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Abstract: The importance of aquaculture in reducing pressure on wild stocks in the seas and meeting
the demand for fish worldwide has increased greatly in recent years. However, sustainability of the
sector can be jeopardized by the incessant use of fish meal as the main source of feed. For this reason,
replacing, even partially, fish meal with other feeds such as insect meal is essential to make this
sector more sustainable. However, this transition requires consumer acceptance of this innovation,
which comes through price, one of the most powerful marketing tools affecting the evaluation of
product alternatives (e.g., fish fed with traditional feed or insects) and the final purchase decision.
The objective of this study is to explore the acceptable price and the limits of price thresholds of fish
fed with insect meal using a direct measure of assessing consumers’ willingness to pay. In particular,
the study uses the Price Sensitivity Meter (PSM) of Van Westendorp to evaluate the reaction of Italian
consumers to the price of European sea bass (Dicentrarchus labrax) hypothetically fed with insect
meal. The results showed a wide acceptable price range, an indifferent price point very close to the
price of traditionally fed fish, and a high price stress factor. Consumers have shown considerable
price sensitivity, which does not allow the additional costs arising from the use of this sustainable
alternative feed to be passed on to them. Consumers with great subject knowledge showed major
willingness to pay. The contribution of our study lies in providing detailed insights into the possible
prices that consumers are willing to pay for sea bass fed with insect meal and thus on the product’s
perceived quality, offering several implications for academics, practitioners, and policymakers.

Keywords: consumer acceptance; sustainability; willingness-to-pay; price sensitivity measurement;
subject knowledge; Van Westendorp model

1. Introduction

More than twenty years ago, a paper published in Nature recommended aquaculture
as a way to reduce the overexploitation of fisheries [1]. Indeed, in a scenario in which
fishing is highly regulated to prevent the collapse of fish stocks, aquaculture has made
significant contributions to satisfy the growing world demand for fish products in recent
decades. Essentially, aquaculture is the fastest-growing sector of the global food industry.
This trend appears unlikely to halt in the next few years; on the one hand, fish consumption
is estimated to increase by 28 million tons by 2030, compared to 18 million tons in 2018
(+18%) [2—4], while on the other hand, the quantity of fish caught has been substantially
stable due to the regulatory restrictions to which fishing is throughout the world.

However, this sector as it stands today poses many concerns. Among the major
ones, what must be underlined is the use of fish meal as the key ingredient used in
commercial fish feed [5-8]. While the percentages of fish meal and oil in fish diets have
been declining in recent years—due to the growing needs for aquaculture expansion and
the almost constant levels of fish meal and oil production, which cannot be increased due to
overfishing in the oceans [9]—there has been an increase in the use of marine resources for
aquaculture [10,11]. It is estimated that the sector consumes around 70% of the world’s fish
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meal and fish oil resources each year, increasing their prices and the search for innovative
alternative nutritional sources [10]. In short, whether aquaculture wants to grow to meet
the increasing demand for fish products, it must necessarily use new feeds to partially
replace the fish meal [12].

Previous research focused on alternative protein sources for human and animal nutri-
tion and food waste showed that edible insects could be a valid substitute for proteins of
animal origin and a valuable tool for waste treatment [13—15]. Further, insects have low
environmental impact as a source of food since they need limited arable land and water
compared to livestock and have a low ecological cost (low emissions of greenhouse gases
and carbon dioxide) [16,17].

The European Commission, recognizing the problems above of environmental and
economic sustainability in the aquaculture sector as well as the scientific data relating to the
introduction of insect meal in fish nutrition, has enacted the Regulation 893 /2017, which
allows the use of seven species of insects in fish feed. In effect, insects are a healthy and
sustainable feed alternative. The development of this sector may contribute to the reach of
several SDGs [18] and have an important role within sustainable circular agriculture [19-21].
All these aspects are crucial for Europe, which aims to achieve carbon neutrality by 2050
through sustainable economic growth and accelerate the European transition towards a
circular economy model (COM (2020) 98 final).

However, the role of consumers is decisive to move towards a sustainable food system
and implement a sustainable aquaculture [22,23] since they, through their choices, can
simultaneously support or hinder the success of this innovation in the market. In other
words, to switch successfully from fish to insect meal, the consumer’s preferences and their
willingness to pay (WTP) for fish fed with insect meal are crucial [24]. It must be said that
the increased WTP for sustainable food production in Europe over recent years [25,26] raises
the legitimate expectation that sustainability will drive agricultural production changes
towards new ways of production. Nevertheless, despite the growing public and academic
interest in consumers’ sustainable food behavior, several questions still await an answer on
Western consumers’ acceptance of insect-based food and feed. Specifically, often there is a
substantial lack of knowledge that affects the consumers” WTP for fish feed with insects [6].

Besides, although most consumers do not worry about how the fish was fed when
buying fish [24], the European aquaculture sector has to be ready for when this information
will be easily accessible and available even without consumer research efforts. This aspect
assumes particular relevance especially in light of the new “Farm to Fork strategy” [27],
which aims at a fair, healthy and environmentally-friendly European food system, also by
empowering consumers to make informed, healthy, and sustainable food choices (i.e., with
nutrition labeling, mandatory provenance indicators, and the use of digital technologies
to improve food chain traceability and inform on environmental footprint). Indeed, in
the agri-food sector, innovation in current food characteristics can clash with consumers’
inclination toward traditional alternatives, preventing food innovation acceptance [28].

However, acceptance passes also and especially through the price, which is one of the
most powerful marketing tools [29]. The price significantly impacts consumers’ evaluation
of product alternatives (i.e., fish fed with traditional or insect feed) and their final buying
decision [30-32], and pricing policy is an effective way to influence dietary behavior [33].

Against this background, this study aims to investigate the acceptable price and the
limits of price thresholds of fish fed with insect meal using a direct measure of assessing
consumers” WTP. An accurate measurement of consumers” WIP is essential since it offers
information on the product’s perceived value, and a poorly-considered introductory price
can threaten innovation failures [34-37]. Specifically, this study uses the Price Sensitivity
Meter (PSM) proposed by Van Westendorp (VW) [38] to evaluate Italian consumers” WTP
for European sea bass (Dicentrarchus labrax) hypothetically fed with insect meal. The PSM
is considered a very meaningful and accurate exploratory method for estimating the WTP,
especially for new product and product innovation [39-42], and is the most common market
technique used to determine consumer price preferences by market research firms [43].
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The choice of European sea bass stems from the fact that it is the major species culture in
the Mediterranean region [44], and the analysis of consumers’ sensitivity to its price can
provide valuable information on consumers’ value perceptions of this food innovation.

This study fits inside the poor literature on studying consumers” WTP for the alterna-
tive feeding systems [6] and its uniqueness lies in indicating the acceptable price range for
fish fed with insect meal and the consumers’ price sensitivity measure, as well as how prior
knowledge affects the consumers” WTP for such innovative food. To our best of knowledge,
no study has focused specifically on those issues.

This paper makes several contributions to the literature. First, it addresses recent calls
for research to increase insect meal in aquaculture production [6]. By focusing on the role of
price in consumer choice, this study provides insights into the consumers’ price sensitivity
and price-response function for fish fed with insect meal. Second, it responds to research
calls for consumer studies in food and nutrition that distinguish between subjective and
objective consumer knowledge [45]. This study provides insight on subject knowledge’s
role in the buying behavior of the fish fed on insect meal. While some previous studies
analyzed the links between knowledge and food choices, very few of them have specifically
explored subjective and objective knowledge [46], especially concerning the fish [45,47,48];
to the best of our knowledge, no study has been undertaken in the context of fish fed
with insects in a hypothetical purchase scenario, as we do here. This article also provides
important food for thought to the fish farmers, retail managers, and policymakers.

The remainder of this paper is structured as follows: Section 2 provides an overview of
previous literature related to insect edible consumption and price role in consumer behavior;
Section 3 introduces the study’s methodology and data sources; Section 4 displays results;
finally, Section 5, presents conclusion and discussion of the results and provides suggestions
for future research.

2. Background
2.1. Edible Insects’ Consumption

Scientific literature worldwide has paid particular attention to the issue of eating
insect-based foods. Especially in recent years, a significant production of papers has been
observed given the growing interest in the topic in Western economies and the greater
awareness of promoting models and styles of sustainable consumption [49-52].

Concerning the European countries, introduction of insects in the diets is typically
regarded with disgust and skepticism [53]. However, emphasis on the importance of insects
in these realities is increasing in the scientific and institutional debate. A large literature has
appeared on consumer acceptance of insects as food in European and Western consumers.
At the same time, these studies are mainly collocated into the consumer psychology or
cognate disciplines rather than into economics [54].

Hartmann et al. [55] recently reviewed the main reasons that have limited insect and
insect-based food consumption, even if this attitude was consolidated many centuries
ago (mainly in the Mediterranean basin). According to Bodenheimer [56], insects were
progressively abandoned as food in Europe due to the appearance of more accessible
sources of food and proteins. Therefore, insects have disappeared from the European diet
for several centuries and only recently have they been rediscovered as a delicacy. However,
their consumption is far from appreciable both for purely regulatory issues and for the
widespread diffidence that Europeans have towards this type of food [57,58].

Diffidence is given by several reasons [54,55,59,60]. Basically, European consumers
have low willingness to eat insect-based products because they are considered a source of
food contamination and risky for the health. In this regard, since food safety is an intrinsic
quality of food and the consumer has the right to consume products safely, the European
Union has established a strong and clear regulatory system to ensure the safety of fish and
prevent environmental problems [61,62]. Psychological, social, cultural, and demographic
issues are at the basis of the perceptions that move European people to prejudice against
insect consumption; in particular, a sense of disgust [13,53,54,59,63-68].
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Some reviews have, even recently, examined the scientific literature on the themes of
product characteristics, nutritional and organoleptic properties, and consumer behavior
throughout the world [64,69]. Other papers have highlighted the drivers that affect insect
food acceptance in Europe [54,70,71].

Table 1 shows the main drivers that positively and negatively are related to acceptance
of insect-based food in Europe and the studies in which they have arisen. These are
collected on the basis of information reported in recently published reviews with some
integration related to more recent papers.

The positive factors found in the literature can be grouped into three categories:
familiarity and previous personal experiences, environmentally-friendly orientation, and
healthiness. The first has frequently been shown to be an important driver of food choice
in general. Concerning the second, consumer awareness of the environmental impact
of food production appears to increase consumers’ willingness to accept insects as food.
The healthiness drivers believe insects have the potential to become a truly ‘sustainable
superfood’, that is “nutrient-packed foods, which are successfully promoted to Western
consumers with the promises of health, well-being and beauty” [72].

Negative factors are also enclosed in three categories: disgust, which is a person’s
basic reaction to certain potential foods; neophobia, which is understood as the consumer’s
rejection of new or unknown or non-traditional things depending on the culture of the
individual, and health risk, which is related to the risk of disease and illness.

Referring to House [54], Govolushko [64], and Orsi [71] for more details about these
drivers, some economic and social features are reported below.

Readiness to eat insects as an alternative source of protein is very low in most European
countries. Imathiu [52] reports that this demographic represents 19% of the total population.
On the other hand, a lower portion of consumers is likely to eat insects.

A common finding concerns the effect of gender in accepting insect-based food. Except
for de Boer et al. [73] and Hartmann et al. [59], most of the studies reveal that males are
more inclined to eat insects see [52,71]. In some cases, the number of males is about twofold
that of females (e.g., [53] found a percentage on the sample of 6-7% and 12-13% for males
and females, respectively).

However, willingness to eat insects varies among countries and consumer targets. Ger-
mans are very reluctant to consume this kind of food. Diffidence, disgust, and neophobia
represent the main obstacles for German consumers. In other countries such as Belgium,
Austria, Italy, France, and Holland, consumers appear readier to try insect-based food and
are less skeptical towards insect-based food, even if controversial findings have arisen [52].

Level of education might not be a driver in affecting consumer behavior in the case of
insect consumption [53,59,63], whereas age is a discriminating factor. Indeed, empirical
evidence suggests that younger people show a greater inclination than older ones towards
eating insects [53,66,74,75].

Also, curiosity plays a role in influencing attitudes towards eating insects, as found
by Verbake [53].

Furthermore, a high degree of reluctance has been found in vegetarians and vegans
due to the inherent propensity to reduce or eliminate meat consumption [53,54,76].

Finally, an important issue concerns the physical form in which insects are consumed.
Basically, European consumers tend to prefer insects as ingredients of a given food. In
other terms, acceptance is greater when insects are presented in other forms (e.g., burgers,
sandwiches, cookies) than in original form [51,52].
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Table 1. Main drivers that affect insect-based consumption in Europe appeared in the scientific literature.

Positive

Negative

Familiarity and Previous Personal Experiences

Caparros Megido et al. [77]
Caparros-Megido et al. [51]
Hartmann and Siegrist [78]
Hartmann et al. [59]
Lensvelt and Steenbekkers [80]
Menozzi et al. [81]

Piha et al. [83]

Sogari et al. [85]

Tan et al. [86]

Tan et al. [88]

Van Thielen et al. [89]
Verbeke [53]

Vernau et al. [90]

Vernau et al. [91]

Environmentally-friendly orientation

Gamborg et al. [93]

Hartmann and Siegrist [55]
House [54]

Kostecka et al. [94]

Lensvelt and Steenbekkers [80]
Menozzi et al. [81]

Schiemer et al. [72]

Tan et al. [86]

Verbeke [53]

Healthiness

Cavallo and Materia [97]
Gere et al. [99]

Hartmann and Siegrist [55]
Ruby et al. [60]

Schiemer et al. [72]

Schlup and Brunner [100]

Disgust

Caparros-Megido et al. [51]
Costa-Neto and Dunkel [76]
Gmuer et al. [79]

Hartmann and Siegrist [78]
Hartmann et al. [59]
Meixner and Morl von Pfalzen [82]
Stockley et al. [84]

Tan et al. [86]

Van Huis et al. [87]

Verbeke [53]

Healthy risk

Baker et al. [92]

Costa-Neto and Dunkel [76]
Hartmann and Siegrist [78]
Hartmann et al. [59]

Meixner and Morl von Pfalzen [82]
Ruby et al. [60]

Neophobia

Borrello et al. [68]

Dossey et al. [95]
Hartmann and Siegrist [65]
Hartmann and Siegrist [78]
Hartmann et al. [59]
Imathiu [52]

La Barbera et al. [96]
Monteleone et al. [98]

Piha et al. [83]

Roma et al. [13]

Schlup and Brunner [100]
Verbeke [53]

Wilkinson et al. [101]

2.2. Price Impact on Consumers

Price is a sort of rudder, the tool by which a product can move through a consumer’s
mind more effectively and, above all, more visible way than the other attributes of the
product. According to Meehan et al., “pricing touches everything, and everything touches
pricing” [102]. Therefore, it represents one of the strongest marketing tools [29] that
significantly impact consumers’ buying behaviors.

At the firm level, the price serves both to stimulate consumer demand and as a variable
to determine long-term profitability [103,104], whereas at the consumer level, it acts as a
cue for information and a measure of sacrifice. In this respect, the price refers, in a narrow
sense, to the amount of money charged to consumers for a product or service, and in a
broader sense, to the sum of all the values that they give up in gaining the benefits of
having or using a product. In effect, price is considered not just negative, but also positive
as it serves as a proxy for product quality for customers [105,106]. Moreover, in the case of
embedding new environmental and social responsibility attributes into products that are
familiar to consumers, price acts as a stimulus to think about these unusual benefits [107].

Consumers’ reaction to the price of products and services is called “price sensitiv-
ity” [108], which for Anderson [109], consists of the extent to which a customer accepts the
price increase for a specific product in terms of economic and psychological gains.
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Among the factors influencing consumer price sensitivity, a product’s value perception
is crucial since it directly affects consumer WTP [37,110]. The WTP has been defined as the
price premium or the upper threshold that a current or potential consumer is willing to
accept for a product or good [111].

Consumers’ price-quality perceptions are influenced by prior knowledge [112]. Pre-
vious authors [113,114] distinguish between “objective knowledge” (i.e., how much an
individual actually knows about a product or, in other words, the information stored in
memory) and “subjective knowledge” (SK) (i.e., how much an individual thinks he/she
knows about a product or product class). The latter has been found to be a stronger mo-
tivation of the behaviors linked to the purchase than objective knowledge [115]. The SK
reflects consumer confidence, understood as their subjective evaluation of their ability to
generate positive experiences on the market [116], and provides a better understanding of
consumer decision making [117,118]. It has been found to be linked to greater WTP and
pro-environmental behaviors [119].

Understanding consumers” WTP and prior knowledge effects can enable policymakers
and multi-agent stakeholders to take actions that ensure sustainable food production [120].

3. Methodology and Materials
3.1. The Van Westendorp Model

The WTP can be estimated both as a point [121] and an interval [42] with two types of
methods: indirect and direct.

Indirect methods, such as conjoint analysis, choice-based conjoint analysis, discrete
choice analysis, etc., provide consumers with choices and ask them to choose which option
they are most willing to pay for. Although some previous studies see indirect methods as
more accurate than direct methods, they are more expensive and complex for respondents.
Moreover, the indirect methods commonly used to determine prices for new products,
such as the Gabor-Granger model [122] and discrete choice methods, present limitations.
In effect, the first requires a clear idea of the range of prices that the company wants to
apply to the product [39]; the second, while reflecting the real-world marketplaces with
competing products, has to handle many attributes and the model can be calibrated on
several assumptions that may not be realistic [123].

Direct methods, such as contingent valuation (used for eliciting market valuation of a
non-market good and that involves questioning of predefined price levels), open-ended
methods (a stated preference that suffers serious drawbacks in case of very unusual new
product concepts), purchase offer/experiments (Becker-DeGroot-Marschak), and the VW
PSM model are the most used by commercial pricing studies [36,124] and are considered
suitable for practical applications due to their robustness [125,126].

Similar to other price sensitivity techniques, the VW PSM model could have a re-
stricted application due to the possible limited price awareness, and testing new concepts is
dubious. Nonetheless, it is widely used in researching consumers’ WTP, especially for new
products or services (Lipovetsky 2006). It has a high predictive quality [127] and considers
consumer responses toward too-low and -high prices [125], avoiding imposing price points
on interviews. Moreover, it is particularly suitable for a product in its early development
cycle and for which there is not a clear idea of the price range to get it onto the market.
Besides, it is more meaningful and accurate than other methods that give point estimates
for the WTP. This is why previous studies suggest using the VW model as an exploratory
method to identify an appropriate range [41,42].

Assumptions of the VW model are as follows:

1. There exist reasonable prices that consumers are able to envision;

2. There exists an upper and lower bound to the price that consumers are willing to pay
for a product or service;

3. Price is an intrinsic measure of value or utility of product or services.

Data elicited in the VW process consists of the answers to four price questions:
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- At what price would you begin to think the product is too expensive to consider

(too expensive)?

- At what price would you begin to think the product is so inexpensive that you would
question the quality and not consider it (too cheap)?

- At what price would you begin to think the product is getting expensive, but you still
might consider it (expensive)?

- Atwhat price would you think the product is a bargain (a great buy for the money—cheap)?

Among the different approaches to the VW model [40], in this study, the respondents
set the price range, allowing them to fully express their price expectations without any
suggestion or indication and define a wider price range.

The cumulative frequencies of each price question give rise to four curves and are
plotted for analysis. As suggested by Van Westendorp [38], the cumulative frequencies for
points “too cheap” and “expensive” are given in the reversed form. The intersections of
curves identify four critical price points used to approximate an acceptable price range:

- Point of marginal cheapness (PMC), namely the lowest threshold of the acceptable
price range. It is the point where more sales would be lost due to the rapidly increasing
proportion of consumers that view the product as too cheap and of questionable
quality. In the graph, the point resulting from the intersection of the too-cheap and
cheap curves (see Figure 1).

- Point of marginal expensiveness (PME) is the upper threshold of the range of accept-
able prices and the point where respondents believe the product is too expensive
compared to the value derived from it. In short, it is the inflexion point where the
increasing price elasticity of demand is enough to cause demand to fall rapidly and
thus can be used as a measure of the willingness to pay limit. Graphically, it is the
point of intersection between “expensive” and “too-expensive” curves.

- Optimal price point (OPP) is the point of intersection between too-expensive and
too-cheap curves, where an equal number of respondents describe the price as over
the upper or lower limit. It is optimal because there is an equal trade-off in extreme
price sensitivities at both ends of the price spectrum. In short, it can be considered the
“sweet spot” as it maximizes the number of people who find the price acceptable and
minimizes the resistance to price changes.

- Indifference price point (IPP), or normal price point, where most respondents are
indifferent to the price, and the same number of respondents rate the price as “getting
expensive” or “a bargain.” It is the (median) “normal” price in the market, represented
graphically by the point of intersection of “expensive” and “cheap” lines.

PP

PME

S ——

0 5 10 15 20 35 30 35 40 45 50 55 b0 65 70 75 80 8 90 95i 100 105 110 115 120 125 130 135 140 145 150 155 160

ACCEPTABLE PRICE RANGE
— TOO CHEAP — CHEAP EXPENSIVE TOO EXPENSIVE

Figure 1. Van Westendorp Price Model. Source: Van Westendorp [38].

The PMC and PME define the upper and lower threshold limits of the range of
acceptable prices, while the price range between PMC and IPP and IPP and PME shows the
relatively cheap and relatively expensive range prices, respectively. The distance between
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IPP and OPP holds the price options considered the “stress price range” (SPR), which
indicates the degree of stress of customers from the pricing situation [38]. According to
Maes et al. [128], stress is “a state of imbalance within a person, elicited by an actual or
perceived disparity between environmental demands and the person’s capacity to cope
with these demands” [128].

The stress factor (SF) indicates the relative measure of stress and is mathematically
expressed as a percentage:

(IPP — OPP)

(PME — PMC)

The SF is the price consciousness measure, thus, the consumers’ price sensitivity
measure. Stress can appear below or above the IPP. If the IPP is on the right of OPP, a lower
level of the latter shows that a portion of customers have a high level of price consciousness
and prefer a lower price since they consider the “normal” price already too expensive [129].
Conversely, an OPP between the PME and IPP means the presence of some customers that
are willing to accept a price increase. A very small SF indicates that customers are less
price-conscious and have a low degree of price sensitivity. Rise in SF indicates a customers’
price awareness increase and a greater degree of price sensitivity. A broad stress price range
signals that there is some pressure/stress in price consciousness and that price can be used
to segment the market into high and low-price customer clusters [130].

According to Roll et al. [43], a new interpretation of PSM is helpful to provide addi-
tional pricing recommendations. The authors suggest that the questions “At what price
would you begin to think the product is getting expensive, but you still might consider
it?” (expensive curve) reveals the respondent’s WTP. In effect, when the product is starting
to get expensive, but the interviewee declares that they still want to buy it, they are actu-
ally expressing their maximum willingness to pay. Therefore, using the maximal WTP as
elicited via the “expensive” question, it is possible to derive a price response function (PRF)
that shows the relationship between alternative prices and the resulting sales quantity.
Graphically, it requires the horizontal inversion of the “expensive” curve, resulting in a
decreasing PRF.

In effect, the PSM turns its gaze to consumers to give indications to businesses that
will only put the product on the market if it is profitable. The PRF provides information on
the change of the percentage of customers” WTP when the price changes. Such information
is useful for offers since it gives a measure of the possible variation in revenue (understood
as the value of sales) depending on the product’s price. In fact, considering a price in an
inelastic point of the PSF, a price decrease should result in a reduction in revenue; vice
versa, at a point where the elasticity is positive, a price decrease should lead to an increase
in revenue.

SF = x 100 1)

3.2. Sampling and Data Collection

This study employed an online survey that was in the field for two months (1 May-30
June 2021). The survey was carried out using a digital questionnaire created with Google
Forms and allowed the collection of 320 responses, of which 318 were complete.

The sample is not stratified for inherent characteristics (e.g., social, demographic,
economic). This choice derives from the need to interview only people interested in the
subject of the investigation, thus minimizing the risk of protest votes. We are aware that
this choice may not return a representative sample, but at the same time, the survey is more
aimed at fish consumers and/or those genuinely interested in the topic.

It must be underlined that this choice is widely adopted in studies focused on con-
sumer preferences to auto-select the sample according to the real interest in consuming
a given good. On the other hand, even by resorting to stratified sampling, the probable
exclusion of protest votes still leads to a final sample that may not be fully representative of
the reference population.

The questionnaire comprises four parts.
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The first concerns a brief explanation of the fish-feeding problems of the aquacul-
ture sector. Specifically, brief information about economic, ecological, social, health, and
nutritional benefits was provided. This gives respondents an adequate level of objective
knowledge. The information given is as follows:

The increase in the world population, the increased awareness of the significant impact
of eating habits on personal health, and the mental and physical health benefits of fish
consumption have led to a notable increase in demand for seafood which will reach
28 million tons in 2030. This increase in demand can only be met through fish farming,
i.e., aquaculture.

However, the main problem lies in feeding farmed fish, which are still mostly fed with
fishmeal today. This entails significant negative impacts not only on the environment but
also on the economic and social levels. The unsustainability of this practice has required
an urgent rethinking of the protein sources used in fish farming (and beyond).

An alternative has been provided by the European Union, which has recently allowed the
breeding of fish with feed derived from some insects.

Recent scientific research has shown that some insects possess numerous properties:
the presence of a quantity of proteins, minerals and vitamins very similar to that of
fish meal, as well as high in energy, fat and fiber; naturally present in the natural diet
of freshwater and marine fish; possibility of local production by small farmers; low
environmental impact.

The second grasped the socio-cultural characteristics of the respondents. More specifically,
we collected individual information on gender, age, education, and job occupation.

The third aimed to investigate the degree of respondent awareness of the consump-
tion of insects for food purposes. As in Verbeke’s study [53], respondents were given a
choice between:

“I have heard of the eating of insects, and I know what it means”;
“I have heard of the eating of insects but actually don’t know what it means”;
“No, I have never heard of the eating of insects”.

The information recorded through this variable gives a proxy of self-reported familiarity
with the idea of eating insects. This is very significant because familiarity is a meaningful
driver of food choice in general [53,78,131]. Also, since the above selection investigates
what a respondent thinks they know about the product, the answer can be used as a proxy
of SK.

In the last section, we proposed four questions based on VW prices (expensive, too
expensive, cheap, too cheap) for the purchase of a sea bass fed with insect meal. Since the
chosen approach allows respondents to express price expectations without any sugges-
tions or indications, no information was provided on the price of conventionally fed fish
produced by current Italian fish farming (according to Eumofa [132], it is €9.55).

4. Results
4.1. Sample Profile

The 318 Italian respondents were 51.7% male and 48.3% female; most (42.95%) were
aged between 40 and 49 years, respondents of age groups 30-39 and 50-59 were each about
17%, and 8.1% were over 60 years old. As to education level, only 3.4% had no more than
lower secondary school, whereas 28.8% of the respondents had an intermediate education
level, 38.2% had a university degree, and 29.5% had a postgraduate degree.

The proportion of consumers with a high level of education willing to answer the
questionnaire may be indicative of the relevance of Subject Knowledge—probably strongly
related to the education—in affecting the willingness to pay for this sort of fish product.

Regarding respondent occupation profiles, most are freelancers (19.1%), 13.2% have
a desk job, 12.8% are students, 12.5% are private employees, and 12.2% are university
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researchers or professors. Most of the interviewees showed that they are familiar with
the subject of this study. Indeed, 57.1% of respondents declared to have heard about the
possibility of eating insects and to have understood its meaning. Only 10.7% of respondents
had never heard of eating insects. The data are reported in Table 2.

Table 2. Demographic profile of the sample.

Total n = 318 %

Gender
Male 165 51.7
Female 153 479
Age
18-29 45 14.1
30-39 56 175
4049 136 42.6
50-59 55 17.2
>60 26 8.1
Education
Lower middle school 11 3.4
High school 91 28.5
University 122 38.2
Post University 94 29.5
Occupation
Freelance 61 19.1
Desk Job 42 13.2
Student 41 12.8
Private employee 40 12.5
Researcher/University Professor 39 12.2
Non-university Teacher 30 9.4
Government job 20 6.3
Pensioner 13 4.1
Entrepreneur 11 3.4
Unemployed 10 3.1
Artisan 6 19
Househusband /housewife 3 0.9
Not answered 2 0.6
Cleric 1 0.3
Subject knowledge
I'have heard of the eating of insects, and I know what it means 181 56.7
I'have heard of the eating of insects but actually don’t know what it means 103 323
No, I have never heard of the eating of insects 34 10.7

4.2. Acceptable Price Range and Price Thresholds

By comparing pricing thresholds and the range of acceptable prices, useful information
over possible price options as perceived by customers was obtained.

The mean value (and standard deviation) of the variables Too cheap, Cheap, Expensive
and Too Expensive in € are 6.16 (2.61), 9.26 (4.06), 13.74 (5.83), 14.04 (6.52), respectively.
These data show a wide distribution, making it challenging to choose a maximum re-
sponse price.

Respondents’ data on the four questions asking about price sensitivity were tabulated,
and cumulative frequencies were constructed. By plotting the cumulative distributions
against the current price on the same chart, price points were interpreted. The data are
reported in Figure 2.
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Figure 2. Van Westendorp Price Sensitivity: points of intersections.

Due to the significant effect of product knowledge on consumer behavior, the effect
on WTP of different types of knowledge has been analyzed. Since section one of the
questionnaire provides information on the use of insects in the aquaculture sector (objective
knowledge), WTP differences deriving from SK have been analyzed. The data are reported
in Figure 3.
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Figure 3. Van Westendorp Price Sensitivity: points of intersections—consumers with familiarity.

All respondents evaluated the PMC at about 6.5 €, meaning a price lower than that
would be viewed as “too cheap”. By contrast, the PME, indicating the upper limit of price
acceptance, was 13.5 €. As a result, respondents considered a price range of 6.5-13.5 € as
acceptable. The range of possible acceptable prices is greater for consumers who have
been shown to have greater SK (6.75—14.5 €). Those consumers indicated as having an
upper (PME) and lower (PMC) price threshold higher than other respondents have a higher
level of the perceived value inherent in the benefit price ratio of the value. In terms of
price thresholds, the price PME profile for consumers with greater SK is more attractive
because the price that induces consumers to change their attitudes, purchase intentions,
and behaviors is higher. The difference in the PMC is much lower. Table 3 shows the
differences found between the total number of respondents and those with high SK.
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Table 3. Price points for total respondents and with high SK ones (€).

Price Points and Ranges Total Respondents High SK Respondents
Point of marginal cheapness (PMC) 6.50 6.75
Point of marginal expensiveness (PME) 13.5 14.50
Optimal price point (OPP) 7.50 8.00
Indifference price point (IPP) 10.00 10.5
Range of acceptable price (RAP) 6.00 7.75
Range of relatively cheap price (RRCP) 3.50 3.75
Range of relatively expensive price (RREP) 3.50 4.00
Range of stress price (RSP) 2.50 2.50
Stress factor (SF) 0.36 0.32

4.3. Relatively Cheap Price Range and Price Thresholds

The comparison of IPP prices and OPP prices reveals higher price expectations for

consumers with greater SK.

If the price is fixed at 10.0 € (or 10.5 € in the case of consumers with high SK), the
number of persons who would possibly consider purchasing the product is at a maximum.
The relatively high proportion of consumers at IPP for both consumer categories (64% in
general and 67% in case of high SK) indicated that they might not react dramatically to

price rises or falls [133].

The lines “too cheap” and “too expensive” of “general consumers” intersect at 7.5 €,
which describes the OPP. At this point, the cumulative percentage was found to be about
24%, meaning that 76% of respondents consider the price of 7.5 € neither too cheap nor too
expensive. At this price level, the resistance against the price of this new product is very

low. Having a high SK implies increasing this price point by €0.5.

Since some consumers may perceive the normal price as too much higher than the
product’s perceived value or the optimal price, the difference between OPP and IPP is
the ground for assessing how consumers perceive the price stress level. In effect, for both
consumer categories, the IPP is after the OPP, meaning that a portion of consumers believe
the “normal” price (10.00 € and 10.50 €) is already too expensive and may not be willing to
pay that price, turning their attention to substitute products in case of price increases from
OPP. The proportion of consumers that view European sea bass hypothetically fed with
insect meal as expensive increases from OPP (33%) to the IPP (64%) for general consumers
and increases from OPP (19%) to the IPP (67%) for consumers with high SK.

Both consumer categories displayed the same positive stress price range (2.50 €) and
high values of stress factors (36% and 32%), indicating that all consumers prefer and expect
low prices and that the price sensitivity of the customers is high [134]. Consumers with
less SK showed a slightly higher stress level, meaning a slight superior price sensitivity, i.e.,
they would be willing to pay around 36% less than the “normal” market price.

4.4. Price—Response Function

The market response is usually evaluated by measuring how changing the price of
a product affects the demand for the product. Figure 4 shows the PRF curves for PSM
Expensive. Based on the PRF analysis, price variation determines less than proportionate
variations in quantity demanded, except in the last stretch, which is outside the acceptable
price range. Both curves tend to be quite elastic and to show a very similar trend, although
the demand for sea bass fed with insects among consumers with high knowledge tends to

be greater for each price bracket.
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Figure 4. Price-response function curves for PSM Expensive.

5. Discussion and Conclusions

The wide recognition of the need to rethink how humanity can sustainably source
food and feed protein, as well as the growing demand of farmed fish, have led political,
academic, and commercial interest in Europe and around the world [6,135]. Insects are
increasingly recognized as a more-than-valid solution to the sustainability problems that
affect the aquaculture sector.

To enable this innovative product to be exchanged on the market (fish fed with
insect meal), the role of the consumer is crucial, especially because its purpose is to help
foster a sustainable food system [22,23]. Therefore, analyzing the factors determining the
demand for more sustainable food is becoming increasingly crucial to achieving sustainable
development. In particular, the food needs to be safe, delicious, healthy, and acceptable,
but it also has to be affordable for consumers [120].

Based on the intent to push for the inclusion of fish fed with insects in the European
market, in consideration of the fact that 62.1% of Italians consumed fish at least a few times
per week in 2019 [136], and in recognition of the lack of studies on the WTP of sea bass
(the majority species reared in the Mediterranean) and fish fed with insects in general, this
study aimed to understand and measure Italian consumers’ opinions towards sustainable
attributes in such products via WTP, using the VW model.

This approach allowed for interpretation of consumer responses to find prices that
serve as indicators for price sensitivity levels in the market of fish fed with insects. Specifi-
cally, this study was able to establish the optimal and indifference price points, as well as
the range of acceptable prices and stress range prices.

The IPP, which is an approximation for the perceived “market price” for the prod-
uct, is 10.00 € for all respondents, slightly higher than the price recorded in 2019 by the
Eumofa [132] for conventionally fed fish (9.55 €). Instead, consumers with a high SK are
willing to pay nearly 10% more than that price.

However, since the OPP is on the left of IPP, a portion of consumers could believe the
“normal” price (10.00 €; 10.50 £) is already too expensive; that is, however, little higher than
the price of fish conventionally fed. This suggests that the price differential between insect
and fish meals cannot be proposed to consumers who also have a high price sensitivity, as
shown in the PRF curve.

Those data offer numerous insights into the willingness of consumers to pay more for
fish fed with more sustainable feeds. According to Monroe [137], the higher the perceived
quality, the higher the product’s perceived value, and the higher price consumers should
be willing to pay. The PSM aims to find an acceptable price as a quality indicator and
focus on customer value perceptions, which give consumer information in the form of WTP.
Findings showed consumers’ reluctance in paying more for fish fed with insects, which
may signal that they may suppose that there is a discrepancy between quality (concerning
fish fed with insect) and price applied to the product in the market, not recognizing that
it is, in fact, a better-quality product. This could justify the value recorded by the stress
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factor and the fact that the OPP is on the left of the IPP. Another possible explanation could
be that consumers are unaware of the cost of feed and consider fishmeal, being a scarce
resource, to be more expensive than insect meal. This could spark a willingness to pay less
for fish raised on insect meal. Or again, in a more pessimistic perspective, starting from
the main results of studies that focused on consumers” WTP for sustainable food products,
which showed an increased demand and WTP for food products that were perceived as
containing attributes associated with some aspect of a sustainable food system [120,138],
consumers may not perceive fish fed with insect meal as a sustainable food. In effect,
Zander and Feucht [139] found that European consumers are willing to pay an extra 14%
for fish with the attribute of “sustainably produced”, although almost half of the sample
declared their unwillingness to pay more for sustainable seafood.

Consumers’ perception of being sufficiently aware of what eating an insect meal en-
tails positively affect the PME (+7% than other consumers). This study confirms that SK
more strongly motivates purchase-related behaviors than objective knowledge [114] and
contrasts with Zander and Feucht [139], who found that higher SK reduced the probability
of a medium and high WTP for sustainable seafood, although our findings show a not-
very-large level of increase. This can be explained by the fact that habits, past experiences,
and cultural factors significantly influence consumer behavior, and as such, also consumers
with high SK do not necessarily make sustainable seafood choices [140]. Regardless, the
results suggest the importance of SK. Analysis of its level in consumer segments is impor-
tant “to create promotional appeals with the right amount of informational content” [113].
Moreover, increase in SK—for example, via advertising exposure, interaction with knowl-
edgeable salespeople, or relevant in-store promotions—may influence perceptions of one’s
own ability to process information [141] and, ultimately, their WTP for fish fed with insects.

The range of acceptable prices is very wide, with a large difference between upper
and lower prices. These results may be related to the innovative character of the analyzed
product, as individuals with low product familiarity in terms of market price knowledge,
purchase experience, or brand knowledge are less discriminating and show wider accept-
able price ranges [142]. Concerning the consumers with high SK, the range of acceptable
prices that is greater than 11% more than other consumers is due to the greater shift to the
right of the PME (+7%) compared to the change of the PMC (+3%). These data are reflected
in the SF, slightly less in individuals with high SK, and in the high price sensitivity.

This study provides several implications for farmers, retail managers, policymakers
and academics.

The higher price of insect feed than fish feed cannot be passed on to consumers as
they showed high price sensitivity. Therefore, to push insect feed in the aquaculture sector,
policymaker must act to decrease its cost for fish farms.

This study offers an understanding of price sensitivity for a new product by identifying
the sources of influence for price sensitivity and showing minimal WTP towards premium
prices for a different fish feed. This also offers important food for thought to retail managers,
whose pricing strategies may rely on consumers’ price sensitivity levels.

Italian large retailers are the main buyers of sea bass, and larger farms may have
fewer problems with the use of insect meal if its cost made the fish competitive [12]. As
such, agreements between these two operators in the supply chain that aim to increase the
production and sale of these innovative products, combined with an adequate campaign of
advertising (that emphasizes the advantages of new feed) and price, could leverage people
who want “to be among the first to try something”: innovators and early adopters. The
latter, according to Rogers [143], show greater sensitivity towards the innovative content
of products, advertising, and emotional aspects, and advance the development of the
dissemination process.

Because SK positively affected consumer WTP for fish fed with insects, policy de-
velopers and fish farmers should contemplate this result. For example, information and
promotion campaigns should be targeted at stimulating consumers’ confidence regarding
their knowledge of sustainable factors of insect meal and that it poses no health risk for hu-
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mans. Future research may investigate the means to increase consumers’ SK levels on fish
fed with insects. According to previous research that observed SK to be a stronger driver
for environmentally-friendly food choices, efforts should be made “not only to provide
information for the target consumers, but also to raise general awareness to make shoppers
feel that they are informed and equipped to make a better choice for the environment” [144].

One can not underestimate the significance of the result that about 43% of interviewees
do not know what it means to or have never heard of eating insects. According to Popoff
etal. [145], due to the minimal knowledge about feeds and their environmental impact, most
people do not have strong opinions about the subject, so their purchase decisions are based
on other factors. A greater awareness and acceptance of insect-based feeds would come as
a result of more information. As suggested by previous studies focusing on other types of
productions [146,147], when consumers receive information on the environmental, safety,
nutritional, and taste aspects of insect-based feeds as protein substitutes and their awareness
increases, so does acceptance and willingness to buy products fed with insects, which is
also due to the potential differentiation of these products, which influence their purchase
preferences. In order to further strengthen such product differentiation, policymakers may
ponder the use of mandatory labeling due to its role in consumer choice [148]. The label
provides information on product attributes and has been proved to increase the purchase
probability of sustainable fish products for these attributes by strengthening consumers’
preferences [149,150]. In such vein, an insect-fed certification could signal high animal
welfare standards [151] and attract consumers whose consumption of fish fed with insects
is affected by health risk concerns. Increased demand for insect-fed fish could result in
a decrease in the price of insect meal, which in turn can push the aquaculture sector to
further rely on this innovative feed.

The paper contributes to the literature in several ways. First, as far as we know, this is
the first study focused on the price range that is acceptable for fish fed with insect meal.
Second, by providing insights into the price-sensitivity and price-response function of
consumers for fish fed with insect meal, the paper responds to recent calls for increased
insect meal production in aquaculture [6]. Third, to our best knowledge, no previous study
analyzed the role of subjective and objective knowledge in the context of fish fed with
insects. This study addresses the research calls for consumer studies in food and nutrition
that distinguish between subjective and objective consumer knowledge [45], and advances
the line of research, still little explored, on the link between both types of knowledge and
food choices, especially concerning fish [45-48].

This study analyzed consumer WTP for fish fed with insects without considering
other elements that affect consumers’ price sensitivity, e.g., country of origin, product and
storage form, place of purchase, or production method (i.e., conventional, organic, and
ASC certified) [24]. Those fish attributes identified as “Credence attributes for sustainable
fish products” by Maesano et al. [152], can offer further insight into consumers’ purchasing
choices with respect to the price variable. Previous research found consumers give more
importance to local production than organic production [153], and a number of studies
found that consumers value eco-labeled fish products and are willing to pay a premium for
them [152,154-156].

Future research may investigate which other factors are operable for widening the
range of acceptable pricing and reducing the stress factor. Future research could also repeat
the same analysis by verifying possible differences in curves intersections if the alternative
feed was of vegetable or poultry origin. Another limitation, like almost all consumer WTP
studies, concerns the so-called attitude-behavior gap, which is the discrepancy between
stated and revealed or real WTP [157-159]. Finally, the respondents in this study were
more educated, with implications for our findings, that limit the study’s application to the
Italian population at large. It would be interesting to extend the questionnaires to other
countries. Despite these limitations, this study’s implications remain important and should
be acknowledged.
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Abbreviations

PP Indifference price point

OPP Optimal price point

PMC  Point of marginal cheapness
PME  Point of marginal expensiveness
PMS  Price Sensitivity Meter

PRF Price Response Function

RAP  Range of acceptable price

RRCP  Range of relatively cheap price
RREP  Range of relatively expensive price
RSP Range of stress price

SF Stress Factor

SK Subjective Knowledge

SPR Stress Price Range

VW Van Westendorp

WTP  Willingness To Pay
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