samples are outlined in
Table 1.

The samples were purchased from local grocery stores a week before
the sensory trial, and stored in a freezer at 18 ◦C± 2 ◦C. Twenty grams
of each sample were presented to the participants, one at a time, at a
temperature of  10 ◦C ± 2 ◦C in plastic cups coded with random three-
digit codes and metal spoons (~ 7 mL in size) (Cadena et al., 2012). The
samples were removed from the freezer approximately ve minutes
prior to evaluation by the participant. The samples were presented along
with distilled water as a palate cleanser.

2.2. Participants

Research participants were 127 ice cream consumers (self-identied
they consumed ice cream monthly and were interested in trying PBAs to
ice cream) residing in the Annapolis Valley region (Nova Scotia, Canada
between the ages of 18 and 65 years old). Only 117 participants atten-
ded both days of sensory testing and as such, 10 participants were
removed from the results (demographic details outlined in Table 2). All
participants conrmed their willingness to consume both dairy products
and PBAs to ice cream. The research was approved by the Acadia Uni-
versity Research Ethics Board (REB 13–72). All participants received

Table 1
Ingredients of the samples.
Sample Name Ingredients

Dairy Cream, modied milk Ingredients, sugars (sugar, glucose),
concentrated skim milk and/or skim milk powder, vanilla
bean seeds, vanilla extract, tara gum, mono & diglycerides,
natural avour, carob bean gum, guar gum

Frozen Dairy
Dessert (FDD)

Modied milk ingredients, water, sugars (sugar, glucose),
coconut Oil, vanilla extract, mono and diglycerides, tara
gum, guar gum, natural vanilla avour, carob bean gum,
annato, turmeric extract.

Coconut Coconut base (ltered water, coconut), sugars (cane sugar,
tapioca syrup), coconut oil, pea protein, locust bean gum,
guar gum, natural avour, vanilla bean.

Cashew Cashew base (ltered Water, Cashews), sugars (cane sugar,
tapioca syrup), coconut oil, pea protein, sea salt, locust bean
gum, vanilla extract, guar gum, natural avour.

Soy Soymilk (ltered water, soybeans), tapioca syrup, cane sugar,
soybean oil, inulin, locust bean gum, gellan gum, guar gum,
natural avour.
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written information about the study before participating and gave
informed consent before participating in the study.

2.3. Environment conditions

All testing took place in the Centre for the Sensory Research of Food
at Acadia University (Wolfville, Nova Scotia, Canada) in individual
sensory booths. The testing was conducted under white lighting and in a
temperature-controlled atmosphere. The questionnaire was adminis-
tered using the Compusense Cloud software (Guelph, Ontario, Canada)
on computers.

2.4. Sensory procedure

The sensory trials took place on two separate days. On the rst day of
testing, the participants were presented with ve different ice cream
samples in blinded condition following a completely randomized design.
The participants evaluated the samples for overall liking, their liking of
appearance, avour, and texture on nine-point hedonic scales (1
=Dislike Extremely, 5 = Neither Like nor Dislike, 9 =Like Extremely).
Participants then completed a CATA question including buttery, sweet,
milk/dairy avour, custard/eggy avour, corn syrup, articial vanilla,
natural vanilla, creamy avour, soft, hard, gummy, icy, white, yellow,
off-avour, off-white, no aftertaste, strong aftertaste, aftertaste, gritty,
sandy, nutty, creamy/smooth, mouthcoating, bitter, brown, beany, and
vegetal. The terms were included based on a literature review (Aime
et al., 2001; Cadena et al., 2012; Dooley et al., 2010; Friedeck et al.,
2003; Góral et al., 2018; Jaeger et al., 2023; Sutar et al., 2010). The
attributes were randomized based on the recommendation by Ares et al.
(2015). The participants were then asked questions about their de-
mographics. The participants were then invited back for a second day of
sensory testing the following week. The sensory testing procedure
remained the same as described above, except the samples were pre-
sented with their ingredient lists (outlined in Table 1). If the product’s
ingredient list identied an item as organic, the “organic” was removed
as the researchers wanted to evaluate the presence of the different
ingredients.

2.5. Statistical analysis

An ANOVA and Tukey’s HSD were used to assess statistical differ-
ences among mean hedonic ratings from both trials (blinded and
informed). The results of the CATA question were evaluated as outlined
by Meyners et al. (2013). The overall liking ratings and the results of the
CATA analysis were analyzed using a penalty lift analysis (Ares et al.,
2014). The results from the hedonic scales from the blinded and
informed trials were compared using a t-test. The demographic ques-
tions were analyzed using descriptive statistics. All analyses were

conducted using XLSTAT, version 2023.1 (Addinsoft Inc, New York,
New York, United States of America).

3. Results and discussion

3.1. Blinded

Mean hedonic ratings are shown in Table 3. The dairy ice cream was
liked signicantly more than the plant-based products (coconut, cashew,
and soy) in terms of avour, texture, and overall liking (p < 0.05).
Furthermore, the FDD was not signicantly different than the dairy
product for the participants’ liking of avour, texture, or overall liking.
This result agrees with a past study on ice cream and FDDs that found
only the aftertaste was found signicantly different by consumers
(Romanchik-Cerpovicz et al., 2006). The appearance of the coconut PBA
was not signicantly different than the dairy ice cream and this result
has been found in a past study comparing coconut PBA to dairy ice
cream (Beegum et al., 2022). The coconut PBA was also different from
all other samples except for the soy PBA, in terms of liking of avour (p
< 0.05). The past study by Beegum et al. (2022) found that the avour of
ice cream made from coconut was preferred when compared to con-
ventional ice cream. However, this result was not found in the present
study and it may be due to use of different panellists. This study asked
consumers or untrained panellists to evaluate the samples, while Bee-
gum et al. (2022) used 40 semi-trained panellists. Soy and coconut have
been found to add unique avours (beany nutty, coconut, off-avour) to
PBAs and this may explain this disliking by the participants (Moss et al.,
2022). Furthermore, a past study on plant-based yogurts found that most
consumers prefer dairy yogurt when compared to soy and coconut-based
yogurts (Grasso et al., 2020).

The ice creams were also evaluated using a CATA question and the
rst two dimensions from the correspondence analysis are shown in
Figure 1A. The bi-plot explained 88.59% of the variation (64.04% on the
rst dimension and 24.55% on the second dimension). Overall, the rst
dimension separated the dairy and FDD samples from the plant-based
samples, indicating the participants were able to identify the differ-
ences between the dairy-based and plant-based products. The second
dimension separated the FDD from the dairy sample. The rst dimension
seems to separate the samples based on avour, with milk/dairy a-
vours on the left side of the bi-plot and nutty, beany and vegetal on the

Table 2
Demographic details for the participants (n ¼ 117).
Characteristics Sample Population (%)

Age
21–29 30
30–39 18
40–49 18
50–59 21
60–65 13
Gender
Male 46
Female 54
How often do you consume plant-based alternatives to dairy?
At least once a week 22
Several times a week 28
Once a month 20
A few times a year 18
Never 12

Table 3
Consumer (n= 117) mean liking ratings (± standard deviation) for appearance,
avour, texture and overall liking of the different ice cream samples evaluated
using nine-point hedonic scale.
Sample Appearance Flavour Texture Overall

Liking

Blinded
Dairy 7.5a1,2 ± 1.0 7.4a± 0.9 7.4a± 1.2 7.5a± 0.8
Frozen Dairy
Dessert

6.9b± 1.3 7.4a* ±1.1 7.2a± 1.3 7.3a* ±1.0

Coconut 7.5a* ±1.4 5.7b* ±1.4 6.8b± 1.6 6.1b± 1.3
Cashew 6.0c± 1.2 6.4c* ±1.6 6.7b± 1.3 6.4b± 1.0
Soy 6.2c± 1.2 5.6b* ±1.3 6.5b± 1.0 6.0b± 1.1
Informed about Ingredients
Dairy 7.6a± 1.1 7.2a± 1.1 7.2a± 1.0 7.3a± 1.0
Frozen Dairy
Dessert

6.5b± 1.0 6.6b* ±1.4 7.0ab±
1.3

6.5b* ± 1.4

Coconut 6.5b* ± 1.3 5.0c* ±
1.4

6.7b ± 1.5 5.5c ± 1.3

Cashew 6.0b ± 1.1 5.4c* ±
1.2

6.7b ± 1.2 6.0bc ± 1.4

Soy 6.2b ± 1.2 4.9c* ±
1.2

6.6b ± 1.2 4.9c* ± 1.2

1 Means in the same column with the same letter (within the same trial) are not
signicantly different
2 “* ” indicates a signicant difference (α = 0.05) between the sample when it
was evaluated blinded and in the informed condition
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right side. Flavour has been found to be strongly correlated to consumer
liking of vanilla ice cream (Kwak et al., 2016). The second dimension
separated the samples based on colour, as brown is on the top of the
bi-plot and white (as well as mouthcoating) is on the bottom. The colour
of ice cream is one of the most important characteristics that impacts
consumer preference (Góral et al., 2018). The dairy ice cream was
associated with no aftertaste, milk/dairy avour, white, natural vanilla,
and smooth, while the FDD was associated with creamy avour, arti-
cial vanilla, yellow, custard/ eggy avour, and buttery. These results
have been found in past studies on vanilla ice cream (Balthazar et al.,
2015; Cadena et al., 2012; Dooley et al., 2010) and have identied that
smoothness, vanilla, creaminess, white, milk/dairy avour and cus-
tard/eggy avour are used by consumers to describe vanilla ice cream.

The PBAs (cashew, soy and coconut) were all located on the right
side of the bi-plot. The cashew sample was associated with corn syrup,
off-white, gummy, nutty, and brown. A past study looked at cashew
plant-based beverages, it was associated with many negative avour
attributes (Moss et al., 2022). Also, a cashew base has been found to
impact the texture of plant-based yogurt (Grasso et al., 2020) and this
may explain why the cashew ice cream was associated with gumminess.
The soy sample was associated with nutty and beany (both
well-established characteristics of soy-based products (Ju et al., 2021;
Vara-Ubol et al., 2004)), as well as gritty, strong aftertaste and vegetal.
Soy ice cream has been found to have an aftertaste, including a painty
and malty aftertaste (Wang et al., 2023) and this would explain why the
participants associated it with a strong aftertaste. Also, soy has been
found to have vegetable-like aroma characteristics (Friedeck et al.,
2003), that may have been identied as vegetal by the participants.
Lastly, the coconut sample was associated with bitter, off-avour, co-
conut, aftertaste, strong aftertaste, gritty, mouthcoating, and vegetal.
The coconut attribute was an expected result as a past study has found
that participants identify the coconut avour in coconut-based PBAs
(Amyoony et al., 2023). Coconut has also been associated with an
aftertaste when it is used to produce PBAs to cheese (Saraco & Blaxland,
2020). Overall, the PBAs were associated with different sensory prop-
erties than the dairy-based products.

The penalty lift analysis (Figure 1B) clearly identies that the dairy-
based products were preferred by the participants as all of the sensory
properties (natural vanilla, creamy avour, sweet, milk/dairy avour,
smooth, soft, white, and buttery) that increased liking were associated
with the dairy and FDD samples. The two attributes (aftertaste and
nutty) that decreased liking were associated with the PBAs. The results
indicate which sensory properties consumers are expecting in PBAs to
ice cream.

3.2. Informed

The participants then returned a week later and evaluated the same
samples with their respective ingredients list (Table 1). All of the liking
ratings for the samples decreased when the ingredient lists were pre-
sented, but the same trends in the results were found. The plant-based
samples (coconut, cashew, and soy) were signicantly different from
the dairy and FDD in terms of liking of avour and overall liking (except
the FDD was not signicantly different from the cashew PBA for overall
liking). The liking ratings for avour signicantly decreased when the
samples were evaluated in the informed condition. The ratings for the
FDD, coconut, cashew and soy were all signicantly less when evaluated
in the informed condition compared to the blinded condition. Also, the
participants’ liking of the coconut sample’s appearance and their overall
liking of the FDD, and soy signicantly decreased (p < 0.05). It was
proposed by Giacalone et al. (2022), that long ingredient lists associated
with PBAs may impact sensory acceptance. In this study the ingredient
lists of the PBAs were not substantially longer than their conventional
counterparts (Table 1). The PBAs did contain different hydrocolloids
that may be unfamiliar to consumers. (e.g. soy sample included inulin,
locust bean gum, gellan gum, and guar gum), however, the dairy and
FDD samples also contained hydrocolloids. Consumers have been found
to have little knowledge about hydrocolloids and associate them with
being industrially processed (Varela& Fiszman, 2013). This may explain
why all the ratings decreased when the samples were presented with
their ingredient lists.

In a study by Aschemann-Witzel et al. (2019), consumers were asked

Fig 1. A. Biplot representation of the ice cream samples and the sensory properties on the rst two dimensions of the correspondence analysis evaluated under
blinded conditions. B. Penalty lift analysis of the mean impact of the sensory properties on the participants’ liking the ice cream samples evaluated under blin-
ded conditions.
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to evaluate the ingredients of PBAs to ice cream and they used words like
unknown, articial, unnatural, and processed to describe the stabilizers
(carob seed our, pectin and potato protein). Another study identied
that consumers want PBAs that have simple ingredient lists (Asche-
mann-Witzel et al., 2021). The ingredient list decreased the accept-
ability of the PBA’s avour, but it did not impact their consumers’ liking
of the texture. This result may have occurred because once the partici-
pants knew the main ingredient of the PBA, it impacted their avour
perception. Coconut, soy, and cashew all have distinct avours (Emelike
et al., 2019; Friedeck et al., 2003; Rincon et al., 2020) and once the
participants read the ingredient list, they may have been more sensitive
to these avours or looked for them in the product. Soy has been found
to lead to a negative assessment by some individuals, as they indicate it
is an allergen and inuences metabolism (Aschemann-Witzel & Peschel,
2019; Banovic et al., 2018). Also, the consumers’ ratings of the coconut
and cashew PBAs’ overall liking were not signicantly different in the
blinded and informed condition (p < 0.05). This result may be due to
consumers’ having a positive reach to the protein in PBAs as explained in
Aschemann-Witzel et al. (2019). Lastly, as stated above, these results
may be due to familiarity as the consumers may be used to eating ice
creams and FDDs, and the PBAs may be unfamiliar to the participants
and therefore disliked them. Consumers, especially Western consumers,
have been found to express positive emotions toward familiar foods
(Torrico et al., 2019).

The results of the CATA question in the informed conditions were
evaluated using correspondence analysis and penalty lift analysis
(Figure 2A and B). The rst two dimensions of the correspondence
analysis explained 87.27% of the variation (64.53% on the rst
dimension and 22.74% on the second dimension). Overall, the results
followed similar trends as the samples in the blinded condition, with the
dairy and FDD separated from the plant-based samples by the rst
dimension. The rst dimension separated the samples by avour as
sweet and vanilla were on the right side of the bi-plot, with beany and
nutty on the left side. The second dimension was again driven by the
colour of the samples (brown on the top and white on the bottom). This
result agreed with a past study that had found extrinsic information

impacts the acceptability of food items but did not impact the results of a
CATA, as the correspondence analysis found similar sample and attri-
bute congurations (Choi & Lee, 2019). The penalty lift analysis for the
results in the informed conditions was very similar to the blinded con-
dition, with natural vanilla, creamy avour, milk/dairy avour, sweet,
smooth, white, buttery, and soft all increased liking. These attributes
were all associated with the dairy and FDD sample, agreeing with the
results of the blinded evaluation (Figure 1B). Aftertaste was the only
attribute to decrease liking in the informed condition. Nutty also
decreased consumer liking during the blinded evaluation but did not
appear in the penalty lift analysis in the informed condition. This result
may be due to the ingredient lists being included, as once the partici-
pants saw that cashew, soy, and coconut were the main ingredients in
the sample, they may have expected the samples to have a nutty avour.
Ingredients can impact consumers’ avour perceptions and lead them to
expect certain avours in the food product (Wansink et al., 2000).
Overall, the ingredients list decreased the hedonic ratings of the sam-
ples, especially the plant-based samples but did not inuence the
perception of the samples during the CATA samples.

3.3. Limitations and future studies

This study found that ingredient lists do impact consumer accept-
ability of PBAs, however, future studies should conrm this result as this
study investigated ice cream, FDDs and PBAs to ice cream. Giacalone
et al. (2022) stated that the length of the ingredient list, along with the
presence of additives, may impact consumer preference. The ingredient
lists of the PBAs and dairy-based samples were very similar in length and
both contain hydrocolloids; future studies should explore PBAs that have
a larger difference in ingredient lists. This study recruited consumers
that consume dairy, but a future study may only want to recruit con-
sumers who avoid dairy and ask them to exclusively evaluate PBAs to ice
creams. Also, the health consciousness of the participants (Bazzani et al.,
2020), environmental consciousness (D’Amico et al., 2016) or their in-
terest in functional foods (Ares et al., 2009) should be evaluated in
future studies to evaluate how that impacts the effect of ingredient lists

Fig 2. A. Biplot representation of the ice cream samples and the sensory properties on the rst two dimensions of the correspondence analysis evaluated under
informed conditions. B. Penalty lift analysis of the mean impact of the sensory properties on the participants’ liking the ice cream samples evaluated under
informed conditions.
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and consumer acceptability. Furthermore, the CATA question can be
restricting to the participants, future studies may want to allow them to
add their own descriptors of the products, especially in the informed
condition, to ensure differences in sensory perception are not omitted in
the results. The results of this study may have been affected by an order
or familiarly effect and future studies should use a between-subjects
design. Furthermore, future studies may want to ask about expected
liking to determine if participants have preconceived notions about the
products based on the ingredients lists as Grasso et al. (2022) found that
participants expect to like conventional beef burgers more than
plant-based or hybrid burgers. The informed condition only included the
ingredient lists of the samples including health claims and other
extrinsic cues would be more realistic of the consumer experience. Also,
there are frozen desserts produced from other plant-based ingredients
(other than cashew, coconut, and soy) and they should be evaluated in
future studies.

4. Conclusion

The PBAs were liked signicantly less than the dairy and FDD sam-
ples and were associated with off-avours, as well as strong aftertaste,
grittiness, and sandiness. The participants preferred ice cream that had
natural vanilla, creamy avour, sweetness, milk/dairy avour, smooth,
soft, white, and buttery attributes. All these attributes were associated
with the dairy and FDD samples. The presentation of the ingredient lists
decreased the participants’ liking of the PBAs’ avour but did not impact
their liking of the texture. It did decrease their overall liking of all
samples, but only signicantly decreased the overall liking ratings of the
FDD and soy samples. The ingredient lists did not impact the results of
the CATA question. Future studies should conrm these results by
conducting studies on other PBAs in blinded and informed conditions.
This study established that the ingredient list affects the consumer
acceptability of PBAs but does not affect their perception of the sensory
properties. The food industry, especially those that are producing PBAs
need to be aware that the ingredient list is impacting the consumer
acceptability of their products.
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Hunter, D. C., Kam, K., Roigard, C. M., Paisley, A. G., Beresford, M. K., Jin, D., &
Jaeger, S. R. (2015). Recommendations for use of balanced presentation order of
terms in CATA questions. Food Quality and Preference, 46, 137–141. https://doi.org/
10.1016/j.foodqual.2015.07.012

Aschemann-Witzel, J., Ares, G., Thøgersen, J., & Monteleone, E. (2019). A sense of
sustainability? – How sensory consumer science can contribute to sustainable
development of the food sector. Trends in Food Science & Technology, 90, 180–186.
https://doi.org/10.1016/j.tifs.2019.02.021

Aschemann-Witzel, J., Gantriis, R. F., Fraga, P., & Perez-Cueto, F. J. A. (2021). Plant-
based food and protein trend from a business perspective: Markets, consumers, and
the challenges and opportunities in the future. Critical Reviews in Food Science and
Nutrition, 61(18), 3119–3128. https://doi.org/10.1080/10408398.2020.1793730

Aschemann-Witzel, J., & Peschel, A. O. (2019). Consumer perception of plant-based
proteins: The value of source transparency for alternative protein ingredients. Food
Hydrocolloids, 96, 20–28. https://doi.org/10.1016/j.foodhyd.2019.05.006

Aschemann-Witzel, J., Varela, P., & Peschel, A. O. (2019). Consumers’ categorization of
food ingredients: Do consumers perceive them as ‘clean label’ producers expect? An
exploration with projective mapping. Food Quality and Preference, 71, 117–128.
https://doi.org/10.1016/j.foodqual.2018.06.003

Balthazar, C. F., Silva, H. L. A., Celeguini, R. M. S., Santos, R., Pastore, G. M.,
Junior, C. A. C., Freitas, M. Q., Nogueira, L. C., Silva, M. C., & Cruz, A. G. (2015).
Effect of galactooligosaccharide addition on the physical, optical, and sensory
acceptance of vanilla ice cream. Journal of Dairy Science, 98(7), 4266–4272. https://
doi.org/10.3168/jds.2014-9018

Banovic, M., Arvola, A., Pennanen, K., Duta, D. E., Brückner-Gühmann, M.,
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Maehler, A. E., Gomes, M. C., & da Silva, G. R. (2020). Sustainability in the dairy
industry: A systematic literature review. Environmental Science and Pollution Research,
27(27), 33527–33542. https://doi.org/10.1007/s11356-020-09316-9

Friedeck, K. G., Aragul-Yuceer, Y. K., & Drake, M. A. (2003). Soy protein fortication of a
low-fat dairy-based ice cream. Journal of Food Science, 68(9), 2651–2657. https://
doi.org/10.1111/j.1365-2621.2003.tb05784.x

Giacalone, D., Clausen, M. P., & Jaeger, S. R. (2022). Understanding barriers to
consumption of plant-based foods and beverages: Insights from sensory and
consumer science. Current Opinion in Food Science, 48, Article 100919. https://doi.
org/10.1016/j.cofs.2022.100919
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