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Abstract
The widespread  demand for animal-sourced foods poses challenges in addressing climate 
change due to their significant greenhouse gas emissions. Alternative proteins like cultured 
meat show promise with lower greenhouse gas emissions, but have faced public resistance, 
posing substantial barriers to their broad development and adoption. This paper reports a sur-
vey that examined the perceived naturalness of protein sources as an important factor that 
predicts perceived risks, benefits, and support for consumption. A diverse sample from the 
United States considered six different protein technologies, including three newer alterna-
tive proteins such as cultured meat and three more conventional proteins. Newer alternative 
proteins were perceived as less natural and were less supported than conventional proteins. 
Additionally, the more participants perceived protein sources as natural, the less risky and 
more beneficial they perceived them to be, contributing to their support. These results sug-
gest that perceived naturalness, and associated risks and benefits, could be an important fac-
tor in shaping public support for or opposition to new proteins. These findings have theoreti-
cal and broader implications for the development and adoption of sustainability technologies.

Keywords Alternative proteins · Climate change solutions · Naturalness · Risk perception · 
Sustainability technology

1 Introduction

Current and changing patterns of food consumption pose major sustainability challenges. 
Recent dietary trends towards processed and animal-sourced foods reflect improved stand-
ards of living, but also lead to environmental degradation and diet-related diseases (Ambi-
kapathi et al. 2022; Clark et al. 2018; Clark et al. 2022; Maxwell et al. 2016; Tubiello et al. 
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2022; Whitton et al. 2021). Ensuring healthy and sustainable diets for a growing population 
requires technological development, public support, and consumer behavior change (Myers 
et al. 2017; Willett et al. 2019). Widespread transition away from traditional meat-based 
diets could mitigate the negative environmental impacts of current food production prac-
tices (Searchinger et al. 2019; Willett et al. 2019; WWF 2020). There are, however, major 
barriers to such a transition: Animal-sourced foods are nutritionally rich, economically 
important, and culturally significant (Agarwal et  al. 2015; Banda and Tanganyika 2021; 
Chiles and Fitzgerald 2018; Dabasso et al. 2022; Sievert et al. 2021). Consumers may lack 
motivation to change consumption behavior, and may have limited awareness of the envi-
ronmental impacts of animal-sourced foods (Kwasny et  al. 2022; Happer and Wellesley 
2019; Perez-Cueto et al. 2022). Enacting policies that effectively promote sustainability is 
unlikely without broad public support as part of a broader social-economic-political system 
and associated climate policies (Burgess et al. 2024; Sherman and Van Boven 2023).

Alternative protein products (“alt-proteins”) present market-driven alternatives to reduce 
consumption of animal-sourced foods (Green et al. 2022). Alt-proteins are substitutes that 
mimic the taste and texture of animal products, often with reduced environmental impacts 
(Poore and Nemecek 2018), especially compared with traditional beef products (Hadi and 
Brightwell 2021; Poore and Nemecek 2018; Santo et al. 2020). Beyond ® and Impossible 
® burgers, for example, might appeal to people interested in reducing the consumption of 
animal-sourced foods with similar sensory experiences as conventional meat products. Alt-
proteins are thus an important sustainability technology to reduce environmental impact of 
animal-based foods, yet alt-proteins are unlikely to be widely adopted at scale to without 
broad public support.

This study examines the psychological factors that predict public support for or opposi-
tion to a broad range of protein technologies. These include conventional plant-based veg-
gie burgers, grain-fed, and grass-fed beef burgers, as well as newer, less familiar alt-pro-
tein technologies of plant-based protein burgers, plant-based burgers that contain proteins 
produced through fermentation of genetically engineered yeast, and cultured beef burgers 
produced through animal cell culture techniques. We hypothesize that newer alt-protein 
technologies will enjoy relatively low public support, in large part because people perceive 
them as less natural and therefore riskier and less beneficial. We tested these hypotheses in 
a survey with a broad sample of respondents in the United States (US).

1.1  Naturalness, familiarity, and support

The psychological construct of naturalness reflects people’s construal of objects as close 
to their originally occurring form (Rozin 2004; Rozin 2005; Rozin et al. 2012; Scott et al. 
2018; Scott and Rozin 2020). Natural objects are seen to exist independent of human inter-
vention or influence (Rozin 2005). Mountains, rivers, and trees are natural, for example, 
because they exist without human intervention. Landscapes predominated by plants, water, 
and rocks are construed as more natural than landscapes predominated by concrete, glass, 
and metal. For food products, the absence of additives and extensive processing is a key 
attribute of naturalness (Brunner et  al. 2010; Hemmerling et  al. 2016; Pula et  al. 2014). 
People perceive foods as more natural when they are free from preservatives (Tobler et al. 
2011), additives (Brunner et al. 2010), absent of artificial ingredients (Hemmerling et al. 
2016; Lockie et  al. 2002; Pula et  al. 2014), grown locally (Hemmerling et  al. 2016), or 
grown organically (Roininen and Tuorila 1999).
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Naturalness is culturally constructed (Rozin et  al. 2012; Nawaz and Satterfield 2022; 
Siipi 2008). Familiarity may be an important factor that defines naturalness. The philoso-
pher Siipi (2008) writes, “People tend to consider those entities to which they are accus-
tomed to be natural, with which they are familiar, and which occur relatively frequently. 
On the other hand, ’unnatural’ often means ’uncustomary,’ ’odd,’ and that the entity is not 
what we are accustomed to” (Siipi 2008, p. 93). The familiarity component may explain 
why people perceive that extensive human intervention undermines naturalness. For exam-
ple, chemical reactions in the atmosphere that produce a novel type of natural gas were 
seen as more natural when the reaction was attributed to a change in the sun’s activity, 
compared to when it was due to the development of a new cordless transmission proce-
dure to produce more TV channels for human consumption (Böhm and Pfister 2000; 2005). 
We therefore hypothesized that people would perceive newer, less familiar proteins as less 
natural compared with more conventional, familiar proteins.

People generally regard natural objects as benevolent, desirable, and even morally good, 
displaying a “naturalness bias” (Corner and Pidgeon 2015; Klebl et  al. 2022; Lacroix 
et  al. 2021; Li and Cao 2022a, b; Meier et  al. 2019; Rozin et al. 2004; Scott and Rozin 
2020). People perceive natural foods as healthy (Honkanen and Olsen 2009), fresh and 
tasty (Hemmerling et al. 2016), environmentally friendly (Olbrich et al. 2015), and ben-
eficial (Li and Chapman 2012). People perceive genetically modified foods, in contrast, as 
unnatural and less beneficial, and people support them less than non-modified foods (Scott 
et al. 2018). Perceived naturalness significantly influences food purchasing and consump-
tion (Román et al. 2017).

People may thus be less inclined to support alt-proteins they construe as unnatural com-
pared with those they construe as natural (Onwezen et al. 2021; Román et al. 2017). Pub-
lic support for plant-based alt-proteins is greater than products created using cell culture 
(Onwezen et  al. 2021; Siegrist et  al. 2018). Alt-proteins framed as natural are likely to 
enjoy public acceptance compared with proteins framed as unnatural (Etale and Siegrist 
2021; Siegrist and Hartmann 2020a, b). For example, more technical cultured meat product 
descriptions have been found to decrease consumer acceptance compared with other types 
of product framing (Bryant and Dillard 2019; Siegrist et al. 2018). We therefore hypoth-
esized that people would support proteins more when they construed them as relatively 
more natural.

1.2  Risk, benefit, and familiarity

One reason people may support proteins they construe as natural is that more natural pro-
teins are perceived as safer and more beneficial. Public support for technologies is dimin-
ished when people perceive them as risky, non-beneficial, and unfamiliar (Fischhoff et al. 
1978; Rudski et al. 2011; Slovic 1987; Westerman et al. 2015). In one study, participants 
preferred so-called natural risks (e.g., lightning) than unnatural risks that were objectively 
more threatening (e.g., downed power line; Rudski et al. 2011). In another study, people 
perceived methane gas products as safter when framed as “natural gas” (Lacroix et  al. 
2021).

People perceive natural products as safer and more beneficial partly because they are 
more familiar (Rudski et al. 2011). A hallmark of intuitive risk perceptions is that unfa-
miliar and poorly understood threats are dreaded and deemed dangerous (Slovic 1987). In 
comparing perceptions of novel technologies (e.g., nuclear power) with older technologies 
(e.g., x-rays, electricity), newer technologies are regarded as less known, controllable, and 
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more likely to have catastrophic consequences (Fischhoff et al. 1978; Song and Schwarz 
2009). Familiarity may also directly increase liking (de Zilva et al. 2016; Mrkva and Van 
Boven 2020). Familiar objects are more fluent, or easily cognitively processed, and peo-
ple like fluent objects more than disfluent objects (Alter and Oppenheimer 2008; Olds and 
Westerman 2012; Schwarz et al. 2021; Westerman et al. 2015).

We hypothesized that proteins construed as natural would be seen as safer as more ben-
eficial, contributing to public support. We also hypothesized that proteins construed as 
newer and unfamiliar would not only be judged as less natural, but also as risker and less 
beneficial.

1.3  Aversion to tampering with nature, ideology, and climate change belief

The ideas summarized above emphasize general associations between naturalness, risks, 
benefits, familiarity, and support. Several individual differences might moderate these asso-
ciations. Of particular interest is that people vary in the degree to which they are averse to 
tampering with nature (Raimi et al. 2020; Wolske et al. 2019). People who are more averse 
to tampering with nature have lower trust in technology and support for geoengineering; 
they exhibit stronger naturalness bias and environmental beliefs and values. We therefore 
expect that aversion to tampering with nature would moderate the association between nat-
uralness and support. That is, independent of the degree to which people construe proteins 
as natural, perceived naturalness should more strongly predict support among people who 
are more averse to tampering with nature.

We explored whether political ideology and climate change belief would moderate 
the hypothesized relationships. To the extent that alt-protein technologies are developed 
to address climate change by reducing consumption of animal-sourced foods, people may 
support those technologies less if they are skeptical of climate change, and conservatives 
are more skeptical of climate change than liberals. People may be unlikely to support unfa-
miliar technologies to solve a problem (climate change) about which they are unconcerned.

1.4  Overview of hypotheses

We hypothesize that construing proteins as more natural predicts lower risk perceptions, 
greater perceived benefit, and stronger support (Fig. 1). That is, the association between 
naturalness and support is partly explained by the associations between naturalness and 
perceived risks and benefits. We also hypothesized that familiarity and understanding of 
protein technologies predicts naturalness, beyond any direct association between familiar-
ity, risk, benefit, and support. As described above, previous research provides support for 

Fig. 1  A conceptual model of public support for protein technologies predicted by perceived naturalness, 
risks, benefits, familiarity and understanding 
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various components of the framework. A major contribution of the present research is that 
it affords a simultaneous test of multiple associations across a broader range of proteins.

We conducted a survey with a diverse sample of US respondents to examine public sup-
port for six protein technologies and their perceived naturalness, risk, benefit, and famil-
iarity. This approach included a wider range of measures and proteins that varied more 
broadly in naturalness than in previous research. We pre-registered our study design and 
several of our primary hypotheses [bit.ly/osfproteins]. We minorly revised the procedure 
and analyses after pre-registration upon further discussion among collaborators. Changes 
were made to the number of proteins that participants rated and the comparisons we made 
between burger types [bit.ly/osfproteins].

Participants considered three of six different types of burgers currently on the market or 
in development (Good Food Institute 2023). We used burgers to maintain appearance and 
consumption modality. Three burgers were newer alt-protein technologies: “plant-based” 
burgers manufactured with processing techniques to modify plant-sourced ingredients 
(e.g., Beyond Burger); “plant-based fermentation” burgers containing plant-sourced ingre-
dients and a protein produced through the fermentation of a genetically engineered yeast 
strain (e.g., the Impossible Burger); and “cultured beef” (also referred to as “cultivated 
beef”) burgers manufactured with animal cell culture techniques. The three other burgers 
were more “conventional”, produced from grass-fed pasture-raised cattle, cattle finished 
on a grain-fed diet in a feedlot, and “veggie” burgers produced from minimally processed 
plant-sourced ingredients.

We constructed a set of orthogonal contrasts, detailed below, to test whether people 
would support relatively new alt-protein burgers (cultured beef, plant-based, and plant-
based fermentation) less than conventional burgers (grass-fed beef, grain-fed beef, veggie), 
and whether people would judge newer burgers are risker, less beneficial, less familiar, 
and less natural. The contrasts included focused comparisons of cultured beef with the two 
other newer alt-protein technologies. Cultured beef has been prominent in public discourse, 
highlighting concerns about unnaturalness and risk (Pakseresht et al. 2022). We also exam-
ined whether these associations varied across individual differences in aversion to tamper-
ing with nature and in political orientation.

2  Method

2.1  Participants

We set a target sample size of 1000 U.S. residents from CloudResearch, obtaining 1005 
complete responses in March 2022 (see Supplementary Information, Table 5). We calcu-
lated our sample size to achieve 80% power to detect a Cohen’s d effect size of 0.2 at an 
alpha of 0.05 and sufficiently power interactions. Respondents were paid $6. Survey com-
pletion time was approximately 15 min.

2.2  Stimuli

Participants read a mock newspaper article describing burgers titled, “What’s the deal with 
all of these new burgers? A brief guide to how modern burgers are made” (see Supplemen-
tary Information). The six burgers in the article were: cultured beef, with cells extracted 
from cattle then fed sugars and nutrients in a biotechnological manufacturing facility; 
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plant-based fermentation burger, made from ingredients extracted from vegetables, then 
altered and combined to mimic a beef burger, with an additional ingredient derived from 
soy plants produced in a fermentation process by a genetically modified microorganism; 
plant-based protein burgers, made from plant ingredients including fat and oils extracted 
from vegetables then altered and combined to mimic the taste and texture of beef; veg-
gie burgers which are distinctly different from beef burgers, made entirely from minimally 
processed plant ingredients that look, feel, and taste like vegetables; grain-finished feedlot 
beef, the standard beef burger with cattle that spend most of their lives grazing on grass 
and hay before being moved to a small “feedlot” for several months where they are fed a 
diet of grain to promote weight gain; and grass-fed pasture raised beef burger, a standard 
beef burger that is slightly leaner than a grain-finished burger, spending their entire lives 
grazing on grass and hay. We used Linguistic Inquiry and Word Count (LIWC-22) analy-
ses (Boyd et al. 2022) to standardize tone valence between 0 and 1.53 and set reading at a 
ninth-grade level. Descriptions were between 65–75 words.

2.3  Measures of burgers

Participants evaluated three burgers, randomly selected from the six (see Supplementary 
Information for the full set of items). This design kept survey completion time manage-
able. The description was provided at the top of the screen. For each burger, participants 
reported agreement (0 = Strongly Disagree, 100 = Strongly Agree) with various state-
ments. Participants responded to all statements for a burger type before moving onto the 
next burger type. We counterbalanced the order of constructs, with statements randomly 
ordered within each set. We averaged ratings of agreement into an index for each construct. 
We calculated Cronbach alphas within each burger type, then averaged across types (cf. 
Circus and Robison 2018).

2.3.1  Support

Four statements indicated support, including “I support this” and “Society should support 
this” (ɑ = 0.9).

2.3.2  Naturalness

Four statements based on previous research (Rozin 2005; Inbar et  al. 2020; Scott et  al. 
2018) indicated naturalness, including “This is natural”, “This is artificial” (reversed), 
“This involves humans altering naturally occurring processes” (reversed), and “This relies 
on science-based technology" (reversed) (ɑ = 0.7).

2.3.3  Benefit

Four statements indicated perceived benefit, including “This is beneficial to society” and 
“This is beneficial to the environment” (ɑ = 0.8).

2.3.4  Risk perception

Four statements indicated perceived risk, including “Producing this is risky for society” 
and “This is risky to eat” (ɑ = 0.9).
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2.3.5  Familiarity and understanding

We averaged participants’ agreement with the statements “This is familiar” and “I under-
stand how this works” into an index (r = 0.52).1

2.4  Individual difference measures

After participants evaluated the burgers, they reported agreement with statements to assess 
individual differences. Statements were randomly ordered within each individual differ-
ence measure, which were counterbalanced.

2.4.1  Aversion to tampering with nature (Raimi et al. 2020)

This measure comprised six statements including, “Human beings have no right to meddle 
with the natural environment” and “People who push for technological fixes to environ-
mental problems are underestimating the risks” (ɑ = 0.6).

2.4.2  Climate change belief (Van Boven et al. 2018)

This measure comprised five statements such as, “Climate change poses a risk to human 
health, safety, and prosperity” and “Human activity is largely responsible for recent climate 
change” (ɑ = 0.9).

2.4.3  Political ideology

We used 7-point scales to measure political ideology (-3 = very liberal, + 3 = very conserv-
ative) and partisan identification (-3 = strong Democrat, + 3 = strong Republican), which we 
averaged into an index of political orientation (r = 0.45).

2.4.4  Demographics and additional measures

Participants reported their age, ethnicity, highest education completed, and socioec-
onomic status using standard demographic questions. We included several explora-
tory measures of individual differences, including extensive demographics, that are 
beyond the scope of the present investigation and not reported here: disgust sensitivity 
(ɑ = 0.27; Haidt et al. 1994; modified by Olatunji et al. 2007); concern for animal wel-
fare (ɑ = 0.80; adapted from Steptoe et  al. 1995); connectedness to nature (ɑ = 0.78; 
Mayer and Frantz 2004), collectivism (ɑ = 0.76) and individualism (ɑ = 0.80; Kim 
et al. 2016; Leong et al. 2022). We also measured average weekly beef and non-beef 
meat consumption (e.g., chicken, pork).

1 We also analyzed familiarity and understanding separately, with the same pattern of results.
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3  Results

3.1  Data analysis

We analyzed data using R (version 2023.03.0 + 386) with linear mixed-effect models 
with random intercept for participants (Westfall et al. 2014). We mean-centered continu-
ous predictors. We used five orthogonal contrast codes to make categorical comparisons 
between burger types (Table 1). One key contrast (C1) compared newer alt-protein burg-
ers (cultured beef, plant-based, and plant-based fermentation) with conventional burgers 
(grass-fed beef, grain-fed beef, veggie). The second (C2) compared cultured beef with 
plant-based and plant-based fermentation burgers. Three additional contrasts (C3, C4, 
and C5) were included for completeness and not directly related to hypotheses. 

3.2  Comparing burgers

We regressed each measure on the contrast codes described above (Table 2). In the analy-
ses of perceived risk and benefit, we included the other outcome as a control given the 
negative correlation between risk and benefit (r = -0.26, p < 0.001).

As predicted, participants supported newer alt-protein burgers (M = 53.19, SD = 30.72) 
less than conventional burgers (M = 59.46, SD = 28.65, C1: b = -6.49, 95% CI = [-8.07, 
-4.92], p < 0.001), and they supported cultured beef burgers (M = 49.36, SD = 31.76) 
less than plant-based and plant-based fermentation burgers (M = 55.11, SD = 30.20, C2: 
b = -6.20, 95% CI = [-8.61, -3.79], p < 0.001). Participants also perceived newer alt-pro-
tein burgers as less natural (M = 38.45, SD = 20.84) than conventional burgers (M = 54.46, 
SD = 22.52, C1: b = -8.15, 95% CI = [-9.67, -6.62], p < 0.001), and they perceived cultured 
beef burgers (M = 34.30, SD = 21.68) as less natural than plant-based and plant-based fer-
mentation burgers (M = 40.52, SD = 20.42, C2: b = -17.99, 95% CI = [-20.26, -15.73], 
p < 0.001).

Participants perceived newer alt-protein burgers as riskier (M = 47.41, SD = 28.23) 
than conventional burgers (M = 41.33, SD = 27.44, C1: b = 3.96, 95% CI = [2.47, 5.45], 
p < 0.001). They also perceived cultured beef burgers as riskier (M = 54.20, SD = 28.05) 
than plant-based and plant-based fermentation burgers (M = 44.20, SD = 28.33, C2: 
b = 4.97, 95% CI = [2.78, 7.17], p < 0.001). Participants perceived newer alt-protein 
burgers as less beneficial (M = 57.05, SD = 27.64) than conventional burgers (M = 63.76, 
SD = 27.44, C1: b = -4.04 95% CI = [-5.50, -2.58], p < 0.001). They also perceived cul-
tured beef burgers as less beneficial (M = 52.55, SD = 28.38) than plant-based and plant-
based fermentation burgers (M = 59.31, SD = 27.27, C2: b = -4.17, 95% CI = [-6.32, 
-2.02], p < 0.001).

Participants were less familiar and less understanding of newer alt-protein burgers 
(M = 54.64, SD = 28.23) compared with conventional burgers (M = 68.19, SD = 24.11, 
C1: b = -13.76, 95% CI = [-15.34, -12.17], p < 0.001). They were less familiar with and 
less understanding of cultured beef burgers (M = 52.09, SD = 28.20) compared with plant-
based and plant-based fermentation burgers (M = 55.91, SD = 26.18, C2: b = -3.58, 95% 
CI = [-5.92, -1.24], p = 0.003). These differences in familiarity and understanding are con-
sistent with our selection of alt-protein at new and unfamiliar, as operationalized in the 
contrast codes.
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These results provide support for our hypothesized pattern of support and perceived 
naturalness, risk, and benefit of differences between alt-protein burgers. People perceived 
newer alt-protein burgers, especially cultured beef burgers, as less familiar, less beneficial, 
riskier, and less natural than conventional burgers.

3.3  Predicting support from naturalness, risk, and benefit

We conducted a series of regression analyses to test how much perceptions of naturalness, 
risk, and benefit predicted support for alt-protein technologies (Table 3, Model 1). We first 
regressed support on the five contrasts, as reported above (see also Table 2). We added per-
ceived naturalness as a predictor in Model 2. As expected, naturalness strongly predicted 
support (b = 0.39, 95% CI = [0.35, 0.43], p < 0.001). The contrast comparing newer alt-
protein burgers with conventional burgers was reduced but still significant (C1: b = -3.21, 
95% CI = [-5.00, -1.42], p < 0.001). The contrast comparing cultured beef with plant-based 
burgers and plant-based fermented burgers was reduced to non-significance (C2: b = 0.67, 
95% CI = [-1.81, 3.15], p = 0.530).

We next added perceived risk and benefit as predictors (Table 3, Model 3). Support was 
negatively predicted by perceived risk (b = -0.05, 95% CI = [-0.08, -0.02], p < 0.001), and 
positively predicted by perceived benefit (b = 0.81, 95% CI = [0.78, 0.84], p < 0.001). The 
effect of naturalness predicting support was smaller, although still significant (b = 0.09, 
95% CI = [0.06, 0.13], p < 0.001), compared with Model 2. The contrast comparing newer 
alt-protein burgers with conventional burgers became non-significant (C1: b = -0.27, 95% 
CI = [-1.60, 1.07], p = 0.692), and the contrast comparing cultured beef with plant-based 
burgers and plant-based fermented burgers was marginally significant (C2: b = 1.78, 95% 
CI = [-0.06, 3.61], p = 0.058). These findings are consistent with the hypothesis that differ-
ences in support for newer alt-protein burgers with conventional burgers are partly due to 
perceived naturalness, risk, and benefit.

In additional analyses including the five contrast codes, naturalness was a significant 
negative predictor of perceived risk (b = -0.31, 95% CI = [-0.35, 0.28], p < 0.001), control-
ling for perceived benefit. And naturalness was a significant positive predictor of perceived 
benefit (b = 0.21, 95% CI = [0.17, 0.25], p < 0.001), controlling for perceived risk.

Finally, perceptions of familiarity and understanding predicted naturalness (b = 0.21, 
95% CI = [0.18, 0.24], p < 0.001). The contrast comparing the naturalness newer alt-pro-
tein burgers with conventional burgers was smaller, though still significant, than it was in 
the model without familiarity and understanding (C1: b = -5.26, 95% CI = [-6.78, -3.73], 
p < 0.001). The contrast comparing cultured beef with plant-based burgers and plant-based 
fermented burgers was also smaller but still significant (C2: b = -17.00, 95% CI = [-19.19, 
-14.82], p < 0.001).

These results are consistent with the hypothesis that the effect of naturalness on support 
is partly attributable to the effect of naturalness on perceived risks and benefits, and that 
differences between burgers in perceived naturalness is at least partly attributable to differ-
ences in perceived familiarity and understanding.

3.4  Individual difference moderators

We next examined moderation by individual diference measures. We first added (mean-
centered) aversion to tampering with nature (mean-centered) to Model 2, interacting with 
naturalness and the five orthogonal contrasts. Aversion to tampering with nature did not 



 Climatic Change          (2024) 177:29 

1 3

   29  Page 12 of 20

Ta
bl

e 
3 

 R
eg

re
ss

io
n 

m
od

el
s w

ith
 u

ns
ta

nd
ar

di
ze

d 
co

effi
ci

en
ts

 p
re

di
ct

in
g 

su
pp

or
t b

y 
na

tu
ra

ln
es

s, 
ris

k,
 b

en
efi

t, 
an

d 
or

th
og

on
al

 p
ro

te
in

 te
ch

no
lo

gy
 c

on
tra

sts

**
* 

p <
 0.

00
1,

 *
* 

p <
 0.

01
, *

 p
 <

 0.
05

M
od

el
 1

M
od

el
 2

M
od

el
 3

b
SE

95
%

 C
I

t
b

SE
95

%
 C

I
t

b
SE

95
%

 C
I

t

In
te

rc
ep

t
56

.4
8

0.
81

[5
4.

97
, 5

8.
00

]
72

.9
1*

**
54

.8
7

0.
76

[5
4.

84
, 5

7.
83

]
71

.4
2*

**
56

.5
6

0.
43

[5
5.

72
, 5

7.
40

]
12

9.
36

**
*

N
at

ur
al

ne
ss

0.
39

0.
02

[0
.3

5,
 0

.4
3]

18
.0

2*
**

0.
09

0.
02

[0
.0

6,
 0

.1
3]

5.
53

**
*

R
is

k
-0

.0
5

0.
01

[-
0.

08
, -

0.
02

]
-3

.5
7*

**
B

en
efi

t
0.

81
0.

01
[0

.7
8,

 0
.8

4]
56

.2
0*

**
B

ur
ge

r C
on

tra
sts

  N
ew

 v
s. 

C
on

ve
nt

io
na

l (
C

1)
-6

.4
9

0.
77

[-
8.

07
, -

4.
92

]
-8

.0
7*

**
-3

.2
1

0.
91

[-
5.

00
, -

1.
42

]
-3

.5
2*

**
-0

.2
7

0.
68

[-
1.

60
, 1

.0
6]

-0
.4

0
  C

ul
tu

re
d 

vs
. P

la
nt

 F
er

m
en

ta
tio

n 
&

 P
la

nt
-

ba
se

d 
(C

2)
-6

.2
0

0.
80

[-
8.

61
, -

3.
79

]
-5

.0
4*

**
0.

67
1.

27
[ -

1.
81

, 3
.1

5]
0.

53
1.

78
0.

94
[-

0.
06

, 3
.6

1]
1.

89

  V
eg

gi
e 

vs
. C

on
ve

nt
io

na
l B

ee
f (

C
3)

5.
18

1.
23

[2
.6

7,
 7

.6
9]

4.
05

**
*

7.
17

1.
41

[4
.4

0,
 9

.9
3]

5.
08

**
*

-0
.3

3
1.

05
[-

2.
38

, 1
.7

2]
-0

.3
1

  G
ra

in
 v

s. 
G

ra
ss

-fe
d 

(C
4)

0.
29

1.
42

[-
2.

48
, 3

.0
7]

0.
21

5.
43

1.
92

[1
.6

7,
 9

.1
8]

2.
83

**
9.

1
1.

40
[6

.3
6,

 1
1.

85
]

6.
49

**
*

  P
la

nt
 F

er
m

en
ta

tio
n 

vs
. P

la
nt

-b
as

ed
 (C

5)
-5

.1
0

1.
44

[-
7.

92
, -

2.
28

]
-3

.5
5*

**
-1

2.
72

1.
47

[-
15

.6
2,

 -9
.8

4]
-8

.6
4*

**
-2

.7
4

1.
11

[-
4.

92
, -

0.
56

]
-2

.4
6*



Climatic Change          (2024) 177:29  

1 3

Page 13 of 20    29 

directly predict support (b = 0.02, 95% CI = [-0.06, 0.11], p = 0.603). Importantly, aversion 
to tampering with nature and naturalness interactively predicted support (b = 0.003, CI = [ 
0.001, 0.005], p = 0.002, Fig. 2). Among participants who were relatively more averse to 
tampering with nature (+ 1 SD, the red line in Fig. 2), naturalness was a stronger predictor 
of support (b = 0.43, 95% CI = [0.38, 0.47], p < . 001) than it was among participants who 
were less (-1 SD, the blue line in Fig. 2) averse to tampering with nature (b = 0.32, 95% 
CI = [0.26, 0.38], p < 0.001). The more people reported discomfort with human interfer-
ence with nature, the less that they supported alt-proteins they perceived as unnatural, and 
the more they supported proteins they perceived as natural. This moderation effect pro-
vides convergent evidence that naturalness, and not some confounded construct, predicts 
support for the proteins.

We next conducted an analogous analysis with political ideology as a moderator. Ide-
ology negatively predicted support such that more conservative participants were less 
supportive of protein technologies overall (b = -1.90, CI = [-3.39, -0.52], p = 0.007). How-
ever, ideology did not significantly interact with naturalness (b = 0.02, CI = [0.00, 0.04], 
p = 0.096). This suggests that the relations between naturalness and support do not vary by 
political ideology, attesting to the generality of the above findings.

4  Discussion

We found that respondents in a broad US sample were less supportive of newer alt-
protein technologies (plant-based protein burgers, plant-based fermentation burgers, 
and cultured beef burgers) and considered them to be less natural, riskier, less benefi-
cial, and less familiar compared with conventional protein technologies (veggie burg-
ers, grain-fed burgers, and grass-fed burgers). People were especially unsupportive of 

Fig. 2  The interaction of technology naturalness perception scores (mean-centered) and aversion to tamper-
ing with nature scores (mean-centered; modeled at ± 1 standard deviation) predicting willingness to support 
protein technology. The re-centered scale, originally ranging from 0–100, now runs from approximately –45 
to + 45
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cultured beef, which was regarded as particularly unnatural. Regression analyses were 
consistent with the hypothesis that perceiving protein technologies as natural predicted 
their support partly by increasing perceived benefits and reducing perceived risks. Indi-
viduals who were more averse to tampering with nature were even less inclined to sup-
port alt-protein technologies to the extent that they perceived them as unnatural.

Our findings conceptually replicate and extend previous research (Bearth et  al. 
2014; Etale and Siegrist 2021; Siegrist and Hartmann 2020a, b) in at least two impor-
tant ways. First, we broadened the scope of stimuli by including a diverse set of burg-
ers that varied in human intervention and familiarity. These six burger stimulus types 
enabled us to examine perceived naturalness on a wider  spectrum of proteins  (e.g., 
cultured beef tended to be perceived as less natural, and grass-fed beef tended to be 
perceived as more natural), compared to previous studies that looked at perceptions of 
fewer proteins. Second, we included a broader range of measures in our analyses along 
with individual differences. Using a larger set of measure and broader range of stimuli 
that spanned a spectrum of naturalness allowed us to examine associations robustly 
and comprehensively between support, benefit, risk, familiarity, understanding, and 
naturalness. These findings substantially expand the scope of previous research.

4.1  Theoretical and broader implications

The present findings have broader implications for theories of public acceptance of 
sustainability technology. The findings suggest that people’s construal of naturalness 
plays an important role in shaping public acceptance of sustainability technologies. 
Our findings also suggest that perceived familiarity and understanding may contribute 
to people’s construal of technologies as natural (Siipi 2008). Mere familiarity may lead 
people to perceive objects as natural, which would broaden understanding of the natu-
ralness construct beyond considerations of being free from additives and science-based 
human processing (Rozin 2004; Rozin 2005; Rozin et al. 2012; Scott et al. 2018; Scott 
and Rozin 2020).

Our findings also suggest that people vary in their reactions to naturalness. Those 
who have a stronger aversion to tampering with nature (Raimi et  al. 2020) are more 
likely to support alt-proteins they construe as natural—and to oppose proteins they 
perceive as unnatural. We did not find that ideology moderated reactions to natural-
ness. The relationship between naturalness and support is one on which liberals and 
conservatives agree.  This highlights the generalizability of the associations between 
naturalness and support.

Our findings also have broad implications for understanding practices that might facil-
itate public acceptance of sustainability technologies. If construal of technologies as nat-
ural increases support, those concerned with increasing public support should highlight 
the natural aspects of new technologies. Encouraging support for alt-protein technolo-
gies and other novel sustainability technologies in the food sector could be facilitated 
by highlighting similarities between alt-protein technologies and conventional food pro-
cessing techniques (Inbar et  al. 2020). Although sustainability technologies are being 
rapidly developed, it remains unclear which options will gain public acceptance. Fur-
ther research could provide insights on effective communication about new technologies 
across contexts, populations, and technology types.
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4.2  Future directions and open questions

Further research might also address open questions about the present findings. First, while 
our study found a positive correlation between naturalness and support, correlational find-
ings do not imply causation. An important task will be to experimentally manipulate the 
construal of naturalness within the same type of protein to measure its impact on support. 
One approach could be to use terminology associated with naturalness (such as "local" or 
"organic") to frame technologies and measure the resulting support. 

Second, future work could examine whether mere familiarity with technologies 
increases perceptions of naturalness. Our design compared perceived naturalness, risk, 
benefit, and support for conventional, familiar proteins with newer, less familiar tech-
nologies. Such broad manipulations, while ecologically valid, might have included con-
founding  attributes unrelated to the technologies themselves. More precise manipula-
tions of familiarity and naturalness are needed in future work. Without changing the 
descriptions of technologies, simply becoming more familiar with them may make them 
seem more natural. Third, future research could examine the relationships across a 
wider variety of proteins, including other types of meat, fish, and non-animal products. 
Fourth, an open question remains regarding the cultural generalizability of our findings, 
which was conducted in the United States. It is unclear whether perceptions of natural-
ness and support for alt-protein technologies may differ across cultures.

Finally, it will be important to examine whether self-reported support for alternative 
protein technology translates to behavior. When new technologies arrive on the mar-
ket, they are more expensive than conventional technologies for a host of reasons such 
as economies of scale. Currently, for example, one pound of Beyond Beef, akin to the 
plant-based protein burger described in our study, costs $7 in the US while the same 
amount of conventional beef costs $5 (U.S. Bureau of Labor Statistics 2023). Would 
self-reported consumer support translate to willingness to pay 40% more for an alterna-
tive protein product? Or, if climate policies increase the cost of conventionally produced 
beef—for example, by imposing a tax on greenhouse gas emissions associated with 
production—would consumers who view alternative protein technologies as unnatural 
incur financial costs to avoid consuming them? Research to translate support to eco-
nomic preferences will be an important avenue to guide policy regarding sustainability 
technologies because it could inform constraints on consumer elasticity.

4.3  Conclusion

In the early days of any new technology, public acceptance is key to successful diffu-
sion and adoption. This is especially true for alt-protein technologies, which are often 
perceived as risky and unfamiliar. Our study shows that the more natural a technology 
is perceived to be, the more people support it. Naturalness is associated with lower per-
ceptions of risk, higher perceptions of benefit, and greater general understanding and 
familiarity of the technology. By understanding how to communicate the naturalness 
of alt-protein technologies, we can better understand what facilitates or impedes public 
acceptance. Further research on factors that influence public acceptance of sustainabil-
ity technologies is critical to facilitating the adoption of technologies capable of helping 
to address climate change and other sustainability concerns.
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