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Abstract: Aquaculture is assuming ever more importance imirdshing the
pressure on wild stocks in the seas and to satisfydemand of fish worldwide.
Prices of feed used in farming fish are increasthg the rise in demand. Research
on sustainable sources of feed was recently irftedsand insects as meal to
substitute soybean and fish meals and fish oilmiseepromising field. In particular
only very few papers have explored consumer inteneish feed. The objective of
this study is to explore the attitude and behawibNorthern-Italian consumers of
farmed fish fed on insects considering the diffef@mases of the purchasing process:
from a general claim to interest in sustainabiibout the use of marine resources to

the attitude in to eating finfish products if fed csect meals and finally to the



decision to purchase. In particular the study zd8i a quantitative research
methodology to explore factors affecting the gapveen consumer intention and
consumer behavior.

Results indicate almost 90% of consumer have dipesttitude to insect meal as
feed and most of the respondents intends to puechadg eat farmed fish even
though fed with insect meals. Moreover interestmainly affected by socio-

economic variables, knowledge of the issue andritezest attributed to origin and
certification. Positive attitude is mainly influesgt by interest in this issue and
variables linked to appearance and price, wheteasvillingness to buy fish fed on
insect meals is closely linked to the importancgmidée and expected price for this

kind of fish

Key words: aquaculture, consumer, feed, fish, insgcsustainability, willingness
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Motivation and background

In recent years finfish production in Europe haseasingly become the subject of
attention from an environmental and economic snahality perspective. Intensive
current finfish farming practices and consumptiattgrns in high-income countries
are associated with ecological pressure and marwee-exploitation. Aquaculture
has achieved 42% of global fish supplies by weig&d, 2014) and the continued
increase in the demand for fish products has caases in feed prices, such as fish
meals, fish oil, soybean meals. The EU has prowdretthe major consumer market

of seafood products in the world, with 12.3 milliams, equal to € 52.2 billion in



2011. It is the primary importer of seafood produgqurchasing 24% of total world
exchanges in value (EU Commission-EUMOFA, 2014)th&tsame time the interest
of European consumers in healthy and affordabldymis such as fish is increasing
(Menrad, 2003; Frewer et al. 2007; Niva and Makel@p7; Verbeke, 2011).
Moreover, in the European Union the dependencéi@miportation of fish products
is growing, so it is urgent to verify both the castd the advantage for aquaculture
companies to introduce innovations in feeding pcast At the present time, one of
the more interesting solutions to feeding fishhie tise of insect meal to substitute
fish and soybean meal (van Huis, 2013). Severdiedthave been conducted from a
farming and nutritional point of view (van Huis, X). Scientists consider the insect
meals a valid alternative source of animal protma have studied the nutritional
characteristics, in terms of amino-acid profile aodhposition of fatty acid (Barroso
et al., 2014, Gasco et al. 2014a, Gasco et al. [£0%4nchez-Muros et al. 2014,
Schiavone A. 2014).

European Union policy supports these issues byndimg dedicated projects,
however, at present, ambiguous and restrictive fi2ao laws concerning the use of
insects in feed and food are a major barrier temitl development (FAO, 2013).

In this perspective it is essential to know thengm of consumers in order to
provide support to policy makers and produceraking into consideration whether
to adopt insect meals as feed for fish in the Rittfowever there is little knowledge
on this issue (Smith and Pryor, 2014); consequdhily necessary to obtain more
information in order to set up policy and commdizaion strategies (van Huis,

2013, 2015).



The first online survey results from the EU projecbteinsect.eu indicate that 88%
of respondents ask for more information about tbe of insects as feed and food;
66% said that the larvae of flies are a suitabler@® of protein for use in animal
feed; 52% feel they do not know enough about théemaso they refuse to eat meat
from fish, pork or chicken fed on insect meals MdbutFeed, 2014).

Another study on the acceptance of insects in drfieeal comes from Verbeke et al.
(2015) that reports the results of a survey of &spagricultural sector stakeholders
and the general public and finds that attitudethéoidea of using insects for animal
feed is generally favorable, most notably for fstd poultry.

However these studies focus attention on consurtigude without taking into
consideration consumer behavior. The transitionrmfroitention to purchasing
behavior is weakly analyzed for this issue andunwork we try to investigate this
presumed gap between favorable attitude towardsisable behavior and intention
behavior to purchasing sustainable food products.

The objective of this study is to explore the atté and behavior of Northern-Italian
consumers of farmed fish fed on insects considetivg different phases of the
purchasing process: from an interest in marineoggoland awareness of limited
resources for fish farming to the attitude in tareafinfish products if fed on insect
meals and finally to the decision to purchase. &mtipular the study utilizes a
quantitative research methodology to explore the lgetween consumer intention
and consumer behavior identifying those consumearadteristics and factors
affecting interest in the sustainability issue #imel behavior to purchase and eat this
kind of fish. A clearly revealed consumer opiniardéehavior for sustainable fish

consumption will help motivate and reinforce appiaie activities of companies, as



well as impact the activities of political instiloms that define regulatory
frameworks and play an influential role in attagpsustainability goals (Balderjan et

al. 2013).

The literature review

In the literature, fish consumption has been extehs studied and recently a
comprehensive review was carried out (Carluccilet 2015). In several papers
analyzed the authors identifies the main driver$issf consumption in the sensory
appreciation perception to eating fish, like tasteell and texture as well as the
health and nutritional believe. Other importanwvers discovered are the fish-eating
habits that can be reinforced from accumulated pageriences or generated from
high fish consumption during childhood. Conversellye main barriers to fish
consumption are represented by the sensory ladpfeciation of fish, health risk
issues, high price perception, and lack of knowdeihgselecting and preparing fish.
Carlucci et al. also report consumers’ preferemaéis regard to the attributes of fish
products. In particular they cite a number of stsdhighlighting the country of
origin as one of the most important attributes.c8mally, consumers show a clear
preference for domestic fish perceived as supéoviamported fish (Mauracher et al.
2013, Stefani et al. 2012); moreover consumers lmnnfluenced by a specific
country of origin image (Claret et al. 2012). Fertinore, in terms of production
methods several papers demonstrate that for therityapf consumers wild-caught
fish is perceived as better than farmed fish (Veabest al. 2007a). However very

few papers have explored consumer interest inféist.



One of the main studies is that proposed by Stedail. (2012) which analyzed
Italian consumer preferences for farmed sea braamell as focusing on the type of
feed (fish and vegetables or only fish) used irmmfag. In their survey results
indicate the feed type does not particularly infice purchasing choices. Similar
conclusions are found by Pieniak et al. (2007}thkir work they consider the aspect
“feed used during farming” and “fed with genetilsamodified feed” but it seems
that these issues do not matter to consumers. tGéaral. (2012) underline that
consumers recognize their limited knowledge on eagitlare methods and animal
feeding whereas Pienak and Verbeke (2008) discdvénat of five European
countries only Danes indicated a strong intereshiarmation cues related to the
origin of fish and sustainability issues, suchislk Welfare, feed used during farming
and fed with genetically modified feed. Thus thedéssue seems to be of interest to
consumers only when it is associated with the suabdity issue.

In the last twenty years attention to sustainabdibd sustainable consumption has
increased at all levels of the food chain. Reackungiainable development embraces
policies to achieve economic, social, and enviramalegoals (World Bank, 2003).
In the literature, sustainable food consumption lheen extensively studied (Verain
et al.,, 2012) but it is no easy matter to obtaillabée information on consumer
preferences and behavior for environmental/ethjpadducts introduced in the
market. In fact, several authors have demonstrtitad although public interest in
sustainability has increased, consumers value isabla products and their attitude
Is mainly positive (Carrigan and Attala, 2001; Gramd Matten, 2004; Connolly and
Shaw, 2006); however their buying behavior is fesgly inconsistent with this

(Alwitt and Pitts, 1996; Bech-Larsen, 1996; Thggarsl999, 2004; Thggersen and



Olander, 2003; Vermeir and Verbeke, (2006)., Maigan2007), thus creating a gap
between intention and behavior.

Few studies have analyzed fish consumption in taswble issue context. The focal
contribution comes from Verbeke et al. (2007b) vahalyze the importance Flemish
consumers attach to sustainability issues relaiesbafood. Their results show that
consumers indicate that the sustainability issueportant even if this interest is not
related to attitude and behavior. Other contrimgiomainly investigate the
sustainable issue in terms of the role of eco-ladge{(Johnston et al. 2001 and Jaffry
et al., 2004) whereas analysis of the factorsitgptb the demand for green seafood
products is carried out by Brécard et al. (2009).

In the case of Italy, two studies (Stefani et20.12 and Mauracher et al., 2013) have
also investigated consumer behavior to fish alsi@ims of sustainability. The main
finding of the first paper is that the country aigin appears as one of the most
important aspects of consumer choice, followed byaoic certification and fish
farming in marine cages, considering this type whdry to have a lower
environmental impact. However, on average consumnse®sy a moderate pro-
environmentalism. Mauracher et al. 2013 focus thttention on organically farmed
fish and discover that about half of their samplevilling to pay a premium price for
this characteristic.

Finally, a recent study (Verbeke et al. 2015) z#i a sample of farmers, agricultural
sector stakeholders and citizens in Belgium toyamahttitudes to the idea of using
insects in animal feed (fish, poultry, pigs, petsl aattle) as a possible way to
improve the sustainability of animal diets. The meesults show that opinions are

generally favorable, in particular for fish and fioufeed. For citizens, results show



that the strongest perceived benefits are thatisleeof insects may allow a better use
of organic waste and lower dependence on foreigitepr sources as well as
improving the sustainability of livestock productijoand lowering the ecological
footprint of livestock to a lesser degree. No sthdg ever analysed the gap between
interest/attitude and behavior regarding the soghality of fish consumption with
particular reference to feed used. We intend taHis gap because we feel that in the
future the use of insects for feed could becameotenpial path to advance the

sustainability of fish diets and meet the increggiemand for fish products.

Exploring the Italian finfish sector

In 2014 the ltalian fishery sector obtained 325,620 total fishing production, of
which 177,019 t from marine catches and 148,60dnh faquaculture activities (table
1), (Eurostat database). Aquaculture has achiewd®d df the total, in terms of
production.

The Italian aquaculture sector is dominated by kmalerprises with less than 5
employees each. There were 587 companies in 20%2tofal workforce employed
in the sector (number of people employed) in 2014s w68,000 units. (EU
Commission-JRC-STECF, 2014).

By ISMEA market analysis, in 2012 the Italy’s ssiffficiency for seafood (i.e. the
production relative to its internal consumption)swequal to 33% (ISMEA, 2013),
table 2. In fact, the imports were substantial,adigg 903,038 t and 4,207 million of
euros; exports equaled 117,232 t or 501 millioewros, leading to a negative trade
balance. The analysis of the commercial trade didfc fish product categories,

shows that almost 80% of the deficit was determibgdorocessed fish products



(frozen, dried, salted or in brine, smoked, pregare preserved, fresh fish fillets),
amounting to 3,291 billion euros in 2012 (ISMEA,13). The national imports are
divided between suppliers from EU countries supgpligh7.4% in value) among
which Spain, the Netherlands and Denmark, and adeit8he non-EU countries
(42.6% in value) among which Ecuador and ThaildBMEA 2013).

From the analysis of dynamics of the other mainaldes, the situation of the fishery
sector is in decline: Eurostat data for the per2®5-2014 shows a decrease of
33.5% of total production, -42.3% for marine cathand -18.4% of aquaculture
production (table 1). In fact, the fishery sectontaly has been in difficulties since
the year 2000, as also shown by all ISMEA indicafor 2011-2012 compared with
2003-2004 (table 2). Italy’s self-sufficiency foeafood (i.e. the production relative
to its internal consumption) diminished by 9 pdiinbm 42% to 33%) in the period
analyzed. Imports have increased, in terms of dgiyartl1%) and value (+38%).
However the number of companies has decreasedn8®87, 754 in 2010, a result
partly due to a process of vertical integration awshcentration led by mollusc
companies which have reorganized into consortiumdtiregional enterprises and
POs (Producers Organizations); however, anothdprfds that many companies
have closed (EU Commission-JRC-STECF, 2012, 2014).

Per capita consumption amounted to 19.8 kg in #er Y012. Consumption per
capita was down compared to the past: it decrelag®&d6% between the two periods
considered (ISMEA, 2008, 2009, 2013). The healthebts associated with fish
consumption (EFSA, 2014), require maintaining orcréasing domestic
consumption. Since the marine life caught in thedieranean cannot grow

(Vasilakopoulos et al., 2014), sustainable aquacelis identified as a means of



tackling the problems of the fishery sector and noéeting the demand (EU
Commission, 2013).

The JRC-STECF suggests overcoming the stagnatidgheoEuropean aquaculture
sector, with the introduction of different types iohovations, among them feed
ingredients (EU Commission-JRC-STECF, 2012). The w©0$ insect meals in

aquaculture may be a process production innovation.

[INSERT TABLE 1 HERE]

[INSERT TABLE 2 HERE]

Use of insect meals in aquaculture

Several articles have highlighted how insect meay provide a sustainable source
for animal feed (Rumpold & Schluter, 2013a; Sanelezos et al., 2014; Barroso et
al., 2014; Henry et al., 2015) as part of the ratdiet of fish, poultry and pigs
(Howe et al., 2014), being highly nutritious as mad having advantages from an
efficiency and environmental point of view (Ramds+Huy, 2008; Wilkinson, 2011;
Oonincx and De Boer, 2012; van Huis, 2013).

In fact, insect meals have a high nutritional valliaey are a protein-rich raw
material, ranging from 40 to 75% on a dry mattesifataking into consideration
species and stage in the life cycle (Rumpold &I&eh, 2013b) with a greater
concentration of essential amino acids (EAA) thapbsan (Makkar et al., 2014);
moreover some insect meals cover the requirenueralf EAA for fish (Henry et

al., 2015).
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Insect meals are high in fat, providing energyeatls comparable to or even higher
than grains or legumes (from 10% to up to 38%, depg on the rearing substrate)
(Barroso et al., 2014). Moreover, degreasing thal roan further increase its level of
protein as well as lead to valuable by-products$ tam be used in the animal feed
industry or for other purposes (i.e biodiesel) (iamo-Agugliaro et al., 2012).
Beside being rich in nutrients, insect meals caalkb be a source of high value
bioactive compounds, i.e chitin, Anti Microbial Rieles, whose value has to be
investigated further.

It has been estimated that insects (i.e Hermdtiaehs or Musca domestica) could
convert the 1.3 billion tons of waste generatedally per year (van Huis, 2013),
reducing the substrate mass by about 60% thus adliGatty decreasing disposal and
transportation costs as well as the environmewiatpfint (Gustavsson et al., 2011,
Veldkamp et al., 2012; van Huis, 2013).

Moreover, insects have the potential to yield 2dfes the amount of protein per
hectare per year as soy, do not require fertilarge areas of land or the use of large
quantities of water (Manzano-Agugliaro et al., 2012

Nevertheless, critical points on the use of ingeegals in animal feed cannot be
ignored. Under EC legislation (Regulations EC 10608, EC 767 2009, EC
68/2013) only some substrates can be used to meacts but even in that case,
hygiene and the potential for disease carryovertrbasconsidered. Even if early
evidence on that topic seems to indicate that tes@@ at low risk of transmitting
zoonotic diseases, more information and the neea fdazard Analysis of Critical
Points (HACCP) is crucial and required by Europésgislators. Insect meals also

need to be regularly tested for the risk of heawtai concentration, pesticide
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presence or bacterial carry over. Moreover, spge@dessing, storage and sanitation
procedures must be carried out in order to endwesafety of the product (Klunder
et al., 2012).

The price of insect meal is also a matter of camcAt present, because of the lack
of legislation in Europe, insect meals are produoceldw quantities and the price is
high when compared to other protein sources. E@amgeoducers are waiting for
clear legislation before shifting their productiocyrrently focused on pet and
novelty human foods, to large-scale productiomrder to supply the animal feed
industry thus resulting in a decrease in theepatinsect meal (Koeleman, 2014;
IPIFF, 2014; Veldkamp et al., 2012). Moreover, fneduction of insect meals of a
constant and defined quality is a mandatory painttie feed industry.

More investigation needs to be carried out on thality and safety of products
aimed at human consumption which are obtained usisgct meals. Consumer
acceptance must also be studied further. Therksasaaneed for more investigation
into the use of insect protein for livestock andiafged carried out together with

economic analyses.

Materials and methods

To explore consumers’ gap attitude-behavior to felmed in aquaculture using
insects as animal feed, we carried out a survaéyaothern Italian consumers of fish
during summer-autumn 2014. A sample of 277 respusdeas stratified by age and
gender on the basis of the composition of thedtapopulation. The study is based
on face-to-face interviews. We conducted the surireythree districts of the

Piedmont region, in two different types of venu27 Yfespondents were interviewed
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in local outdoor markets and 150 in supermarkets. dfferentiated the type of
market so as to include two kinds of fish consumergre traditional in the first case
and more evolved in the second one.

Following Verbeke et al. (2007b) to reveal the iegt that the consumer places on
sustainability issue linked to marine ecology and the attitude towanadfigh
produced with insect meals, we consider six comptsneelevant to food consumer
science (Table 3). The first component correspdndsonsumers’ fish-purchasing
habits; the second to drivers of fish consumpttbe;third to consumer knowledge
of marine over-exploitation and raw materials u$ed feeding farmed fish; the
fourth to consumer interest in the sustainabilifyfish farming and the fifth to
consumer attitude to insect meal as a feed sutestitw fish and soybean meals.
Finally, socio-demographic and economic charadiesis were collected. A
questionnaire was developed with these componesig & multiple-choice format

with rating or dichotomous scales.

[INSERT TABLE 3 HERE]

Firstly we carried out a descriptive analysis tadgtthe characteristics of the sample
and the frequencies of the answers. Subsequentlyisgd three ordinal logistic
regression models (McCullagh 1980, 1998) to predioee different ordinal
dependent variables given 24 independent variaBesveen these we utilide20
ordinal variables and 4 categorical variables. @iependent variables with rating

scale are listed below:
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IS= consumer interest in research in sustainableftaeiish farming (score 1-4)
CA= consumer attitude to use of insect meal (scd¥ 1-
WB= Willingness to buy fish farmed on insect meab(scl-3)

For the aim of our work we considered the followfagctional relations:

I=f(FP,DC, K, I, AT, SE) [1]
CA=f(FP, DC, K, I, AT, SE) [2]
WB=f(FP, DC, K, I, AT, SE) [3]

We chose different dependent variables becauseexe wterested in distinguishing
general interest in this issue versus effectivasitat to purchase.

IS variable is selected to explore general inte@atvariable can be considered as a
proxy of the intention to purchase whereas WB \dgiameasures the actual
behaviour of consumers in purchasing fish feed wislects.

Ordinal regression provides a useful extensiorhefliinary logistic model in those
situations where, precisely, a dependent variabl®erdered. An ordinal logistic

model takes the following form:

P(Y > j|X))
P(Y < j|X))

c,(X;)= In{
In our empirical model:

i=1,....277; corresponds to number of consumees\vigwed
j=score from 1 to 3 (or j=1,...4 for “IS” dependemriable)

k=1,...24; corresponds to number of independenalvkes

14



Y= response variable

Xi=independent variables (answers for each consumer

= regression coefficients

a = parameter referred to as “cutpoints” betwedrruals of values of response
variable.

B coefficients represent the log odds ratio of suprk j versus< j for a one unit
change in X.

We ran ordinal regression using SPSS23 softwaré wie exclusion of three
variables from the set of independent variablegydtiee reasons for a negative
attitude to fish fed on insects) due to the limitesnber of answers.

Provided that we use several independent varidb&sare highly correlated to each
other, multicollinearity problems occurred. Thid ke difficulties with understanding
which independent variable contributed to the exal@n of the dependent variable
and technical issues in calculating an ordinalesgion. Therefore we quantified the
severity of multicollinearity by variance inflaticiactor (VIF). It provides an index
that measures how much the variance (the squar¢heofestimate's standard
deviation) of an estimated regression coefficisnhcreased because of collinearity.
Finally, considering that in a regression model¢fect of an independent variable
is thought to vary depending on the value of anothéependent variable we also
evaluate interaction effects between variablesabrsd order level (Jaccard, 2001).
Provided that we deal with several variables andractions between each pair of
variable produce too many relation we decided twsicter only interactions between

significant independent variables. We start by gpeg a full model that includes
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all 2-way interactions. We then run the model wiitt main effects and all the 2-way

interactions, subsequently eliminating any non-§icgmt 2-way interaction terms.

Results

Descriptive results

An overview of the six groups of questions with meand standard deviations is
presented in table 3.

The sample analyzed includes 67.5% of women an8%82f men. 61.4% were
equally distributed between the ages of 45-54 @&@sbyears old, 15% were in the
35-44 year-old range. The level of education is iomadhigh: 47.3% of respondents
have a high school diploma and 27.1% hold a uniwedegree. For 39% of the
sample, monthly income amply covers expenses whet®8% have to keep a close
eye on spending. 16% have highly limited purchagioger and as a result, this
group is often forced to do without. 54.5% of resgents come from families with
3-5 members, 33.2% come from 2-person families Eh8% live alone. The BMI
(biomass index, height x weight) shows that mospeadents had a normal body
weight (66.8%), 28.2% were overweight (of whom 4%r&vobese) and 5% were
underweight.

Descriptive results show (figure 1) that almost 968«consumers are interested in
research on more sustainable sources of feed nsegliaculture.

[INSERT FIGURE 1 HERE]
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Figure 1 — Interest of respondents in internatioratarch on more sustainable feed
for farmed fish (%) Source: based on our survey

Likewise descriptive results show that almost 90P/cansumers have a positive
attitude to insect meals as feed in fish farmingufe 2). In addition almost 50% of
consumers is in full agreement whereas 40% is imgbagreement.

[INSERT FIGURE 2 HERE]
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Figure 2 - Attitude of respondents to insect maaléeed in fish farming (%)
Source: based on our survey
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Most of the respondents (76%, see figure 3) intendurchase and eat farmed fish
even though fed on insect meals, so long as thehggequirements are met.

[INSERT FIGURE 3 HERE]
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farmed innovative fish buy inn. fish

Figure 3 — Willingness of respondents to purchaskeat farmed fish fed on insect
meals if presented on the market (%ojrce: based on our survey

A small group (7.6%) stated it would not buy thjipé of fish product, 95% of whom

said they feel uncomfortable with the use of thesvifeed (figure 4); 74% do not

trust the production process; 42% think that thaliqu(taste and other parameters)
of the product could be highly compromised, whik¥@3felt it could be somewhat

damaged.

[INSERT FIGURE 4 HERE]
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Figure 4 —A small group of respondents and theasoes for being unwilling to
consume farmed fish fed on insect meals &l.ce: based on our survey

We then analyzed consumer opinion against the rhprlee that a new product such
as fish fed with insect meal could have. About lddlthe sample (46.2%) believe
that the price will be the same as traditional floducts; 29.2% think that the
product will have a lower price either because d¢hseeal costs less than traditional
feed or in order to promote it on the market. Oa tither hand, 23.8% of people
expect a higher price for three reasons: 1) bectnesedo not think that plants that
produce insect meals currently exist in the Européaion and therefore they would
have to be built. The respondents think they haveetbuilt in the EU zone because
they believe that hygiene is more regulated contpdce non-EU countries; 2)
because sustainable products have a higher prie¢odihe intrinsic added value, 3)
because it is an innovative food that incorporgtescost of research.

Other interesting results tell us that 73% of tampgle purchase fish almost once a
week and 70% of those do so in a supermarket. Anfactprs affecting the

purchasing decision, fish “appearance” emergeshasmost important (77% of
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consumers state “it is very important”) followed lyigin (53%), in line with
existing literature.

Thus descriptive results indicate a strong inteliest positive attitude to and
willingness to buy this kind of fish and I-B gapeses to be quite small. However,
our analysis aims to explore which factors may havémpact on the passage from

interest to behavior with the result that a mordepth analysis is required.

Regression results and discussion
Ordinal regression results for the three modelsraported in table 4. To solve
multicollinearity problems we had to remove somgaldes after checkintplerance
andVIF (variance inflation factor) values for each predictor.

[INSERT TABLE 4 HERE]
The overall fit of the model is reasonably goodhwiseudo Rmeasures ranging
between 0.15 and 0.589. Equation [1] specifies wmes interest in research in
sustainable feed for fish farming. All six compotseare significant at least for one
variable. Coefficient of variable that expresseserghconsumers are interviewed
appears significant and with high value so we canclude this is an important
predictor. The positive sign indicates that constsmého utilize outdoor markets are
more likely to be interested in research in magnelogy and awareness of limited
resources for fish farming. Interest is also ad#ddby the frequency of fish purchase,
origin, domestic/foreign provenance of the fish @hd presence of certification.
Nonetheless, those who have a greater knowledgevetffishing issues are less
interested in these topics. Moreover all the seconomic variables show

significant estimates. In particular education, agel BMI result in predictors
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positively affecting consumer interest whereas inepgender (female) and family
size have a negative effect. Two-way interactiosults provide more interesting
aspects. In particular, the effect of the attittdevards use of insect meal on
“interest” varies significantly based on the leséknowledge of over-fishing as well
as fish purchasing frequency.

Considering equation [2], we first note that betwekctors relating to fish
purchasing habits, only the “type of fish purchagedtegory: wild-caught fish)”
affects consumer attitude in eating finfish produiftfed with insect meals. This
means that those consumers that usually buy wildidafish show a lower attitude.
Interestingly, price is both a significant and negafactor; this means that those
who consider price an important driver for fish ghase are less likely to agree to the
use of insect meals. However, considering two-watgraction price effect on
attitude varies depending on the “interest in redea sustainable feed”.

Fish appearance is a positive predictor of thisuat and also highly significant is
the willingness to purchase fish fed with inseatd an interest in marine ecology.
Conversely to Verbeke et al. 2015, age in this #guoas significant and negative,
that is the younger the consumers the higher tobagmility they agree with this
innovation. Moreover, in eq. 2 “interest in type fafh feed” effect on “attitude”
varies depending on “willingness to pay more”.

The predictors affecting the willingness to purehdlis kind of farmed fish are
analyzed in equation [3]. The first interestingutedgs still the place where the
interviews are conducted, that is, if consumersaareutdoor markets, they are less
willing to buy this kind of fish. Price appears assignificant factor affecting the

dependent variable in a positive manner as wedixgected price for fish farmed on
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insect meals. This result tells us that the consuhe considers price an important
aspect in the purchase of fish tends to be morngito buy fish farmed on insect
meals. Moreover those who expect that this padictype of fish will be more
expensive are the same ones who are more likebuyoit. We could justify this
result by assuming that consumers more favorabiistided with insects consider it
both as a sustainable product with a higher prieetd the intrinsic added value and
as an innovative food incorporating the cost okaesh. Obviously results of the
“attitude to the use of insect meal” predictor highly significant and positive. For
“attitude” and “importance if farmed or wild-caughtve also find significant
interaction term.

Contrary to the findings of some works in the kiteire (Claret et al. 2012, Agrawal
and Kamakura, 1999) the origin in this case is aasignificant factor for the
purchase but this may be justified by the fact thatfocus is not placed on the fish
in general but on a specific product farmed withtipalar characteristics.. Finally
BMI results appear significant and negative. This\ot surprising considering that
consumers more future and sustainability-orientesl more prone to take into
account healthy aspects and more likely to havéheBMI levels (Cavaliere et al.
2014).

For all three dependent variables, where the i@ty were conducted turned out to
be one of the most important factors. Actually ipgttheir intentions into practice is
more probable for consumers buying fish in a supéket than for those shopping at
a local outdoor market. This finding suggests thetr@l role that the type of market
assumes in influencing consumer attitude and behasupermarkets assure uniform

standards of safety, quality and ‘ethical’ contehtheir food products. The price of
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fish fed on insect meals is a factor that undeessdine distance between those who
declare a positive attitude or interest and stadé price has no importance and those
consumers willing to purchase this specific prodwdio consider price a decisive
factor

Moreover, comparison between the results of thiessetmodels allows us to shed
light on the factors explaining the gap betweerscomer attitude and behavior. First,
I-B gap shrinks when consumers are in a less iomdit and specialized place.
Second, price represents a discriminating factat ts, consumers who claim to be
willing to purchase this specific product consigeice an important factor while

those who have a positive attitude or interestato n

Conclusions

As consumer interest in feed for fish is almost nown, this is one of the first
studies trying to empirically analyse attitudesststainable fish fed on insects and
consumer interest in sustainability issues. In wsk we have analyzed the interest,
attitude and willingness to buy of consumers reigaréinfish products fed on insect
meals.

We carried out a survey submitting a questionntira sample of Northern-Italian
consumers.. Almost 90 % of consumers have a pesdftitude to insect meal as
feed and most of the respondents intend to purcregeat farmed fish even though
fed with insect meals, so long as the hygiene requents are met.

However, recent research shows that consumers d¢taiattribute importance to
ethical and sustainable consumption but when psmgathey rarely translate their

intentions into a concrete act.
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In order to analyze this gap between intention amehavior, ordinal regressions
were used to discover which factors are significaraffecting a) interest in research
on sustainable feed for fish farming, b) consuatétude to use of insect meal and
c) willingness to buy fish farmed on insect meal.

In particular,interest is mainly affected by socio-economic variablespwledge of
the issue and the interest attributed to origin eedification. Positive attitude is
mainly influenced by interest in this issue andiatales linked to appearance and
price, whereas theillingness to buy fish fed on insect meals is closely linked to the
importance of price and expected price for thigllof fish.

One of the most important aspects that emergémighere is a marked difference in
the results of the three equations of ordinal regjom: the predictors that influence
the three dependent variables are often differemave a different sign. This leads
us to conclude that there is a difference betweégraest and actual willingness to
buy.

The research has to overcome the critical poinisisgct production as insect meal
used to feed fish which relates to the safety ofeaentual industrial production
process, distribution and use. The advantage etinseals as both feed and protein
source produced on an industrial scale must be dstmrated from an economic and
environmental point of view as soon as possible.

As the European Union is the largest consumerstf ifh the world and the largest
importer, it is essential to increase internal picitbn. The Italian fish and
aquaculture sector is in difficulty. In order taduee the pressure on the seas, both
the European and ltalian aquaculture industry neede strengthened and re-

launched.
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Future research should check whether the use ettimnseal feed is more expensive
than conventional feed. This aspect may be a pateslistacle for investments to

create a specialization of the European feed imgustan insect meals feed supply-
chain. At the same time, all risks and measuretake excluding any sources of
feeding contamination, if feasible, must be analyze construct a European

regulation framework.

The findings of our work offer an image of the ial consumer as sensitive to the
sustainability of aquaculture, however in purchgghrey look at the price of fish fed

on non-conventional feed with a watchful eye. Gauis in order, however, as our
work is one of the first attempts to empiricallyaexine the behaviour of consumers
in respect to a product that does not yet existhenmarket. Thus we could not

measure the authentic behaviour using data of Gotuehase.

NOTES

1) This paper is the result of the collaboratiorttef authors who are jointly responsible. The text
attributed as follows: sections “Motivation and kgiwound”, “Exploring the Italian finfish sector”,
“Descriptive results” and “Conclusions” to T. Maty sections “The literature review”, “Materials
and methods” and “Regression results” to L. Baddigtion “Use of insect meals in aquaculture” to L.

Gasco.
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TABLES

Tab. 1 - Italian indicators of marine fish and aquaulture (2005-2014)

var. 2013-
Indicators: 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2014/2005-
2006 (%)
Total fishery
products (t live
weight): 475,177 485,626 463,690 390,071 410,338 383,647 376,857 333,035 313,787 325,620 -33.5
Marine catches (t
live weight): 294,076 312,047 282,699 232,206 248,013 230,021 212,730 195,996 172,907 177,019 -42.3
Aquaculture (t
live weight): 181,101 173,579 180,991 157,865 162,325 153,626 164,127 137,039 140,880 148,601 -18.4
Aquaculture/total
products (%): 38 36 39 40 40 40 44 41 45 46 22.6
Source: Eurostat
database.
Table 2 — Trade, per capita consumption, self-suffiency rate for fishery
products in Italy (2003-2012)
var. 2011-
Indicators: 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2012/2003-
2004 (%)
Imports (t): 830,000 843,000 872,000 901,000 915,000 913,000 913,000 923,000 961,330 903,038 11.4
Exports (t): 119,000 124,000 132,000 141,000 141,000 133,000 133,000 138,000 126,225 117,232 0.2
Imports (mIn €): 3,153 3,113 3,382 3,681 3,777 3,655 3,565 n.a. 4,416 4,207 37.6
Exports (min €): 414 434 475 556 556 528 494 n.a. 557 501 24.8
Per capita
consumption (kg per
year): 21,4 21,6 21,4 22,1 21,9 20,9 20,8 20,9 20,8 19,8 -5.6
Self-sufficiency rate
(%): 42.3 42.9 41.1 41.6 40.4 37.3 37.8 37.8 33.3 333 -21.8
Source: ISMEA (2008, 2009,
2013).
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Tab. 3 - Components used for questionnaire

Scale/
Components Demands Categories N Mean SD
FP Interview site (category) 0-1 277 - -
(fish-purchasing habits) Fish purchasing frequency 1-5 277| 3.97 |1.08
Type of fish purchased (categorical) 1-3 277 - -
DC Reasons for purchasing fish (categorical) 1-3 277 - -
(drivers of fish consumption) Importance of price 1-4 277| 3.10 | 0.72
Importance of origin 14 277( 3.37 | 0.80
Important if italian or foreign origin 1-4 277| 3.26 | 0.85
Important if farmed or wild caught 1-4 277| 2.88 [ 0.88
Importance of appearance 14 277| 3.72 10.58
Importance of nutritional aspects 1-4 277| 2.86 | 0.97
Importance of certification 1-4 277| 2.94 | 1.03
Importance of other factors 1-4 277] 2.11 |1.31
K Knowledge of over-fishing 1-2 277| 1.07 [ 0.25
(consumer knowledge) knowledge of feed provided (categorical) 1-5 277 - -
1 Interest in research in sustainable feed 1-4 277| 3.32 | 0.74
(interest in sustainability of fish farming)|Interest in type of fish feed 1-4 277| 3.05 [ 0.78
AT Attitude toward use of insect meal 1-3 277| 2.40 | 0.67
(consumer attitude toward finfish \riq\leizlglngness to buy fish farmed on insect 1-3 277| 2.69 | 0.61
produced with insect meals) Negative factors: distaste 1-4 19| 3.68 | 0.57
Negative factors: quality 1-5 19 | 3.05 | 1.00
Negative factors: trust 1-6 19| 3.21 |1.15
Expected price for fish farmed on insect 1.3 577 1.93 | 0.75
meals
Willingness to pay more for fish farmed
on insect meal 1-2 277| 0.13 | 0.42
SE income 1-4 127( 1.07 |1.31
(socio-economic-demographic factors) |gender (categorical) 1-2 277 - -
age 1-7 277| 4.11 | 1.25
education 1-4 277| 2.98 | 0.80
employment (categorical) 1-12 277 - -
family size 1-4 277| 2.43 | 0.70
BMI continuos |277(23.28|3.36
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Table 4 —fs estimates of ordinal regression

(EQ.1) (EQ.2) (EQ.3)
INTERE ATTITUD WILL.
oy 10.071 *** -0.697 5.137
a, 11.943 *** 2.975 7.494 *
o3 14.764 ***
FP |Interview site (category=local market) 1.349 ** -1.079 -1.609 *
Interview site (category=supermarket) 0° 0° 0°
Fish purchasing frequency 1.030 ** -0.031 -0.206
Type of fish purchased (category=farmed fish) 0.256 0.124 -0.679
Type of fish purchased (category=caught fish) 0.364 -0.613 * 0.021
Type of fish purchased (category=both) 0° 0° 0°
DC |Reasons for purchasing fish (category=I like) 0.134 -0.287 0.478
Reasons for purchasing fish (category=healthy) -0.402 0.082 0.024
Reasons for purchasing fish (category=both) 0° 0° 0°
Importance of price -0.078 -2.810 *** 0.565 **
Importance of origin 0.442 * -0.169 0.212
Important if italian or foreign origin -0.314 0.120 -0.152
Important if farmed or wild caught 0.062 -0.081 1.320
Importance of appearance -0.188 0.599 ** 0.065
Importance of nutritional aspects -0.061 0.049 -0.207
Importance of certification 0.233 * 0.018 0.101
Importance of other factors -0.043 0.130 -0.155
K |Knowledge of over-fishing 1.965 0.635 -0.941
I |Interestin research in sustainable feed - -1.661 * 0.213
Interest in type of fish feed 0.447 ** 0.357 * -0.271
AT |Attitude toward use of insect meal 3.457 *** - 5.866 ***
Willingness to buy fish farmed on insect meal 0.381 2.565 *** -
Expected price for fish farmed on insect meals 0.154 0.058 0.705 **
Willingness to pay more for fish farmed on insect meal 0.371 2.621 -0.386
SE |income -0.449 ** 0.334 0.483
gender (category=F) -0.816 *** 0.079 -0.050
gender (category=M) 0° 0° 0°
age 0.315 *** -0.243 * 0.128
education 0.365 ** -0.241 0.070
family size -0.341 * 0.137 -0.030
BMI 0.103 ** 0.024 -0.128 **
I |Fish purchasing frequency* -0.328 *
N |Attitude toward use of insect meal
T |Knowledge of over-fishing* -1.429 **
E |Attitude toward use of insect meal
R |Interestin type of fish feed* -0.854 *
A |Willingness to pay more for fish farmed on insect meal
C |Importance of price* 0.693 **
T |Interestin research in sustainable feed
I |Important if farmed or wild caught* -0.947 **
O |Attitude toward use of insect meal
N
Pseudo R’ :
Cox e Snell 0.266 0.443 0.414
Nagelkerke 0.305 0.589 0.55
McFadden 0.15 0.42 0.383

Note: *** ** * denote 1%, 5% and 10% level of significance respectively.
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