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Consumer acceptance of novel food technologies

Michael Siegrist® * and Christina Hartmann™

Novel food technologies are important for food security, safety and sustainability. Consumers, however, are often hesitant to
accept them. In this narrative Review, we organize the research describing how heuristics and individual differences among
consumers influence the acceptance of agri-food technologies. Associations evoked by a food technology, its perceived nat-
uralness and trust in the industry using it influence consumer acceptance. Food neophobia, disgust sensitivity and cultural
values are crucial personality factors for explaining individual differences. Using gene technology, nanotechnology, cultured
meat and food irradiation as cases, we explore factors that may explain consumers' acceptance or lack of acceptance. Climate
change, food supply shocks caused by crises such as pandemics and population growth are imminent threats to the food sys-
tem. Therefore, disruptive food technologies will be needed to progress towards a more resilient food system. Taking into
account the factors influencing consumers' perceptions of novel food technologies during the early stage of development and

introduction will hopefully result in a higher acceptance of such technologies.

echnologies employed along the supply chain have enhanced

the safety, nutritional value and sustainability of food, and

yet agri-food technologies are not always perceived in a posi-
tive way by consumers'”. As we look to ‘disruptive technologies’
for transforming food systems, important questions arise: Why do
consumers reject food technologies that experts perceive safe? What
factors influence consumers’ perceptions and acceptance of novel
food technologies? Consumers will have a fundamental influence
on what technologies in agriculture and food production are imple-
mented and successful on the market. Many consumers perceive
the use of food technologies as contradictory to healthy, nutritious,
tasty food, which may be a challenge for the food industry. It is cru-
cial to take consumers’ views into account during the early stages of
product development.

Here, we review the literature on consumer perceptions of
novel food technologies related to the production, preparation
and storage of food (that is, gene technology (GT), nanotechnol-
ogy, cultured meat and food irradiation). The term ‘novel’ does not
necessarily refer to the invention of a technology, but rather to its
introduction into the market. For example, even though food irradi-
ation was invented in the previous century, we consider it as a novel
technology because in some countries it has only been introduced
recently and irradiated foods are accepted in some countries but not
in others. We do not review how experts evaluate agricultural and
food technologies, but solely on the factors that shape consumers’
attitudes toward and acceptance of such technologies. Consumers
often rely on simple cues or heuristics, such as their perceived nat-
uralness of food technologies or feelings of disgust evoked by the
unfamiliar, as well as trust in the food industry, because they lack
the technological knowledge. Several personality factors, includ-
ing food technology neophobia or food disgust sensitivity, explain
individual differences in people’s attitudes toward food technolo-
gies. For selected food technologies, we explain the most important
factors that influence consumer acceptance.

Perception of food technologies

The food domain has witnessed technological progress; Fig. 1
overviews the timeline for invention or introduction of selected
significant innovations in the agri-food domain*®. Unlike in other

domains, technological development in food has little obsoles-
cence over time—new technologies do not replace older ones so
much, but build upon and add to. As a consequence, there is much
less pressure for consumers to accept innovations compared with
other domains.

In many domains, technological progress is perceived positively®.
The food domain has been shown to be slightly different in this
respect. Some novel food technologies (for example, GT) encoun-
ter strong resistance by a considerable number of consumers’.
Regarding food, technological applications are most often viewed as
negative attributes, while food naturalness—produced with a mini-
mum of obvious human intervention—is viewed as an inherently
positive attribute®. The negative image of highly processed food is
strongly influenced by a perceived lack of naturalness’. Moreover,
humans by nature tend to be conservative concerning unfamiliar,
novel foods'’ and thus novel food technologies''. How conservative
humans can be regarding culturally defined dietary behaviour is
emphasized by the fact that even if non-traditional foods become
accepted (for example, sushi, plant-based meat substitutes in the US
or Europe), this does not fundamentally change people’s established
diets and might only increase food variety'>".

Role of heuristics

Consumers tend to have limited nutrition knowledge', incorrect
perceptions of the environmental impact of food products® and
scarce knowledge about food production’®. Consequently, lay-
people’s evaluation of food technologies is often based on heuristic
processes, not on elaborate information processing'’. Undoubtedly,
heuristics play an important role in many decision situations'®".
When people rely on a heuristic to assess a food hazard, a target
attribute (for example, number of fatalities caused by a food haz-
ard) that is not readily accessible is substituted with a heuristic
attribute that comes to mind more easily (for example, number of
specific events someone suffered from a food hazard)*. However,
the literature is divided on whether the use of heuristics results
in smart or poor decisions. The so-called ‘heuristic and bias pro-
gramme’ focuses on the negative side of heuristics'. This research
tradition has identified a large number of heuristics that may cause
both laypeople and experts to make biased decisions*. By contrast,
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Fig. 1| Historical timeline of food technologies. Some food technologies (for example, GT and food irradiation) encounter strong resistance, whereas
others (for example, refrigerators and freeze drying) have been widely accepted. Unlike in other domains, new food technologies do not replace older
ones so much. As a result, there is much less pressure to accept innovations. Credit: www.flaticon.com: Freepik (salt, refrigerator, Pasteurization, fast

food, microwave, sous vide, molecular gastronomy); Smashicon (deep frying, canned food, molecular gastronomy); Darius Dan (pressure cooker);

Photo3ideastudio (GMO food).

research on the positive aspects demonstrates that heuristics can be
efficient tools that, if used in the right environment, allow human
beings to make sound decisions'®**. However, relying on heuristics
when evaluating food hazards can result in biased decisions®. The
same benefit was perceived more positively when it was the result of
traditionally bred crops compared with genetically modified (GM)
crops, for example?.

People utilize a large set of heuristics when making deci-
sions'**"**. In the following subsections, we focus on affect, trust and
natural-is-better heuristics, which are most often used to explain
consumers’ risk perceptions or acceptance of food technologies and
food hazards.

Affect heuristic. The affect heuristic proposes that people rely
on the affective meaning that they associate with an image or the
associations elicited by an object when asked to evaluate its risks or
benefits”. In the case of GT, some consumers may spontaneously
think of ‘Frankenstein food, and this perception may evoke strong
negative feelings, whereas other consumers may associate GT with
‘golden rice’; as a result, their association is positively tagged.

In line with the affect heuristic, emotions have been found to
influence people’s risk perceptions or risk judgments®*’. Hazards
associated with stronger feelings of dread are judged to be riskier
compared with hazards that do not evoke such feelings”’. The
affect heuristic may therefore explain why laypeople are concerned
about some food hazards but not others, as well as why laypeople
and experts differ in their risk perceptions. This heuristic has also
been used to explain why laypeople differ in their acceptance of
the same technology”. For example, consumers for whom GT is
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associated with negative feelings are less willing to purchase GM
foods compared with people who associate positive images with this
technology”. The affect heuristic has also been used to explain the
acceptance of food irradiation’ or of nanotechnology in foods and
food packaging™. In contrast with laypeople’s risk judgments, those
of experts are not influenced by the affect associated with a hazard™.
Due to their knowledge, experts can rely more on the analytical sys-
tem for the evaluation of a food technology, but due to laypeople’s
lack of technical knowledge, they need to rely on their experiential
system, which is more driven by affect, concrete images, metaphors
or narratives'’, when assessing risks and benefits of novel food tech-
nologies. Most of the studies that have examined the impact of the
affect heuristic on the acceptance of a technology have focused on
general affect, ranging from negative to positive”. A more specific
emotion is disgust, which can be viewed as a particular case of the
affect heuristic. Evoked disgust has been found to influence the
acceptance of GT** and other novel food technologies™.

Trust heuristic. Trust has been described as*, and fulfils the criteria
of, a heuristic®*. If people rely on trust to evaluate a food tech-
nology, they substitute a target attribute (for example, improved
yields) with cues that indicate trust in the source of this informa-
tion (for example, value similarity)*. Consumers who buy organic
foods cannot tell how these items are produced and whether their
premium price is justified’. Regarding other credence attributes of
products, consumers need to trust that the agents in the food chain
honestly label the products and do not take advantage of the exist-
ing information asymmetry*°. Trust is also important in situations
where people lack knowledge for assessing a technology’s benefits
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and risks and therefore have to rely on others”. Society can be char-
acterized by high degrees of division of labour and complexity. The
trust heuristic, which implies that people depend on others’ perfor-
mance or assessments, helps them reduce complexity and remain
capable of acting in a complex environment™*. Therefore, trust
plays an important role in food acceptance, and it has been shown
to influence risk and benefit perceptions of novel food technolo-
gies'*2. Trust also seems to be important in consumers’ reaccep-
tance of a product after a crisis situation®.

How do people decide whom to trust? Reviews of the trust and
risk perception literature suggest that it might be helpful to dis-
tinguish between two types of trust, namely social trust and con-
fidence™. Social trust is based on perceived value similarities, and
people tend to trust institutions with similar values as theirs and to
distrust institutions whose values differ from theirs", whereas con-
fidence is based on past experience* or perceived competencies®.
Consumers may have confidence in the food industry’s competen-
cies to produce safe foods or in a food technology, but they may
lack social trust in the food industry because they believe that it
values profit more than consumers’ health. Social trust is therefore
more relevant to consumer acceptance than confidence, in that
consumers believe that the promised added value in food products
(for example, fair trade, organic production, healthiness) is actually
delivered. It is not mainly a question of the food industry’s ability
and competence but whether it is honest in disclosing benefits that
cannot be directly judged by consumers*.

Natural-is-better heuristic. Natural evokes almost exclusively
positive emotions in Western countries*. As a consequence, for the
majority of consumers, naturalness in foods is of high importance,
and natural foods are automatically perceived as healthier and tast-
ier, as well as better for the environment’. The absence of human
processing is a key feature of perceived naturalness®*’. However, the
type of processing determines how strongly it influences perceived
naturalness. Chemical changes reduce perceived naturalness more
than physical transformations®*®. Furthermore, the process (for
example, minerals added to spring water versus minerals naturally
in the spring water) seems to be more important than the content
(for example, percentage of natural minerals)®**’. Domesticated ani-
mals or plants are perceived as more natural compared with GM
animals or GM plants®. The absence of additives is another impor-
tant aspect of perceived naturalness’®'. People perceive orange
juice with added vitamin C as less natural compared with orange
juice with removed vitamin C, for example®'. These findings suggest
that the idea of some sort of contagion or harm to purity negatively
influences perceived naturalness®.

The preference for natural foods could be driven by instru-
mental (for example, health) or ideational reasons (for example,
moral reasons)?. Should the latter be the dominant motivation,
it would be very difficult or even impossible to change consum-
ers’ preferences”>. However, some empirical evidence shows that
instrumental beliefs strongly contribute to the natural-is-better
heuristic™. It could therefore be possible to influence consum-
ers’ preferences toward foods they perceive as less natural, if they
provide tangible benefits.

Reliance on the natural-is-better heuristic for risk evaluation may
introduce bias in decisions. For example, compared with experts,
laypeople tend to be less concerned about hazards of natural ori-
gin, such as Listeria or Campylobacter™. The same benefits, such
as a rich harvest, are perceived as less valuable for a farmer when
they are the results of GM crops compared with traditionally bred
crops, with the lack of perceived naturalness of GT seemingly the
reason”. Perceived naturalness has also been shown to be important
for the acceptance of functional foods™ or cultured meat™. Both are
the results of human processing and interference with otherwise
familiar products.

| VOL 1| JUNE 2020 | 343-350 | www.nature.com/natfood

Framing effects

The framing of information influences people’s decisions, and how a
food technology is described influences consumers™. For example,
the US media has labelled lean, finely textured beef as ‘pink slime’
and as a consequence, consumers have been influenced by the nega-
tive label when assessing the health risks associated with the con-
sumption of ground beef*. Similarly, it has been shown that the use
of E numbers for food additives reduces their perceived naturalness
compared with the situation in which the food additives are pre-
sented without E numbers**, How cultured meat is labelled (for
example, laboratory grown meat, clean meat, animal-free meat)
influences the valence of the evoked associations, which in turn
help shape attitudes and behavioural intentions®. The labels used
for new food technologies can, therefore, have a strong impact on
consumer acceptance.

Individual differences among people

People differ in their preferences and values, which may explain
some of the observed differences in consumer acceptance of
agri-food technologies. Prior research has mostly examined the
impacts of food technology neophobia, disgust sensitivity and
cultural factors on individual differences in risk perception and
acceptance. However, a recent study suggests that people’s general
personality traits, such as openness and conscientiousness, also
influence their preference for GM foods®'.

Food technology neophobia. Food technology neophobia is a
personality trait that influences consumers’ willingness to accept
new food technologies'"*>. This personality trait is only weakly
correlated with food neophobia'"*’, which is the tendency to reject
unfamiliar foods'. People with more food knowledge seem to have
lower food technology neophobia scores compared with people
with less food knowledge®™. However, consumers concerned about
sustainability aspects of their food consumption tend to have higher
food technology neophobia scores compared with consumers who
are less concerned about sustainability**. The impact of food tech-
nology neophobia on the acceptance of novel food technologies
seems to be not restricted to high-income countries, but has also
been an important factor for the lack of food technology acceptance
in Uganda, a low-income country®. Thus, there is some evidence
that food technology neophobia is a universal factor that influences
acceptance of innovations related to food.

Food neophobia has a somewhat mixed impact on attitudes
toward new food technologies: it has no association with attitudes
toward GT* but does have with 3D-printed food”. Consumers may
perceive 3D-printed food not only as produced by a new technol-
ogy but also as a novel food, such as insect-based products”. In
the case of GT, consumers may perceive the food as familiar and
may be willing to taste it®® but may have negative feelings toward
the technology.

Disgust sensitivity. Disgust is one of the evolved mechanisms that
motivate people to avoid pathogens and to show disease-avoidance
behaviour®”. In an environment with limited food supply, people
have to make trade-offs between avoiding disease and not forgo-
ing calories. Depending on the environment to which people
have adapted, whether food is scarce or more abundant, different
strategies may have evolved. People living in the latter environment
may react more often with disgust compared with people living in
the former™.

Various instruments have been proposed to measure individual
differences in disgust sensitivity; some scales focus on the patho-
gen, the sexual or the moral domain’, whereas other measures are
applied to the food domain only’. A recently published food disgust
scale predicts peoples tendency to experience feelings of disgust
when the food has some cues that might be considered indications
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of pathogen presence (for example, mould) or contamination (for
example, touched by another person)’. Undoubtedly, disgust sen-
sitivity can have an impact, not only on people’s hygienic behav-
iour (for example, hand washing, kitchen hygiene)®”, but also
on their food selection behaviours and routines™. Concerning the
acceptance of food technologies, researchers have just started to
understand the influence of disgust. There are some controversies
about whether disgust plays a role and effect sizes vary by the tech-
nological application™. For instance, state (that is, experienced in
a situation) and trait (that is, personality factor) disgust are found
to be linked to the rejection of artificial meat and milk, as well as
GM foods”. In the latter case, associations with food contamina-
tion and perceived unnaturalness may make GM foods not only
disgusting but also morally repugnant because of the perceived vio-
lation of nature’®. Furthermore, people with higher disgust sensitiv-
ity may be less willing to accept GM food compared with people
with lower disgust sensitivity. Such reasoning is supported by the
finding that GM opponents have a higher disgust sensitivity than
GM proponents”. Similar results have been found for other food
technologies®. The explanatory power of disgust sensitivity regard-
ing the acceptance of novel food technologies might be biased by
language inconsistencies, however”. It has been argued that in the
English language, people also use the term ‘disgust’ to describe
non-specific feelings, such as ‘bothered’ and ‘upset’””. Therefore, it
is not fully clear whether the disgust scales in the English language
measure specific disgust or a general negative feeling. Despite the
plausibility of the impact of disgust on the acceptance of novel food
technologies, additional empirical support for such a claim would
be desirable.

Cultural factors. The cultural theory of risk perception postulates
that worldviews—beliefs about the functioning and values regard-
ing society—are important determinants of the perspectives that
people form about risks”™. This paradigm maintains that people are
either group or individual oriented, and they either prefer adher-
ing to many rules to control human behaviour or believe that few
rules are necessary’”™. On the basis of these dichotomies, four basic
worldviews can be distinguished: hierarchical, fatalistic, individual-
istic and egalitarian. People in the US with more egalitarian world-
views seemed to be more concerned about food irradiation, GT
or pesticides in foods compared with people with less egalitarian
worldviews®. In a study conducted in the UK, hierarchical, individ-
ualistic, egalitarian and fatalistic worldviews were non-significantly
correlated with risk perceptions of GT and only weakly associated
with risk perceptions as regards food coloring®. Worldviews that
are measured using a two-dimensional scale that distinguishes
hierarchical-egalitarian worldviews from individualistic-commu-
nitarianistic principles were also found unrelated to risk/benefit
perceptions with respect to nanotechnology®. Nevertheless, such
worldviews exert an important effect on the interpretation of new
information about nanotechnology. Hierarchical individualists lean
more toward perceiving benefits than risks, whereas egalitarian
communitarians tend to more readily discern risks than benefits
after being exposed to new information about nanotechnology*.

Another approach for measuring cultural differences is based on
the value concept®”. This method is underlain by the assumption
that basic values (for example, security, power) influence people’s
attitudes and behaviours and that the importance of various values
may differ across cultures. The explanatory power of this approach
has been questioned® because Schwartz’s well-known value
scale™, as well as other value measures, is only weakly correlated
with risk perception®.

The persuasive power of the cultural theory of risk perception
stands in contrast to its explanatory power®. The type of hazard,
how cultural values are measured, and whether information about
a technology is provided seem to strongly influence the observed
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association. The cultural theory could be more strongly related
to the acceptance of various risk regulation measures than with
risk perception—an issue that would be an interesting avenue for
future research.

Acceptance of selected food technologies

The voluntariness of being exposed to a risk is an important factor
for its acceptance®™. If consumers have the impression of being in
control of their exposure to a food hazard, a higher risk is accepted
compared with the situation where consumers lack this sense of vol-
untary exposure to a hazard™. The consumption of alcohol and an
unbalanced diet, for example, are associated with certain benefits,
whereas novel food technologies such as GT are not linked to any
tangible benefits for many consumers.

The psychometric paradigm has been used to further explain
why people are concerned about some hazards but not about oth-
ers”’. The results of these cited studies suggest that for laypeople,
the qualitative characteristics of a hazard are more important than
fatalities. Perceived dread and familiarity have been shown as
important characteristics for the perception of food hazards®-**. GT,
food irradiation and pesticide residues are perceived as unknown
and dreadful risks; hazards, such as excessive intake of alcohol and
calories, are perceived as familiar and less severe risks**. The like-
lihood and the possible negative consequences of a food hazard
have a stronger impact on experts’ risk perceptions compared with
laypeople’s assessments™*.

Many food technologies have been introduced and, of course,
not all have been rejected by consumers®. Unless there is a pub-
lic discourse about a novel food technology, consumers may be
unaware that it exists or is frequently used. If a food technology can
be identified by its specific characteristics (for example, perceived as
dreadful or unnatural), then nongovernmental organizations, scien-
tists or the media may help a public discourse to emerge, and people
may start to have negative perceptions of a food technology or even
reject it. In the following sections, we focus on some selected food
technologies for which social science research has examined the
factors influencing their acceptance.

Gene technology

There has been comprehensive research on public acceptance of
agricultural and food technologies, and that conducted in Europe
shows large differences in how GT is perceived across countries””.
The 2010 Eurobarometer, including representative samples with
participants from 32 countries, also shows that opponents of GM
foods outnumber supporters by three to one’. The main reasons for
this low acceptance are perceived risks, lack of perceived benefits
and perceived unnaturalness’.

People generally lack knowledge about GT*'; therefore, they may
rely on the affect, trust or naturalness heuristics to evaluate GM
foods. The findings of empirical studies indicate the effects of all
three heuristics on laypeople’s perceptions. Studies conducted in
different countries across global regions find that social trust influ-
ences laypeople’s benefit and risk perceptions of GM foods*"**%.
These perceptions further influence the acceptance of GM foods.
However, the importance of perceived risks and benefits for the
acceptance of GM foods has been questioned’® because information
about risks and benefits has little impact on the acceptance of GM
foods™. This finding does not necessarily imply that perceived ben-
efits are not important for the acceptance of GM foods. Rather, the
results suggest that if there are no tangible benefits (that is, cheaper,
better tasting food) for consumers, the perceived unnaturalness of
GM foods may play an important role in the lack of acceptance”.

People’s acceptance of GT differs across applications’. The pub-
lic seems to be more sceptical of GM foods and GM crops com-
pared with genetic testing or medical applications™. Furthermore,
in the food domain, not all genetic modifications are perceived in
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the same way. When genes are exchanged between different spe-
cies, laypeople are more worried”. Similarly, cisgenic apples have
received higher support than transgenic apples in all European
Union countries’. It has also been shown that inserting a gene in
an organism decreases its perceived naturalness more than deleting
a gene”'. Even though GM foods are negatively perceived overall,
there are differences across applications and among consumers in
how GT is evaluated.

Nanotechnology

In food products, engineered nanoparticles are already used as addi-
tives, and future applications of the technology in the food and the
agricultural domains are under development™. There was substan-
tial concern when the first nanotechnology applications in the food
domain were discussed, as well as apprehension that nanotechnol-
ogy could suffer a similar fate as that of GT*>'°. Surveys found that
for laypeople, the benefits of nanotechnology outweighed the risks,
yet a relatively large percentage of the respondents did not answer
the risk-versus-benefit question'”’. In other words, the participants
were unable to assess the risks and the benefits of nanotechnology.
This finding suggests that the perception of nanotechnology may
still be rather malleable.

Several fundamental differences between GT and nanotechnol-
ogy are relevant for people’s perceptions. The latter is related to a
physical transformation of materials, whereas the former involves
the manipulation of biological entities that may be perceived as
tampering with nature®. Furthermore, physical transformation has a
much lower impact on perceived naturalness compared with chemi-
cal or even biological transformation®.

In some studies, the majority of the participants had no prior
knowledge about nanotechnology®; therefore, they had to form an
opinion when filling in the questionnaire. Given the participants’
low level of technological knowledge, it is not surprising that sev-
eral studies found that affect associated with nanotechnology was a
strong predictor of perceived risks and that trust in the government
regulations of this sector also influenced laypeople’s perceptions''.
People’s cultural values had an effect on how they interpreted the
information about nanotechnology®.

Even though nanotechnology will most likely never be perceived
as unnatural or as tampering with nature (as is the case with GT),
a possible increase in risk perception in the future cannot be com-
pletely ruled out. The media has the power to change public percep-
tion of nanotechnology'®. Furthermore, government regulations
may have an impact on how laypeople perceive food products con-
taining nanomaterials'®. For example, mandatory labelling of nano-
technology in food products could be misinterpreted as a warning
signal by consumers'”. Why would there be a label on a product if
nanotechnology was not associated with some risks? Labelling does
not only inform consumers, but it may also influence the perception
of a food technology.

Cultured meat

Based on stem cell technology, in vitro or cultured meat is grown
in the laboratory'®”. It has been proposed as a more sustainable
and animal-friendly alternative to the conventional production of
meat through livestock. In studies examining the stated acceptance
of cultured meat, the use of different descriptions and labels may
have been an important factor in explaining why the measured
acceptance substantially differs across studies'*’. Importantly, how
cultured meat is described influences the perceived naturalness
of the product'®. Consumers’ spontaneous reactions to the idea
of laboratory-produced meat are the perception of unnatural-
ness and the feeling of disgust'*>'””. Perceived naturalness has also
been shown to be an important factor influencing the acceptance
of cultured meat™'*>'%, Consumers who perceive cultured meat as
unnatural find the risks less acceptable compared with conventional
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meat™ and are more disgusted'” than consumers who perceive cul-
tured meat as more natural. For consumers” acceptance of cultured
meat, it will be crucial how the product will be described and what
label will be used.

Cultured meat has animal welfare benefits, of course. How informa-
tion about this aspect influences acceptance has not been examined,
however*. Some research suggests that the importance of this aspect
may be limited because consumers use various cognitive strategies
for the justification of raising and killing animals for meat consump-
tion'”. Therefore, for many consumers, the animal welfare argument
may be less important for the acceptance of cultured meat compared
with other aspects, such as perceived naturalness, taste or price.

Food irradiation

The label used for a food technology can have a large impact on how
the technology and its acceptability are perceived. The term ‘food
irradiation’ evokes not only negative associations, such as a nuclear
plant or cell destruction'’’, but the affect associated with nuclear
power seems to influence the perception of this food technology’.
Consumers for whom nuclear power is very negatively tagged, per-
ceive food irradiation as riskier and less beneficial compared with
consumers for whom nuclear power is neutral or positive®. The affect
heuristic produces biased perceptions that may even result in the
perception that irradiated food poses a health risk''". Experimental
studies show how important the name of a food technology is for
its perception. Products labelled as ‘treated with irradiation’ are
perceived to be of lower quality compared with products labelled
as ‘treated with ionization™. The latter term does not seem to elicit
associations as negative as food irradiation does. Therefore, it is not
surprising that irradiated food has been evaluated as unacceptable
by consumers''” and as a technology that substantially decreases the
perceived utility of foods.

Conclusions

A broad set of agri-food technologies is needed to produce safe,
healthy, sustainable foods, and technologies labelled ‘disruptive’
are seen as part of the solution to food security in the era of cli-
mate change and population growth. Most disruptive innovations
that fundamentally changed an industry are from outside the food
domain'”. Figure 1 further shows the limited number of disrup-
tive innovations in the food system. In order to meet the challenges
posed by climate change, population growth and disruptions in the
food chain, there is clear need for disruptive innovations. For the
successful introduction of such innovations, societal acceptance
needs to be examined at an early stage of development.

For consumers in general, the production of foods is increas-
ingly a black box. The prevalence of highly processed convenience
foods and declining cooking skills''* further alienate many consum-
ers from how food is produced and how meals are prepared. Future
studies need to examine whether a crisis such as COVID-19 influ-
ences consumers perceptions of food technologies, because canned
and frozen foods, for example, are essential for stockpiling. Due
to their lack of knowledge and familiarity with most of these food
technologies, they often rely on simple heuristics when evaluating
them. The experiential system is more important than the analytical
system in how novel food technologies are perceived”. Generally,
consumers’ reliance on the natural-is-better and the affect heuristics
is one reason for their lack of acceptance of some novel food tech-
nologies. As Fig. 2 illustrates, both the aspects of the technology and
the characteristics of the person further influence their perception.
If a technology is viewed as unnatural, dreadful, and uncontrollable,
and if people are not voluntarily exposed to it, its acceptance tends
to be low. Person-related factors, such as food technology neopho-
bia, disgust sensitivity and cultural values, further influence the per-
ception of a technology. The factors that are most crucial for the lack
of acceptance differ across food technologies, however.
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Food technology aspects
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* Food technology neophobia
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Fig. 2 | Factors influencing the perception of food technologies. How a
food technology is perceived by consumers depends both on the perceived
aspects of a food technology and on the individual characteristics of the
consumers. Furthermore, both of these factors influence the heuristics that
consumers rely on when evaluating the benefits, risks and acceptance of
food technologies.

The natural-is-better heuristic is especially relevant for people’s
acceptance of novel food technologies and for their evaluation of food.
The food industry players are aware of how important perceived nat-
uralness is for consumers; therefore, the naturalness of its products
is emphasized in marketing campaigns. It may seem strange that on
one hand, the food industry struggles with consumers’ acceptance of
novel food technologies due to the lack of perceived naturalness; on
the other hand, the food industry emphasizes the naturalness of its
products, which may further strengthen consumers’ belief that natu-
ral products are superior. Similarly, the promotion of organic foods
may foster the idea that natural foods are better despite the lack of
scientific support for a lower environmental impact of organically
produced foods'*. Technological innovations and scientific progress
have resulted in high levels of food safety and food security in many
countries. The somewhat ironic consequence is that, at least in many
developed countries, the naturalness of food is highly valued because
food safety and security are considered guaranteed.

Progress toward a more sustainable, more secure, safer food
system is difficult to envisage without novel food technologies.
Therefore, general scepticism regarding technologies in the food
domain will remain a challenge. In this Review, we have presented
some factors that help explain why people often evaluate novel food
technologies in a rather negative way. For various reasons, condem-
nation of technologies is problematic, in our view. The deep freezer
can be used to store ice cream or vegetables that are most likely
richer in vitamins than fresh ones bought in the supermarket that
are not frozen but stored for days between harvest and consump-
tion. Even an extruder that produces highly processed foods can
be used for foods (for example, whole-grain pasta) that contribute
to a balanced diet. The question is for what purpose, not whether a
technology is used. Society should move towards a healthier diet,
but it should be recognized that food technologies need to be part
of such a trend instead of being perceived as barriers.

We have also identified some knowledge gaps that future research
should address. Most studies in this field have been conducted in
developed countries, mainly in selected European countries or
North America. For many of the topics covered in this Review, there
is a lack of studies from Asian or African countries. For example,
it needs to be known whether the concept of naturalness is equally
important in developing countries. Another fruitful avenue for
future research is the impact of cultural values on the acceptance
of novel food technologies. The few studies that have examined the
impact of cultural values have focused on the differences among the
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people in a certain country but have failed to address the question
of whether cultural values also explain differences in perceptions
across countries.

Lastly, genome editing of crops has gained much progress in
recent years, and countries differ in how CRISPR-engineered crops
are regulated and whether or not they are perceived similarly to
genetically modified organisms''. There is some indication that
consumers generally perceive CRISPR-engineered crops more posi-
tively than GT". Perceptions of new food technologies are malleable,
however. Future studies need to examine how different genome
editing technologies are perceived by consumers and which aspects
of these technologies most strongly influence their acceptance.
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