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A B S T R A C T   

The growing world population and increased meat consumption pose a challenge for current food production 
systems. While pulses present a promising position in terms of low impacts in primary production and high 
nutritional quality, it is unclear whether consumers are willing to consume pulses instead of meat. Based on an 
online survey answered by 4,322 respondents across five European countries, this study examined consumers’ 
willingness to utilize pulses as a plant-based alternative to animal-based products. More than a third of pulse 
consumers (42%) were, to some extent, already using pulses as an alternative to animal-based foods. Beef was 
noted as the most frequently replaced type of food, mainly driven by arguments relating to health, environment, 
and sustainability, especially relevant for German and Danish consumers. Respondents who did not indicate a 
current replacement of animal-based foods stated a relatively low willingness to change in the future (40%). 
German pulse consumers were likely to be part of the low willingness segment. In contrast, Polish consumers 
possessed a relatively higher incidence of using pulses instead of meat, especially pork and poultry. Respondents 
with a low replacement willingness indicated a high importance of future pulse-based products to be natural, 
while respondents already using pulses instead of animal-based foods expected convenient and minimally pro-
cessed foods. Respondents, who already replaced meat with pulses or expressed a low future willingness, stated 
to prefer plain pulses over processed pulse-based products, and meat-resembling forms considering the former 
segment, alternatively to meat. These preferences and expectations should be considered for future product 
development, especially if aiming to attract unwilling consumers to shift to pulse-based foods.   

1. Introduction 

A dietary shift from animal-based to more plant-based foods has been 
recommended in recent years. The EAT-Lancet commission describes a 
healthy diet for a sustainable future to be largely consisting of vegeta-
bles, fruits, whole grains, legumes, nuts, and unsaturated oils with no or 
a low quantity of red meat and processed meat. The recommended 
intake of legumes amounts to 100 g per day, which would need a 5–10- 
fold increase of the current average European consumption (Mari-
nangeli et al., 2017; Willett et al., 2019). At the same time, the con-
sumption of unhealthy foods is increasing (Willett et al., 2019), whereby 
the global meat consumption expounds important health, environ-
mental, and climate challenges (de Boer & Aiking, 2018). However, 

moving towards a sustainable diet is challenging in the context of well- 
established social and cultural norms, sensory preferences, and culinary 
traditions (Hartmann & Siegrist, 2017). Sustainable diets are defined by 
the Food and Agricultural Organization (FAO) as those diets with low 
environmental impacts which contribute to food and nutrition security. 
Furthermore, sustainable diets are acceptable and accessible, economi-
cally fair, and affordable, while optimizing natural and human resources 
(FAO, 2012). Pulses are promising to increase environmental sustain-
ability by replacing meat consumption (Melendrez-Ruiz et al., 2019). It 
is not a novel food, as it has been part of the human diet since the earliest 
practice of agriculture (Phillips, 1993). Pulses are dried seeds from the 
Leguminosae family, and even though all pulses are legumes, not all le-
gumes are pulses, as crops harvested green or for oil extractions, e.g., 
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green beans or soybeans, are not classified as pulses (Malcolmson & 
Sissons, 2017). However, pulses are mainly used as feed in developed 
countries, with consumers not engaging in regular pulse consumption 
(Didinger & Thompson, 2020) due to barriers of digestion, sensory 
acceptance, and preparation (Henn et al., 2022). 

1.1. Pulses instead of meat – A wise choice? 

Meat consumption has developed a solid position in our diet, social and 
cultural life, whereby current meat production contributes significantly to 
climate change. Food and agricultural production contribute 31% of the 
total anthropogenic emissions (Tubiello et al., 2021) with 14.5% resulting 
from livestock supply chains (AGA, 2017). Thereby, greenhouse gas 
emissions (GHG) related to beef production can become up to approxi-
mately 50 times higher than the production of pulses, referring to the 
protein content of each food (Ritchi & Roser, 2020). Furthermore, meat has 
a comparably low efficiency in providing calories, using 3–6 times more 
feed mass than edible mass is generated (Shepon et al., 2016; Smil, 2002). 
In parallel, a conversion of livestock to cropping land would enable to feed 
the growing world population (Lemken et al., 2019). Pulses have the ability 
to fix nitrogen as they live in symbiosis with nitrogen-fixing soil bacteria, 
rhizobia, which results in the formation of root nodules (Wang et al., 2018). 
The plant does not need to access additional nitrogen fertilizer for plant 
growth and provides excess nitrogen to other plants in crop rotation, 
indirectly reducing GHG emissions (Burgess et al., 2012; Foyer et al., 2016). 
Next to this superior ability, pulse crops are “easy to grow” and extremely 
dry-tolerant due to their deep-root system (Didinger & Thompson, 2020; 
Meena et al., 2018). Didinger & Thompson (2020) recently also empha-
sized the advantages of pulse crop production, which can prevent 
ecosystem damage, lower water usage, free up cropland, and generate in-
come for smallholder farming systems. These environmental benefits are 
often intangible for consumers (Didinger & Thompson, 2020), who can 
usually only perceive and value health-related reasons to consume pulses 
(Henn et al., 2022). 

Plant proteins are more beneficial from an environmental perspec-
tive, yet distinct differences in their protein quantity and quality than 
animal-based proteins are present. Meat supplies all essential amino 
acids, but plant-based proteins are low in one or two of the essential 
amino acids. However, it is well-known that a combination of certain 
plant-based foods, especially cereals and pulses, can overcome the 
deficient amino acid profile (Phillips, 1993). Pulses lack methionine 
while being more abundant in lysine, and cereals contain relatively high 
amounts of methionine but are limited in lysine (Rebello et al., 2014). 
Comparing plant-based protein sources, pulses have a higher content of 
proteins with better quality than cereals (Kislev, 2016). Pulses constitute 
a balanced profile of starch, proteins, lipids, and dietary fiber. Pulses’ 
nutritional composition and structural organization result in a (s)lower 
starch digestibility classifying pulses as low to medium glycemic foods 
(McCrory et al., 2010). Regular consumption has been associated with 
reduced obesity and diabetes (Jenkins et al., 2012; Papanikolaou & 
Fulgoni, 2008; Rebello et al., 2014). Nutrient bioavailability of pulses is 
limited due to the presence of anti-nutrient factors, such as enzyme- 
inhibitors, phytates, lectins, saponins and tannins, while most of them 
are removed or inhibited during hydrothermal treatment (McCrory 
et al., 2010). However, the presence of oligosaccharides, which are 
fermented by bacteria to produce intestinal gas, can lead to abdominal 
discomfort (Rebello et al., 2014). 

1.2. Intentions to reduce meat in Europe and possible opportunities 

Consciously eating less meat is met with consumer resistance (van 
der Weele et al., 2019). While the intention to reduce meat consumption 
in Europe is increasing, behavioral change seems to progress slowly 
(Hielkema & Lund, 2021). This gap in intention and behavior has been 
reported before, specifically for healthy eating and pro-environmental 
behavior (Adriaanse et al., 2011; Bamberg & Möser, 2007). Arguments 

to offer plant-based meat substitutes are mainly based on a supposed 
facilitation of adopting new products which imitate currently available 
products. Plant foods are often associated with long preparation time, 
being incompatible with a busy lifestyle, and consumers lack skills and 
knowledge in preparation of vegetables and legumes (Aschemann-Wit-
zel et al., 2020; Lea et al., 2005). Hence, plant-based meat alternatives 
could be included without further effort while familiar foods can still be 
enjoyed, conclusively lowering the pressure of a behavioral change 
(Didinger & Thompson, 2020). However, plant-based alternatives in a 
meat-resembling form are often highly processed, can contain soy and 
additives, which consumers might perceive as unnatural (Collier et al., 
2021; Hartmann & Siegrist, 2017; Hoek et al., 2011). 

In order to reduce meat consumption in the future, acceptance of 
alternatives with or without the intention to resemble meat needs to 
increase (Pohjolainen et al., 2015). In general, these alternatives range 
from traditional to novel sources. An integrative comparison of five meat 
alternatives, including cultured meat, algae, insects, plant-based meat 
alternatives and pulses, is drawn by van der Weele et al. (2019). Pulses 
have been long on the market, not being novel from a societal nor 
technological point of view. Comparing the alternatives, pulses have 
been traditionally consumed and were not marketed as a substitute for 
meat. Hence, as a (protein) alternative to meat, pulses would not require 
industrial processing or any technological innovations, bearing the 
largest environmental potential. While the consumption of novel protein 
sources, such as insects, would need considerable institutional change, 
distribution systems for pulses products are existing. Van der Weele et al. 
(2019) conclude that pulses are the most sustainable alternative but 
suffer from relative neglect, while many resources are spent on complex 
options with lower social and environmental potential. However, the 
consumption of pulses as a sustainable solution to decrease human- 
induced GHG emissions would require a shift away from the prevalent 
meat-eating habits in high-income countries (World Bank, 2020). 

1.3. The present study 

Previous studies have investigated the willingness to reduce meat 
consumption by a possible switch to meat substitutes (Arnaudova et al., 
2022; Carlsson et al., 2022; Graça et al., 2015). A consumer survey by 
Faber et al. (2021) revealed a high interest of consumers in innovative 
products from pulses as an alternative to meat. However, only a few 
studies focused on consumer acceptance of legumes instead of meat 
(Lemken et al., 2019), and possible drivers and barriers across cultures 
to pursue this substitution were not considered. Thereby, it is essential to 
understand the acceptance of alternatives and the drivers to guide 
consumers towards lowering meat consumption (Onwezen et al., 2021). 

The present study is part of a large-scale pan-European survey 
focusing on consumer attitudes towards pulses. In addition to the drivers 
and barriers of consumption (Henn et al., 2022), this part of the survey 
was designed to answer questions about the willingness to replace meat 
and other animal-based foods with pulses. The first objective evolves 
around this willingness depending on socio-economic and cultural fac-
tors. Furthermore, the study examined which type of meat/animal- 
based foods consumers are replacing and why, considering where re-
spondents were residing. The third objective of this study was to 
determine expectations of new products from pulses while making a 
concise differentiation between consumer segments based on willing-
ness. In addition to the general expectations, respondents were asked 
whether they prefer pulse-based products consumed instead of meat in a 
meat-resembling form, processed form, or plain form. 

2. Methodology 

Quantitative pan-European data were collected in May and June 
2020 through a web-based survey conducted in five countries: Denmark, 
Germany, Poland, Spain, and the United Kingdom. These countries 
were, on one hand, chosen as they geographically represent a span from 
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North (DK) to South (ESP) and West (UK) to Central and East (GER and 
PL) of Europe (Elmadfa, 2009). On the other hand, distinctions in food 
consumption patterns, resulting from the traditional cuisine and income 
levels present, possibly lead to different behavior between high and low 
willingness to replace animal-based foods. Regarding traditional cui-
sines across Europe, a typical north–south differentiation has been 
witnessed with greater availability of fruits, vegetables, cereals, le-
gumes, and olive oil with only a lower share of animal-based products in 
the Mediterranean countries (Rumm-Kreuter, 2001; Trichopoulou et al., 
2002). However, an increased availability of animal-based foods due to 
substantial socio-economic changes can be found, i.e., the slight share of 
meat in southern countries and the earlier high share in northern 
countries has increased (Rumm-Kreuter, 2001). From an economic 
perspective, Denmark, Germany, and the United Kingdom are charac-
terized as high-income zones, whereas Poland and Spain belong to 
medium-to-low-income zones in Europe (de Boer & Aiking, 2018). 

The cross-cultural survey was developed based on focus group in-
terviews and pre-tested in the respective countries. Before beginning the 
survey, respondents were informed about the study and asked to give 
consent to participate. All data were collected anonymously and without 
saving respondents’ IP-addresses. The study has been approved by the 
joint Research Ethics Committee of the Faculty of Science and Faculty of 
Health and Medical Sciences at the University of Copenhagen 
(504–0317/22–5000). 

2.1. Respondents and questionnaire development 

Respondents were randomly selected from pre-recruited online ac-
cess panels until quotas for age, gender, and locality of residence were 
met. Sampling according to pre-determined quotas enables comparisons 
between countries, while samples are not necessarily representative of 
each country. The questionnaire was pre-tested and translated to each 
national language by professional translators, whereby translations 
were verified by native speakers. Respondents were compensated with 
incentives for completion. More information on questionnaire devel-
opment and selection of respondents is available in Henn et al. (2022). 

2.2. Responding procedure 

In a first section, respondents answered questions about de-
mographics, including age, gender, household situation and -shopping, 
country of residence and origin, locality of residence, education, and 
dietary pattern. A second part was used to classify respondents accord-
ing to their familiarity and consumption frequency of pulses, as 
described by Henn et al. (2022). This classification is not reported in this 
paper but was used as a base for identifying “familiar consumers”. In this 
paper, results from the sections on respondents’ current behavior in 
replacing animal-based products with pulses or future willingness of 
substitution are reported. Hence, data management and analysis are 
based on the response of respondents who were identified to be familiar 
with and regularly consume pulses (“familiar consumers”, n = 4,232) or 
who were not familiar with pulses but would possibly consume them in 
the future (“unfamiliar consumers”, n = 90). 

Familiar consumers were asked if they currently consumed pulses to 
replace other food products (Y/N). If they responded “yes”, they were 
provided with a list of products in a check-all-that-apply (CATA) ques-
tion, presented in a randomized order. These respondents were 
furthermore asked about the reasons to replace the respective products 
that were selected previously, using a CATA question. Unfamiliar con-
sumers, as well as familiar consumers, who stated not to replace any 
food products with pulses currently, were asked to indicate their future 
willingness to replace a list of products. These products were presented 
in a randomized order, and the question was formulated as a 5-point 
Likert scale ranging from “very unlikely” to “very likely” with the opt- 
out option “I don’t eat it”. Finally, respondents were asked about their 
expectations for future products of pulses and preferences for pulse- 

based alternatives on a 5-point Likert scale ranging from “totally 
disagree” to “totally agree”, respectively. In general, respondents could 
neither see the question numbers nor go back to a previous page 
throughout the survey. 

2.3. Data management 

Only fully completed questionnaires were included for further 
analysis. Respondents who were identified as the worst-performing re-
spondents (n = 146) in terms of completion time, straightlining response 
behavior, or the disclosure of impossible answers were removed, as 
elaborated by Henn et al. (2022). Consumer segments were formed 
based on current and future behavior of replacing animal- and plant- 
based food products with pulses. Respondents who indicated to 
replace animal-based products currently were classified as “Animal- 
based food replacer”, whereas respondents who only selected plant- 
based foods, i.e., vegetables, nuts, and tofu, to be currently replaced 
were classified as “Plant-based food replacer”. For those respondents, 
who were asked about their future willingness, a mean willingness score 
for all animal-based food products was determined, ranging from 1 to 5 
according to the 5-point Likert scale used. Subsequently, respondents 
with a mean score ≤ 3.0 (including a neutral response) were classified 
with a “Low willingness to replace”, whereas a “High willingness to 
replace” was attributed to respondents with a mean score > 3.0. Plant- 
based foods, being part of the listed products, were omitted from the 
mean score. Hence, respondents who indicated a willingness to replace 
plant-based foods exclusively attained a mean willingness score of 0. 

2.4. Analysis 

All statistical analyses except principal component analysis were 
performed using IBM SPSS Statistics version 28 (SPSS Inc., Chicago, IL). 
Four binary logistic regressions were performed to determine segment 
membership according to socio-demographic characteristics. Categori-
cal independent variables included were country, age, gender, and area 
of residence, dietary pattern, education, household situation, and re-
sponsibility for household groceries. The four consumer segments were 
coded into dummy variables. Categorical variables, i.e., replaced food 
products, are shown as proportions and respective standard error, which 
enables testing for differences across countries were tested with Pear-
son’s Chi-squared test of independence. Future willingness to replace 
animal-based products across countries was determined using a non- 
parametric Kruskal-Wallis test. To identify expectations for the 
different segments as well as a possible increased willingness to replace 
animal-based products with pulses in the future, binary logistic regres-
sion was applied using the lower willingness group as a reference group, 
respectively. The plant-based food replacer segment was excluded for 
the purpose of this analysis. Hence, three regressions were performed 
with expectations for future products from pulses as continuous inde-
pendent variables. Nagelkerke R2 and Hosmer & Lemeshow goodness- 
of-fit tests were used for all regression analyses to evaluate whether 
the estimated model accurately reflects the actual data. Parameter es-
timates of respondents’ preferences for new products in plain, processed, 
or meat-resembling form are reported as mean and standard error, 
whilst segment-specific differences were determined with repeated 
measures ANOVA and post-hoc Bonferroni correction. For all analyses, a 
p-value < .05 was considered statistically significant. Principal compo-
nent analysis (PCA) was applied to investigate respondents’ motives to 
replace animal-based foods with pulses depending on the country of 
residence. Due to unequal variance, data for PCA was autoscaled (Bro & 
Smilde, 2003). PCA was performed using PLS Toolbox version 9.0 
(EigenVector Research Incorporated, Manson, WA, United States). 
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3. Results 

3.1. Socio-demographic characterization of consumer segments according 
to the willingness to replace animal-based products 

The effective sample size of respondents after identification and 
removal of the worst-performing respondents, based on completion 
time, straightlining behavior, or impossible answers, amounted to 
4,916. Socio-demographic characteristics of survey respondents are 
specified by Henn et al. (2022). Only familiar and unfamiliar but willing 
consumers (N = 4,322) were asked about their food replacement 
behavior. This sample was used for all the following analyses. According 
to the respondents’ responses, four consumer segments were identified. 
Logistic regression analyses were conducted to test whether re-
spondents’ socio-demographic characteristics would predict if they were 
classified as a replacer of animal-based products (segment 1), plant- 
based products (segment 2), with a future high willingness (segment 
3) or low willingness to replace animal-based products (segment 4) with 
pulses, respectively. 

The results presented in Table 1 suggest that respondents from 
Poland and Denmark were more likely to replace animal-based products 
with pulses. Furthermore, those respondents who practiced a vege-
tarian, vegan, or flexitarian diet had higher odds of being a replacer of 
animal-based foods. Respondents with a higher education were likely to 
be classified in this segment. Besides Polish consumers also being more 
likely to be a plant-based food replacer compared to other countries of 
origin, no significant odds could be found for this segment. Observations 
for the segment characterized by a high willingness to replace animal- 
based products with pulses in the future indicated a negative associa-
tion to Danish, and Polish respondents, aged between 46 and 65, with 

female gender and a vegetarian diet. Lastly, the low willingness segment 
was a predominantly German segment, including respondents older than 
36 years, living alone, or not responsible or partly responsible for 
household groceries. Interestingly, the segment of low willingness 
showed a mirrored picture of the segment of animal-based foods 
replacer. 

3.2. Replacement of foods with pulses across countries 

Respondents who consumed pulses (“familiar consumers”, n = 4,232) 
were asked to indicate whether they consumed pulses instead of other 
foods, including meat, further animal-based foods, and plant-based 
foods. Fig. 1 shows the proportions and standard errors of replaced 
foods by familiar consumers across countries. In general, a relatively 
high replacement of beef, pork, and poultry with pulses was found for all 
countries, whereas fish, cheese, and eggs, to name all animal-based 
foods covered, were replaced less frequently. Beef and pork were 
replaced by about a quarter of pulse consumers (26.0% ± 0.7; 23.9% 
± 0.7), while poultry types of meat were replaced by fewer respondents 
(18.3% ± 0.6). Significant differences in proportions across European 
countries could be found applying Pearson’s Chi-squared test. Interest-
ingly, a significantly higher proportion of Polish respondents stated to 
replace especially pork (35.9% ± 1.6), but also poultry (25.3% ± 1.4) 
with pulses, as well as fish (15.9% ± 1.2), cheese (15.4% ± 1.2) and 
eggs (17.2% ± 1.2), and plant-based foods such as vegetables (17.4% 
± 1.3), nuts (12.8% ± 1.1) and tofu (8.1% ± 1.2) with pulses. In 
contrast, beef was not part of this list for Polish pulse consumers, while 
significantly more Danish respondents (33.1% ± 1.8) specified that they 
replaced beef with pulses. Furthermore, reflecting on meat replacement, 
a significantly lower proportion of German pulse consumers chose to 

Table 1 
Socio-demographic profiling of the consumer segments according to the willingness to replace animal-based products with pulses (N = 4,322).   

Animal-based food replacera 

(n = 1,821) 
Plant-based food replacerb 

(n = 521) 
High willingness to replacec 

(n = 231) 
Low willingness to replaced 

(n = 1,749)  

OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value 

Country, United Kingdom (Ref)  <0.001    <0.001    <0.001    <0.001 
Denmark  1.38 1.11–1.72  0.004  1.15 0.84–1.59  0.389  0.49 0.30–0.79  0.003  0.81 0.65–1.00  0.050 
Germany  0.76 0.61–0.94  0.011  0.99 0.72–1.36  0.962  0.98 0.67–1.43  0.910  1.28 1.04–1.57  0.019 
Poland  3.04 2.48–3.73  <0.001  1.84 1.39–2.43  <0.001  0.34 0.21–0.55  <0.001  0.25 0.20–0.31  <0.001 
Spain  1.22 0.99–1.49  0.059  0.68 0.49–0.95  0.022  0.76 0.52–1.12  0.171  1.03 0.85–1.25  0.766 
Age, 18–25 (Ref)    <0.001    0.344    0.010    <0.001 
26–35  0.90 0.74–1.11  0.322  1.04 0.77–1.41  0.804  0.96 0.65–1.42  0.842  1.10 0.89–1.37  0.366 
36–45  0.61 0.50–0.75  <0.001  1.12 0.83–1.52  0.455  0.85 0.57–1.27  0.428  1.67 1.35–2.06  <0.001 
46–55  0.54 0.44–0.66  <0.001  1.25 0.92–1.68  0.151  0.56 0.36–0.88  0.011  1.95 1.58–2.41  <0.001 
56–65  0.53 0.43–0.65  <0.001  1.30 0.97–1.75  0.078  0.53 0.34–0.83  0.006  1.95 1.58–2.40  <0.001 
Gender, Male (Ref)            
Female  1.00 0.87–1.14  0.966  1.01 0.84–1.23  0.900  0.74 0.56–0.98  0.032  1.08 0.95–1.24  0.247 
Area of residence, Urban (Ref)           
Semi-urban/rural  1.00 0.87–1.14  0.974  1.02 0.84–1.23  0.872  0.79 0.59–1.06  0.111  1.05 0.92–1.21  0.473 
Dietary pattern, Omnivore (Ref)  <0.001    0.002    0.164    <0.001 
Vegetarian  3.71 2.64–5.22  <0.001  0.76 0.45–1.23  0.317  0.36 0.13–0.98  0.045  0.32 0.22–0.47  <0.001 
Vegan  3.56 2.10–6.06  <0.001  1.52 0.78–2.95  0.216  1.82 0.80–4.10  0.151  0.07 0.03–0.20  <0.001 
Flexitarian  3.85 3.11–4-76  <0.001  0.61 0.42–0.88  0.009  0.98 0.64–1.49  0.914  0.29 0.23–0.37  <0.001 
Other  1.58 1.26–1.99  <0.001  1.47 1.09–1.99  0.012  1.11 0.68–1.81  0.685  0.48 0.37–0.62  <0.001 
Education1, Secondary (Ref)  <0.001    0.425    0.273    0.002 
Primary  1.06 0.74–1.53  0.748  1.13 0.70–1.83  0.605  1.63 0.88–3.01  0.117  0.75 0.52–1.08  0.122 
Higher  1.40 1.22–1.61  <0.001  0.90 0.73–1.10  0.287  0.87 0.65–1.17  0.360  0.77 0.67–0.89  <0.001 
Other  1.67 1.09–2.55  0.019  0.67 0.34–1.30  0.234  0.88 0.31–2.46  0.806  0.72 0.47–1.13  0.154 
Household situation, Not living alone (Ref)           
Living alone  0.65 0.53–0.80  <0.001  1.04 0.78–1.39  0.776  1.14 0.78–1.67  0.509  1.45 1.19–1.77  <0.001 
Responsibility for groceries, Fully (Ref)  <0.001    0.794    0.162    <0.001 
Partly responsible  0.76 0.65–0.88  <0.001  1.08 0.87–1.33  0.499  0.86 0.63–1.18  0.358  1.36 1.17–1.58  <0.001 
Not responsible  0.75 0.48–1.16  0.193  1.03 0.53–1.99  0.942  0.27 0.07–1.15  0.076  1.70 1.09–2.64  0.018 

Note: OR = odds ratio; CI = confidence interval; Ref = base or reference category. Significant predictors are made bold. 
1 Education: primary = no education and primary school; secondary = high school and technical or practical degree; higher = university degree. 
a Model = χ2 (20) = 536.38, p < .001; Nagelkerke R2 = .157; H&L p = .040. 
b Model = χ2 (20) = 82.79, p < .001; Nagelkerke R2 = .036; H&L p = .205. 
c Model = χ2 (20) = 67.78, p < .001; Nagelkerke R2 = .046; H&L p = .454. 
d Model = χ2 (20) = 599.27, p < .001; Nagelkerke R2 = .175; H&L p = .159. 
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replace beef with pulses (19.8% ± 1.4), compared to other countries. A 
similar observation could be made for respondents from the UK, who 
were not replacing pork (16.7% ± 1.3) as frequently as other countries 
do. 

3.2.1. Reasons to replace animal-based products with pulses 
Underlying reasons why consumers currently replaced various food 

products with pulses across different countries were determined by 
using a principal component analysis. Three components were retained, 
which explained a cumulative variance of 73.2%. The first two principal 
components explained 64.1% of the variance and are depicted in Fig. 2. 

The first principal component had larger positive associations with 
drivers of sustainability, health, and environment, and larger negative 
associations with convenience and taste reasons. The second component 

revealed higher positive correlations with attractiveness, naturalness, 
and taste. A visual inspection of the PCA plot suggests a negative cor-
relation of plant-based food variables, cheese, and eggs with the first 
component and a positive correlation of meat (beef, pork, and poultry). 
In contrast, country-specific differences are scattered along the second 
principal component. Principal component analysis indicated that 
animal-based foods were replaced with pulses due to reasons of health, 
environment, sustainability, and other reasons, depending on the 
respective cultural differences. Observing these differences for animal- 
based foods per country, a high positive association between drivers 
of environment, health, and sustainability and replacement of pork and 
poultry with pulses was detected for consumers from Denmark. This 
association was less strong for Polish consumers. Furthermore, a nega-
tive association of replacing poultry and beef due to convenience 

Fig. 1. Frequency of current food products replacement with pulses across countries (n = 4,232). Note: Proportions and standard error for familiar consumers are 
shown. Denmark n = 700; Germany n = 855; Spain n = 966; Poland n = 914; United Kingdom n = 797. 

Fig. 2. Biplot of a principal component analysis on reasons to replace different food categories with pulses across countries. Food categories are shown as symbols 
colored according to countries, whereas reasons to replace are shown as vectors of loadings. 
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reasons was found among German consumers. Reasons to replace 
animal-based products among Spanish consumers distinctly differed 
from other countries’ drivers. Thereby, Spanish consumers did not 
replace fish, pork, beef, and poultry with pulses due to reasons of 
naturalness and attractiveness following a negative correlation between 
scores and loadings. The third principal component was mainly 
explained by convenience (positively) and taste (negatively). Conve-
nience and taste were correlated with the replacement of vegetables 
with pulses while omitting tofu was driven by taste reasons. 

3.2.2. Future willingness to replace animal-based foods with pulses 
The respondents who indicated not consuming pulses instead of 

other foods and respondents who were not familiar with pulses but 
denoted a potential consumption (n = 1,980) were asked about their 
willingness to replace animal-based foods with pulses in the future. 
Willingness was measured on a 5-point Likert scale ranging from very 
unwilling (1) to very willing (5), whereby a mean willingness with 
standard error was calculated. Results indicated a general low willing-
ness to replace any products listed with pulses in the future among all 
countries, including beef (M = 2.0 ± 0.03), pork (M = 2.1 ± 0.03), and 
poultry (M = 2.0 ± 0.03). The relatively highest willingness was found 
for tofu (M = 2.3 ± 0.04). Differences across countries were tested with 
a non-parametric Kruskal-Wallis test, including a post-hoc pairwise 
comparison using the Bonferroni correction. Besides a higher willing-
ness of Spanish respondents compared to Danish respondents, no sig-
nificant differences could be identified considering meat products. 

3.3. Relationship between willingness to replace animal-based products 
and future expectations of products from pulses 

All respondents were asked about their expectations of attributes for 
future products from pulses measured as Likert-scaled items of impor-
tance. The impact of these expectations on the willingness to replace 
animal-based products was examined by utilizing logistic regression 
analyses. Thereby, the progression from one stage to the next stage of 
substitution willingness was used as the dependent variable. Because 
expectations were used as continuous variables, an odds ratio indicates 
the likelihood of progressing to the next stage as the importance of an 
expectation increased (or decreased) by 1 on the Likert-scale. 

Table 2 shows the results of three regressions. The first regression 
comparing a move from having a low willingness to having a high 
willingness to replace animal-based products with pulses was positively 
associated with expecting new products from pulses to be innovative 
and organic. In addition, respondents who currently consumed pulses 
instead of animal-based products were likewise associated with 

evaluating organic as an important factor for new products. Thus, the 
regressions showed that increased importance of the attribute “organic” 
decreased the likelihood of being a consumer with a low willingness to 
consume pulses instead of animal-based foods. Moreover, respondents 
who valued innovative products were more likely to have a high will-
ingness (OR = 1.39, p < .001) than having low willingness, while the 
attribute led to lower odds of being part of the replacer segment (OR =
0.84, p =.033). Therefore, a stated preference for innovative products 
led to a higher probability of being a consumer with a high willingness to 
replace animal-based products with pulses in the future. Considering the 
large step from being a consumer with low willingness to becoming a 
replacer, a negative association with the expectation of natural products 
was observed. In other words, the importance of natural products 
increased the likelihood of belonging to the low willingness segment. In 
contrast, respondents expecting new products to be convenient and 
environmentally friendly produced were more likely to be a member of 
the replacer segment than having a low willingness. Adding the third 
regression, comparing the progression between having a high willing-
ness to actually replacing animal-based foods, significantly higher odds 
could be noticed for the expectation of minimally processed products 
from pulses. Similarly, lower odds were found when referring to the first 
comparison (replacer vs. high willingness). Hence, respondents who 
perceived minimally processed to be an important attribute for new 
products were less likely to be a member of the high willingness 
segment. 

3.3.1. Preference for future pulse-based products 
Respondents of these segments were asked about their preferences 

for products from pulses to replace meat, differentiating between 
different stages according to Lemken et al. (2019). Thus, these stages 
were composed of replacing meat with (plain) pulses, with processed 
products from pulses, or with products from pulses in a meat-resembling 
form. Differences of these stated preferences, measured on a 5-point 
agreement scale, across segments were assessed by applying repeated 
measures ANOVA. The analysis showed a significant preference for plain 
pulses (M = 3.6 ± 0.03) over processed pulse-based products (M = 3.2 
± 0.03), and processed products over products in a meat-resembling 
form (M = 3.1 ± 0.03) expressed by respondents who already 
replaced animal-based foods with pulses. Similarly, respondents who 
were characterized to have a low future willingness stated to prefer plain 
pulses (M = 2.8 ± 0.11) over processed pulses (M = 2.6 ± 0.11). No 
significant differences in stated preference for the three kinds of prod-
ucts were observed for the high willingness segment, with a tendency for 
plain pulses (M = 2.9 ± 0.08). 

Table 2 
Relevant attributes of new food products across segments of willingness to replace animal-based products with pulses; logistic regression analysis.  

Attributes1 High willingness vs. low 
willingnessa 

(n = 1,980) 

Animal-based food replacer vs. low 
willingnessb 

(n = 3,570) 

Animal-based food replacer vs. high 
willingnessc 

(n = 2,052) 

OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value 

Natural  0.85 0.68–1.05  0.133  0.83 0.75–0.92  <0.001  0.97 0.80–1.18  0.785 
Convenient  0.94 0.78–1.13  0.522  1.10 1.00–1.20  0.047  1.13 0.94–1.36  0.180 
Innovative  1.39 1.17–1.65  <0.001  1.16 1.08–1.25  <0.001  0.84 0.72–0.99  0.033 
Local  0.99 0.83–1.18  0.920  1.03 0.95–1.12  0.461  1.05 0.89–1.23  0.602 
Tasty  0.96 0.79–1.16  0.658  0.93 0.85–1.03  0.152  0.98 0.80–1.20  0.829 
Available at a good price  0.96 0.79–1.17  0.657  1.00 0.91–1.11  0.936  1.10 0.91–1.33  0.314 
Environmentally friendly produced  1.08 0.87–1.35  0.487  1.11 1.00–1.22  0.046  0.96 0.78–1.16  0.648 
Organic  1.25 1.03–1.51  0.025  1.23 1.12–1.34  <0.001  0.99 0.83–1.19  0.926 
Minimally processed  0.82 0.69–0.97  0.020  0.99 0.91–1.07  0.742  1.23 1.05–1.44  0.011 

Note: OR = odds ratio; CI = confidence interval. Significant predictors are made bold. 
1 Agreement with importance of attributes measured on a 5-point Likert-scale. 
a Model = χ2 (9) = 37.78, p < .001; Nagelkerke R2 

= .037; H&L p = .192. 
b Model = χ2 (9) = 101.11, p < .001; Nagelkerke R2 = .037; H&L p < .001. 
c Model = χ2 (9) = 18.71, p = .028; Nagelkerke R2 = .018; H&L p = .033. 
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4. Discussion 

4.1. Willingness to replace meat with pulses 

The overall aim of this study was to find out if consumers are willing 
to consume pulses instead of meat, while pulses are not necessarily 
perceived as food to resemble meat but nutrition-wise a good alternative 
in a meat-reduced diet. More than 40% of the respondents reporting to 
consume pulses utilized pulses to replace animal-based products. Con-
sumers who currently replace animal-based foods with pulses expect 
future products from pulses to be convenient but minimally processed. 
Canned foods, in general, have been regarded to be less healthy relative 
to chilled and frozen foods (Abu-Ghannam & Gowen, 2011), perceived 
to lack taste (Lea et al., 2005), and associated with greater environ-
mental harm (Tobler et al., 2011). However, neither the environmental 
harmfulness of canned pulses nor relative high nutrient loss during 
canning has been proved by researchers (Rickman et al., 2007; Tobler 
et al., 2011). 

Most of the respondents, who were identified as not replacing any 
products or to not being familiar with pulses at all, were unwilling to 
replace their meat consumption in the future. These respondents valued 
the naturalness of future products. It could thus be assumed that a low 
willingness originates from the perception that products, which are 
consumed instead of meat, are often processed. This barrier in trying 
new products due to perceived unnaturalness of substitutes was high-
lighted previously (Hartmann & Siegrist, 2017). Taking into account the 
preference for future products, plain pulses were preferred over pro-
cessed pulse-based products by respondents with a low willingness to 
consume pulses. 

More than a third of pulse consumers currently utilize pulses instead 
of animal-based products, while another third is unwilling to replace 
these foods. It seems like pulses are not necessarily considered as meat 
alternatives, even though pulses are more sustainable than other plant- 
based substitutes (van der Weele et al., 2019). Substituting meat with 
meat-resembling alternatives is more convenient for meat-eating con-
sumers. In a future where consumers are used to eating plant-based 
substitutes and thus acquired more knowledge, pulses may receive 
more attention as a sustainable food that can be consumed instead of 
meat. Plain pulses were stated to be preferred for future products rather 
than processed alternatives made from pulses. However, a gap between 
attitudes or intensions and actual behavior is well-known (Adriaanse 
et al., 2011; Bamberg & Möser, 2007; ElHaffar et al., 2020; Larsen et al., 
2018; Monds et al., 2016; Schäufele & Janssen, 2021). It is unclear 
whether the stated preferences reflect actual behavior or if a gap of 
certain size exists. Consumers might, even if natural and relatively low 
processed products are stated to be preferred, make their choice based 
on taste, convenience, or other factors. Nevertheless, the potential to 
market new products from pulses, if not marketed as meat-resembling 
products, arises. 

Considering socio-demographic characteristics, it was not surprising 
that vegetarian, vegan, or flexitarian, as well as highly educated con-
sumers, were associated with the segment classified as currently 
replacing animal-based foods with pulses. In addition, respondents aged 
above 35 years were more likely to have a low willingness. These life-
style factors have been acknowledged earlier (Jallinoja et al., 2016; 
Onwezen et al., 2021). Onwezen et al. (2021) emphasized the relevance 
of a respective dietary pattern as people with high meat consumption are 
more receptive to cultured meat and meat analogs, whereas vegetarians 
and vegans favor plant-based alternatives – like pulses. 

4.2. Cross-cultural differences 

The cross-national approach highlighted distinct differences be-
tween countries when comparing the willingness to replace animal- 
based protein. Respondents from Poland did not only show higher 
odds of being part of the “replacer” segment, but significantly more 

respondents indicated replacing pork and poultry, fish, cheese, and eggs 
with pulses. Polish researchers reported a very low consumption of 
pulses, with about 43% of consumers willing to replace meat (Szczebyło 
et al., 2020). Thereby, Szczebyło et al. (2020) investigated young Polish 
citizens working in cities, which could explain the difference in findings. 
Young people might have different economic and cultural prerequisites 
compared to the overall Polish population. The performance of Poland 
in this study could be explained by the fact that pulses are an affordable 
source of protein and the relatively low average income in Poland 
compared to Denmark, Germany, Spain, and the UK (Eurostat, 2022). 
Polish consumers did not replace beef to an extent comparably to pork 
and poultry. In contrast, many Danish consumers used pulses to first and 
foremost replace beef. A recent survey among Danish consumers re-
ported that consumers in advanced stages of meat reduction consumed 
less beef than poultry (Hielkema & Lund, 2021). The Danish consumers 
may be more informed about the environmental impact of beef pro-
duction, leading to more conscious choices on reducing beef compared 
to other meat types. 

In addition to these differences in proportions of respondents 
replacing animal-based products with pulses, reasons to replace specific 
foods varied per country. A strong correlation between drivers of health, 
environment, and sustainability could be uncovered for Danish and 
German respondents, while this was not the case for consumers from the 
United Kingdom and Spain. Regarding the latter, one might argue that 
Spanish respondents do not perceive pulses as a substitution for animal- 
based foods but as a food that is consumed frequently (Henn et al., 2022) 
as a result of a strong link to food traditions. 

4.3. Limitations and future perspectives 

The study is based on results from self-reported measures assessed by 
using the tool of an online survey. Even though surveys are powerful 
research tools, they might be biased toward social-desirability concerns. 
Moreover, data was collected according to pre-designed quotas, which 
were not weighted for data analysis. This allows direct comparisons 
across countries but also precludes directly extrapolating conclusions 
from the sample to the general population within each country. In this 
study, follow-up questions about consumers’ (low) willingness to 
replace animal-based foods with pulses were not included. It requires 
further studies to understand the reasons for consumer adherence to 
their specific dietary choices. 

5. Conclusion 

A large consumer segment identified in this study was already uti-
lizing pulses as a replacement for animal-based products. In opposition 
to this, another similar-sized segment was unwilling to replace animal- 
based products. “Replacers” were typically part of the Polish and, to a 
smaller extent, of the Danish sample, together with those respondents 
classifying themselves with a vegan, vegetarian, or flexitarian diet. 
German respondents, as well as respondents who were older than 36 
years, living alone, or not responsible for grocery shopping, were 
characterized by a low willingness to replace animal-based foods with 
pulses in the future. Consumption of pulses instead of animal-based 
products seemed to increase, mainly driven by health, environmental, 
and sustainability reasons. Beef was the type of meat that was replaced 
by most of the surveyed consumers. An exemption was noted for Polish 
consumers who did not substitute pulses for beef to the same extent as 
pork or poultry. Consumers who currently replaced animal-based foods 
with pulses expect future products from pulses to be convenient but 
minimally processed. In addition, plain pulses were clearly preferred by 
consumers, regardless of whether they currently consumed pulses as a 
substitute or were unwilling to change. Campaigns and incentives to 
improve the image of canned foods could thus help to comply with 
consumer expectations of convenient, relatively minimally processed 
products. Respondents who did not consume pulses instead of meat 
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expressed low willingness to do so in the future. Those consumers, 
compared to the study population, expected new products to be natural, 
which may be considered for future product development as well as for a 
promotion of pulses as a natural food with high protein content and low 
environmental impact. With this study, essential insights into con-
sumers’ mindset to lowering meat consumption and increasing pulse 
consumption have been created. Future studies may continue this effort 
by exploring whether pulses could be unconsciously introduced as a 
meat alternative and stand-alone food on the plate, moving away from 
the perception that meat is needed to supplement a dinner with pulses. 
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