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Abstract: Consumers have begun to use plant-based alternatives (PBAs) in their coffee instead of
dairy products. PBAs can include soy milk, rice milk, coconut milk, almond milk, oat milk, and hemp
milk. The objective of this study was to investigate consumer acceptability and sensory perception
of coffee with added dairy milk and added oat, soy, and almond PBAs. Consumers (1 = 116) that
frequently add milk to their coffee (n = 58) and consumers that usually use PBAs (n = 58) were
recruited to participate in the study. They evaluated four different coffee samples with the addition of
dairy milk as well as soy, almond, and oat PBAs. Overall, the consumers liking increased when they
perceived sweetness in their coffee. The plant consumers (usually added PBAs to their coffee) liked
the milk addition significantly less than the dairy consumers (usually added dairy to their coffee). In
addition, the plant consumers were able to differentiate between the almond and soy PBAs, while
the dairy consumers grouped them together. More studies need to be completed to investigate a
wider range of PBAs, dairy products, and varieties of coffee.
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1. Introduction

Coffee is a beverage prepared from the extract of roasted coffee beans that is widely
consumed around the world [1]. There are many different extraction and brewing methods
used to produce coffee, which are based on cultural, social, and geographical contexts [2].
It is important to recognise that coffee is one of the most popular beverages in the world [3]
and is grown in many tropical countries [4]. The sensory properties of coffee have been
well studied [5-9] and the overall characteristics of coffee have been identified as fragrance
and aroma, acidity, body, flavour, aftertaste, and balance [3]. Furthermore, coffee can be
evaluated using a cupping procedure or using trained panellists [6]. Many studies have
investigated the consumer acceptability of different coffees [10-13]. To enhance sweetness,
consumers also add milk or cream to their coffee [14]. As many different plant-based
alternatives are becoming more popular [15], consumers have begun to use plant-based or
non-dairy alternatives in their coffee.

Plant-based milk alternatives (PBAs) are the fastest-growing segment in the food
product development category of functional and specialty beverages [16]. Consumer
uptake in PBAs may be due to allergies to dairy or being lactose intolerant. It could also be
due to calorie counting, hypercholesterolemia prevalence, vegan diets, as well as concerns
about sustainability [15-18]. PBAs can include soy milk, rice milk, coconut milk, almond
milk, oat milk, and hemp milk [19]. However, more studies need to be done to create PBAs
that are comparable to dairy milk in terms of sensory properties and functionality [16].

The soybean has been a staple of the human diet in Asia, especially in soy milk
or tofu [20]. Soy protein is an inexpensive source of high-nutritional protein and is the
predominant commercially available vegetable protein around the world [21]. Although
soy milk is a popular alternative to dairy and is a nutrient-rich beverage [21], Western
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world consumers have identified off-flavours in soy milk including a beany flavour, along
with a bitter taste [22,23]. In addition to soy milk, other PBAs have been developed,
including almond milk [24] and oat milk [25]. Almond milk is derived from almonds,
which are nutrient-dense as well as an excellent source of vitamin E and protein [26].
Although nutritionally dense, almond milk is associated with some unacceptable sensory
properties [27]. Oat milk is another PBA that has been associated with many health benefits,
including dietary fibre, phytochemicals, and its overall nutritive value [19]. Oats are also
known to reduce blood cholesterol levels as well as insulin and glucose responses [28]. For
products to be successful, they need to be functional and acceptable to consumers.

For PBAs to be successful on the market, the products first need to be acceptable
to consumers. To determine the acceptability of food items, nine-point hedonic scales
are usually used [29]. Overall liking or acceptability is ultimately driven by the food
item’s sensory properties [29], and the sensory properties consumers perceive should be
investigated. As stated above, the main sensory characteristics of coffee are fragrance and
aroma, acidity, body, flavour, aftertaste, and balance [3]. Consumers add milk or cream
to increase the sweetness of the coffee [14]. However, if consumers are using PBAs in
their coffee, this can also introduce new flavours including beany, earthy, grassy and other
off-flavours, which may detract from consumers’ liking of the coffee. As such, check-all-
that-apply (CATA) will be used in this study to evaluate the consumers’ sensory perception.
CATA and hedonic scales can effectively evaluate consumers’ perception and acceptability
of food products [30]. The CATA method presents participants with samples and a list
of descriptors to describe the samples [31]. Then, the participants try the sample and
select all the descriptors they think are applicable to the product [31]. CATA is combined
with hedonic scales to help with product optimisation [32]. This methodology is easy and
intuitive for untrained participants or consumers, [30] and the CATA question does not
influence the consumers” hedonic responses [32]. Penalty analysis can also be applied to
the results of hedonic scales and a CATA question to guide product improvement [33].

Past research has identified the sensory properties of different PBAs; this study aims
to build on this research by evaluating PBAs addition to coffee and the resulting sensory
properties. In addition, this study aims to evaluate how consumers who are familiar with
PBAs differ from those consumers who usually consume dairy products. In this context,
consumers used CATA and hedonic scales to evaluate the acceptability of PBAs and milk
addition to coffee.

2. Materials and Methods
2.1. Participants

Approval for the study was received from the Acadia University Research Ethics Board
(REB 13-72). The participants were recruited from the Wolfville, Nova Scotia community.
All participants self-identified as frequent consumers of coffee and did not work in the
coffee industry. All participants regularly added dairy products or PBAs to their coffee.
Half (50%) of participants regularly used dairy milk, while the other 50% regularly used a
PBA in their coffee. The demographics of the participants are presented in Table 1. In total,
116 coffee consumers participated in the consumer acceptability trial. The study design
was created based on the recommendations by Hough et al. [34]. All the participants were
renumerated with a $10 dollar gift card for their participation in the study.
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Table 1. Demographic details for the participants (1 = 116).

Characteristics Population
Age
18-20 6.5%
21-29 27.6%
30-39 16.7%
40-49 17.1%
50-59 19.1%
60-69 13.0%
Gender
Male 43.1%
Female 56.9%
What kind of milk do you usually add to your coffee?
1% Milk 14%
2% Milk 12%
Skim Milk 8%
Half-and-Half 8%
Cream 9%
Soy 21%
Almond 14%
Oat 11%
Other 4%

2.2. Testing Environment

All testing was completed at the Centre for the Sensory Research of Food at Acadia
University. The trials took place in individual sensory booths under white fluorescent light
and at a temperature of 25 °C. The testing took place over three consecutive days.

2.3. Samples and Sample Presentation

The milk and PBAs were purchased from local grocery stores and were stored in
the fridge (4 °C) until ten minutes before testing. The ingredients are listed in Table 2. A
commercially available coffee was purchased from a local grocery store and was brewed
using a flat-bottom basket in a brewing machine. All coffee was brewed and served fresh
for each session of sensory testing. Coffee was prepared in a brewing machine using
1200 g of water and 66 g of coffee in a brew basket [10]. Then, the coffee was served in
a 200 mL ceramic mug (8 cm height, 7.5 cm opening diameter, and 5.5 bottom diameter)
and was preheated following the procedure by Frost et al. [10]. Approximately 100 g of
coffee was poured into the cup, and the milk or PBA (10 g) was added to the coffee. The
coffee temperature was monitored by a research assistant using a handheld thermocouple
and was served at approximately 65 °C [10]. As suggested by Frost et al. [10], coffee was
presented in a sequential, monadic order. The four coffee samples were labelled with
random three-digit codes identified on the mug and a placemat. Each participant was also
provided with a glass of distilled water to cleanse their palate.

Table 2. Description of the milk and plant-based alternatives added to the coffee.

Product Ingredients
1% Milk Partly Skimmed Milk, Vitamin A Palmitate, Vitamin D3.
Organic Soy Base (Filtered Water, Organic Soybeans), Gellan Gum, Sea Salt, Natural Flavour, Sodium Bicarbonate.
Soy Vitamins and Minerals: Calcium Carbonate, Zinc Gluconate, Vitamin A Palmitate, Vitamin D2, Riboflavin (b2),
Vitamin B12.
Almond Base (Filtered Water, Almonds), Vitamin and Mineral Blend (Calcium Carbonate, Zinc Gluconate,
Almond Vitamin A Palmitate, Riboflavin (b2), Vitamin D2, Vitamin B12), Dipotassium Phosphate, Sea Salt, Locust Bean
Gum, Gellan Gum, Ascorbic Acid, Natural Flavour.
Oat Oat Base (Filtered Water, Oats) Canola Oil, Tricalcium Phosphate, Gellan Gum, Sea Salt, Natural Flavour, Zinc

Gluconate, Vitamin A Palmitate, Vitamin D2, Riboflavin, Vitamin B12, Amylase. Natural Sugar from Oats.
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2.4. Procedure

The participants first completed an informed consent form and were then presented
with the different coffee samples as described in the sample presentation above. First, the
participants evaluated the different samples for their liking of the appearance, flavour,
mouthfeel, and overall liking using nine-point hedonic scales (1 = Dislike Extremely,
5 = Neither Like nor Dislike, 9 = Like Extremely). After the hedonic scales, the participants
were presented with a CATA question. Following the method by Ares et al. [35], the
sensory properties listed in the CATA question were randomised. The CATA question
focused on the flavour attributes of the samples and included sweet, aftertaste, bitter,
fruity, roasted, creamy, beany, vegetative, floral, acidic, grassy, vanilla, earthy, nutty, burnt,
caramel, chemical, metallic, strong aftertaste, no aftertaste, sour, astringent, smoky, pun-
gent, chocolate, and musty. The sensory properties included were based on a literature
review [6,10,21,22,24,25,36-39] and evaluations by research associates experienced in sen-
sory analysis. The participants were asked to select all terms listed in the CATA question
they perceived in the sample using the Compusense Cloud software (Guelph, Ontario,
Canada). The participants also answered demographic questions.

2.5. Statistical Analysis

The results from the hedonic scales were assessed using a two-way random factor
ANOVA and Tukey’s HSD test. The results of the CATA question were assessed using a
contingency table and Cochran’s Q test. If there was a significant difference among the
attributes, then post hoc multiple pairwise comparisons were conducted using McNemar’s
test with Bonferroni alpha adjustment. Correspondence analysis (CA) was performed on
the total frequency count of the sensory properties. CA is used to visualise a contingency
table and is considered a generalisation of principal component analysis for ordinary
data [40]. The CA projects the data into orthogonal components to maximise the represen-
tation of the variation in the data. Usually, only the first two components are displayed [40].
A penalty analysis was conducted using the overall liking scores and results from the CATA
question. The participants were segmented into two groups based on their regular addition
of milk or PBAs to their coffee in their daily life (Table 1). Those that usually add a dairy
product (1% milk, 2% milk, skim milk, half-and-half, cream) to their coffee were placed in
the “dairy consumers” group, and those that use PBAs (soy, almond, oat, other PBA) were
placed in the “plant consumers” group. To determine any significant differences in liking
between the two participant segments, t-tests (p = 0.05) were performed. Statistical analysis
of the responses to the CATA question from each participant segment was performed. All
analyses were completed using XLSTAT software (Version, 2021.2, New York, NY, USA) in
Microsoft Excel™.

3. Results and Discussion

The mean hedonic scores are listed in Table 3. There was not a significant difference
in the mouthfeel of the different coffee samples (p < 0.05). However, the addition of the
oat PBA significantly impacted the consumers’ liking of the appearance, the flavour of
the coffee samples, and their overall liking. Their overall liking of the oat sample was
significantly less than the coffee with the milk addition (p < 0.05). However, the oat sample
was not significantly different from the coffee with almond and soy alternatives. Oat PBA
is the most recent addition to the market in this study, and as seen in Table 1, only 11% of
the participants regularly consumed the oat-based PBA. This lack of familiarity may have
contributed to participants disliking, as familiarity has been found to increase consumer
acceptability [41,42]. Though soy and almond milk have been associated with beany or
off-flavours in past studies [16,23,43], they were not significantly different from the dairy
milk in the participants’ liking of flavour, mouthfeel, and overall liking (p < 0.05). Since
these PBAs were added to coffee, it may have minimised the off-flavours the consumers
perceived. Additionally, the consumers may be more familiar with soy and almond milk
(Table 1), and therefore, the off-flavours did not impact their hedonic scores.
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Table 3. Consumer (1 = 116) mean liking scores (+/— standard deviation) for the different coffee samples.

Appearance Flavour Mouthfeel Overall Liking
Milk 6.9a 12 +/—0.9 6.0a+/—1.0 62a+/—1.0 6.0a+/—1.0
Soy 6.4ab +/— 1.1 5.5ab +/— 0.7 56a+/—1.0 5.3ab +/— 0.9
Almond 6.2b+/—0.8 57ab +/—0.8 58a+/—0.9 57ab+/—- 07
Oat 6.1b +/— 1.0 51b+/—09 55a+/—1.1 52b+/—0.7

! Data input on a 9-point hedonic scale where 1 = Dislike Extremely and 9 = Like Extremely.? Means in the same
column with the same letter are not significantly different (p < 0.05).

The results of the CATA question were interpreted using correspondence analysis
(CA), as seen in Figure 1A. The first two dimensions of the CA explained 86.6% of the
variation, with 49.2% on the first dimension and 37.4% on the second dimension. The first
dimension separated the milk from the oat, almond, and soy PBAs. The milk-coffee sample
was associated with chocolate, sweet, vanilla, aftertaste, floral, roasted and astringent. The
second dimension separated the oat PBA from the almond and soy PBAs. The oat PBA
was associated with acid, musty, burnt, smoky, caramel, creamy, nutty and no aftertaste.
The almond and soy PBAs were associated with a strong aftertaste, pungent, bitter, sour,
vegetative, grassy, and metallic attributes. Overall, the first dimension separated the
samples based on their sweetness or sourness. The second dimension was driven by the
nutty and smoky attributes on the positive side of the dimension, and bitter, pungent,
and fruity on the negative side. The PBAs also contributed to flavours that have been
commonly associated with these products and that are not well-liked by consumers in
coffee, such as grassy, vegetative, burnt, chemical, and earthy [44—47].
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Figure 1. (A) Biplot representation of the sensory properties and the different coffee samples on the first two dimensions of
the correspondence analysis for the overall population. (B) Penalty analysis based on the responses to the CATA question

and the participants” overall liking scores.

The results of the CATA question were combined with overall liking scores to con-
duct a penalty lift analysis (Figure 1B). The sweet attribute drove consumer liking of
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the coffee samples, while pungent, grassy, earthy, beany, and sour all drove disliking of
the samples. The coffee with the milk addition was associated with the sweet attribute
(Figure 1A) and had the highest overall liking scores (Table 3). Sweetness increases con-
sumers’ liking of many food products [48,49], including coffee and coffee-flavoured dairy
beverages [10,50,51]. All the sensory properties that detracted from consumer liking were
associated with the PBAs (Figure 1A).

The participants were segmented into two different consumer groups (dairy con-
sumers and plant consumers) based on if they regularly add dairy products or PBAs to
their coffee. As stated above, familiarity affects consumer liking, and this segmentation
was used to investigate how frequent and non-frequent PBA consumers evaluate the PBA
addition to coffee. The consumer liking scores for the two different consumer groups
are shown in Table 4, and both consumers groups included 58 participants. The dairy
consumers significantly liked the dairy milk and almond PBA more than the soy and oat
PBAs (p < 0.05). They also liked the flavour of the dairy milk significantly more than
the soy and oat alternatives (p < 0.05). Lastly, the dairy consumers liked the appearance
and mouthfeel of the coffee with the oat alternative significantly less than the dairy milk
(p <0.05).

Table 4. Consumer mean liking scores (+/ — standard deviation) for the different coffee samples separated into different

consumption groups.

Appearance Flavour Mouthfeel Overall Liking
Dairy (1 = 58) Plant (1 = 58) Dairy (n = 58) Plant (n = 58) Dairy (n = 58) Plant (n = 58) Dairy (n = 58) Plant (1 = 58)
Milk 74a*12 +/—09 69a+/—1.1 6.5a*+/—0.9 54a*+/—-1.1 6.7a*+/— 0.9 57a*+/—1.1 6.5a*+/—1.1 54a*+/—-1.1
Soy 6.6ab +/— 0.8 62a+/—12 55b+/—1.0 55a+/—1.1 59ab +/— 0.8 53a+/—-1.0 5.5bc+/—1.1 52a+/—-0.8
Almond 6.3bc+/—1.1 6.1a+/—0.6 5.8ab+/— 1.1 5.6a+/—0.8 6.lab+/— 0.8 5.6a+/—1.0 5.9ab +/— 1.0 55a+/—08
Oat 59c+/—-1.0 6.4a+/—0.6 49b+/-1.0 53a+/—09 5.5b+/—-0.8 55a+/—0.8 49c+/—12 54a+/—09

! Data input on a 9-point hedonic scale where 1 = Dislike Extremely and 9 = Like Extremely. 2 Means in the same column with the same
letter are not significantly different (p < 0.05). * Means between the two consumer groups [dairy consumers and plant consumers] differed
based on a t-test.

The consumers that frequently used PBAs or plant consumers as identified in Table 4
did not identify any significant differences in any of the coffee samples for their liking of the
appearance, flavour, mouthfeel, or overall liking (p < 0.05). However, when the scores were
compared between the two consumer groups, the plant consumers liked the flavour and
mouthfeel of the dairy milk sample less than the dairy consumers (p < 0.05). Furthermore,
their overall liking of the milk sample was significantly less than dairy consumers (p < 0.05).
Consumers who regularly consume PBAs have different motives for their consumption of
PBAs [17]. This may have affected their sensory perception of the samples, as familiarity
has been shown to lead to increased consumer acceptability [41,42]. Therefore, this may
have increased their liking scores of the samples with the PBAs. A limitation of this study
is that consumers who avoid dairy for different reasons (e.g., beliefs, lactose intolerance)
were not included in this study, as the participants were asked to consume milk as well as
PBAs. If participants who avoided dairy were included, the hedonic scores for the PBAs
may have differed.

The responses from each consumer group (plant and dairy) were evaluated using
correspondence analysis and penalty lift analysis (Figures 2 and 3). The dairy consumers’
CA explained 84.3% of the variation (50.1% on the first dimension and 34.2% on the second
dimension). The dairy consumers separated the milk from the PBAs and the oat PBA from
the almond and milk (Figure 2A). The milk was associated with chocolate, vanilla, floral,
sweet, and astringent attributes, while the oat PBA was associated with the burnt, nutty,
caramel, musty, and chemical attributes. The soy and almond PBA were grouped and
associated with beany, grassy, vegetative, sour, bitter, pungent, and strong aftertaste. In
agreement with this study, soy and almond products have been identified as having an
aftertaste [22,23,52]. The results of the CATA question were also used to conduct a penalty
lift analysis (Figure 2B). The attribute that the dairy consumers associated with the milk
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added to the coffee sample (sweet, vanilla, and floral) drove their liking of the samples and
grassy, sour, and beany all detracted from their liking—these attributes were associated

with the almond and soy PBAs (Figure 2B).
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Figure 2. (A) Biplot representation of the sensory properties and the different coffee samples on the first two dimensions of
the correspondence analysis for the dairy consumers. (B) Penalty analysis based on the responses to the CATA question and

the dairy consumers’ overall liking scores.
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Figure 3. (A) Biplot representation of the sensory properties and the different coffee samples on the first two dimensions of
the correspondence analysis for the plant consumers. (B) Penalty analysis based on the responses to the CATA question and

the plant consumers’ overall liking scores.
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The responses from the plant consumers were assessed using correspondence analysis
and penalty lift analysis (Figure 3). The CA explained 86.5% of the variation on the first two
dimensions of the biplot. The milk and oat PBA were separated from the soy and almond
PBAs. However, the plant consumers also separated the soy and almond PBA from each
other. The soy PBA was associated with a strong aftertaste, pungent, bitter, grassy, fruity,
caramel, and roasted attributes, while the almond PBA was associated with nutty, chocolate,
floral, and beany attributes. This result was probably due to the consumers’ familiarity
with the PBAs, as they were able to discriminate between the different products. This
result has previously been found in a consumer perception study with red wine, as product
familiarity allowed the participants to effectively differentiate the wine samples [53].

The penalty lift analysis also identified that sweetness drove consumer liking, as was
seen with the dairy consumers. However, the other attributes that drove liking that differed
from the dairy consumers were roasted, chocolate, nutty, and vegetative, which drove
the liking of the coffee samples. Roasted, chocolate, and nutty attributes have been liked
by coffee consumers in previous studies [11,54]. Vegetal has been found in other studies
of coffee [36,55], but it is not usually found to improve consumer acceptability. Beany,
earthy, sour, bitter, and aftertaste attributes were found to detract from liking. As discussed
previously, beany and aftertaste are usually associated with soy products [37,43]. Sour is
mainly disliked by coffee consumers; however, it has been identified to be liked by some
consumers who are attracted to “extreme” sensory profiles [45]. Although these results are
based on a small sample size (1 = 58 for each consumer group), they identify exploratory
results on how consumers (based on familiarity) differ in their evaluation of PBAs. Future
studies should be completed to confirm these results.

Overall, the study was able to evaluate the consumer acceptability of milk and PBAs
when they are added to coffee. However, there are some limitations to the study. All of the
participants had to be willing to consume milk; therefore, the study did not include vegan
consumers, who are a main user of PBAs. Additionally, the participants may not have
known the definition of the attributes used in the CATA question. Future studies may want
to provide definitions of the attributes in the CATA question or train the participants on the
different terms. The same amount of milk and PBAs was added to each sample, but more
or less dairy milk or PBA may have led to different results. The amount of milk or PBA
added to the coffee was also controlled by the researchers. If the consumers were able to
add their desired amount of dairy milk or PBA to the coffee, the results may have differed.
Furthermore, the researchers could have identified how much milk or PBA consumers
think is appropriate to add to coffee. Lastly, only one type of dairy and three types of PBAs
were included in this study. There are many more dairy and PBA products that should be
investigated for their sensory properties, as well as their addition to coffee, and their effect
on the coffees’ sensory properties.

4. Conclusions

The coffee sample with the milk addition was liked more than the coffee with the oat
alternative. For all consumers, the sweet attribute drove their liking of the coffee samples.
Flavours such as pungent, grassy, earthy, beany, and sour detracted from the acceptability
of the coffee samples. When the consumers were segmented based on their use of dairy
products or PBAs in their coffee, the plant consumers liked the coffee with milk addition
significantly less than dairy consumers; they also liked the mouthfeel and flavour of the
samples less. The plant consumers were able to differentiate between the almond and soy
PBAs when they were added to coffee, while the dairy consumers were unable to do so.
These results indicate that consumers are seeking out PBAs (to put in their coffee) that
have similar sensory properties to their dairy-based counterparts. To overcome some of
the limitations listed above (small number of PBAs included, small sub sample groups),
future research should include a wider range of PBAs, dairy products, and coffee varieties;
it should also investigate the amount of PBA that is usually added to coffee compared to
dairy milk. Future studies could also specifically investigate the aftertaste of the coffee
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after PBA or milk addition, as it was identified as important to consumers in this study.
Lastly, future research should further investigate the difference in preferences between
consumers of plant-based alternatives and dairy consumers. These findings are relevant to
those creating new PBAs, as the results identify what sensory properties are important to
consumers and indicate which properties may be detracting from consumer acceptability.
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