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1. Introduction

In order to keep up with the food demand of a relentlessly 
increasing global population, food systems and animal farms 
are being exposed to unsustainable production paces and 
challenges. One challenge is represented by the quest for 
more economically and environmentally sustainable feed. 
In particular, the aquaculture industry uses fish or vegetable 
meals as feed, tough both solutions are sub-optimal. To 
minimise the cost and environmental impact of fish feed for 
the whole industry, the European Union authorises the use 

of insects’ proteins as fish feed and human food (Regulations 
2017/893 and 2021/882 respectively; EU, 2017a,b).

In nature, many fish feed on insects. Therefore, a farmed fish 
fed with insects is natural, and respects fish requirements 
especially for carnivorous species; insect meals, with 
their reduced environmental footprint, are also resource 
efficient. This breeding practice should be appreciated by 
end-users, who are increasingly aware of the nutritional 
opportunities presented by insects as feed (e.g. Van Huis, 
2020, and references therein); the review by Sogari et al. 
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Since global demand for aquaculture products is expected to increase dramatically in the near future, policymakers and 
companies are considering the adoption of insect-based feed, which is more economically viable and environmentally 
sustainable than fish or vegetable-based meals currently used. Nonetheless, fish farmed with insects are still perceived 
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in this analysis, we let acceptance be expressed by different dimensions, each potentially influenced by individual 
factors, such as socio-economic characteristics, as the provision of information on the nutritional and environmental 
benefits of insect-based feed for aquaculture, and as consumer psychometric indicators. In this respect, we use 
the by-dimensional definition of environmental attitude proposed by environmental psychologists, that considers 
attitude toward environmental protection and toward nature. In this survey, we reached 482 consumers, aged 
less than 40, using social networks. A Factor Analysis was performed to identify the different dimensions of the 
acceptance process. We then applied the Rasch model on consumers’ reported behaviours toward environmental 
protection or nature to retrieve their environmental attitudes. We performed a Seemingly Unrelated Regression to 
assess the importance of socio-demographic, information, and psychometric variables on the different dimensions 
of acceptance. Results indicate that the use of psychometric variables to study the acceptability of an innovative 
food product seems particularly appropriate. In addition to the role of environmental attitude, acceptance is also 
explained by some socio-demographic variables, with men and younger consumers being more inclined to accept 
the product. Acceptance is also higher among informed respondents, confirming the importance of reducing 
information asymmetries.
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(2019a) concludes in fact that ‘consumer acceptance will 
not be a barrier towards the development of the insect 
protein industry for feed’. Nonetheless, the inspection 
of consumer acceptance has revealed that there are still 
some concerns from the demand side that deserve further 
study. In particular, the consumer analysis conducted in 
Italy by Mancuso et al. (2016) reveals the existence of a 
behavioural gap (see, for sustainable food consumption in 
general, Trentinaglia De Daverio et al., 2021; Vermeir and 
Verbeke, 2006), i.e. despite the generally positive attitude 
reported by most respondents, not all of them (25%) are 
actually ready to purchase it. An even higher share (53%) 
of reluctant Italian consumers emerges in Laureati et al. 
(2016), even when consumers’ care for environmental 
issues is considered. A particular aversion to insects as feed 
emerges in Ankamah-Yeboah et al. (2018), where a share of 
German respondents (23%) displays negative preferences 
for farmed fish fed with insects. In a survey conducted 
in France by Bazoche and Poret (2021), information on 
the nutritional and environmental benefits encourages 
acceptance. Other acceptance drivers have been examined 
in the literature: for instance, Onwezen et al. (2019) find 
that affective factors can improve consumer acceptance of 
insects especially as food. In Brazil, consumers acceptance 
for insect-based feed is higher for fish than for poultry, 
cattle, and pigs (Domingues et al., 2020), and acceptance 
seems to be positively affected by the attitude consumer 
have towards insect farms and insect-based feed. A part 
from consumer acceptability and preferences, other 
analyses based on contingent valuation have retrieved 
consumers’ willingness to pay for insects as food or feed: 
the analysis conducted by Giotis and Drichoutis (2021) on 
Greek consumers a negative Willingness to Pay for direct 
entomophagy, implying that consumers require a discount 
in order to purchase the product, and a higher acceptance 
for indirect consumption of insects; willingness to pay 
for insects as feed is also higher in the analysis of Ferrer 
Llagostera et al. (2019), even though taste expectations are 
low. Interestingly enough, the Greek survey conducted by 
Rumbos et al. (2021) considered both demand and supply-
side perspectives. Their analysis shows that individuals are 
indeed aware of the environmental spillovers of insect-
based feed, and display a positive attitude and willingness 
to consume fish fed with insects. As for firms, half of the 
interviewed companies declared to be in favour and ready 
to implement this innovation in their production process.

Despite the conspicuous research efforts, most studies 
do not emphasise the role of consumer environmental 
attitude, that can be instead an important predictor of 
acceptability (Byrka et al., 2017). Following the recent 
advancements proposed by environmental psychologists, 
environmental attitude can be decomposed into attitude 
toward environmental protection and toward nature (Kaiser 
et al., 2013; Martin and Czellar, 2017; Thompson and Barton, 
1994). More specifically, environmental protection is defined 

as a measure of a person’s attitude toward environmental 
issues, and consists of more cognitive items, whereas 
connection to nature is seen as a measure of the person’s 
affective, cognitive, and experiential aspects of her relation 
with nature (see also Kaiser et al., 2013). These two measures 
can be also promising explanators of consumer behaviour 
in the food domain (e.g. Baldi et al., 2021).

In the context of insect-based feed, the two distinguished 
psychometric characteristics of environmental attitude 
could be perfectly reconciled with the naturalness and 
sustainability features of the product examined. Hence, to 
make the use of insect feed as profitable and widespread as 
possible, it is relevant to understand if consumers that care 
about the environment and that can connect with nature are 
actually more open and inclined to accept the product. Also, 
the provision of information can reassure consumers about 
the sustainability and safety of the production process. This 
has been proved crucial for other food related innovations, 
such as GMO products (e.g. Hobbs and Plunkett, 2007), 
for aquaculture products (e.g. Pieniak et al., 2013) and for 
insects as food (Mancini et al., 2019) and feed (e.g. Sogari 
et al., 2022).

This work has two aims: first, it wants to improve the 
comprehension of consumer acceptance, a prerequisite 
for ensuring enough market opportunities for fish farmers 
switching to insect-based feed (Ssepuuya et al., 2019), not 
only in terms of examining the individual traits, such as 
attitude, that could favour acceptance, but also to see how 
the provision of information could reduce consumption 
barriers (Popoff et al., 2017). The second contribution of 
this paper is a methodological one: it uses the Item Response 
Theory, and the Rasch model in particular (Rasch, 1993), 
to estimate psychometric consumer attributes. This 
methodological approach, based on past behaviours rather 
than on self-reports, allows for an indirect and objective 
measurement of attitude, whereas self-reports may be 
subjectively measured (De Houwer et al., 2013) and lead 
to erroneous inference (Fraley et al., 2000). Even though the 
introduction of consumer attitude is not new in the field 
of entomophagy, existing studies used traditional attitude 
measurement methods, i.e. based on self-reports, to predict 
intentions to eat insects or food products containing insects. 
In particular, the measure proposed by La Barbera et al. 
(2020) was based on self-reports and considered positive and 
negative attitudes for direct and indirect entomophagy. This 
instrument, validated on a Danish representative sample and 
cross-validated on an Italian convenience sample, turned 
out to be a more accurate predictor than existing alternative 
instruments, such as disgust and neophobia. Within the 
theoretical framework of the Theory of Planned Behaviour, 
Menozzi et al. (2017) elicited beliefs related to attitude, 
subjective norms and Perceived Behavioural Control (PBC), 
and observed that attitude and PBC predict intention of 
eating a novel food containing insect flour.

Please cite this article as 'in press'  Journal of Insects as Food and Feed 
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We expect that the method adopted in our study, based 
on past behaviours, could improve the measurement of 
individual environmental attitude and better predict food 
consumer behaviour.

Our study focuses on young consumers and their acceptance 
of farmed fish fed with insects. Young consumers are in fact 
pivotal in the adoption of sustainable lifestyles (e.g. Bollani 
et al., 2019), and are also friendly with Social Networks, that 
can be fruitfully used to share and divulgate sustainability 
messages (Sogari et al., 2017). Still, there are only few 
contributions relating youngsters and insects, and these 
generally focus on insects as food (e.g. Fasanelli et al., 2020; 
Sogari et al., 2019c), not as feed.

This paper is structured as follows: Section 2 describes the 
benefits for the environment and human nutrition related 
to using insects as feed; Section 3 develops the Theoretical 
Framework; Section 4 discusses the Materials; Section 5 
presents the results; Section 6 discusses and concludes.

2. Insects in feed for fish: benefits for the 
environment and human nutrition

In the past two decades, food demand has increased at a 
faster pace than population growth, reflecting therefore not 
only the people growth, but also a general increase in per 
capita consumption (EU Agricultural Market Brief, 2019). 
The global demand for animal products is expected to more 
than double in the future, and in the case of aquaculture 
production, even to triplicate. To face this increase, a 
consequent increase in fodder and feeds is needed. About 
two thirds of the global soya beans production is crushed 
to obtain oil and soybean meals (SBM). SMB represents 
the most used plant protein source in animal feed.

The last FAO report on the state of world fisheries and 
aquaculture (FAO, 2020), indicates a global aquatic animal 
production of 178.5 million tons, of which, aquaculture 
accounts for 46% (82.1 million tons). Global captures being 
limited by wild-fish stocks (Shepherd and Jackson, 2013), 
aquaculture is the only solution to meet the increasing 
demand of fish products. In the past 30 years (from 1990 to 
2018), aquaculture registered a +527% of increase (compared 
to an only +14% of the wild-capture fisheries) (FAO, 2020), 
and the increase is expected to continue. To comply with the 
Agenda for Sustainable Development (SDG), the adoption 
of sustainable fish production systems and in particular, of 
new and more sustainable feeds, is required.

The farming of carnivorous fish species, such as salmons, 
trout, seabass or seabream, requires large quantities of 
proteins, and in the wild, requirements are covered by small 
fish or crustaceans. In the past, aquaculture feeds largely 
used fishmeal (FM) produced using wild fish caught and 
not intended for human consumptions. With the rapid 

aquaculture development, great research effort has been 
spent to find alternatives to FM, and nowadays, FM often 
only represent a small percentage of the fish feed. Currently, 
aquafeeds use large quantities of plant and land-based 
processed animal proteins (Hua et al., 2019; Parisi et al., 
2020). Among plant proteins, SBM is likely the most used 
one but aquafeeds also use other sources such as gluten 
from wheat or corn, and pea, rapeseed or sunflower meals. 
Plant proteins contain anti nutritional factors that may 
induce negative effects on feed palatability, growth or 
fish health and need to be eliminated or at least reduced 
to avoid major issues (Hua et al., 2019; Krogdahl et al., 
2010). Moreover, from a nutritional point of view, they 
do not perfectly fit the fish requirements, in particular 
when carnivorous species are concerned, as they lack in 
some essential amino acid. Moreover, from and ethic point 
of view, in carnivorous species, the use of plant proteins 
is a clear ‘jump’ out of their normal feeding behaviour. 
The increasing use of plant protein in aquafeed also rises 
concerns due to the pressure on land and environment it 
implies (Hua et al., 2019).

Processed animal proteins are more adapted to carnivorous 
species requirements, as they present a higher protein content 
and a better-balanced amino acid profile compared to plant 
protein sources. However, their use in aquafeed is sometimes 
limited by legislation (in particular in the European Union) 
and rise some issues about social acceptability.

Recently, great attention has been paid to processed proteins 
derived from insects and stakeholders agree considering 
them as one of the most promising alternatives to FM or 
to conventional protein sources (i.e. SBM) in livestock and 
aquaculture feeds (Gasco et al., 2019; Lock et al., 2018; 
Sogari et al., 2019a). Insect meals are rich in proteins of high 
biological value, they contain good amount of fat, vitamins 
and energy (De Souza et al., 2019; Gasco et al., 2020a). 
Insects are sustainable as they can be produced using low 
land, low (or no) water input and have low greenhouses gas 
emission. Some insects perfectly apply the circular economy 
principles as the easily bio-convert low value organic 
substrates into high value (Gasco et al., 2020b; Smetana 
et al., 2019; Van Huis and Oonincx, 2017). In addition, as 
far as carnivorous fish are concerned, insects are part of 
their natural diet (Henry et al., 2018a,b). So far, the global 
insect meal market is limited due to limited production 
capacity, high production costs and, in EU countries, also 
to legislative constrains (IPIFF, 2019; Pippinato et al., 2019). 
However, the sector is expanding and prices are expected 
to decrease (Pippinato et al., 2019). Moreover, insect 
also contain bioactive compounds (chitin, anti-microbial 
peptides, specific fatty acids) able to modulate the fish 
microbiota, to boost the immune system, to positively 
impact the gut health and, therefore, to undoubtedly 
contribute to the global fish health status (Gasco et al., 
2018, 2020c; Henry et al., 2018a,b).

Journal of Insects as Food and Feed Please cite this article as 'in press'
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3. Theoretical framework

As research on insect breeding for feed or food advanced, a 
number of studies on the demand and market side gradually 
appeared (see the review by Dagevos, 2021, for consumers 
studies on edible insects in Western countries). In fact, 
even if consumers do not consume insects directly, they are 
increasingly attentive to the entire food chain, especially 
in terms of food safety and sustainability of production 
processes (Kher et al., 2013; Mol, 2015; Van Rijswijk and 
Frewer, 2008).

Fish raised with insect meal represents to the consumer 
a product with a built-in innovation, the technology of 
which is not yet known. Existing literature has thoroughly 
analysed the relationship between new technologies and 
food consumption highlighting consumer scepticism and 
increased risk perception (Chaudhry et al., 2010; Giordano 
et al., 2018; Sodano et al., 2016). Therefore, it is of great 
relevance to investigate further consumer acceptance of 
food related innovations and products, and its determinants.

According to the integrated framework proposed by 
Albertsen et al. (2020), consumer acceptance of food 
innovations follows a real process involving several 
dimensions. It starts from the perception linked to the 
existence of the innovation, including its benefits and risks. 
Then, there is the intentions dimension, when the consumer 
decides whether to adopt or reject the innovative product, 
a decision that will subsequently lead to the possibility of 
purchasing and consuming the product (Rogers, 2003). 
This last stage, representing the behavioural component, 
is connected to an implementation step, during which 
consumers decide whether to consume the product 
regularly and to integrate it into everyday life or not.

Albertsen et al. (2020) identify cause-and-effect relationships 
existing between these dimensions, highlighting that the 
initial perception is among the main determinants of 

consumer acceptance of new food technology, as already 
found in Ronteltap et al. (2007) and Gupta et al. (2012). 
According to other studies, personal attitude appears to be 
one of the key factors determining consumer acceptance 
(Byrka et al., 2017; Frewer, 2003). In particular, Byrka et al. 
(2017) develop their studies in the environmental field by 
highlighting how acceptance of a situation that is beneficial 
to the environment but requires effort for consumers is 
primarily determined by attitude toward the environment. 
Attitude can thus compensate for the effort required to incur 
a sustainable behaviour towards the environment. In the 
context of accepting an innovation, this effort can be seen 
as having to deal with the risk and uncertainty involved in 
a new product or production process.

Following this idea, in our work we use the theoretical 
framework in Figure 1, which takes a version adapted to 
our context of the Tripartite Model of Attitude conceived 
by Rosenberg and Hovland (1960) and revised by Kaiser 
and Wilson (2019). In this framework, we focus on 
attitudes as determinants of the acceptability process, as 
in Byrka et al. (2017). According to this view, a higher level 
of environmental attitude should translate into a better 
perception related to the existence of the innovation, as 
well as an incentive to the intentions of dealing with the 
new product, up to the confirmation of acceptance through 
specific behaviours (purchase, consumption, loyalty).

To give substance to attitude, which is clearly a latent 
variable, we use the Campbell Paradigm (Campbell, 
1963; Kaiser et al., 2010), a theoretical framework in 
which attitudes are inferred from environmentally 
suitable behaviours in order to measure them objectively. 
Furthermore, following the idea of some works (Kaiser 
et al., 2013; Martin and Czellar, 2017; Thompson and 
Barton, 1994), we divided environmental attitude into two 
components: protection towards the environment and 
appreciation of nature. As for the measure of acceptance 
dimensions, we assume that these could be latent variables, 

Acceptance items

Natural indicator N1
…
…

Natural indicator N40

Behavioural indicators

Environmental indicator E1
…
…

Environmental indicator E50

Environmental
protection

attitude

Attitude measure

Nature
appreciation

attitude

- Socio demo characteristics
- Information

item B1
…

item Bn

item P1
…

item Pn

item P1
…

item Pn

Acceptance dimensions 

Behav. Cons. 1……
Behav. Cons. Bn

Intention 1…
…

Intention n

Perception 1…
…

Perception n

Figure 1. Adapted conceptual framework (adapted from Kaiser and Wilson (2019), Byrka et al. (2017) and Kaiser et al. (2013)).
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obtained by specific magnitudes of perception, intentions, 
and behaviour toward innovatively farmed fish fed insect 
meal. To complete the picture, we add some socio-
demographic variables.

4. Materials

Environmental attitude scales

In order to measure respondents’ attitude toward 
environment and toward nature, we use two scales proposed 
by the environmental psychological literature. The first 
scale (Kaiser, 1998; Kaiser and Wilson, 2004) includes 50 
questions grouped in six domains: energy conservation 
(e.g. owning energy efficient devices, solar panel); mobility 
and transportation (e.g. being a member of a carpool); 
waste avoidance (e.g. reusing shopping bags); consumption 
behaviour (e.g. buying seasonal produces); recycling 
behaviour (e.g. collecting and recycling used paper) and 
lastly social behaviours toward conservation (e.g. being a 
member of an environmental organisation.

The attitude related to connection with nature is measured 
using the scale by Brügger et al. (2011), that inspects reports 
of past bonding activities with nature, and of statements 
that indirectly reflect a person’s connection with nature, 
such as the appreciation of experiences involving natural 
situations or lived in nature. This attitude measure is the 
result of responses to up to 40 different questions, related to 
the behaviours toward animals (e.g. talking to them); toward 
the vegetable world (e.g. enjoying gardening), and enjoying 
natural surroundings (e.g. crossing meadows barefoot).

On either attitude measurement, the authors calibrated the 
items of each scale so as to rank behaviours by the implicit 
cost, or difficulty, of performing them. The more difficult 
a behaviour, the higher the attitude toward environmental 
protection or connection with nature.

It is worth stressing that the resulting measures of attitude 
are indirectly obtained from behavioural and evaluative 
statements, and not from a direct exploration of the 
personal disposition. In this way, the measures of attitude 
are not affected by subjective measurement issue. Also, 
these scales are constructed in such a way that respondents 
are not aware of what is being measured and how, so that 
their answers are a representation of their behaviours.

The consumer survey

To analyse the characteristics and determinants of consumer 
acceptability of insect-fed fish, we launched a nationwide 
sample survey from February to May 2021. As the focus 
was on young people, we used Social Networks, and in 
particular Instagram and Facebook, and disseminated 
the questionnaire through popular influencers. The 

questionnaire was built using the Qualtrics platform. 
A target variable was initially included to select only those 
respondents who consume fish on a regularly basis. A total 
of 482 interviews was collected from respondents aged 
less than 40.

The questionnaire consists of seven different sections 
(Table 1). The first one gathers socio-demographic 
information, such as gender, age, and education. The 
questionnaire proceeds with the two scales for measuring 
attitude toward environmental protection (Kaiser, 1998; 
Kaiser and Wilson, 2004, Kaiser et al., 2010) and towards 
nature (Brügger et al., 2011). All the questions are either 
dichotomic (yes/ no, approve/disapprove) or based on a 
5-point Likert scale (never, seldom, occasionally, often, 
very often); a ‘not applicable’ option was also available.

Upon the completion of the attitude section, a concise text 
was randomly proposed to respondents to inform them 
about the current issues and challenges of aquaculture from 
an environmental and social perspective; the naturalness of 
feeding fish with insects; the environmental sustainability 
of insect meal production; and the positive effect of insect 
meal on fish health. This treatment was randomised, and 
only half of the sample received this information.

The third, fourth and fifth sections are dedicated to measure 
consumer acceptability of insect-farmed fish following 
the work of Bazoche and Poret (2021). In particular, 
the third section includes seven questions related to 
consumers’ perceptions on farmed fish diet; the fourth 
section consists of five questions on consumer perception 
on eating insect-fed fish; the fifth section is made of seven 
questions measuring purchase intentions surrounding 
insect aquafeeds. Finally, in the last section, we use six 
questions from the work of Albertsen et al. (2020) that 
measure the conative component and the implementation 
of the consumer acceptance process.

5. Methodological aspects

To achieve our goal, the methodological steps of the 
conceptual framework of Figure 1 were implemented: 
first, we performed a Rasch model (Bond and Fox, 2007; 
Kaiser, 2021; Rasch, 1993) to characterise individuals in 
terms of their attitude towards environmental protection 
and toward nature. We then developed a Factor Analysis 
to identify the latent factors expressing the dimensions of 
the acceptance process; last we ran a Seemingly Unrelated 
Regression to explore the relationships between consumer 
acceptance and attitudes.

The original idea of Campbell Paradigm can be expressed 
as a function of environmental or nature attitude and the 
cost of the specific behaviour and can be appropriately 
implemented with Rasch’s model. In this model the natural 
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Table 1. Items used in the questionnaire and their descriptive characteristics.

Variable name Item Type Scale /
categories

Mean Standard 
deviation

Valid 
cases

Socio-demo
age Age Ordinal 1-4 1.32 0.47 485
gender Gender Categorical 0-1 n.a. n.a. 485
educ Education Ordinal 1-4 3.40 0.52 485
income Income Ordinal 1-4 2.89 0.85 485

Attitude
Env.att Attitude toward Environmental protection (50 items)1 Dichotomic/

ordinal
1-2/1-5 see Table 3 for a deeper 

analysis
Nat.att Attitude toward Nature (40 items)1 Dichotomic/

ordinal
1-2/1-5

Info
Information Short text to inform about the topic Dummy 0-1

Perceptions on farmed fish diet
natins I find natural for fish to feed on insects Ordinal 1-5 3.87 1.23 485
natfish I find natural for fish to feed on other fish Ordinal 1-5 3.93 1.08 485
natinsba I find normal for farmed fish to be fed on insect-based feed Ordinal 1-5 3.57 1.21 485
natfishba I find normal for farmed fish to be fed on fish-based feed Ordinal 1-5 3.23 1.20 485
natplant I find normal for farmed fish to be fed on plant-based feed (grains and pulses) Ordinal 1-5 3.39 1.21 485
negenv Fish farming can have negative knock-on effects on the environment Ordinal 1-5 3.15 1.15 485
concerfed I am concerned about how farmed fish are fed Ordinal 1-5 3.33 1.26 485

Eating insect-fed fish
eatinsba For me, eating fish fed on insect-based feed is reasonable in the scheme 

of things
Ordinal 1-5 3.19 1.24 485

eatdisg For me…is just disgusting Ordinal 1-5 -2.20 1.27 485
eathealth For me…is good for my health Ordinal 1-5 2.95 0.97 485
eatenv For me…is good for the environment Ordinal 1-5 3.29 1.15 485
eatnovel For me…is a novel experience Ordinal 1-5 3.30 1.33 485

Intentions surrounding insect aquafeeds
readyeat I would be ready to eat farmed fish fed on insect-based feed Ordinal 1-5 3.55 1.34 485
readysafe I would…as long as the foods were safe and fit to eat Ordinal 1-5 4.14 1.14 485
readytaste I would…as long as the foods did not taste like insect Ordinal 1-5 3.92 1.31 485
readylabel I would…as long as the food label clearly flags the fact Ordinal 1-5 3.84 1.28 485
readyrisk I would…as long as all insect farming-related risks are controlled Ordinal 1-5 4.31 1.08 485
readyexpens I would…as long as the food is not more expensive than another product in 

the same category
Ordinal 1-5 3.61 1.26 485

insectfarm I would see no problem having an insect farm near my home Ordinal 1-5 2.72 1.40 485
Conative and implementation component of acceptance

buyfish I intend to buy the product in the future Ordinal 1-5 3.43 1.22 485
faithfish I am very faithful to the product Ordinal 1-5 3.17 1.17 485
highprice The product is worth a higher price than other products Ordinal 1-5 2.98 1.09 485
friends I would recommend the product to my friends Ordinal 1-5 3.09 1.15 485
usefish How willing would you be to use the product? Ordinal 1-5 3.37 1.23 485
integrate How likely is it that you will integrate the product into your everyday life? Ordinal 1-5 3.14 1.21 485

1 To improve the questionnaire design, we created three sub-sets of question, each containing a selection of 36 questions regarding the environment and nature 
preserving, at the same time, the balance between the two types of items included (56% regarding environmental protection and 44% regarding connection with 
nature). These three blocks, randomly displayed to consumers, were created in such a way to be of similar difficulties and to ensure sufficient latent drift in each 
block. The procedure is reported in Baldi et al. (2021).
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logarithm of the ratio of the probability (pnω) of person n’s 
engagement relative to the probability of non-engagement 
(1 − pnω) in a specific behaviour w (i.e. its odds) is the result 
of the difference between n’s attitude (θn) and the costs of 
behaviour w (δω):

1

𝑙𝑙𝑙𝑙 ( 𝑝𝑝𝑛𝑛𝑛𝑛
1−𝑝𝑝𝑛𝑛𝑛𝑛

) = 𝜃𝜃𝑛𝑛 − 𝛿𝛿𝜔𝜔 (1)

𝑌𝑌𝑛𝑛𝑛𝑛 = ∑ 𝑋𝑋𝑛𝑛𝑛𝑛𝑛𝑛𝜃𝜃𝑛𝑛𝑛𝑛 + 𝜀𝜀𝑛𝑛𝑛𝑛7
𝑛𝑛=1 (2)

Yk=f(Xnat.att, Xenv.att, Xage, Xgender, Xeduc, Xincome, Dinformation)         (3)

 (1)

Thus, the Rasch model describes the probability of engaging 
in a specific behaviour as the difference between the 
strength of a person’s attitude and the difficulty of the 
specific behaviour in question.

As discussed previously, the different spheres of consumer 
acceptance are evaluated separately. Since variables 
belonging to each section are inevitably correlated one 
another, a Factor Analysis is a suitable instrument to reduce 
the number of variables by modelling the covariation among 
a set of observed variables as a function of one or more 
latent construct. Hence, it is then possible to find the 
main factors expressing an overall measure of acceptance. 
By extracting a few and independent common factors, 
the common information and correlation of the original 
variables are well preserved (Rummel, 1988).

In this study, we performed four Factor Analyses for 25 
variables, one for each dimension of consumer acceptance, 
and obtained 7 different factors, thoroughly described 
in Section 6.3, and used as dependent variables in a 
seemingly unrelated regression model (SUR) (Zellner, 
1963), that represents a system of linear equations with 
errors terms correlated across equations for a given 
individual but uncorrelated across individuals. Since the 
dependent variables share the same error structure, we can 
simultaneously estimate the effects of attitudes and socio-
economic variables on the acceptance dimensions retrieved 
from the Factor Analysis. The general specification of the 
model is:

1

𝑙𝑙𝑙𝑙 ( 𝑝𝑝𝑛𝑛𝑛𝑛
1−𝑝𝑝𝑛𝑛𝑛𝑛

) = 𝜃𝜃𝑛𝑛 − 𝛿𝛿𝜔𝜔 (1)

𝑌𝑌𝑛𝑛𝑛𝑛 = ∑ 𝑋𝑋𝑛𝑛𝑛𝑛𝑛𝑛𝜃𝜃𝑛𝑛𝑛𝑛 + 𝜀𝜀𝑛𝑛𝑛𝑛7
𝑛𝑛=1 (2)

Yk=f(Xnat.att, Xenv.att, Xage, Xgender, Xeduc, Xincome, Dinformation)         (3)

 (2)

where Ynk, with k=1,…7, is precisely one of the 7 factor 
load identified from the Factor Analysis of individual n. 
Xnks, with s=1,…7, is the individual attitude score towards 
environmental protection or connection with nature and 
other five variables; θns is the regression coefficient; εnk is 
the error term on individual n in regression equation for 
Factor k.

Specifically, for each of the seven factors of consumer 
acceptance, the following regression specification was 
performed:

Yk = f(Xnat.att, Xenv.att, Xage, Xgender, Xeduc,  
Xincome, Dinformation) (3)

Where: Xenv.att and Xnat.att respectively denote the scores 
for attitude toward environment protection and connection 
with nature; Xage, Xgender, Xeduc, Xincome are the socio-
demographic characteristics, and Dinformation is a dummy 
variable that is equal to 1 when the respondent was asked 
to read the information and 0 otherwise.

6. Results

Sample description

As stressed earlier, we targeted only individuals aged less 
than 40: 68% of respondents is aged between 18 and 25, 
and the remaining 32% is represented by millennials, i.e. 
individuals that at the time of taking the questionnaire 
were aged between 25 and 40, in line with the definition 
of Dimock (2019).

Considering gender, the sample appears well balanced 
(Table 2). As for education, no respondent had an 
elementary level of education; only 1.6% have a middle 
school diploma, while 57% are represented by respondents 
with a high school diploma and almost 42% a university 
degree. Finally, with regard to their perception of the 
adequacy of the economic conditions in which they live, 
around 68% of respondents state that their income (or, in 
any case, that of the family in which they live) is adequate 
or more than adequate to match their budgets.

Table 2. Socio-demographic characteristics.

Category %

Age
18-25 67.6
26-40 32.4
Total 100.0

Gender
Male 47.4
Female 52.6
Total 100.0

Education
Primary -
Lower/ secondary 1.6
Upper/ secondary 56.7
University degree/PhD 41.6
Total 100.0

Income
Not adequate 4.9
Almost adequate 27.6
Adequate 41.0
More than adequate 26.4
Total 100.0
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Rasch estimation results

The Rasch model discussed earlier was applied to compute 
the two dimensions of attitude for each respondent. For 
both scales, i.e. environmental protection and connection 
with nature, the model was calibrated on the whole set of 
items and obtained item difficulties and individual attitude 
scores. Prior to the model calibration, all the behaviours 
that originally had a five-point polytomous response format 
were dichotomised so as to prevent excessive measurement 
error, particularly in attitude research (DeCoster et al., 
2009). We re-coded responses as negative (i.e. the options 
‘never’, ‘seldom’, and ‘occasionally’) and positive (i.e. ‘often’ 
and ‘always’) as in Kaiser et al. (2020). All the missing values 
(i.e. the ‘not applicable’ option in all the responses) were 
handled as negative responses.

Results show that environmental items are scored from -3.9 
to +4.3, i.e. from the least to the most difficult to engage 
with. Similarly, the difficulty of nature items ranges from 
-4.6 to 4.8, indicating whether the item reflects a less or 
more care towards nature. It is worth stressing that these 
item scores are endogenous; in fact, they depend on how 
respondents answer and, in particular, on how many 
respondents engage in a certain behaviour, as expected 
from the Item Response Theory. Based on item scores, 
one can retrieve individual scores to understand if that 
person tends to engage in easy or difficult behaviours 
(Smolders et al., 2012). Table 3 below reports the average 
item descriptive statistics for each type of attitude, which 
both have 0 mean item difficulty by construction. Table 3 
also reports mean Infit MS and Outfit MS, to indicate how 
productive for measurement the items considered are. 
Following Linacre (2002, 2010), Bond and Fox (2007) we 
removed one misfitting item from the environment scale. 
All reliability coefficients are greater than 0.50, proving 

the reliability of the two scales in measuring attitudes. The 
full list of items, with their scores and statistics is available 
upon request.

Table 4 shows the summary results of the respondents’ 
scores. It can be seen that, on average, the attitude towards 
the environment is slightly higher than the attitude towards 
nature. Moreover, the latter shows a greater variability and 
a much higher range than the former. Also, in terms of 
asymmetry, attitude towards nature shows a negative value, 
a sign of a higher proportion of negative scores.

Factor analysis results

As anticipated, we ran four different Factor Analyses, 
one for each dimension of consumer acceptance. The 
summary results displayed in Table 5 indicate that the 
Kaiser-Meyer-Olkin (KMO) test is greater than 0.6 in most 
cases, with the exception of Factor Analysis 1 where it is 
borderline. Rotation was not performed in Factor Analyses 
2 and 4, since only one factor was extracted. From this 
step, we retrieved seven different factors that are well 
explanatory of the dimensions of the acceptance process 
(due to lack of space, component matrix values useful for 
the factor identification are provided upon request). In 
particular, factor 1 expresses respondents’ perception of 
the naturalness of the insect-based feed for fish, and it can 
thus be interpreted as a first step of the acceptance process. 
Factor 2 focuses on how fish-based nutrition in aquaculture 
is perceived. Factor 3 is identified by questions regarding 
the negative effects of fish farming on the environment and 
the concern about the diet of farmed fish. The fourth factor 
expresses the positive attitude of eating farmed fish fed with 
insects, while the fifth factor expresses the various reasons 
that may prevent respondents from eating this product 
(e.g. as long as the product does not taste like insect; as 

Table 3. Item descriptive statistics.1

Items Mean item scores Infit MS min Infit MS max Outfit MS min Outfit MS max Separation reliability

Environmental attitude 0.000 0.712 1.188 0.299 1.732 0.545
Nature attitude 0.000 0.671 1.243 0.221 1.879 0.657

1 MS = mean squared value. The reported ‘Separation’ reliability is the Rasch separation reliability coefficient.

Table 4. Respondents’ environmental attitude descriptive statistics.1

Items Min Max Mean SD Asymmetry

Environmental attitude -2.67 3.48 0.1707 0.92240 0.219
Nature attitude -3.57 3.40 0.1318 1.18221 -0.097

1 The attitude means are statistically different at 3% significance with a one-tail t-test, and at 7% significance with a two-tail t-test.
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long as all insect farming-related are controlled). Factor 
6 captures positive intentions toward eating the product 
examined and the NIMBY effect (Not-In-My-Back-Yard) 
regarding an insect farm close to home. Finally, factor 7 is 
the synthesis of all the questions linked to the final phases of 
the process of consumer acceptance, such as the willingness 
to buy, the possible frequency of purchase, the suggestion 
to friends, etc. The interpretation of the seven factors is 
summarised also in Table 6.

Seemingly unrelated regressions results

Table 7 reports the results of the SUR analysis performed 
using Stata v. 16 (StataCorp LLC, College Station, TX, 
USA). The null hypothesis of the Breusch-Pagan test, 
which assumes the independence of errors across the 
equations considered, is rejected. Hence, this model is 
superior to its Ordinary Least Square counterpart (Breusch 
and Pagan, 1980). Also, the residuals obtained from each 
of the seven equations are significantly correlated one 

another and there is a high correlation of the error terms 
across the equations representing the latent variable 
obtained from the Factor Analysis. In other words, the 
different dimensions of acceptability examined in this 
analysis are related one another. As for the general model, 
the results of the chi-square indicate that all the equations, 
with the exception of the second one (PERCFISHD) are 
statistically significant.

Table 7 reveals that, as expected, the two measures of 
attitude have a significant role in influencing alternative 
dimensions of consumer acceptability. In particular, 
the coefficient of attitude toward the environment is 
significant for most dimensions of acceptance. Obviously, 
it is significant and negative in the WORREAT equation, 
that captures consumers’ concerns toward eating the 
product: the more environmental consumers are, the less 
they are concerned. Also, the coefficient of attitude toward 
nature reveals interesting results, even though it is lower 
in magnitude than the environmental coefficient: this 
result suggests that consumer acceptance is driven more 
by the more ‘altruistic’ component of attitude. i.e. toward 
environmental protection.

Among the socio-demographic factors, gender is one 
of the most significant drivers of acceptability, and men 
seem to be more favourable to the product, in line with the 
analysis on people of all ages by Bazoche and Poret (2021). 
Interestingly enough, age, when statistically significant, 
is always negative: consumer acceptability is thus higher 
among younger consumers (18-25 years old) than among 
Millennials. Income is significant in two equations, and 
always negative. This is no surprise, as young respondents 
are generally not budget constrained. Finally, education 
is not particularly relevant, as young respondents have 
not completed their educational cycle yet. Finally, the 
information dummy is often positive and statistically 
significant, a result that confirms how information can 
play a fundamental role in favouring the acceptance of a new 
product (Bazoche and Poret, 2021; Laureati et al., 2016).

By looking at the single equations individually, it emerges 
that the different dimensions of consumer acceptance 
process are influenced by different variable combinations. 
The perception of the naturalness of insects as feed 
(PERCINSD) is explained by age (younger consumers 
have higher perceptions), by gender and by information. 
The PERCFARM variable is affected by the two measures 
of attitude, by low-income levels and by information. We 
argue that low levels of income, when combined with people 
sensibility to environmental issues and ability of establishing 
a connection with nature, can make consumers think that 
fish farms are harmful for the environment, an aversion 
that goes against aquaculture.

Table 5. Synthesis of factor analyses results.

Factor 
analysis 
1

Factor 
analysis 
2

Factor 
analysis 
3

Factor 
analysis 
4

No. of variables involved 7 5 7 6
No. factor extracted 3 1 2 1
KMO test1 0.54 0.82 0.78 0.88
Bartlett’s test significance 1% 1% 1% 1%
Explained variance 69.4% 61.0% 66.3% 72%
Rotation yes no yes no

1 KMO = Kaiser-Meyer-Olkin.

Table 6. Factors’ identification.

Factor name Identification

PERCINSD Consumer perception of the naturalness of insect-
based feed for farmed fish

PERCFISHD Consumer perception of the naturalness of fish-
based feed for farmed fish

PERCFARM Negative consumer perception of fish farms and 
general concern for fish feed

EATING Positive attitude toward the idea of eating farmed 
fish fed with insects

WORREAT General concern toward eating farmed fish fed with 
insects

INTENT Positive intentions toward eating the product and 
NIMBY effect

CONIMPL Favourable propensity in terms of concrete action

Journal of Insects as Food and Feed Please cite this article as 'in press'
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A positive opinion toward eating farmed fish fed with 
insects (EATING) can be explained by environmental 
protection attitude, and by being younger, male and 
more informed. The equation WORREAT, gathering all 
possible concerns related to eating farmed fish fed with 
insects, reveals interesting results: this factor is negatively 
affected by both dimension of environmental attitude, as 
one may expect: environmental and naturalist consumers 
raise less concerns toward eating this particular fish. 
Moreover, differently from other factors, these concerns 
rise in young consumers and in women. The education 
coefficient predicts instead that a higher educational 
attainment increases concerns, whereas income tends 
to reduce them. As we move along the acceptance process, 
the real intention of purchasing the product (INTENT) 
still depends on the two attitude measures, on gender 
and information; CONIMPL, that captures the final 
stages (conative and of implementation) of acceptance, 
is influenced by attitude toward environmental protection, 
and is higher among men and among informed consumers.

7. Discussion and conclusion

The present study contributes to the literature by examining 
the relationship between different dimensions of young 
consumers’ environmental attitudes and the acceptance of 
an innovative product, which is fish fed with insects. The 
focus of the work is of great interest for other reasons, as 
it combines two relevant areas of investigation: the young 
people of today, who will influence tomorrow’s consumption 
patterns, and the context of ‘circular economy’, which sees 
the feeding of fish bred with insects that were in turn grown 
and fed by enhancing the production wastes of the agri-
food chain.

Some clear evidence emerges from the results. First of 
all, the introduction of psychometric variables to study 
the acceptability of an innovative food product seems 
more appropriate and indispensable than ever: the two 
dimensions of attitude (toward environmental protection 
and toward nature) make a notable contribution to the 
empirical model, and in particular it appears that it is 

Table 7. Seemingly unrelated regressions results.1

PERCINSD PERCFISHD PERCFARM EATING WORREAT INTENT CONIMPL

Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff.

Nature attitude -0.010 -0.033 0.117*** -0.007 -0.068* 0.072* 0.011
0.80 0.41 0.00 0.86 0.08 0.07 0.79

Environmental attitude 0.070 -0.030 0.175*** 0.030 -0.114** 0.123** 0.122**
0.17 0.55 0.00 0.56 0.02 0.01 0.02

Age -0.183* -0.183* 0.118 -0.169* -0.291*** -0.083 -0.112
0.06 0.06 0.20 0.08 0.00 0.38 0.24

Gender -0.210** -0.085 0.104 -0.292*** 0.297*** -0.481*** -0.347***
0.03 0.37 0.24 0.00 0.00 0.00 0.00

Education 0.059 0.122** 0.063 0.065 0.138** 0.010 0.047
0.33 0.04 0.27 0.28 0.02 0.87 0.43

Income 0.025 -0.005 -0.191*** 0.024 -0.085* 0.072 0.029
0.62 0.92 0.00 0.63 0.09 0.14 0.55

Information 0.148* -0.171* 0.142* 0.178** 0.074 0.182** 0.142
0.10 0.06 0.10 0.05 0.40 0.04 0.11

n 482 482 482 482 482 482 482
Chi2 12.95 10.99 63.34 16.66 34.61 44.23 23.68

0.0733 0.1393 0.000 0.0197 0.000 0.000 0.0013
BP test 1,379.49

0.000
LR test2 1,243.93

0.00

1 Regression P-values are reported in italic. *, **, *** denote 10, 5, 1% statistical significance. GLS estimator is used. BP stands for Breusch-Pagan LM 
diagonal covariance matrix test for independent equations and tests the suitability of running the seemingly unrelated regression instead of the single 
ordinary least squares.
2 LR test is the likelihood ratio LR test for heteroscedasticity.
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the more ‘altruistic’ component, i.e. that towards the 
protection of the environment, that is decisive for a greater 
responsibility and awareness of the usefulness of insects 
for issues related to sustainability. Individual psychometric 
characteristics have been found suitable for explaining 
individual choices, such as voting behaviour, as in Kaiser 
and Wilson (2019), and energy-saving behaviour, as in 
Starke et al. (2020). Their introduction in the food domain 
has only been sporadic, and limited to investigate barriers 
to sustainable purchase behaviour (Yamoah and Acquaye, 
2019) and to study waste behaviour (Bortoleto, 2014). The 
importance of psychometric indicators should encourage 
researchers to consider more frequently attitude as a 
predictor of consumer decision in the food domain and 
with regards to new products, as recently done by Baldi et 
al. (2021). Moreover, what appears relevant is also the role 
of information, which is fundamental for the acceptance 
of a new food product characterised by different aspects, 
from sustainability to food safety. Therefore, the reduction 
of information asymmetries must be pursued through 
appropriate communication strategies, mainly aimed at 
reassuring about the wholesomeness of the final product 
and the sustainability of farms. Several studies have stressed 
the importance of providing transparent information 
to increase consumers’ awareness of farming practices 
in aquaculture (e.g. Altintzoglou et al., 2010; Pieniak et 
al., 2013) and to increase their acceptance of insects as 
food (Mancini et al., 2019; Sogari et al., 2019b) and feed 
(Menozzi et al., 2021; Sogari et al., 2022; Spartano and 
Grasso, 2021). The reduction of information asymmetries 
is even more important when psychometric indicators 
reveal those traits that are more vulnerable or sceptical 
towards a new product. In our setting, attitudes in fact 
may encourage people to buy and eat insect-fed fish, but 
they also raise concerns about the sustainability of fish 
farms in general and their diets. If we consider that 47% of 
the sample declared themselves to be very worried about 
the diet of farmed fish, and 35% believe that fish farms 
have a very negative effect on the environment, then it 
is clear that it is necessary in the next few years to try to 
change the image of fish farming in Italy. Otherwise, any 
innovation in this field will not find favourable feedback 
in the market and therefore will be destined to fail in 
economic terms.

Lastly, the importance of reducing information asymmetries 
and of digging into personality traits is even more important 
when it comes to young consumers, whose engagement in 
sustainable behaviour is promising but contrasting. In our 
analysis, we observe that very young consumers are more 
open to the innovative product than Millennials, just like 
Sogari et al. (2019c) observe in young Australians and insects 
as food, but also more concerned toward eating farmed fish 
fed with insects. This is a result to be considered carefully, 
on the one hand positively, since new generations represent 
the future; on the other hand, as a challenge, since novel 

consumption goods must meet young consumers’ rising 
expectations for healthy and sustainable food products.

Broadly speaking, consumers of all ages and origin will soon 
have to face directly climate change. To adapt, people will 
be asked to change their eating habits and switch to more 
sustainable dietary patterns. Circular economy initiatives, 
such as the food waste cycle, insect breeding, and fish 
farming, must be supported and promoted to make them 
accepted by consumers.

This study represents a step to comprehend even more 
consumer acceptance of a new product, such as fish 
raised with insects, introducing psychometric variables 
and targeting, at the same time, future consumers. Future 
studies on young and future consumers could be devoted 
to the comprehension of the psychological traits driving 
their consumption choices; further research could use also 
more appropriate techniques (such as neural networks or 
Structural Equation Models) to examine the cause-effect 
relationships among the dimensions of acceptability.
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