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Abstract 

Meat-based diets are still the norm, and vegans and vegetarians represent 
only a small minority of the population. A transition, respectively, behavioural 
change towards a diet with less meat can only occur by adopting a positive attitude 
towards dietary changes based on reasons and motivations. The main aim of this study 
is to apply the meat attachment scale (MEAS) in Germany in order to analyse if this 
construct is a barrier towards a diet with less meat in this country. For this purpose, 
the impact of meat attachment on the trust in different protein alternatives (plant-
based, insects, cultured meat) and related food processing technologies is analysed. 
The findings reveal that a high level of meat attachment goes along with lower 
trust in plant-based proteins. Similar holds for cultured meat and insect proteins. 
Thus it appears that, at least for the moment, cultured meat or proteins from insects 
are not a logical substitute for the heavily meat attached consumer. Furthermore, 
in the analysis, we considered if meat attachment as measured by the MEAS is corre-
lated with other scales/preferences such as food neophobia, social trust, and attitude 
towards respective preference for organic products. Literature shows that all men-
tioned constructs impact the acceptance, preference or trust in more sustainable food 
product innovation, respectively, more sustainable food processing techniques. The 
outcome of the correlation analysis demonstrated that in particular food neophobia 
and meat attachment are not correlated with each other. That is, the MEAS represents 
a predictor for trust in food (processing) technologies as e.g. plant-based proteins 
or cultured meat that is independent of the neophobia construct.

Keywords: Meat attachment, Food neophobia, Consumer preference, Reference for 
organic foods

Introduction
High consumption of meat, low regard for meat substitutes, and a lack of willingness to 
adopt a more plant-based diet are still the dominant cultural pattern in most western 
societies (Latvala et al. 2012; Boer et al. 2014; Profeta et al. 2021; Enneking et al. 2007). 
Meat-based diets are still the norm and vegans and vegetarians represent only a small 
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minority of the population. As consumers’ concerns about meat production systems are 
rising, they feel conflicted about consuming meat and thus look for more sustainable 
alternatives (Aiking et al. 2006; Kumar et al. 2016; Hwang et al. 2020; Profeta and Balling 
2007). Nonetheless, many consumers like to enjoy meals with meat and want to stick to 
it but in parallel do not want their consumption to be associated with negative concerns 
pertaining to meat production (Schröder and McEachern 2004; Hoek et al. 2011; Circus 
and Robison 2019; Profeta et al. 2011). Such conflicting emotions lead to the so-called 
meat paradox (Buttlar and Walther 2018). This is defined as disconnection between not 
wanting animals to suffer, yet killing them for food (Dowsett et al. 2018).

Securing a sustainable food supply for humankind is becoming a major challenge. 
Diets with a high share of animal proteins must be adapted in order to ensure that 
demand is not outstripping production (Boer et al. 2014; Hallström et al. 2014, 2015). 
Furthermore, the consumption of meat and meat products in larger portions is associ-
ated with a higher risk of cardiovascular, coronary and cerebrovascular diseases, stroke, 
diabetes type 2 and colorectal cancer (Richi et al. 2015). Therefore, there is need a for a 
behavioural change viz. reduced meat consumption.

Over the recent past, meat substitutes (in particular, plant-based meat, cultured meat 
and edible insects) have gained increasing popularity as an innovative way to circumvent 
some of the negative impacts induced by conventional meat production and consump-
tion patterns (Post 2012; Hocquette 2016; Kumar et al. 2016; Bryant et al. 2019; Hwang 
et al. 2020), while also providing alternative sources to meet protein demand (Alexander 
et al. 2017; Schouteten et al. 2016). However, its rapid growth is still countered by low 
consumer acceptance (Hoek et al. 2011; Michel et al. 2021; Jahn et al. 2021).

A transition, respectively, behavioural change towards a diet with less meat can only 
occur with adopting a positive attitude towards dietary changes based on reasons and 
motivations as outlined by Ogden et al. (2007). According to Fiddes (2004) the issue is 
not why we eat meat at all, but rather why we do so consistently and in such quanti-
ties, and often with such ceremony and strong emotional responses. Likewise, Graça 
et  al. (2015) demonstrated that consumers have an affective connection towards meat 
that plays a role in their willingness to change consumption habits. They developed the 
so-called meat attachment scale (MEAS) and found that this scale is a separate, self-
standing and relevant psychological construct with respect to meat consumption and 
substitution. According to their research, it provided explanatory power above and 
beyond that of the theory of planned behaviour components alone and represents a use-
ful tool to understand further meat consumption and potential motivations for reduc-
tion (Graça et al. 2015).

Graça et al. (2015) argue that the affection towards meat may represent a continuum, 
in which one end refers to disgust (i.e. negative affect and repulsion, related to moral 
internalization), while the other shows a pattern of attachment (i.e. high positive affect 
and dependence towards meat, and  feelings of sadness and deprivation when consid-
ering abstaining from meat consumption) that may hinder a change in consumption 
habits. Meat attachment mirrors the main characteristic of the general concept of 
attachment, which is the presence of a positive bond and desire to maintain closeness 
to the object of  attachment. The MEAS consists of the following four dimensions: (1) 
hedonism (i.e. higher scores referring to meat represented as a source of pleasure), (2) 



Page 3 of 21Kühn et al. Agricultural and Food Economics           (2023) 11:38  

affinity (i.e. higher scores indicative of affinity towards meat consumption), (3) entitle-
ment (i.e. higher scores referring to feelings of entitlement towards meat consump-
tion) and (4) dependence (i.e. higher scores indicating feelings of dependence on meat 
consumption).

In this study, as a first step, we aim to apply the MEAS in Germany and compare 
the results with studies carried out in other countries. In this context, it is checked if 
the same underlying factors found by Graça et  al. (2015) can be reproduced for Ger-
many. Furthermore, we consider if meat attachment as measured by the MEAS is cor-
related with other scales/preferences such as food neophobia, social trust, and attitude 
towards respective preference for organic products. Literature shows that all mentioned 
constructs impact the acceptance, preference or trust in more sustainable food prod-
uct innovation, respectively, more sustainable food processing techniques (Dolgopolova 
et al. 2015; Macready et al. 2020; Simões-Wüst et al. 2017). Therefore, it is interesting to 
consider if these constructs are related.

In the final part of the analysis, we consider the impact of all analysed scales on con-
sumers’ trust in different food technology innovations, e.g. foods made of plant-based 
proteins, cultured meat or products based on insect proteins. Furthermore, the impact 
on additional food processing technologies, e.g. high pressure, and Crispr-CAS, is 
analysed.

Over the recent past, meat substitutes (in particular, plant-based meat, cultured meat 
and edible insects) have gained increasing popularity as an innovative way to circumvent 
some of the negative impacts induced by conventional meat production and consump-
tion patterns (Post 2012; Hocquette 2016; Kumar et al. 2016; Bryant et al. 2019; Hwang 
et al. 2020), while also providing alternative sources to meet protein demand (Alexander 
et al. 2017; Schouteten et al. 2016). However, its rapid growth is still countered by low 
consumer acceptance (Hoek et al. 2011; Michel et al. 2021; Jahn et al. 2021).

Besides consumers’ trust evaluation of certain protein/meat alternatives, we were 
interested in consumers’ trust in the selected food processing technologies Cripsr-CAS, 
pulsed electric fields (PEF), ohmic heating and high pressure as well. All these technolo-
gies are heavily used in the fields of alternative proteins. Gene-editing technology can 
facilitate the development of cultured meat production (Park and Park 2023) whereas 
ohmic heating is an emerging technology for the improvement of the techno-functional 
properties of legume-based raw materials (e.g. bean flour) (Varghese et al. 2014; Lima-
Becerra et al. 2021) that can be used for the production of meat substitutes. Likewise, 
the PEF technology can enhance the technological functionality of plant-based proteins 
and make the production processes of protein alternatives more sustainable (Arshad 
et al. 2021; Melchior et al. 2020). Furthermore, research reports suggest that treatments 
with high pressure can, e.g. reduce the activity of allergens in legumes (Dong et al. 2020).

In this study, we considered trust in the mentioned protein alternatives, and processing 
technologies because, in research, this construct is most often used to explain consum-
ers’ risk perceptions or acceptance of food technologies and food hazards. Therefore, 
trust plays an important role in food acceptance, and it has been shown to influence 
risk and benefit perceptions of novel food technologies (Siegrist and Hartmann 2020; 
Siegrist et al. 2007). Roosen et al. (2015) found in an empirical study carried out in Can-
ada and Germany that a higher level of trust in novel foods increases the willingness to 
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pay for such products. Regarding the functional foods market, Baker et al. (2022) report 
that willingness to pay can be influenced by trust in products and the technologies used 
for their production. In this paper, we focused on the effects of meat attachment, food 
neophobia, social trust and organic preference/attitude on the trust perception of the 
outlined food (process) innovations.

Before presenting the research method, data collection and results, an overview of 
selected research findings on meat attachment and the other constructs in research is 
given.

Research findings: meat attachment, food neophobia, organic preference/
attitude, social trust and their interplay
Meat attachment

Graça et al. (2015) argued that holding a pattern of attachment towards meat consump-
tion may hinder society’s transition to a more plant-based diet and that the MEAS could 
be applied to analyse the acceptance of alternatives as, e.g. meat substitutes or lab-grown 
meat. In their own studies, (Graça et al. 2015, 2016, 2020) they found that meat attach-
ment measured by their developed MEAS is negatively associated with the willingness to 
reduce meat consumption and to follow a more plant-based diet. Highly meat-attached 
individuals eat meat more often and hold more positive attitudes towards it.

Likewise, other researchers like Wang et al. (2021) found that Chinese and New Zea-
land consumers’ willingness to consume alternative proteins was significantly linked to 
all four meat attachment factors (hedonism, affinity, entitlement and dependence). Lentz 
et  al. (2018) demonstrated that the MEAS was found to provide explanatory power 
above and beyond that of the theory of planned behaviour components alone, and their 
results support the use of the MEAS as a tool further to understand meat consumption 
and potential motivations for reduction.

Food neophobia

Food neophobia refers to a reluctance to eat unfamiliar foods (Pliner and Hobden 1992). 
It has been the subject of many studies across many countries and affects the quality 
and a variety of foods in the diet (Capiola et  al. 2012; Damsbo-Svendsen et  al. 2017a; 
Falciglia et al. 2000; Henriques et al. 2009; Knaapila et al. 2007). According to Aposto-
lidis and McLeay (2016) and Siegrist and Hartmann (2019), low levels of acceptance for 
meat substitutes have been associated with high levels of the construct food neophobia. 
The knowledge about population segments with greater or lesser neophobia allows for 
identifying early adopters of innovative products, e.g. meat substitutes or cultured meat 
(Vidigal et al. 2015). Food neophobia and unfamiliarity are especially relevant barriers in 
the case of cultural meat, while they have less relevance in the case of plant-based meat. 
As a matter of fact, in many countries, a growing number of plant-based meat products 
are already present on the market. In contrast, cultured meat has not been commercial-
ized yet and is thus often perceived as an unfamiliar food product (Hwang et al. 2020). 
Similarly, Wilks et al. (2019) identified cognitive factors related to food neophobia and 
distrust in biotechnology as important negative determinants of consumer willingness 
to buy cultured meat. Both trust and food neophobia have been regarded as important 
factors of consumers’ functional food acceptance (Dolgopolova et al. 2015).
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Organic preference/attitude

Regular consumers of organic food have a higher ratio of plant to animal foods, with 
a strong relationship between vegetarian/vegan consumers and organic consumption 
(Baudry et al. 2015; Simões-Wüst et al. 2017). Nonetheless, concerning meat substi-
tutes the results are mixed. Profeta et al. (2020) found that organic consumers in Ger-
many evaluate meat substitutes more negatively than non-organic buyers, whereas 
Mandolesi et  al. (2022) showed that the consumption of plant-based meat alterna-
tives is mainly associated with healthy and sustainable habits, such as organic food 
consumption. Furthermore, they found that organic consumers negatively evaluated 
using new plant breeding techniques like Crispr-CAS in organic farming. In this line, 
Hüppe and Zander (2021) revealed that organic consumers are getting more sceptical 
when the processing level of a product increases. This holds in particular for so-called 
organic traditionalists.

Social trust

People differ in their general propensity to trust, whereas some strongly believe that 
societal actors behave in a way that warrants trust, and others do not. This social trust 
can be defined as “the belief that others will not deliberately or knowingly do us harm” 
(Macready et al. 2020; Delhey and Newton 2005). In the literature, alternative terms for 
social trust are ‘general trust’ and ‘propensity to trust’ (Chen and Dhillon 2003). Mac-
ready et al. (2020) showed that a person with a higher level of social trust is positively 
correlated with more trust in food supply chain actors and, based on that, higher confi-
dence that food is safe, healthy, and sustainable. We hypothesize that higher social trust 
leads to a generally higher trust in the analysed food innovations processes.

Interplay meat attachment and food neophobia

It is to highlight that there are only very few studies that capture the constructs of 
meat attachment and food neophobia at the same time, whereas both exert an influ-
ence on the diet. It can be hypothesized that MEAS and FNS are linked to each other. 
Therefore, the correlation between both scales is analysed in this paper.

It is to highlight that to our best knowledge, only two studies consider the impact 
of the psychological constructs meat attachment and food neophobia on the inten-
tion to buy, respectively, the acceptance of meat alternatives (cultured meat, plant-
based meat) simultaneously. Whereas in China, India, and the US a higher level of 
food neophobia goes along with a lower acceptance of cultured and plant-based meat, 
the findings for the effect of the MEAS are mixed (Bryant et al. 2019). In India and 
China, the MEAS positively affects the intention to purchase clean (cultured) meat, 
whereas no significant effect could be measured for the US. Concerning plant-based 
meat in the US with increasing meat attachment, the intention to buy such an alterna-
tive falls, whereas in China, the opposite effect and in India, no significant effect can 
be found. Thus, cultural differences appear in the context of this construct. In a sec-
ond study, Profeta et al. (2021) analysed the impact of meat attachment and food neo-
phobia on so-called meat hybrids. In meathybrids, only a fraction of the meat product 
(e.g. 20–50%) is replaced with plant-based proteins.
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The idea of such a product is that it may represent an option for the broad consumer 
segment that is not interested in totally vegan or vegetarian alternatives to meat. The 
findings show that both MEAS and FNS exert a negative effect on the choice of this 
product type, whereas the effect of the MEAS is stronger compared to the effect of 
the level of food neophobia.

Material and methods
Data collection

The online survey was carried out in Germany, and after data cleaning, 896 complete 
questionnaires could be collected. The sample is representative for Germany concerning 
age, gender, and federal state for adults in the range ≥ 18 years to 69 years. In the sam-
ple, highly educated respondents are slightly overrepresented. Data collection took place 
in the time period from 17th December 2020 until 5th January 2021 (see Table 1). The 
questionnaire contained two attention checks. Furthermore, speeders were eliminated, 

Table 1 Sociodemographics of the sample (n = 896) versus sociodemographics of German 
population in per cent

Sources Own survey and www-genesis.destatis.de

The German population per cent shares for gender, age and Federal state are calculated based on the German population 
between 18 and 69 years in 2020. For the parameter education data was available only for 2019 and the age range from 20 
to 65 years

Attribute Characteristics % Sample % German 
population

Gender Female 50.2 49.5

Male 49.8 50.5

Age groups 18–29 years 19.3 19.8

30–39 years 17.9 19.4

40–49 years 18.0 18.0

50–59 years 25.2 23.8

60–69 years 19.6 19.1

Education level Low 23.1 36.4

Middle 34.9 30.1

High 42.0 33.5

Federal state Schleswig-Holstein 3.6 3.4

Hamburg 2.5 2.3

Niedersachsen 9.9 9.5

Bremen 0.8 0.8

Nordrhein-Westfalen 22.0 21.6

Hessen 6.0 7.6

Rheinland-Pfalz 5.5 4.9

Baden-Württemberg 14.2 13.5

Bayern 14.6 16.0

Saarland 1.1 1.2

Berlin 4.0 4.5

Brandenburg 3.5 3.0

Mecklenburg-Vorpommern 2.0 1.9

Sachsen 5.1 4.7

Sachsen-Anhalt 2.2 2.5

Thüringen 3.0 2.5
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and the data were screened for recognizing strategic answer patterns. Half of the median 
time needed for answering the questionnaire was chosen to identify speeders.

Consumer data were collected using a quantitative online survey approach. 
The respondents have been recruited by the market research company GapFish (www.
gapfish.com). All participants used a checkbox on the questionnaire to indicate their 
informed consent. The questionnaire comprised questions about general meat consump-
tion on the one hand and specific questions concerning preferences for meat substitutes 
on the other. At the end of the questionnaire, participants were asked for demographic 
information, including age (range 18 to 69 years), gender, and education. Finally, par-
ticipants were invited to provide any final comments before being debriefed and thanked 
for their time. For the online questionnaire, the software SoSci was used that is running 
on the server of the German Institute of Food Technology.

Data analysis

Applied scales

As outlined, we used the MEAS, FNS, a new scale that measures the preference for 
organic food, and the social trust scale in this study. For all scales, Cronbach’s alpha was 
calculated and reported. In the following, more detailed information is given for each 
applied scale.

Meat attachment scale (MEAS)
For the MEAS, the participants answered on a five-point response scale (Graça et al. 

2015) that was verbally and numerically anchored (1 = strongly disagree, 2 = disagree, 
3 = neither disagree nor agree, 4 = agree, 5 = strongly agree). The items indicated with 
(r) in Table 2 were inversely re-coded.

We selected 15 out of the 16 items of the scale of Graca et al. 2015 for measuring the psy-
chometric MEAS construct (see Table 2). One item of the original MEAS list did not enter 
into the online survey because a pre-study (Profeta et al. 2021) showed that a shortened 

Table 2 Descriptive results MEAS

Statement std. α X̄ σ

i1: I love meals with meat 0.93 3.71 1.15

i2: To eat meat is one of the good pleasures in life 0.93 3.04 1.26

i3: I’m a big fan of meat 0.93 3.28 1.30

i4: A good steak is without comparison 0.94 3.43 1.36

i5: By eating meat I’m reminded of the death and suffering of animals (r) 0.94 3.65 1.24

i6: To eat meat is disrespectful towards life and the environment (r) 0.94 3.54 1.25

i7: Meat reminds me of diseases (r) 0.94 4.22 1.06

i8: To eat meat is an unquestionable right of every person 0.94 3.34 1.27

i9: According to our position in the food chain, we have the right to eat meat 0.94 3.08 1.28

i10: Eating meat is a natural and indisputable practice 0.94 3.50 1.17

i11: I don’t picture myself without eating meat regularly 0.93 3.20 1.36

i12: If I couldn’t eat meat I would feel weak 0.93 2.95 1.41

i13: I would feel fine with a meatless diet (r) 0.94 3.32 1.25

i14: If I was forced to stop eating meat I would feel sad 0.94 2.97 1.39

i15: Meat is irreplaceable in my diet 0.93 3.04 1.34
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15-item scale still captures all dimensions sufficiently. The German translation was taken 
from the mentioned study.

In the study mentioned, the scale was translated from English into German in order to 
enable the use of the scale for German-language studies. A multi-stage process was used for 
this (Koller et al. 2012; ICT 2017) (see Appendix for German translation).

When considering that the inclusion of invalid items creates the risk of invalid conclu-
sions (Hartmann et al. 2015), an exploratory factor analysis (Varimax rotation) and con-
firmatory factor analysis were carried out in order to explain the variability of the MEAS. 
For the determination of the number of factors to extract in the framework of the explora-
tory factor analysis, only factors with an eigenvalue greater than one were chosen.

The confirmatory factor analysis was calculated and visualized with the R-package lavaan 
(Rosseel 2012). Furthermore, a so-called four-factor structure with a second-order dimen-
sion was chosen for this purpose, as done by Graca et al. (2015). In this second-order model, 
the construct of the MEAS consists of the underlying latent factors of entitlement, depend-
ence, affinity and hedonism. The mentioned four factors themselves are derived from the 
items developed by Graca et al. (2015). The confirmatory factors analysis aimed to confirm 
the four factors identified by Graca et al. (2015).

Furthermore, the distribution of the summed scale values of the individuals was checked 
via a QQ-plot for normal distribution.

Food neophobia scale (FNS)
For  measuring FNS, the  list of Pliner and Hobden  (1992) was selected (see Table  6). 

The wording of the German version has been chosen from a study by Siegrist and Hart-
mann (2019). The participants answered on a five-point response scale that was verbally 
and numerically anchored (1 =  totally disagree, 2 =  disagree, 3 =  neither disagree nor 
agree 4 = agree, and 5 = totally agree). The five-point scale was used instead of the origi-
nally used seven-point scale for a better display of the questionnaire on tablets and smart-
phones. The items indicated with (r) were inversely re-coded.

WFI-OeL organic index
The WFI-OeL organic index (Kühn et al. 2023) is a tested item-set for measuring con-

sumers’ attitudes and preferences for organic food with a short five item (see Table ). The 
scale is measured based on a five-point bipolar Likert scale ranging from 1 to 5 (‘strongly 
disagree’ =  1, ‘disagree’ =  2, ‘neither agree nor disagree =  3, ‘agree’ =  4 and ‘strongly 
agree’ =  5). The German wording of the items was taken from Kühn et  al. (2023), and 
the items indicated with (r) were inversely re-coded.

Social trust scale
Three items from the social trust scale of Gefen and Straub (2004) were selected for meas-

uring social trust. For this purpose, respondents had to indicate how strongly (1 = do not 
agree at all, 5 = agree completely) they agree with statements on general trust in other peo-
ple. The German translation was produced following the outlined procedure for the MEAS.

Correlation analysis

A correlation analysis was carried out to reveal relationships across the scales (see 
Sect.  4.3). For this purpose, for each individual, the summed value for each scale was 
calculated.
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Regression analysis

In the regression analysis, the impact of the considered scales on the trust in seven 
selected food technologies, respectively, alternative proteins as the dependent variable 
was analysed. Trust in food technologies was measured on a five-point response scale 
that was verbally and numerically anchored (1 = no trust at all, 2 = less trust, 3 = nei-
ther disagree nor agree 4 = high trust, and 5 = very high trust). Trust has been meas-
ured for the following food (processing) technologies: High-pressure approach (Buckow 
and Heinz 2008), cultured meat, plant-based meat (Smetana et  al. 2015), insect-pro-
tein-based meat substitutes, Crispr-CAS (Selle and Barrangou 2015), Ohmic heat-
ing (Maloney and Harrison 2016) and Pulsed electric fields (Heinz et al. 2001). Before 
evaluating these technologies, the respondents received a simple explanation of each 
technology.

The applied formula for the seven regressions was as follows:

In the formula, the subscript i indicates the individual trust evaluation of participant i in 
the indicated food technology, respectively, the z-standardized mean value of participant 
i for the applied scale.

Results and discussion
Meat attachment scale (MEAS)

Descriptives

On  average, the respondents agreed to all of the statements ( x = 3.95 , σ = 0.95 ) (see 
Table 2). The highest means received the statements ‘I love meals with meat’ (3.71) and 
the reverse-coded item ‘Meat reminds me of diseases’(4.22). This evaluation demon-
strates that most German respondents consider meat, not an unhealthy product but an 
essential part of their diet. The higher the MEAS-score, the higher individual’s attach-
ment to meat.

The distribution of individual MEAS-values (see Fig. 1) and the corresponding QQ-
plot (see Fig. 2) reveal an approximately normal distribution of the scale.

Exploratory and confirmatory factor analysis

The exploratory factor analysis resulted in a model with four factors which explains 70% 
of the variance (see Table 3). The findings confirm the research of Graca et al. (2015) and 
the four underlying factors hedonism, affinity, entitlement and dependence can be iden-
tified (see Fig. 3).

It is to highlight that the item “I would feel fine with a meatless diet”(i13) was deleted 
from the MEAS. In the four-factor solution of the exploratory factor analysis, this item 
has a similar loading on different factors (factor 2 and factor 3, see Table 3) and its dele-
tion increased the calculated fit indices in the confirmatory factor analysis. The Compar-
ative Fit Index (CFI = 0.961), the Tucker–Lewis Index (TLI = 0.951), and the Root Mean 
Square Error of Approximation (RMSEA = 0.076) in the confirmatory factor analysis are 
acceptable. The reliability analysis for the global MEAS (14 items) showed a high internal 
consistency with a standardized Cronbach α of 0.94 (see Appendix Table 7). 

(1)
Trust in food technologies

i
= constant+β1MEASi+β2FNSi+β3Social trusti+β4Organic Index

i
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Scales‑FNS, organic index, social trust

After deleting one item from the original FNS-list due to a low item-correlation in the 
reliability analysis, FNS showed an acceptable internal consistency with a standard-
ized Cronbach α of 0.83 (see Appendix Tables 6 and ). The deleted item was: “I am 

Fig. 1 Distribution standardized MEAS-values

Fig. 2 QQ-plot standardized MEAS-values
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very particular about the food I eat”. Likewise, the social trust scale ( α=0.84) and the 
organic scale ( α=0.83) showed acceptable Cronbach α values (see Appendix Tables 7, 
and ).

Table 3 Explorative factor analysis - MEAS

Statement Factors

1 2 3 4 h2

i1: I love meals with meat 0.68 − 0.31 0.30 0.28 0.73

i2: To eat meat is one of the good pleasures in life 0.72 − 0.18 0.36 0.29 0.76

i3: I’m a big fan of meat 0.81 − 0.21 0.34 0.27 0.90

i4: A good steak is without comparison 0.61 − 0.28 0.28 0.24 0.59

i5: By eating meat I’m reminded of the death and suffering of animals 
(r)

− 0.24 0.77 − 0.19 − 0.17 0.71

i6: To eat meat is disrespectful towards life and the environment (r) − 0.14 0.75 − 0.18 − 0.24 0.67

i7: Meat reminds me of diseases (r) − 0.15 0.71 − 0.07 − 0.04 0.53

i11: I don’t picture myself without eating meat regularly 0.43 − 0.26 0.57 0.35 0.71

i12: If I couldn’t eat meat I would feel weak 0.35 − 0.15 0.78 0.27 0.83

i13: I would feel fine with a meatless diet (r) − 0.35 0.46 − 0.48 − 0.23 0.62

i14: If I was forced to stop eating meat I would feel sad 0.29 − 0.19 0.82 0.24 0.86

i15: Meat is irreplaceable in my diet 0.46 − 0.22 0.61 0.38 0.77

i8: To eat meat is an unquestionable right of every person 0.19 − 0.09 0.17 0.62 0.45

i9: According to our position in the food chain, we have the right to 
eat meat

0.25 − 0.15 0.24 0.68 0.61

i10: Eating meat is a natural and indisputable practice 0.29 − 0.34 0.28 0.64 0.69

Cumulative variance 0.20 0.39 0.55 0.70

Fig. 3 Graphical presentation of CFA
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Distribution of scales and correlations between MEAS, FNS, organic index and social trust

On the diagonal of Fig.  4 based on individual summed scale values, the distributions 
of the analysed scales are shown. On the left- and right-hand side of Fig. 4 the range of 
the summed values of the corresponding scales are indicated. In the case of the organic 
index, e.g. the values reach from 5 (minimum) to 25 (maximum) because each of the five 
items of this scale could take values from one to five. The MEAS-, FNS-, and organic 
index scales are visually nearly normally distributed, whereas the social trust scale 
reveals two peaks.

Concerning the correlations in Fig. 4 to the right of the diagonal, the correlation coeffi-
cients are shown, whereas to the left, the scatter plots of the summed scale values of the 
participants are visualized. Furthermore, the scatter plots include a smoothed regression 
line.

The correlation analysis (Fig. 4) reveals that the preference for organic foods is nega-
tively linked with respondents’ meat attachment ( −0.40***). The higher the preference 
for organic foods, the lower the individual’s meat attachment. The correlation can be 
considered as strong. Contrary to this first finding, no significant correlation between 
MEAS and FNS can be found.

At first glance, it appears as if there is only a small negative correlation between the 
organic preference and food neophobia ( −0.05). Nonetheless, the inspection of the scat-
ter-plot (Fig. 4) shows that this negative effect is higher in the range from a medium to a 
high level of food neophobia. Thus higher levels of food neophobia are associated with a 
lower preference for organic foods.

Fig. 4 Distribution, scatter-, correlation plots—MEAS, FNS, organic index, social trust
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The social trust scale is positively correlated with the preference for organic products 
(0.15***) and negatively correlated with food neophobia ( −0.13***). Interestingly, there is 
no correlation between MEAS and social trust.

Impact of MEAS, FNS, organic index, and social trust on trust in food technologies

The survey reveals that consumers trust the high-pressure technology, the ohmic heat-
ing and the pulsed electric field technique most, whereas the genome editing approach 
via Crispr-CAS and cultured meat are trusted least (Fig. 5). Focusing on the meat alter-
natives, consumers have a significantly higher trust in plant-based foods compared to 
insect protein-based products and cultured meat.

In the regression analysis, the impact of the considered scales on the selected food 
technologies, respectively, alternative proteins was analysed (Fig. 6, Table 4). For use in 
the regression analysis, the individual scores, which is the z-standardized mean value 
across the items of the four scales, were calculated. In Fig. 6, the shown distributions of 
the coefficients indicate the inner 95% interval.

In this study, meat attachment has negative effects on the trust in all three protein 
alternatives but no negative effects on the other processing technologies. Interestingly, 
the negative effect is highest for plant-based proteins and lowest for insect-protein-
based products.

Fig. 5 Trust (1 = ’no trust at all’ to 5 = ’very high trust’) in different food technologies (Different letters 
indicate a significant difference in trust perception based on Tukey’s test ( p < 0.05))
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In general, it can be stated that food neophobia has significant negative effects on the 
trust perception of all technologies with the exemption of the Crispr-CAS approach. 
Contrarily, with increasing social trust, all technologies are trusted more.

Concerning protein alternatives, the organic preference measured by the organic index 
has no impact on the trust evaluation of cultured meat or insect protein-based products. 
Only for plant-based meat alternatives and high-pressure technology positive effects can 
be found. Furthermore, the organic preference negatively influences the trust perception 
of the genome-editing technique Crispr-CAS. 

Discussion
The findings show that the MEAS can be applied in Germany, and a similar structure, as 
reported by Graça et al. (2015), could be found. For Germany, we received with a mean 
value of 3.4 ( σ = 0.95 ) for the MEAS (14 items ⇒ see exploratory and confirmatory fac-
tor analysis) similar values as found by Graca et al. (2015) for two Spanish samples (study 
1: x = 3.4 , σ = 0.8 ; study 2: x = 3.6 , σ = 0.9 ). Compared with the findings of Bryant 
et  al. (2019), we found in Germany lower values than in the USA ( x = 3.8 , σ = 0.54 ) 
and China ( x = 3.7 , σ = 0.5 ) whereas there a higher meat attachment compared to India 
( x = 3.3 , σ = 0.7 ). The country ranking of the MEAS scale based on the four mentioned 
countries fits relatively well with their per capita meat consumption. Whereas meat con-
sumption is the highest in the USA, it is the lowest in India (University of Oxford 2020). 
Nonetheless, even the value for India indicates a high attachment to meat, and for India 
in the last decade, a sharp rise in meat consumption could be observed (Alae-Carew 

Fig. 6 Regression plots-impact of applied scales on trust in different food (processing) technologies
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et al. 2019). Therefore, it can be hypothesized that meat attachment is not only corre-
lated with meat consumption but even with meat consumption growth rates.

The found trust ranking for alternative proteins (see Sect. 4.4, Fig. 5) aligns with the 
preference ranking found for these product types in literature (Loo et al. 2020; Escribano 
et al. 2021). From this, it can be concluded that trust in the analysed meat alternatives is 
a good predictor and antecedent for the final preference for the same products. A similar 
relationship between trust and preference for food products was found for short food 
supply chains by Giampetri et al. (2018). Furthermore, Albertsen et al. (2020) highlight 
that to increase the acceptance of food innovations on the consumer side, it is necessary 
to reduce mistrust.

The findings for the impact of meat attachment on trust in the selected food innova-
tions and processes demonstrate that this construct plays a role in trust formation for 
meat alternatives in Germany. This hypothesis is confirmed by the applied regression 
analysis. A high level of meat attachment goes along with lower trust in plant-based pro-
teins. Similar holds for cultured meat and insect proteins. Thus it appears that, at least at 
the moment, cultured meat or proteins from insects are not a logical substitute for the 
heavily meat attached consumer. This outcome contradicts studies of Circus et al. (2019) 
and Bryant et al. (2019), which found a positive relationship between meat attachment 
and the preference for cultured meat.

Table 4 Regression analysis - Impact of applied scales on trust in different food (processing) 
technologies

∗p < 0.1; ∗∗p < 0.05; ∗∗∗p < 0.01

Dependent variable

Plant‑based 
proteins

Cultured 
meat

Insect 
protein

Crispr‑CAS High 
pressure

Ohmic 
heating

Pulsed 
electric 
fields

(1) (2) (3) (4) (5) (6) (7)

meas_scale −0.291∗∗∗ −0.207∗∗∗ −0.059 0.0003 0.049 0.010 0.006

(0.039) (0.041) (0.040) (0.041) (0.035) (0.034) (0.037)

fns_scale −0.132∗∗∗ −0.123∗∗∗ −0.181∗∗∗ −0.052 −0.083∗∗∗ −0.087∗∗∗ −0.102∗∗∗

(0.036) (0.038) (0.037) (0.038) (0.032) (0.031) (0.034)

bio_scale 0.195∗∗∗ 0.022 0.049 −0.137∗∗∗ 0.093∗∗∗ 0.037 0.056

(0.040) (0.042) (0.040) (0.041) (0.035) (0.034) (0.037)

social_trust_
scale

0.140∗∗∗ 0.103∗∗∗ 0.121∗∗∗ 0.169∗∗∗ 0.082∗∗ 0.085∗∗∗ 0.119∗∗∗

(0.037) (0.038) (0.037) (0.038) (0.032) (0.032) (0.034)

Constant 2.857∗∗∗ 2.348∗∗∗ 2.511∗∗∗ 2.471∗∗∗ 3.415∗∗∗ 3.092∗∗∗ 2.924∗∗∗

(0.036) (0.038) (0.036) (0.037) (0.032) (0.031) (0.034)

Observations 896 896 896 896 896 896 896

R2 0.160 0.057 0.051 0.035 0.028 0.022 0.032

Adjusted R 2 0.156 0.053 0.046 0.031 0.024 0.018 0.028

Residual Std. 
Error (df = 
891)

1.077 1.125 1.092 1.111 0.944 0.924 1.003

F Statistic (df 
= 4; 891)

42.487∗∗∗ 13.430∗∗∗ 11.897∗∗∗ 8.171∗∗∗ 6.517∗∗∗ 5.067∗∗∗ 7.382∗∗∗
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The correlation analysis demonstrated that FNS and MEAS are not correlated. That is, 
meat attachment represents an independent and single predictor for trust in food (pro-
cessing) technologies such as, e.g. plant-based proteins or cultured meat. This is surpris-
ing because due to a recent study in Germany (Profeta et al. 2021), both scales showed 
a negative effect on the choice of meat alternatives. Thus, it appears as if, for Germany, 
both constructs can be considered independent from each other despite the fact that 
both negatively affect the consumption of meat alternatives. Furthermore, we showed 
that whereas the preference for organic products and food neophobia are not correlated, 
there is a strong and negative correlation between MEAS and the applied organic scale. 
Therefore, it appears that highly meat-attached consumers reveal a less sustainable con-
sumption behaviour and prefer less organic food products. This result is in line with the 
behavioural data from Baudry et al. (2015) and Simoes-Wüst et al. (2017), which found 
that organic consumers have a lower meat consumption compared to non-organic 
consumers.

Conclusions and limitations
The findings show that the MEAS can be applied in Germany, and a similar structure, 
as reported by Graça et al. (2015), could be found. Furthermore, meat attachment was 
identified as a barrier to a transition towards a more plant-based, respectively, alterna-
tive protein-based diet. Therefore, future research should focus on analysing appropriate 
measures to reduce consumers’ meat attachment.

Furthermore, when research and policy consider cultured meat as a real option, future 
studies should analyse why German meat-attached consumers do not trust this option. 
In this context, the research could test if an appropriate communication and information 
strategy could reduce the reservations of this consumer segment. Additionally, cross-
country studies are necessary because, as outlined in the discussion, higher levels of 
meat attachment lead to a higher acceptance of cultured meat in other countries.

It is to highlight that in this study, we used trust as a dependent variable and ana-
lysed the impact of the MEAS on this construct. Due to the fact that the MEAS provide 
explanatory power above and beyond that of the theory of planned behaviour compo-
nents alone, future studies should use intentions, preferences towards a meat-reduced or 
meat-free diet and, if possible behavioural data for this purpose.

In this study, we applied the FNS because research showed that low acceptance levels 
for meat substitutes had been associated with high levels of construct food neophobia 
(Apostolidis and McLeay 2016; Siegrist and Hartmann 2019). Nonetheless, concerning 
trust in alternative proteins and food technologies, applying the food technology neo-
phobia scale (FTNS) could be more appropriate (Verma et al. 2021; Damsbo-Svendsen 
et al. 2017b). Furthermore, it is possible that the correlation with meat attachment is dif-
ferent for FNS and FTNS, and this must be tested in a separate study.

In this paper, we reported only the level of meat attachment in a German sample but 
did not collect data about individuals’ meat consumption. Future research should collect 
this data and quantify the relationship between meat attachment and consumption.
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Appendix
See Tables 5, 6, 7, 8 and 9.

Table 6 Mean, standard deviation and Cronbach’s alpha when item is deleted for food neophobia 
items

Statement std. α x σ

I constantly taste new and different foods (r) 0.75 3.18 1.06

I do not trust new foods 0.78 3.33 0.99

If I don’t know what a food is, I won’t try it 0.80 2.94 1.09

I prefer food from different cultures (r) 0.76 3.35 1.08

I’m afraid to eat foods that I did not eat before (r) 0.76 3.03 1.11

If I go to a buffet, meetings or parties, I’ll eat new food 0.74 3.57 1.10

I am very particular about the food I eat 0.83 3.30 0.99

I eat whatever is good (r) 0.78 3.31 1.22

I like to try new ethnic restaurants (r) 0.75 3.52 1.17

Ethnic food looks to weird to eat 0.78 3.89 1.14

Table 7 Mean, standard deviation and Cronbach’s alpha when item is deleted for social trust items

Statement std. α x σ

I generally trust other people 0.80 3.10 0.92

I feel that people are generally trustworthy 0.75 3.04 0.94

I feel that people are generally reliable 0.78 3.01 0.90

Table 5 English and German version of the MEAS

English German

i1: I love meals with meat Ich liebe Mahlzeiten mit Fleisch

i2: To eat meat is one of the good pleasures in life Fleisch zu essen, ist eine der schönsten Freuden im 
Leben

i3: I’m a big fan of meat Ich bin ein großer Fan von Fleisch

i4: A good steak is without comparison Ein gutes Steak ist unvergleichlich

i5: By eating meat I’m reminded of the death and suf-
fering of animals (r)

Beim Essen von Fleisch werde ich an den Tod und das 
Leid der Tiere erinnert

i6: To eat meat is disrespectful towards life and the 
environment (r)

Fleisch zu essen ist nicht respektvoll gegenüber dem 
Leben allgemein und der Umwelt

i7: Meat reminds me of diseases (r) Fleisch erinnert mich an Krankheiten

i8: To eat meat is an unquestionable right of every 
person

Fleisch zu essen ist ein in nicht in Frage zu stellendes 
Recht jeder Person

i9: According to our position in the food chain, we 
have the right to eat meat

Bezüglich unserer Stellung in der Nahrungskette, haben 
wir das Recht Fleisch zu essen

i10: Eating meat is a natural and indisputable practice Fleisch zu essen ist eine natürliche und unstrittige Praxis

i11: I don’t picture myself without eating meat regu-
larly

Ich kann mir ein Leben ohne regelmäßigen Fleischkon-
sum nicht vorstellen

i12: If I couldn’t eat meat I would feel weak Wenn ich Fleisch essen könnte, würde ich mich 
schwach fühlen

i13: I would feel fine with a meatless diet (r) Ich würde mich gut fühlen mit einer fleischlosen 
Ernährung

i14: If I was forced to stop eating meat I would feel sad Wenn ich gezwungen wären, kein Fleisch mehr zu 
essen, würde ich mich traurig fühlen

i15: Meat is irreplaceable in my diet Fleisch ist in meiner Ernährung unersetzlich
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