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Abstract: Plant-based meat substitutes replacing animal meat can potentially support the transition
towards more sustainable diets. To enable the required transition, consumer acceptance of plant-based
meat is essential. An important aspect of this is the feeling of satiety or being full after eating. This
study determined the satiating capacity of both plant-based meat and animal meat in 60 adults under
real-life in-home conditions. Participants consumed four fixed ready-to eat meals for lunch at home
once per week. Two types of Indian curry with ‘chicken” were investigated as well as two types of
pasta Bolognese with ‘minced meat’. The two ‘chicken’ dishes and the two ‘minced meat’ dishes had
the same recipe except for a gram-for-gram swap (125 g each) of either animal meat (chicken breast
and minced meat) or plant-based (soy) meat. Results showed no difference in the satiating power of
an animal meat dish and a plant-based meat dish when these were eaten as part of a full lunch meal
at home. In addition, the meals did not result in energy nor macronutrient compensation during the
rest of the day after consuming the meals. This occurred despite the caloric differences of the meals
as a result of the real-life conditions (i.e., a lower energy content of the pasta with plant-based meat
compared to the other meals). We conclude that meals with plant-based meat can be as satiating as
meals with animal meat.

Keywords: plant-based meat; animal meat; satiety; energy intake; compensation; liking; meal context;
real-life

1. Introduction

Global animal meat consumption has increased tremendously in the past few decades [1].
The consumption and production of animal meat has major negative consequences on climate
and the environment [2,3] and has been associated with negative health effects [4-6]. A shift to
more sustainable plant-rich consumption patterns is therefore required to stop climate change
and improve population health [7,8]. One way to support this transition is the use of plant-based
meat substitutes, which are designed to mimic the appearance, taste, and texture of animal
meat. Plant-based meat may be particularly suited to help current animal meat consumers
and animal meat reducers (rather than vegetarians) to reduce their animal meat intake as they
easily fit in people’s habitual animal meat-centred meals without further adjustment of their
eating pattern [9,10]. Yet, while the market of plant-based meat is expanding globally, they are
not widely accepted by consumers yet [11-14]. Consumer acceptance of plant-based meat is
essential to enable the required transition [15-17]. An important aspect of this is the feeling
of satiety or being full after eating [18]. Ideally, plant-based meat delivers optimal satiety, i.e.,
providing a satisfying experience that is not under- nor overfilling [19].
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Satiety has been traditionally defined as the feeling of fullness and/or inhibition
of hunger sensations after a meal resulting from the ingestion of food [20]. However,
definitions of satiety have evolved over the years, leading to two functionally different
terms, i.e., satiation and satiety [21]. The terms satiation and satiety are often confused
and used interchangeably, although both describe sensations that are physiologically and
behaviourally distinct [22]. Satiation relates to processes which terminate eating within
a meal and determines the size of the meal and snack. Satiety is used to describe the
post-ingestive processes that occur after eating a food or a meal has ended and inhibit
further eating, which influences the frequency of meals and snacks. The two processes,
therefore, control events going on within meals and between meals [23,24]. How satiation
and satiety can be measured in humans has been the subject of a detailed review [25].
The present research focuses on the satiety of plant-based meat, which we quantified by
tracking subjective feelings of hunger and fullness after eating dishes with plant-based
meat and energy intake at the next meal or snack.

Little is known about the satiating capacity of plant-based meat. A study of Hoek
et al. (2011) showed that people feel less full after eating plant-based products compared to
animal meat products: “When I have vegetarian hamburgers, I always eat two’ [18]. The
nutritional composition of food can affect satiety with protein exhibiting a more profound
effect on satiety than fats and carbohydrates [26]. Meals with plant-based meat usually have
a lower protein content than meals with animal meat, which may be the reason that people
expected and perceived meals with plant-based meat to be less filling than meals with
animal meat. That said, more recent research on the effect of plant-based meat on fullness
and satiety showed more promising results. Research showed that people felt equally full
after the consumption of meals with plant-based meat [27,28] or even more full [29,30]
compared to equivalent meals prepared with animal meat. An explanation for this could be
that product developers and nutritionists have been working hard to continuously improve
the sensory attributes and nutritional quality of plant-based meat to make them the same
or even better than animal meat, including the protein levels. However, due to the large
variation in designs and food stimuli used amongst the studies available, the results should
be interpreted cautiously and modestly. In addition, the studies offered isocaloric meals
to the participants, which does not represent real-life situations of consumers preparing
meals with plant-based meat. In everyday life, it is more likely that consumers replace the
animal meat in a meal with (visually) the same amount of plant-based meat (one-to-one
swap) without taking into account the difference in caloric value. Given the role of satiety
in acceptance of plant-based meat, it is important to know what the effect is of a one-to-one
plant-based meat swap for animal meat in a real-life context that is as similar as possible to
how the product would usually be used by consumers.

The aim of this study was to investigate the satiating power of plant-based meat
in a real-life meal context. The main research question was: How do feelings of satiety
after consumption of a meal with plant-based (soy) meat differ from that of a meal with
animal meat? Subjects consumed four fixed ready-to eat meals for lunch at home once
per week. Two types of meals were investigated, Indian curry with ‘chicken’, and pasta
Bolognese with “‘minced meat’. The animal and plant-based meals had exactly the same
recipe except for a gram-for-gram swap (125 g each) of either animal meat or plant-based
meat. The caloric content and macronutrient composition of the meals were not matched,
since this is how consumers were expected to use meat substitutes in everyday life. This
way, knowledge was gathered on the satiating capacity of plant-based meat in a natural
consumption context.

2. Materials and Methods
2.1. Participants

In total, 68 participants were recruited for this study from the Wageningen University
& Research participant database. Participants had to meet the following inclusion criteria:
(1) aged between 18 and 65 years, (2) healthy (self-reported), (3) being an animal meat
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eater or flexitarian (i.e., excluding vegans, vegetarians, and pescatarians), (4) like Indian
curry with chicken, and pasta Bolognese with minced meat (scoring > 4 on a 7-point
scale). Participants were not informed about the actual purpose of the study (i.e., assessing
satiating power of plant-based meat) but were informed that the study consisted of tasting
and evaluating different meals during lunch at home. Participants signed informed consent
prior to the start of the experiment and received €50 on study completion. Seven partici-
pants withdrew from participation just before the start of the study, and one participant
was excluded because of dropping out halfway the study due to personal reasons: their
data were excluded from statistical analysis, leading to a final sample size of 60 participants.
The study was evaluated by the METC Brabant as not being subject to the WMO Medical
Research Involving Human Subjects Act (NW2021-51). Ethical approval was granted by
the Social Sciences Ethics Committee of Wageningen University, indicating that it complied
with the Netherlands Code of Conduct for Research Integrity.

2.2. Products

This study used minced beef meat and chicken breast that was purchased from the
local butcher and plant-based minced meat and plant-based chicken that was commercially
available in the supermarket (brand: The Vegetarian Butcher; soy-based meat with taste,
texture and appearance mimicking animal meat). Two types of meals were investigated
with exactly the same recipe except for a gram-for-gram swap (125 g each) of either meat or
soy-based meat: (1) pasta Bolognese with minced beef meat (Pasta Animal Meat), (2) pasta
Bolognese with plant-based minced meat (Pasta Plant-Based Meat), (3) curry tandoori
with spinach, rice and chicken breast (Curry Animal Meat), and (4) curry tandoori with
spinach, rice and plant-based chicken (Curry Plant-Based Meat). All ingredients used in the
pasta and curry dish were commercially available (pasta fusilli, sunflower oil, mushroom,
carrot, onion, zucchini, green bell pepper, tomato, vegetable bouillon powder, Italian herbs,
rice, spinach, garlic, ginger, coconut milk). The total caloric value of the pasta meals was
637 kJ /100 g for the Pasta Animal Meat and 367 k] /100 g for the Pasta Plant-Based Meat,
and the total caloric value of the curry meals was 533 kJ /100 g for the Curry Animal Meat
and 552 kJ /100 g for the Curry Plant-Based Meat. Table 1 gives an overview of the energy
and nutritional composition of the four meals.

Table 1. Energy and nutritional composition of meals (per serving of 400 g).

Total Energy . Fat Carbohydrates . Sodium
Meals aJ) Protein (g) Fat (g) saturated (g) ®) Fibre (g) (mg)
Pasta Animal Meat 2548 46.5 30.5 8.5 35.2 42 1591
Pasta Plant-Based Meat 1469 38.2 2.1 0.4 70.9 12.2 1523
Curry Animal Meat 2132 42.3 19.5 53 39.3 2.5 1854
Curry Plant-Based Meat 2209 315 22.1 5.0 449 12.0 1832

We did not correct for differences in energy and macronutrients of the test meals as we
wanted to test real-life conditions of how consumers use plant-based meat in their meals
at home (one-to-one swap). As plant-based meat is sold as a ready-to-eat and seasoned
product, we did correct for differences in seasoning and taste between the animal meat
and plant-based meat condition by adding extra vegetable bouillon powder to the meal
with animal meat (1.9 g for the curry dish and 3.5 g for the pasta dish). The total weight of
each of the meals was 400402 g. The weight of the meals was kept equal to all participants
with no differentiation for sex or body weight classes. The recipes for the meals with the
complete list of ingredients are available on request.

2.3. Procedure

We collected the data in July 2021, which was a time period with lockdown measures
in The Netherlands because of the COVID-19 pandemic. Participants ate the test meals
during lunch at home. The meals were prepared at the kitchen facilities of the university
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Drink only water, or coffee
or tea without sugar and
milk.

Eating is not allowed

Drink only water, or coffee
or tea without sugar and
milk.

Eating is not allowed

and were kept refrigerated at 4 °C. Participants picked up the meals the day before each
test day. On test days, participants were instructed to eat their usual breakfast at 8:00 h at
home. They were asked to eat the same breakfast (that they could choose themselves) on
each of the test days and to keep activity and stress levels similar on each day before the
test day and on each test day itself. Between breakfast and lunch, participants were asked
to drink only water, coffee or tea without milk and sugar. At 11:55 h, participants heated
the test meal in their microwave and started eating the meal at 12:00 h at home. Participants
completed an online questionnaire on subjective feelings of hunger and satiety just before
consumption of the meal and at 15, 45, 75, 105 and 150 min after that. Participants also
rated liking (at first bite and after finishing the full meal) and taste perception of the meal.

Participants used their own mobile devices to answer all online questionnaires. They
received a text message on their mobile device at the appropriate moments to remind them
of heating the test meal and filling out the questionnaires. Each text message contained the
link to the questionnaire. If participants did not fill in the questionnaire in time, they were
called to remind them. After finishing all the satiety questionnaires (at 14:30 h, 150 min
after starting the meal), participants were asked to write down what they ate and drank
during the rest of that day in a small paper diary that they received from the research
team. Figure 1 shows a schematic overview of the test days. At the end of the four
sessions, participants completed (online) questionnaires on meat attachment, health and
environmental orientation in food choices, and attitudes towards animals.

8:00h Breakfast

11:50 Short online questionnaire on satiety and appetite before the meal
11:55 Heating the meal in the microwave

After first bite: Rate liking of the meal
12:00h Eat Meal

+12:15h Right after finishing meal: Questionnaire satiety and liking/attributes of the meal
12:45h Short questionnaire on satiety and appetite
13:15h Short questionnaire on satiety and appetite

13:45h Short questionnaire on satiety and appetite

14:30h Last online

Ouestionnaire 14:30h Short questionnaire on satiety and appetite

From 14:30h: Allowed to eat whatever you want
Fill out diary: Write down everything that is eaten and drunk the rest
of the day untill going to bed

Going to bed

Figure 1. Schematic overview of test days.

2.4. Measurements
2.4.1. Appetite, Liking and Taste Perception

Participants rated their appetite just before starting the lunch meal, immediately after
finishing the meal (15), and 45, 75, 105, and 150 min after starting the meal. Appetite
was assessed using six items that were scored on a 100 mm visual analogue scale ranging
from ‘not at all’ to ‘very much’ for ‘Feeling full’, ‘"Hungry’, ‘Appetite for a meal’, “Appetite
for a snack’, “Appetite for something sweet” and ‘Appetite for something savoury’. In
addition, just before consumption of each meal, participants rated their desire to eat that
specific meal. After one bite, participants rated their liking of the meal. After finishing
the meal, they rated their liking of the full meal as well their separate liking of the sauce
and of the (animal/plant-based) meat. Right after finishing the meal, participants also
rated the meal on perceived sweetness, saltiness, bitterness, sourness, juiciness, firmness of



Foods 2023, 12, 4280

5o0f 14

the (animal/plant-based) meat, and creaminess of the sauce. Desire to eat, liking, and the
sensory attributes were all scored on a 7-point scale, ranging from ‘not at all’ to ‘very much’.

2.4.2. Energy Compensation during the Afternoon and Evening

The participants kept a record of what they ate or drank during the afternoon and
evening (from 14:30 h until going to bed; see also Figure 1) on each of the four experimental
days, using a pen and paper diary. This information was used to measure energy and
macronutrient intake during the rest of the day (after finishing the last satiety questionnaire
at 14:30 h). Participants received detailed instructions for completing the diaries before the
start of the study. These instructions were included in each diary as well. The diaries were
checked and coded by experienced dieticians. In case of unclear food records, participants
were asked about this the next time they picked up their meal (within a week).

2.4.3. Psychosocial Variables Related to Meat Consumption

After the final test day, participants completed different questionnaires on their willing-
ness to try novel foods (food neophobia), food choice motives and attitudes towards animal
meat consumption. Completion of this questionnaire set took about 15 min. The Food Neo-
phobia Scale [31] is a 10-item questionnaire that measures a reluctance to eat and/or avoid
novel foods. Responses were given on a 7-point Likert scale ranging from ‘strongly dis-
agree’ to ‘strongly agree’. Four dimensions of the Food Choice Motives questionnaire were
included to measure the motives that consumers find important in their daily food choices
in relation to health, weight control, natural content, environment, and animals [32,33].
Each dimension consisted of 3 items that were scored on a 7-point scale ranging from ‘very
unimportant’ to ‘very important’. Interest in reducing animal meat consumption (i.e., what
behavioural stage of change participants were in) was measured with one question with
five answer options, which were based on the five stages of the Trans Theoretical Model of
Behavioural Change [34]. Participants were then regrouped into three ‘Interest in Reducing
Animal Meat’ groups, i.e., ‘not aware, no action’ group (stage 1), ‘aware, no action” group
(stages 2 and 3) and ‘aware and action’ group (stages 4 and 5). Attitudes towards limiting
animal meat consumption were collected via three questions on ‘Importance’, ‘Healthiness’,
and ‘Good for the environment’. Responses were rated on a 7-point scale ranging from ‘not
at all’ to “very’. To assess animal meat consumption frequency, participants were asked
to indicate on how many days per week they consume a main meal that contains animal
meat: 1-3 (infrequent animal meat consumers), 4-5 (moderate animal meat consumers),
and 6-7 (frequent animal meat consumers). Since no vegans or vegetarians participated in
the study, the “never” option was not given. Animal meat attachment was measured using
the 16-item Meat Attachment Scale of Graga et al. (2015) on hedonism (4 items), affinity
(4 items), entitlement (3 items), and dependence (5 items) [35]. Responses were on a 7-point
Likert scale ranging from “strongly disagree” to “strongly agree”.

2.5. Statistical Analysis

Data are presented as means and standard errors. Statistical analyses were carried out
with the statistical software package SPSS version 28.0.1.1 [36]. We considered differences
significant at p < 0.05. A three-factor repeated measures ANOVA was carried out separately
for each subjective feeling of hunger and satiety with the six time points after the meal
(TO, T15, T45, T75, T105, T150), the two meal types (Pasta, Curry) and the two meat types
(Meat, Plant-Based) as factors. In both repeated measures ANOVA analyses of the ‘Feeling
full’ and “Hungry’ scores, Mauchly’s test showed a significant deviation of Sphericity, so
the Greenhouse-Geisser and Huynh-Feldt corrected F-statistics (of which we only report
the former here) were used to assess the significance of the factors. A two-factor (Meal
type x Meat type) repeated measures ANOVA was performed on the liking and sensory
data. F-values and Bonferroni corrected p-levels are reported. Energy compensation was
calculated based on the reported consumption from T150 (150 min after starting the meal)
until going to bed by calculating consumed (total) energy, protein, fat, carbohydrates,



Foods 2023, 12, 4280

6 of 14

fibre, and alcohol (all in kJ). The main interest was any difference in compensatory eating
behaviour between the animal meat and plant-based meat meals (Pasta, Curry).

3. Results
3.1. Participants

Table 2 shows the main characteristics of the 60 participants who completed the study.
Most participants indicated to be in the ‘aware and action” stage (70%) in terms of Interest
in Reducing Meat. Participants scored relatively low on food neophobia (22.6 & 7.0 on a
scale from 10 to 70) and had a slightly positive attitude towards cutting down on meat
consumption (5.1 £ 1.1 on a 7-point scale). In addition, they scored relatively high on meat
attachment (subscales Dependence, Entitlement, Hedonic and Affinity ranging from 3.1 to
5.9 on 7-point scales).

Table 2. Characteristics of the participants and psychosocial variables related to animal meat consumption.

Mean (SE)
Sex (m/w) (n) 20/40
Age (years) 48.0 £13.7
Frequency of animal meat consumption (%)

Infrequent (1-3 days a week) 35.0
Moderate (4-5 days a week) 56.7
Frequent (6-7 days a week) 8.3

Interest in Reducing Animal Meat (%) 2

Not aware, no action 16.7

Aware, no action 13.3

Aware and action 70.0
Food neophobia b 22.6 (6.9)
Attitude towards animal meat reduction © 5.1(1.1)

Food Choice Motives ©
Health 5.6 (0.9)
Animal 5.1(1.3)
Weight Control 43 (14)
Natural Content 4.3(1.5)
Environment 44 (1.5)
Animal Meat Attachment ¢

Affinity 5.8 (1.0)
Hedonic 43 (14)
Entitlement 35(1.4)
Dependence 3.1(14)

2 The three Interest in Reducing Animal Meat groups were based on the five stages of the Trans Theoretical Model
of Behavioural Change [34], i.e., ‘not aware, no action’ group (stage 1), ‘aware, no action’ group (stages 2 and
3) and ‘aware and action’ group (stages 4 and 5). ® Answers were measured on a 7-point scale, total sum scale
ranges from 10 to 70 (low to high). ¢ Answers were measured on a 7-point importance scale (negative to positive).
4 Answers were measured on a 7-point scale (low to high).

3.2. Subjective Feelings of Appetite

For subjective feelings of appetite, only the means of the groups for all analyses are reported,
as there were no statistically significant differences by sex, age, food neophobia, meat eating
frequency or meat attachment across time moments after the meal (p > 0.05). For subjective
feelings of hunger, however, there was a significant difference for sex (F = 21.6, p < 0.05), with
men having overall higher scores than women (30.2 + 1.2 and 23.4 & 0.8, respectively), but not
for meal (F = 0.96, p = 0.41) nor for their interaction (F = 0.08, p = 0.97).

Figure 2 shows the absolute appetite ratings of the items ‘Feeling full’, ‘Hungry’,
‘Appetite for a meal’, ‘Appetite for a snack’, ‘Appetite for something sweet’ and ‘Appetite
for something savoury’. The mean responses for the items ‘Hungry” and ‘Appetite for
a meal’ were similar to the responses of the items ‘Appetite for a snack’, “Appetite for
something sweet” and ‘Appetite for something savoury’, while the curve of responses of the
item ‘Feeling full” was the reverse. Analysis of the appetite ratings revealed a significant
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effect across the different time points for the meals (all p < 0.001). For example, the TO time
points (just before the meal) were significantly different from almost all the other post-meal
time points, which was as expected. The only clear deviation from this pattern is seen for
‘Appetite for something sweet’, which had much less significant differences between the
time points (not tabulated, but see the much more flat curves in Figure 2).

Feeling full Hungry
100 100
80 Pasta Animal 80
Meat
@
S 60 = = Pasta Plant- 60
2 based Meat
2 40 Curry Animal 40
> Meat
20 ~ = Curry Plant- 20
based Meat
0 0
0 15 45 75 105 150 0 15 45 75 105 150
Minutes Minutes
Appetite for a meal Appetite for a snack
100 100
80 80
Pasta Animal
= Meat
g 60 — —PastaPlant. 60
a based Meat ~
o
< Curry Animal
=8 Meat 40
= = Curry Plant-
20 based Meat 20
0 0
0 15 45 75 105 150 0 15 45 75 105 150
Minutes Minutes
Appetite for something sweet Appetite for something savoury
100 100
80 80
Pasta Animal
£ 60 Meat 60
& — —Pasta Plant-
2 based Meat
= 40 Curry Animal 4
Meat
20 - =~ = Curry Plant- 20
= based Meat
0 0
0 15 45 75 105 150 0 15 45 75 105 150
Minutes Minutes

Figure 2. Mean satiety ratings + SE from 0 (weak) to 100 (strong) after the different meals with animal
meat and plant-based meat (n = 60). Appetite ratings were rated just before starting the meal (0 min),
immediately after finishing the meal (15 min), and 45, 75, 105, and 150 min after starting the meal.

For ‘Feeling full’, the only significant main effect was time after meal (Table 3), where
all the time points differed significantly from each other (pairwise differences p < 0.001
thru p = 0.048, Bonferroni corrected, not tabulated). The ‘Hungry” scores showed a similar
picture (see Table 3), but here, the first and the last time point are significantly different
from all other time points (p < 0.001), and the other time points do not differ (pairwise
differences 0.098 < p < 1.00, Bonferroni corrected, not tabulated).
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Table 3. Overview F-values (Greenhouse-Geisser corrected) and p-levels for the three-factor (Time
points (6) x Meal type (2) x Meat type (2)) repeated measures ANOVAs (significant levels, p < 0.05

in bold).
Time after Meal Meal Type Meat Type
Feelings of Appetite Interactions
F-Value p F-Value P F-Value P

Feeling full 87.92 <0.001 0.14 0.71 2.99 0.09 None significant
Hungry 95.09 <0.001 1.79 0.19 223 0.14 None significant

For a meal 118.20 <0.001 0.08 0.78 2.45 0.12 None significant

For a snack 28.45 <0.001 0.01 0.91 0.93 0.34 None significant

For sweet 6.63 <0.001 0.002 0.97 0.001 0.98 None significant

For savoury 80.82 <0.001 0.56 0.46 1.25 0.27 None significant

The mean appetite ratings (‘Feeling full’, ‘Hungry’, ‘Appetite for a meal’, ‘Appetite for
a snack’, ‘Appetite for something sweet’, “Appetite for something savoury’) did not show
significant effects of either Meal type (Pasta, Curry) and Meat type (Meat, Plant-Based)
(0.09 < p < 0.98, Table 3).

In addition, there was no significant difference between the energy and macronutrient
intake during the rest of the day, with an energy intake of 5.0 = 0.3 MJ, 4.8 & 0.3 M],
4.8 £ 0.3 MJ and 5.1 £ 0.3 MJ after consuming Pasta Animal Meat, Pasta Plant-Based
Meat, Curry Animal Meat and Curry Plant-Based Meat, respectively (all p values > 0.05).
Interestingly, this occurred despite the caloric differences between the different meals.

3.3. Liking and Taste Perception

Table 4 shows the means + SE for desire-to-eat, liking and sensory attribute scores.
Overall, the meals were moderately liked with ratings ranging from 3.2 to 5.5 on 7-point
scales. The pattern of results obtained for liking for the full meal were similar to the pattern
of results for liking at first bite and the liking of the sauce. Overall, participants liked the
curry meals better than the pasta meals, and they like the meals with meat better than
the plant-based meals (Table 4). The animal meat was significantly preferred over the
plant-based meat, and the curry meal was perceived as being sweeter, saltier as well as
more sour than the pasta meal (Table 4). The only effect of bitter taste was seen in the
plant-based meat being perceived as more bitter than the animal meat (Table 4).

Table 4. Mean desire to eat, liking and sensory attribute intensity scores (=SE) for Meal types (Curry
and Pasta) and Meat types (Animal and Plant-Based) rated on 7-point scales. Significantly higher
scores are in bold, non-significantly differing means in italic against grey.

Meal Meat
Curry Pasta Animal Plant-Based

Desire to eat 5.2(0.2) 5.1(0.1) 5.2(0.2) 5.1(0.1)
Liking at 1st bite 5.2 (0.1) 4.6 (0.1) 5.2 (0.1) 4.6 (0.2)
Liking full meal 5.0 (0.1) 4.3(0.2) 5.1 (0.1) 4.2 (0.1)
Liking sauce 5.1 (0.1) 3.7(0.2) 4.8 (0.2) 4.0(0.1)
Liking meat 4.3(0.2) 4.0(0.2) 4.8 (0.2) 3.5(0.2)
Sweet 2.9 (0.2) 2.5(0.1) 2.8(0.2) 2.7(0.2)

Salty 4.1(0.1) 3.5(0.2) 3.7(0.2) 3.8(0.2)
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Table 4. Cont.

Meal Meat
Curry Pasta Animal Plant-Based
Bitter 1.9(0.1) 1.9(0.1) 1.8(0.1) 2.0 (0.1)
Sour 2.4(0.2) 2.1(0.1) 2.2(0.2) 2.2(0.1)
Juicy 4.3 (0.1) 2.7 (0.1) 3.7(0.1) 3.2(0.1)
Firm 5.2(0.1) 4.8(0.2) 51(0.1) 4.9(0.2)
Creamy 3.2(0.2) 1.9 (0.1) 2.8 (0.2) 2.4(0.1)

Table 5 shows a summary of the outcomes of the repeated measures ANOVAs for
desire to eat, liking and sensory attribute scores.

Table 5. Overview F-values and p-levels two factor (Meal type (2) x Meat type (2)) repeated measures
ANOVAs (Bonferroni-corrected significant levels, p < 0.05 in bold).

Meal Type Meat Type Interaction
F-Value P F-Value P F-Value P
Desire to eat 0.36 0.55 145 0.23 0.03 0.86
Liking at 1st bite 23.26 <0.001 13.0 <0.001 0.81 0.37
Liking full meal 13.90 <0.001 38.3 <0.001 0.67 0.42
Liking sauce 64.10 <0.001 23.4 <0.001 3.29 0.08
Liking meat 2.71 0.11 53.7 <0.001 1.52 0.22
Sweet 6.63 0.013 0.20 0.66 0.08 0.78
Salty 22.80 <0.001 0.35 0.56 0.57 0.45
Bitter 0.26 0.61 4.85 0.03 0.17 0.68
Sour 4.44 0.04 0.14 0.71 0.62 0.44
Juicy 114.10 <0.001 9.09 0.004 14.90 <0.001
Firm 6.51 0.01 1.10 0.30 0.02 0.89
Creamy 87.0 <0.001 6.92 0.01 3.34 0.07

The desire-to-eat ratings did not show an effect of Meal type, Meat type nor their
interaction (Table 5). The liking ratings (1st bite, full meal, sauce) show significant main
effects of Meal type and Meat type and no interactions (Table 5).

4. Discussion

The results of this study indicate that there is no difference in the satiating power
of an animal meat dish and a plant-based meat dish when these were eaten as part of a
full meal at lunch at home. The scores on fullness, hunger, and appetite as well as food
intake on the remainder of the day were not affected by having consumed animal meat or
plant-based meat.

The mean appetite and satiety ratings for meals with plant-based meat were similar to
the meals with animal meat, and there was no significant difference between the meals in
energy compensation during the rest of the day after consuming the meals. These findings
are consistent with the studies of Nielsen et al. (2018) [27] and Williamson et al. (2006) [28]
that showed that people felt equally full after the consumption of meals with plant-based
meat compared to equivalent meals prepared with animal meat. However, our results
contradict other research that even showed higher scores on satiety or satiation [29,30] or
the opposite: that people expected to be less full of meals with plant-based meat [18]. These
different results could be attributed to differences in methodologies used, i.e., actual eating
of meals [our study]; [27,28,30] vs. asking via a survey [18], fixed portions of meals [our
study]; [27,28] vs. ad libitum meals where people consumed the meals until satiated [30]
and different ingredients used, i.e., soy [our study]; [30] vs. tofu [28,29] vs. mycoprotein [28]
vs. fava beans/split peas [27]. Also, in most of these studies, people were offered iso-caloric
meals, whereas in our study, we did not match the caloric content of the meals but used a
gram-for-gram swap of animal meat with plant-based meat to better reflect how consumers
use plant-based meat in everyday life.
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Interestingly, despite the caloric and macronutrient differences between the different
meals, we found no difference in the satiating power of the meals when eaten as part of
a full meal at lunch at home. Research suggests three possibilities that could explain this
finding. First, the fibre content of the meals with plant-based meat was higher than the
meals with animal meat, and the protein content of the plant-based meals was lower than
the meals with animal meat. Fibre and protein have been shown to enhance satiety and
reduce food intake [37,38] and it could well be that the higher fibre content of plant-based
meat may have compensated for the lower protein content especially when eaten as part of
a full meal. Secondly, based on the energy content, a difference in satiating power would
have been expected, especially for the pasta dish with plant-based (minced) meat which
had a lower energy content compared to the other meals (1469 k] versus 2132-2548 kJ).
That said, research has consistently shown that high-fat, energy-dense foods (‘hidden
fat’) facilitate passive overconsumption, as these foods do not provide sensory signals in
accordance with the actual nutrient content [39]. The fat content of the animal (minced)
meat was higher than the fat content of the plant-based meat (respectively, 30.5vs. 2.1 g
per serving), which could have been the reason for the unexpected findings on the satiating
power of the meals. Thirdly, the effects of ingestion of a particular food product on satiety
depend not only on the energy and macronutrient composition of a food but also on beliefs
and expectations, sensory factors (taste and texture), consumer’s familiarity with that
product and their individual sensitivity to satiety [25,40,41]. Social influences can impact
satiation as well [42], and all of these factors interact to modify overall appetite in a holistic
product experience [25]. An increased understanding of these complex interactions will
bring innovative directions for the development of plant-based products with optimal
satiety, which consumers will be able to enjoy over and over again [43].

People eat more of foods they like more [44,45]. The meals with animal meat in the
present study were slightly better liked than the meals with plant-based meat. This is in line
with previous research [15,46] and reinforces the fact that it is important to continuously
improve the sensory profile (i.e., taste and texture) of plant-based meat. The lower liking
scores of plant-based meat could also be a motivational barrier for consumers to switch to
plant-based meat. Previous research has shown that motivational barriers that withhold
consumers from switching to plant-based meat include the following: a lower sensory
appeal of plant-based compared to animal meat, unfamiliarity with plant-based meat,
social-cultural aspects, a tendency to avoid new foods, and negative attitudes and beliefs
about the sensory appeal of plant-based meat (e.g., meat attachment) [12,18,47,48]. The
difference in liking may have impacted feelings of satiety as well despite no differences
in satiating power between the animal meat dishes and the plant-based dishes in this
study. So far, research on the impact of liking on satiety has shown inconsistent results.
Studies showed that an increased liking resulted in either increased feelings of satiety or
satiation [49-52], decreased feelings of satiety or satiation [53,54], or no influence on satiety
or satiation [45,55]. The study of Zandstra et al. (2000) was the only study that investigated
longer-term effects of pleasantness of a food on satiety over repeated exposure [52]. This
study found that the pleasantness of a less preferred food remained unaltered, while
the satiety and actual intake of that food increased over time. On this basis, we would
encourage investigating the effects of repeated consumption of meals with plant-based
meat on satiety and intake over a longer time in future studies, i.e., over weeks or months.
In addition, recent research showed that children prefer plant-based meat to resemble
animal meat in appearance, taste and texture, as with adults [56]. For future studies, it
would be interesting to investigate the impact of eating a dish with plant-based meat on
satiety in different age groups such as children, young adults, and the elderly [57].

Real-life consumption behaviour does not take place in isolation; rather, it happens
in a specific physical (e.g., dining room) and social (e.g., family) context [58]. For the
present study, it was a deliberate choice to elicit satiety ratings of plant-based meat in a
natural consumption context at home rather than eliciting them under controlled laboratory
conditions. We wanted the experience and evaluation of plant-based meat to be in a
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context that would be as similar as possible to how the product would usually be used by
consumers [59]. Depending on the research question itself, there is always a trade-off to
make between precision and accuracy on the one side and external validity on the other [40].
Satiety data gathered under laboratory conditions are usually accurately related to eating
behaviour, but the circumstances are not natural (because people do not normally eat alone
in a sensory booth isolated from social stimuli). On the other hand, eating under free-
living conditions can be considered natural but is often not precisely related to the eating
behaviour that forms the target of interest [40]. A recent study from De Wijk et al. (2019)
investigated the effect of test location (lab vs. home) on the eating behaviour of plant-based
meat and showed significant changes, albeit small, in eating behaviour between home and
lab testing conditions [58]. The test foods consumed at home were eaten at a faster rate
with greater chewing intensity than the same foods consumed in the laboratory. It is well
known that eating rate can influence satiety, with faster eating rates being associated with
reduced satiety [60]. For the present study, it was therefore also more relevant to assess
the plant-based meat in a realistic context in order to increase the external validity of the
results [61].

There are some limitations of the study that should be mentioned. The results are
based on plant-based meat made with soy in two dishes. It is recommended to replicate the
study for other plant-based alternatives to animal meat, e.g., based on pulses, mycoprotein
or algae, and for a broader range of dishes with more variation in energy and macronutrient
composition to substantiate the findings. In addition, our population was skewed towards
women and participants from Wageningen and surroundings who may have been more
aware and open to the required protein transition than the general population, which might
limit generalisability to a wider population. However, although 70% of the participants
indicated they started reducing their animal meat consumption six months or longer ago,
the majority (65%) of the participants indicated that they eat animal meat at least 4 days
per week. Finally, subjects were instructed to complete food diaries, and on return to the
laboratory, the research team reviewed the records in the presence of the subject. Absolute
honesty and accuracy cannot be guaranteed in this type of measurement. This method
might also lack the sensitivity to detect small energy adjustments given the relatively large
standard deviations in estimated energy intake. As discussed before, this diary method is
clearly a compromise between the restrictions in eating behaviour of laboratory studies
and the spontaneous behaviour in free-living conditions [62].

5. Conclusions

To conclude, this study showed no difference in the satiating power of animal meat
and plant-based meat when these were eaten as part of a full meal at lunch at home. The
higher fibre content of plant-based meat may have compensated for the lower protein
content. While these results are promising, future research is required to establish what
happens over repeated in-home consumption of a range of plant-based meats over longer
periods of time. Our study findings suggest that a gram-by-gram swap of plant-based meat
might be a useful instrument in reducing animal meat consumption, since this strategy
addresses the core consumer determinants of preference, satiety, and convenience.
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