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Consumers are raising concerns over the ethical and social acceptability of feeding regimes used in animal-based
food productions. However, the use of agro-industrial by-products, such as hazelnut skins as a strategy to reduce
the environmental impact of livestock production may be negatively perceived from the consumer’s perspective.
Here, we investigated the factors predicting consumers’ intentions to try meat obtained from cattle fed hazelnut
skins. Nine hundred Italian regular meat consumers were recruited via an online provider of market research
panels. Three different framings were presented to consumers as meat products fed with food industry by-
products vs possessing either feed quality or an environmental benefit. Consumers generally responded posi-
tively to the product when they were informed that it helps promote sustainable production, reduces food waste,
or improves feed quality, with no significant difference between framings. Consumers who reported not to be
very concerned about feeding methods and to have a low green self-identity tended to be more skeptical towards
the use of alternative feeds. The level of neophobia significantly influenced the respondents’ risk perceptions.
Our findings suggest that product characteristics and risk and benefit perceptions will significantly influence the
acceptance of hazelnut skins as feed ingredient. The factor “environmental benefits” was a key predictor of
“willingness to try”, while concerns about the potential health effects were identified as a major barrier to
accepting novel feed alternatives. This research confirms the great need to educate consumers in order to
empower meat choices that are environmentally friendly at the production system level.

1. Introduction and meat products and which factors influence purchasing and con-
sumption behaviors is essential for producers and processors to adapt to
new demands and, offer sustainable value propositions able to meet

consumers’ needs.

Meat and meat products are important sources of high-quality pro-
tein and essential vitamins and minerals, such as iron and zinc, in the

human diet (Ahmad, Imran, and Hussain, 2018). In general, consumers
expect meat to be wholesome, fresh, lean, tender, juicy, and flavorsome
(Fraqueza, Borges, and Patarata, 2018; Pophiwa, Webb, and Frylinck,
2020). However, existing research indicates that consumers’ percep-
tions of meat and meat products are based on dynamic psychosocial
constructs, such as the perception of quality, potential biological and
chemical hazards and health risks, ethical issues related to animal
welfare and slaughter, and psychosocial beliefs (EFSA, 2020, 2021;
European Commission, 2021a; Klink-lehmann, Langen, Simons, and
Hartmann, 2022; Lin-Schilstra and Fischer, 2022; Malone and Lusk,
2017; Ogoshi, Yasunaga, Obana, Ogawa, and Imamura, 2010; Wales,
Harvey, and Warde, 2006). Identifying how consumers perceive meat
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Animal welfare and environmental impact have become significant
drivers of how consumers perceive meat consumption (de Aratjo,
Aratijo, Patarata, and Fraqueza, 2022; Mota-Gutierrez et al., 2024). A
recent systematic review highlighted that the three most important
quality attributes of cattle production as perceived by consumers from
different regions and countries were place of origin, animal welfare, and
the feed supply system (Henchion, McCarthy, and Resconi, 2017). In-
terest in pasture-based or grass-fed beef production systems and the use
of alternative feeds such as insects or micro-algae, has grown since they
are perceived as low-input systems with reduced feed costs and
improved animal health and welfare (Menozzi et al., 2021; Popoff,
MacLeod, and Leschen, 2017; Sogari et al., 2022; Spartano and Grasso,
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2021; Weinrich and Busch, 2021). Greek consumers were also shown to
express positive attitudes towards agricultural products from animals
fed locally produced feed; however, only the young and higher educated
consumers expressed interest in information about the origin of locally
produced animal feed (Kleisiari et al., 2022).

The diet of an animal is able to influence the composition and sen-
sory characteristics of meat, as shown for organic or grass-fed beef
(Monahan, Schmidt, & Moloney, 2018). According to Garcia-Torres,
Lopez-Gajardo, and Mesias (2016), consumers preferred the sensory
attributes of organic beef fattened in feedlots using organic feedstuff, but
when the farming system was taken into consideration then organic beef
from animals fed on grass became the preferred choice. The perceived
positive characteristics of organic meat together with the negative
impact of production systems on the environment and increasing con-
sumer knowledge about the latter has led to an increase in the demand
for sustainable meat production and more sustainable food consump-
tion. However, consumers may be reluctant to consume or buy food
products they perceive to be waste products due to concerns about food
safety or even feel disgust towards the type of ingredients involved.
Regardless of the substantial and rigorous regulations and continuous
inspection of meat parameters, consumers continue to express concerns
about the potential presence of chemical contaminants in meat and meat
products (de Aratijo et al., 2022). In general, consumers are hesitant
over the use of chemical compounds in food formulations, such as ad-
ditives, antibiotics, and drug residues (Bearth, Cousin, and Siegrist,
2014, 2016). In the context of meat production, consumers prefer meat
products treated with natural antioxidants over chemical products
despite all food additives used in the industry having to pass the Codex
Alimentarius (de Andrade et al., 2017). Besides quality attributes, the
many personal characteristics of consumers (e.g food neophobia,
concern about food and food waste, neuroticism, moral conscientious-
ness, self-esteem, openness to new experiences, extraversion, tempera-
ment, personal values, and reasoning) all play a role in governing food
choices (Bazzani, Caputo, Nayga, and Canavari, 2017; Carrillo,
Prado-Gasco, Fiszman, and Varela, 2012; Chen, 2007; Grebitus and
Dumortier, 2016; Merlino et al., 2023).

Alternative feeds may offer a feasible means of improving the sus-
tainability of livestock production (Diaz Vicuna et al., 2024). Moreover,
the growing problem posed by agro-industrial waste production and
feed-food competition can be tackled by minimizing food surplus, food
waste, and using sustainability marketing to raise consumer awareness
about emerging feed resources (Grasso and Asioli, 2020; Papargyr-
opoulou, Lozano, and Steinberger, 2014; Williams, Wikstrom, Otterbr-
ing, Lofgren, and Gustafsson, 2012). Many food by-products of both
animal and plant origin are being considered as possible feed alterna-
tives. Food by-products are generated from the processing of raw ma-
terials into foods. Their use as feed can help reduce food waste and
contribute towards improving the sustainability of food production
systems (Galanakis, 2012).

Hazelnut skin (HS) is one of the three by-products obtained during
post-harvesting processing of hazelnuts (the others are the shell and
hazelnut meal), and it makes up approximately 2.5 % of the total kernel
weight (Ceylan, Adrar, Bolling, and Capanoglu, 2022). According to
FAO statistics, Italy produced 98,670 tons of hazelnuts in 2022
(FAOSTAT. Food and Agriculture Organization of the United Nations,
2024), and thus approximately 2500 tons of HS. Previous studies have
addressed the question of re-valorizing agro-industry by-products to
reduce the environmental impact of livestock production, improve
product quality and animal health, and reduce feed costs and feed-food
competition (Kasapidou, Sossidou, and Mitlianga, 2015; Natalello et al.,
2019; Salami et al., 2019). Several studies have identified HS as a
promising source of dietary fiber, phenolic compounds with antioxidant
properties, and protein for both the food and feed industries (Bertolino
et al., 2015; Del Rio, Calani, Dall’Asta, and Brighenti, 2011). Recently,
the benefits obtained from using HS to replace traditional feed in-
gredients and improve the nutritional value of the feed and its effects on
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animal performance have been investigated in ewes (360 g/kg dry
matter) (Campione et al., 2020), lambs (150 g/kg dry matter) (della
Malva et al., 2023; Priolo et al., 2021), and dairy cows (1 kg dry matter)
(Renna et al., 2020).

Given the need to encourage consumers to make more sustainable
meat choices, more research is needed to understand the attitudes of
prospective consumers towards meat derived from animals fed agro-
industrial by-products, and the factors that motivate or inhibit con-
sumers to try this type of meat. The present study makes a unique
contribution to the literature by investigating consumer perspectives on
the commercialization of meat obtained from HS-fed cattle. This study
focused on Italian regular meat consumers, considering the long and
well-rooted culture of hazelnut production in the nation, being the
second largest producer in the world (9.15 %) after Turkey (FAOSTAT.
Food and Agriculture Organization of the United Nations, 2024). The
global market for raw hazelnuts was calculated at US 512.25 million for
2024, with a predicted market growth rate of 8.10 % for 2024-2029, and
Europe is the fastest growing and largest market in the world (Mordor
Intelligence, 2024). However, to the best of the authors’ knowledge
there are no details in the literature about the exact market size and
consumption rates of skinned (blanched) hazelnuts. Nevertheless,
blanched hazelnuts are generally more expensive due to the additional
processing costs. The present study investigated whether consumers
were concerned about how animals were fed and their attitudes, per-
ceptions, and willingness to try (WTT) beef fed with HS. In addition, we
evaluated the effect of information about the benefits derived from
introducing HS into the diet of beef cattle on consumers’ acceptance of
this product. Products were presented to consumers as having either an
effect on feed quality or an environmental benefit. The study sought to
understand how consumer associations and perceptions are affected by
their level of concern (“personal involvement”) about how animals are
fed and to examine the results in terms of the consumers’ personal
characteristics. The findings will help policy makers and producers
address consumers concerns about alternative feeds and thus foster
more sustainable meat choices.

2. Methods
2.1. Study design

A between-subjects design was applied to investigate how the way
information is framed (in terms of sustainable production, feed quality,
or food waste reduction) influences consumer responses about using HS
as part of a feed formula for beef cattle. All framings contained the same
basic definition of hazelnut by-products, but they differed in the final
part, which mentioned one of the benefits associated from using HS. In
the first group, participants/consumers were introduced to hazelnut by-
products in reference to feed quality “Hazelnut skins are a by-product of
hazelnut processing in the confectionery industry, and they can be used as
feed ingredient for livestock (such as beef cattle) as they do not present any
significant risk to the health of the animals or the consumers. On the contrary,
hazelnut skins can help improve the nutritional quality of the animal’s diet”.
In the second group, participants/consumers were given information
that referred to food waste reduction “Hazelnut skins are a by-product of
hazelnut processing in the confectionery industry, and they can be used as
feed ingredient for livestock (such as beef cattle) as they do not present any
significant risk to the health of the animals or the consumers”. On the con-
trary, their use can help reduce food waste”. In the third group, partici-
pants/consumers were only given the definition of hazelnut by-product
without any reference to quality or food waste “Hazelnut skins are a by-
product of hazelnut processing in the confectionery industry, and they can be
used as feed ingredient for livestock (such as beef cattle) as they do not
present any significant risk to the health of the animals or the consumers.” A
nutrition/health benefit framing was not included, because not
conclusive experiments have demonstrated health benefits in using HS
as part of a feed formula for beef cattle. However, according to Asioli
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and Grasso (2021) it can be expected to have a similar effect as envi-
ronmental aspects.

2.2. Questionnaire

The full questionnaire used in this study is presented in the Appendix
and can be referred to for further details. A total of 950 surveys were
completed (a 94.74 % response rate). We excluded 5.55 % (n = 50) of
the sample due to missing data or for not fulfilling the quality checks
(straight-lining). The final analysis included data from 900 meat con-
sumers. The average length of time taken to complete the survey was
approximately 8 min. Overall, participants stated their attitudes, prod-
uct characteristics, and perceptions about the benefits and risks of meat
from beef cattle fed HS as part of the feed formula assessed using a 7-
point Likert scale (Supplementary Appendix). The questionnaire
included the following measures:

e Definition: to ensure the valid use of the term “food industry by-

products”, participants were asked to complete the following phase

“Food by-products are materials of value produced as a residual of, or

incidental to food production processes. They are used in animal feed

to...” with one of the following options: (i) improve feed quality, (ii)

reduce food waste, or (iii) none of the above (European Commission,

2021b). This measurement ensured that all the participants were
able to recall the specific framing received.

Food-neophobia: the food-neophobia score (FNS), composed by

five neophilic and five neophobia items, was measured using a 7-

point scale (ranging from 1 = strongly disagree to 7 = strongly

agree) (Laureati, Proserpio, Jucker, and Savoldelli, 2016; Pliner and

Hobden, 1992). After reverse coding the responses for the neophobia

statements, a total FNS ranging from 10 to 70 was calculated by

summing the ratings for each item; the higher the FNS, the higher the
level of food neophobia.

e Beef consumption frequency: this scale measures the weekly fre-
quency of beef consumption using a 3-point scale (ranging from 1 =
1-5 times per week to 3 = more than 10 times per week).

e Consumer green self-identity and personal involvement

(concern) about how beef cattle are fed: the green self-identity

scale was composed of two items (“I think of myself as an

environmentally-conscious consumer” and “I consider myself as
someone who is very concerned about environmental issues™) and
the personal involvement scale was composed of three items (“What
animals are fed is important to me”, “I am concerned about what
animals are fed” and “What animals are fed is very important to me”)
to assess how much the topic of animal feed was important to them or
presented a concern. Each item was measured using a 7-point scale

(ranging from 1 = strongly disagree to 7 = strongly agree)

(Altintzoglou, Honkanen, and Whitaker, 2021).

Consumer attitudes: in line with existing research (Escobedo del

Bosque, Spiller, and Risius, 2021), this scale was composed of three

items to evaluate consumers’ acceptance of meat obtained from beef

cattle fed HS as part of the feed formula. Each item was rated using a

7-point scale (ranging from 1 = strongly disagree to 7 = strongly

agree) (Arvola et al., 2008).

Product characteristics: this scale, composed of nine items,

measured consumers’ opinions about the properties of meat obtained

from beef cattle fed HS as part of the feed formula. Each item was
rated using a 7-point scale (1 = not important at all to 7 = extremely
important) (Lin-Hi, Reimer, Schafer, and Bottcher, 2022; Llauger,

Claret, Bou, Lopez-Mas, and Guerrero, 2021; Lusk, 2018).

¢ Benefit perceptions: this scale, composed of 13 items, was designed
to measure consumers’ perceptions about the benefits derived from
eating meat obtained from beef cattle fed HS as part of the feed
formula. Each item was rated using a 7-point scale (ranging from 1 =
strongly disagree to 7 = strongly agree) (Altintzoglou et al., 2021;
Mancini et al., 2019).
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e Risk perceptions: this scale, composed of four items, was adapted to
measure consumers’ perceptions of the risk of consuming meat ob-
tained from beef cattle fed HS as part of the feed formula. Each item
was rated using a 7-point scale (ranging from 1 = strongly disagree to
7 = strongly agree) (Bearth et al., 2014).

Willingness to consume meat obtained from beef cattle fed HS as
part of the feed formula was formulated as a closed question (yes/no)
to investigate consumer readiness to consume products involving
food industry by-products as feed (Mancini et al., 2019).
Sociodemographic characteristics (gender, age, education level,
occupation, marital status, number of people living in the household,
number of children in the household, place of residence, and
monthly family income): the order of the items within each question
was randomized for each participant.

2.3. Data collection and management

Data collection was performed in September 2023 by the company
Teleperformance using the Computer Assisted Web Interviewing (CAWTI)
approach to ensure a balanced sample representative of the Italian
market. The inclusion criteria were regular consumption of beef prod-
ucts, the provision of the individual’s consent for data usage, and a
minimum age of 18 years. The questionnaire was initially drawn up in
English and pre-tested by experts in consumer science. Following their
approval, the questionnaire was translated into Italian by bi-lingual
native speakers. The Italian version of the survey was also pre-tested
on five individuals not involved in the project to identify any potential
problems related to the phrasing of the questions, omissions, or any
other difficulties experienced by respondents, as shown previously to be
important in translated surveys (Mitchell, Ploubidis, Datta, and Well-
ings, 2012; Rodrigues, Sousa, Fetscherin, and Borges, 2024). As a result
of these pre-tests, minor modifications were made related to the
phrasing of the questions and response options. The online survey was
anonymous, and the respondents electronically signed an informed
consent form before participating in the survey and after having read a
disclosure sheet that described the project and the aims of the survey.
Respondents did not receive monetary compensation for their partici-
pation. This study followed the ethical standards defined by the Decla-
ration of Helsinki and was approved by the University Bioethics
Committee of the University of Turin (Ref - GD/169873/2023).

2.4. Statistical analysis

Statistical analysis was performed using R software considering an
alpha level of 5 %. A comparison of mean scores was used to assess
associations between the data on attitudes (interval variables, seven-
point scale) and perceptions (interval variables, seven-point scale) as
the dependent variables. Statistical analyses were carried out using
generalized linear mixed-effect models (GLMM). Mixed models were
chosen because of their ability to capture both fixed food neophobias
(low, medium, high), the information given (food waste reduction, feed
quality, and sustainable production), consumers’ willingness to try
(willing, unwilling), concern about what animals are fed (personal
involvement: low or high) and green self-identity (low and high) and
random effects (number of subjects, n = 900). The frequency distribu-
tion of the food neophobia scores (FNS) was calculated and the subjects
were divided into the three following groups: “low neophobia” (subjects
in the lowest quartile, FNS < 23, n = 310), “medium neophobia” (sub-
jects in the second and third quartile, FNS > 24 and < 41, n = 307) and
“high neophobia” (subjects in the highest quartile, FNS > 42, n = 283)
(Laureati et al., 2016). GLMM analysis was used to examine the main
effects and interactions between the information given, with the addi-
tion of low vs high personal involvement (concern) about feeding
methods groups and low vs high green self-identity groups. These groups
were defined using the median = 5 of the personal involvement and
green self-identity constructs, confirmed by a Cronbach’s alpha of 0.967,
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resulting in a 45 % / 55 % distribution, and a similarly balanced dis-
tribution in the experimental conditions. The P-values were adjusted
using Bonferroni’s method, and when the mixed model revealed sig-
nificant differences (P < 0.05), the least significant difference test was
applied. Mixed models were built and evaluated according to Crawley
using R (Crawley, 2012). Cronbach’s alpha was used to assess the in-
ternal consistency of the construct scales, where a value greater than
0.70 is usually recommended.

3. Results
3.1. Sample description

The resulting sample consisted of 900 participants, representative of
the Italian population, distributed across the experimental groups in a
balanced manner. Table 1 reports the social and demographic charac-
teristics of the sample.

3.2. How the information given influences attitudes and perceptions about
meat obtained from cattle fed hazelnut skins according to the level of
personal involvement (concern) about feeding methods

The results of the GLMM showed that providing respondents with
definitions of sustainable production, food waste, and feed quality did
not significantly influence the attitudes and perceptions of regular meat
consumers. Overall, the perception of benefits of eating meat from cattle
fed HS as part of the feed formula according to the level (high vs low) of
personal involvement (i.e. concern) about feeding methods was rather
high, whereas risk perception was rather low (Table 2). Regular meat
consumers with a high personal involvement regarding what animals
are fed showed significantly more positive attitudes, and perceived the
quality (juiciness), health (healthiness, nutritional composition and
safety), and animal welfare attributes of meat from HS fed cattle to be
better than consumers characterized by low personal involvement about
cattle feeding methods (P < 0.05, Table 2). The degree of personal
involvement in livestock feeding methods influenced all the benefit
perceptions tested in this study; however, we found no impact on any of
the perceptions of risk (P < 0.05, Table 2).

3.3. Influence of the level of green self-identity according to level of
personal involvement (concern) about feeding methods in attitudes and
perceptions about meat from hazelnut skin fed cattle

Table 3 presents the results for the composite attitudes and percep-
tions towards meat obtained from cattle fed hazelnut skins as part of the
feed formula according to the level of green self-identity and personal
involvement (concern) regarding livestock feeding methods. Attitudes
and perceptions about the quality (taste, juiciness), and health
(healthiness and safety) attributes had a significant main effect on the
perception of all the possible benefits derived from eating meat obtained
from cattle fed HS as part of the feed formula in participants reporting
high personal involvement (concern) about feeding methods. They had
no significant impact on the perception of risks (P < 0.05, Table 3). In
contrast, the mean difference between those with low vs high green self-
identity and low personal involvement (concern) about livestock feeding
methods was significantly less. Participants with a low personal
involvement and high green self-identity expressed significantly more
positive attitudes and perceptions about quality attributes (taste and
appearance) and perceived greater benefits (food waste reduction,
overall good impressions, more pleasant, nutritious and healthy meat) of
meat obtained from animals fed HS as part of the feed formula than
those with low personal involvement and low green self-identity (P <
0.05, Table 3).

Meat Science 219 (2025) 109687

Table 1
Socio-demographic and personal characteristics of the sample (n = 900).
N %
Gender
Women 453 50.44
Men 446 49.56
Generation
Baby boomers (60-69 years old) 209 23.22
Generation X (44-59 years old) 241 26.78
Millennials (28-43 years old) 374 41.56
Gen Z (18-27 years old) 76 8.44
Education
PhD 72 8.00
Master’s degree 193 21.44
Bachelor’s degree 112 12.44
Secondary school 490 54.44
Primary school 33 3.698
Monthly Income (€)
Less than 1000 73 8.11
Between 1001 and 2000 291 32.33
Between 2001 and 4000 323 35.89
Between 4001 and 6000 70 7.78
More than 6000 20 2.22
Preferred not to respond 122 13.67
Employment status
Other 36 4.00
Unemployed 99 11.00
Public-sector worker 122 13.56
Self-employed 94 10.44
Private-sector worker 376 41.78
Retired 74 8.22
Student 53 5.89
Not seeking work 46 5.11
Willingness to try
Willing 796 88.44
Unwilling 104 11.56
Level of food neophobia
High 283 31.44
Medium 307 34.11
Low 310 34.45
Green self-identity
High 737 81.89
Low 163 18.11
Personal involvement (regarding how animals are fed)
High 608 67.56
Low 292 32.44

The Willingness to try (WTT) groups were assigned based on the responses to
the closed question (yes = willing or no = unwilling to try meat from animals fed
HS as part of the feed formula).

Respondents were assigned to the level of neophobia groups based on the sum
of the scores for the items in the food neophobia scale: “low neophobia” (subjects
in the lowest quartile, FNS < 23), “medium neophobia” (subjects in the second
and third quartile, FNS > 24 and < 41), and “high neophobia” (subjects in the
highest quartile, FNS > 42).

Respondents were assigned to the green self-identity and personal involvement
(concern about what animals are fed) groups based on the average of the scores
of the items in each scale. Scores equal to or less than the median value of 5 were
considered to indicate a low level of green self-identity or personal involvement;
values greater than 5 were considered to indicate high green self-identity/
personal involvement.
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Table 2
Mean differences in attitudes and perceptions about meat obtained from hazelnut skin-fed
cattle between Italian meat consumers with high vs low levels of personal involvement
(concern) about what animals are fed (n = 900).

High personal
involvement

Low personal
involvement

mean

SE

mean

SE

F-value

P-value

Meat consumption frequency

Attitude

Product characteristics
taste

appearance

nutritional composition
texture (juiciness)
healthiness

safety

high price

high level of animal welfare

smell

Benefit perceptions

1 believe meat from hazelnut skin-fed
cattle would have a positive effect on
my health

1 believe meat from hazelnut skin-fed
cattle would have a positive effect on
the environment

1 believe meat from hazelnut skin-fed
cattle would help reduce the
environmental impact of beef to some
extent

1 believe meat from hazelnut skin-fed
cattle would help increase animal
welfare to some extent

I believe meat from hazelnut skin-fed
cattle would help reduce food waste

1 believe meat from hazelnut skin-fed
cattle would have a familiar taste,
similar to products that I already
know

1 believe meat from hazelnut skin-fed
cattle would be pleasant

1 believe meat from hazelnut skin-fed
cattle would look good, smell good,
and have adequate texture

1 believe meat from hazelnut skin-fed
cattle would not contain toxins, drug
residues, antibiotics, etc.

1 believe meat from hazelnut skin-fed
cattle would be more natural than beef
products from animals fed traditional
feed

I believe meat from hazelnut skin-fed
cattle would be more nutritious (more
vitamins, fiber, etc) than beef
products from animals fed traditional
feed

1 believe meat from hazelnut skin-fed
cattle would be healthier than beef
products from animals fed traditional
feed

1 believe meat from hazelnut skin-fed
cattle would be cheaper than beef
products from animals fed traditional
feed

Risk perceptions

I think that meat products from beef
cattle fed hazelnut skins as part of the
feed formula are harmful to my health
I think that meat products from beef
cattle fed hazelnut skins as part of the
feed formula are unhealthy

I am worried about the possible effects
that eating meat products from beef
cattle fed hazelnut skins as part of the
feed formula could have on my body

1 believe that meat products from beef
cattle fed hazelnut skins as part of the
feed formula are a risk for human health
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Meat consumption frequency scales: 1 = 1-5 times per week; 2 = 6-10 times per week; 3 =
more than 10 times per week. Product characteristics scale: 7 = Extremely important; 6 =
Very important; 5 = Considerably important; 4 = Moderately important; 3 = Slightly
important; 2 = Low importance; 1 = Not important at all. Attitudes and perceptions scales:
1 = Strongly disagree; 2 = Disagree moderately; 3 = Disagree slightly; 4 = Neutral; 5 = Agree
slightly; 6 = Agree moderately; 7 = Strongly agree.

Abbreviation. SE: standard error. Different letters indicate statistical differences related to
personal involvement (concern about feeding methods), using the least significant difference
test (P < 0.05). P-values were adjusted using Bonferroni’s method. Significantly higher mean

values are highlighted in green.

3.4. How the level of neophobia influences attitudes and perceptions
about meat obtained from cattle fed hazelnut skins

Overall, the results for the composite perceptions of meat from
hazelnut skin fed cattle as part of the feed formula by level of neophobia
were rather low, while risk perception was rather high (Table 4). Mean
differences between the degree of level of neophobia for risk perceptions
of meat from cattle fed HS as part of the feed formula were notable.
Participants with a high level of neophobia perceived significantly more
risks, while participants with a low degree of neophobia indicated
greater acceptance (P < 0.05, Table 4).

3.5. Factors influencing the acceptance and avoidance of meat obtained
from cattle fed hazelnut skins among consumers willing and unwilling to
try new foods/beef from cattle fed hazelnut skins

Independent of whether respondents reported to be willing or un-
willing to try meat from cattle fed HS, respondents considered the
healthy product characteristic as the most relevant (P < 0.05, Table 5).
Consumers who expressed their willingness to try meat from cattle fed
hazelnut skins were also those who perceived the product to be safe for
consumption (P < 0.05 unwilling to try; P < 0.0001 willing to try,
Table 5). Regardless of whether respondents reported being willing to
try the product or not, the results of the GLMM show that the re-
spondents considered environmental benefits (helping to reduce food
waste) as the most relevant benefit (P = 0.0150 unwilling to try;
<0.0001 willing to try, Table 5). By contrast, the perception that meat
from cattle fed hazelnut skins as part of the feed formula was unhealthy
was the item exerting the greatest influence over acceptance compared
with all other perceived risks, independent of whether they were willing
to try the product or not (P = 0.0361 unwilling to try, P < 0.0001 willing
to try, Table 5).

4. Discussion

Trends in meat production systems are changing in a response to
greater market demand for higher product quality, better animal wel-
fare, and greater sustainability. However, consumers may be skeptical
towards claims about farming practices (antibiotic- and hormone-free),
living conditions (free range, pasture-raised), and animal diets (grass-
fed, grain-fed, vegetarian fed, sustainability certifications) due to
mistrust of the labeling systems (Vittersg and Tangeland, 2015). Existing
literature indicates that a large share of consumers who have renounced
meat from their diets do so due to environmental reasons. On the other
hand, some consumers are open to trying alternative protein sources or
only eat beef products derived from pasture-fed systems (Austgulen,
Skuland, Schjgll, and Alfnes, 2018; Risius and Hamm, 2018). Consumer
awareness, knowledge, trust, subjective and socio-demographic char-
acteristics are key drivers shaping consumers’ perceptions about food
safety risks and consumption intentions (Machado Nardi, Teixeira,
Ladeira, and de Oliveira Santini, 2020; Borrello et al., 2017).

The results of the present study showed that while the personal
involvement construct (concern about what animals are fed) impacted
all the benefit perceptions, perceptions of risk did not appear to hinder
the respondent’s WTT meat from cattle fed HS. One possible explanation

might be the high level of familiarity with hazelnuts in the Italian
population, leading to hazelnut waste products as being viewed as
presenting low risks. Indeed, familiarity with food products serves as a
basis for building trust and purchase intention (Wang, Perez-Cueto,
Scarpa, and Scrimgeour, 2024). Furthermore, our results suggest that
providing information about the animal feed system and the associated
benefits could diminish consumer concerns about “novel foods” and
ultimately positively influence consumer choices. However, neo-
phobia—the “mistrust” of foods that have never been tried—stands to
jeopardize the acceptability of novel foods, and by consequence the
success of innovations in food production and sustainability (Faccio and
Lucrezia, 2019). Our results indicate that the level of neophobia in-
fluences risk perceptions and the propensity to try meat from animals
fed with agro-industrial by-products, in line with the findings from
previous studies regarding consumers’ attitudes towards insect-based
food and cultured meat (Barrena and Sanchez, 2013; Faccio and
Lucrezia, 2019). These findings highlight the role of inherent reluctance
to novelty in shaping consumer attitudes, particularly regarding food
choices. In addition, our results suggest that the target customers for
meat from HS-fed cattle would be those with a high green self-identity,
who are highly concerned about what animals eat (high personal
involvement), and clearly willing to try novel foods. These results should
encourage the meat industry to target environmentally conscientious
meat consumers by means of segmentation analysis to enhance their
marketing strategies through sustainability claims. Indeed, use of the
“life cycle assessment” as a tool for measuring the environmental impact
of these types of products is already actively encouraged in Europe
(Directive 2009/125/EC) to substantiate any sustainability claims or
certifications.

Growing consumer concern for health and environmental issues has
resulted in consumers paying greater attention to their meat purchasing
and consumption choices according to the dietary regimes of animals.
This has fueled an increase in novel food research, especially as markets
seeking to understand the motivations behind consumers’ novel food
purchases. Our results suggest that environmental conscientiousness,
when combined with limited concern (personal involvement) about
feeding methods, amplifies positive perceptions towards HS-fed beef.
These results also support the significant role of environmental
sustainability-related issues in driving consumers to adopt novel foods
(Merlino et al., 2024). The “zero-waste society” target set by the Euro-
pean Union and the environmental burden arising from both food pro-
cessing and livestock are fueling research into new and more sustainable
ingredients that can be used effectively in livestock nutrition for the
production of safe and high-quality products. Nevertheless, HS con-
tinues to be under-exploited as a feed ingredient for farm animal and
relevant source of functional compounds. The commercial use of HS as
part of feed formulations or as a functional feed ingredient constitutes to
be a challenge, as well as an opportunity, for field scientists who must
ensure that the product complies with feed legislations, can be produced
year-round to meet global feed demand, and leads to the placement of
novel animal feed on the market.

Inserting by-products back into the food chain as food grade in-
gredients is a sustainable approach to reducing waste and maximizing
resources, but more work is needed since significant scientific progress
in this area is relatively recent. Numerous studies have recognized the
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Mean differences in the attitudes and perceptions about meat obtained from cattle fed hazelnut skin between Italian meat consumers with high vs low green self-
identity, stratified according to the level of personal involvement (concern) about feeding methods (n = 900).

High personal involvement (about feeding methods)

Low personal involvement (about feeding methods)

High green self-

identity

mean SE
Attitudes 482 0.09
Product characteristics
taste 4.62 0.09
appearance 4.29 0.10
nutritional composition 4.64 0.10
texture (juiciness) 4.50 0.09
healthiness 479 0.10
safety 4.71 0.10
high price 3.99 0.09
high level of animal welfare 4.58  0.10
smell 385  0.12
Benefit perceptions
I believe meat from cattle fed hazelnut skins as part of the feed
formula would...
have positive effects on my health 4.77 0.09
have positive effect on the environment 522 0.08
help reduce the environmental impact to some extent 5.02 0.08
help increase animal welfare to some extent 4.88 0.09
help reduce food waste 524 0.08
have a familiar taste, similar to products that I already know 4.71 0.09
be pleasant 4.89 0.09
look good, smell good, and have adequate texture 4.77 0.09
not contain toxins, drug residues, antibiotics, etc 4.89 0.10
be more natural than beef products from animals fed traditional feed 491 0.09
be more nutritious (more vitamins, fiber, etc.) than beef products from animals 4.76 0.09 a
fed traditional feed
be healthier than beef products from animals fed traditional feed 4.79 009 a
be cheaper than beef products from animals fed traditional feed 4.71 0.09 a

Low green self-

High green sef- Low green self-

identity identity identity
mean SE F- P- mean SE mean SE F- P-
value value value value
410 0.20 13.36  0.001 4.09 021 3.68 0.5 291  0.100
7 0
415 021 5517 0.019 410 0.18 348 013 8.866  0.003
3.80 021 5.699 0.017z 4.02 018 348 013 6.997 0.002
426 021 3.399 30.065 375 017 3.81 0.12 0.122 0.72:
396 021 7.476 0.002 377 020 367 0.14 0.177 0.672
435 023 4.082 0.04; 435 019 4.01 0.14 2471 0.1 l;
414 023 6.912 0.00§ 4.04 023 4.02 017 0.005 0.94;
383 020 0.756 0.383 395 020 373 015 0.932 0.332
424 022 2.468 0.1 12 394 0.19 362 0.14 2.321 O.I3g
3.74 027 0.185 0.66; 390 021 3.64 0.5 1.239 0.262
2 3
400 020 1598 0.000 395 024 376 0.17 0.514 0475
4.51 0.18 16.4(7) 0.00(1) 442 020 4.05 015 2.676 O.IOZ
426 019 17.75 <.00:i 387 026 374 0.19 0.191 0.662
425 020 10.5; 0.00: 431 021 396  0.15 2.076 0.15;
470 0.19 9,06(7) 0.00; 444 022 382 0.6 6.305 0.01§
7 6
4.06  0.19 11.84  0.000 393 023 344 017 3.666  0.058
434 0.19 8.62§ 0.002 439 0.20 389  0.15 4.611 0.033
432 019 6.222 0.01; 430 023 376 017 4.411 0.03223
4.00 021 19.29 <.003 432 022 395  0.16 2.144 0.142
4.06  0.19 21.02 <.0011) 3.89  0.24 390 0.17 0.001 0.97(3)
430 019 b 6.162 0.01; 426 020 a 374 015 b 5.096 0.022
424 020 b 8.200 0.00i 421 023 a 346 017 b 8.222 0.00;
415 021 b 7.861 0.00: 399  0.24 3.69 017 1.237 0.262
2 8

Attitudes and perceptions scales: 1 = Strongly disagree; 2 = Disagree moderately; 3 = Disagree slightly; 4 = Neutral; 5 = Agree slightly; 6 = Agree moderately; 7
= Strongly agree. Product characteristics scale: 7 = Extremely important; 6 = Very important; 5 = Considerably important; 4 = Moderately important; 3 =

Slightly important; 2 = Low importance; 1 = Not important at all.

Abbreviation. SE: standard error. Different letters indicate statistical differences related to green self-identity according to high or low personal involvement
(concern about feeding methods), using the least significant difference test (P < 0.05). P-values were adjusted using Bonferroni’s method. Significantly higher mean

values are highlighted in green.

value of hazelnut by-products as a promising source of bioactive com-
pounds to enhance the nutritional value of foodstuffs such as egg pasta,
chicken burgers, dairy products, bakery products, and natural colorants
(Bertolino et al., 2015; Ceylan et al., 2022; Longato et al., 2019; Zeppa
et al., 2015). While much attention has been directed towards creating
value from upcycled ingredients, the reason for the lack of meat prod-
ucts from animals fed plant by-products on the market is due to the
complexity of the necessary, underlying communications, bringing
about a mix of regulatory and marketing challenges. Therefore, a po-
litical strategy to address both sustainable production and consumption
needs to be tackled from a “triangular” perspective between businesses,
governments, and consumers (Tukker, Sto, and Vezzoli, 2008). In this
regard, companies in the agri-food supply chain and technology pro-
viders are gradually becoming open to participate in the circular econ-
omy of food systems, in the spirit of the new economic paradigm that
sees all players in the supply chain actively involved in the responsible

use of resources (Ciccullo, Cagliano, Bartezzaghi, and Perego, 2021).
While some producers are offering sustainable choices to the market,
their endeavors have not always translated into an increase in sufficient
sales (Gabzdylova, Raffensperger, and Castka, 2009).

To generate interest in the use of HS as part of the feed formulation
for food-producing animals, the hazelnut producer, the feed manufac-
turer, and livestock producers should all benefit from a reasonable
profit, permitting them to survive in a competitive market. Despite new
regulations pertaining to the authorization, marketing, and use of feed
materials and compound feeds government subsidies and new legisla-
tion that help farmers diversify their operations, thus making them more
resilient to changes, might help the feed industry cover some of the
production costs and consequently enforce environmental sustainability
by promoting the use of agricultural by-products. The main limitations
of the commercial application of food by-products in animal nutrition
are related to production logistics and economic viability of the farms
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Mean differences in the respondents’ perceptions about meat obtained from cattle fed hazelnut skins among Italian meat consumers

with high, medium, and low neophobia (n = 900).

High neophobia Neutral Low neophobia
F-
mean SE mean _SE mean SE value  P-value
Product characteristics
appearance 3.82 0.41 3.74 040 3.73 041 1.569 0.2087
nutritional composition 3.92 0.42 392 041 4.04 042 1.536 0.2158
high price 3.94 0.39 3.89 039 3.79 039 1.293 0.2750
high level of Animal Welfare 4.85 0.43 484 043 5.02 043 2973 0.0517
smell 4.12 052 a 388 051 ab 3.67 052 b  6.051 0.0025
Risk perceptions
I think that meat products from beef cattle fed
hazelnut skins as part of the feed formula are
harmful to my health 4.49 052 a 402 052 b 3.61 052 ¢ 23410 <.0001
I think that meat products from beef cattle fed
hazelnut skin as part of the feed formula are
unhealthy 4.84 054 a 426 054 b 374 054 ¢ 34.136 <.0001
I am worried about the possible effects that eating
meat products from beef cattle fed hazelnut skins as
part of the feed formula could have on my body 4.80 054 a 429 053 b 363 054 ¢ 39.680 <.0001
I believe that meat products from beef cattle fed
hazelnut skin as part of the feed formula are a risk
for human health 4.69 053 a 428 052 b 376 053 ¢ 26.562 <.0001

Perceptions scale: 1 = Strongly disagree; 2 = Disagree moderately; 3 = Disagree slightly; 4 = Neutral; 5 = Agree slightly; 6 = Agree
moderately; 7 = Strongly agree. Product characteristics scale: 7 = Extremely important; 6 = Very important; 5 = Considerably
important; 4 = Moderately important; 3 = Slightly important; 2 = Low importance; 1 = Not important at all.

Abbreviation. SE: standard error. Different letters indicate statistical differences related to level of neophobia using the least sig-
nificant difference test (P < 0.05). P-values were adjusted using Bonferroni’s method. Significantly higher mean values are high-

lighted in green.

and the feed and food processing industries (Kasapidou et al., 2015).
Moreover, the cost of collecting, processing and utilizing HS may not be
of particular economic interest compared with other by-products, and
the volumes produced may not be sufficient to justify large-scale oper-
ations. Additionally, there is a lack of safety assessments for the use of
food by-products in human and animal nutrition, and thus inadequate
regulations for ensuring the safety and quality of these by-products.

The incorporation of by-products into animal diets requires detailed
knowledge of the product’s nutritional factors in terms of antioxidant,
immunomodulatory and antibacterial effects that may affect animal
performance and growth. Feeding lambs HS improved the nutritional
properties of the meat by increasing the concentration of desirable fatty
acids and led to an increase in the myofibril fragmentation index,
lightness, redness and chroma color parameters (della Malva et al.,
2023; Menci et al., 2023; Priolo et al., 2021). In dairy cows, milk pro-
duction levels and the fat and protein content of milk did not vary be-
tween those receiving a traditional feed formulation vs feeds including/
supplemented with HS, whereas lactating ewes fed a pelleted concen-
trate containing HS produced milk characterized by a greater presence
of desirable fatty acids (Campione et al., 2020; Renna et al., 2020).
Feeding HS to pigs did not diminish consumers’ evaluations of salami; to
the contrary, informing consumers about the feeding methods actually
enhanced their perceptions of the products, especially in terms of taste
quality (Bolletta et al., 2024). The promising results of the inclusion of
sustainable and low-cost feed ingredients in animal nutrition underscore
their potential to enhance feed efficiency, reduce costs, minimize envi-
ronmental impact, and ensure quality, ultimately contributing to more
sustainable and economically viable livestock production systems.

As one of the first quantitative studies to investigate consumers’
perceptions about alternative feeds, this study makes an important
contribution to a topic that concerns both risk communicators and
consumers. Our results showed that providing information about the
positive effects of an alternative feed did not alter the willingness of
Italian regular meat consumers to try products from animals fed in this

way. By contrast, providing information on the benefits of using insect
products in poultry feed positively influenced the willingness of Italian
consumers to pay for poultry meat fed insect meal or live insects (Sogari
et al., 2022). However, the willingness of German consumers to buy
meat from animals fed insects as an alternative protein source depended
on the consumers’ attitudes and social norms (Weinrich and Busch,
2021), as also found in this study in which food neophobia, green self-
identity, and personal involvement over how animals are fed pre-
dicted better acceptance and positive perceptions. English consumers
were found to exhibit favorable attitudes towards the use of alternative
feeds (namely, insect meal for fish feeds) (Popoff et al., 2017), as also
found in the present study. According to Menozzi et al. (2020), con-
sumers across different European countries (France, Germany, Italy,
Spain, and UK) showed a preference towards sustainability labels,
nutrition, and health claims for fish products, but consumer preferences
and willingness to pay varied according to country and fish species. This
observation partially aligns with the present study, which indicated
Italian consumers to prefer sustainability benefits (HS in animal feed
helps to reduce food waste). These results should be considered in
relation to labeling strategies.

The limitations of the present study should be mentioned, which
might influence the generalizability of the findings across the Italian
population. In particular, younger people were under-represented in the
sample. Future research should consider alternative recruitment and
data collection methods to represent the younger segment of the pop-
ulation more accurately. Hence, the sample might not be representative
of the Italian resident population, but of predominant meat consumers in
Italy. The methodology used in this study may also have some limita-
tions, such as the lack of a control group that did not receive any in-
formation about the use of HS as part of the feed formula, and the
potential health benefits for humans or animals were not provided in the
framings. To address these limitations, a control group should be
included, ensuring a baseline comparison to accurately measure the
effects of framing. Additionally, providing information about the health
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Mean differences in respondents’ perceptions about meat obtained from cattle fed hazelnut skins among Italian meat consumers

willing vs unwilling to try the product (n = 900).

Willing to try Unwilling

mean _ SE mean _SE
Product characteristics
appearance 431 0.0442 d 380 0.146 ab
healthiness 479 0.0442 a 424 0146 a
high level of animal welfare 4.67 0.0442 ab 3.88 0.146 ab
high price 418 0.0442 d 374 0.146 b
nutritional composition 4.60  0.0442 bc 402 0.146 ab
safety 481 0.0442 a 4.10 0.146 ab
smell 376 0.0442 e 387 0.146 ab
taste 454  0.0442 be 406 0.146 ab
texture (juiciness) 448 0.0442 ¢ 395 0.146 ab
Benefit perceptions
I believe meat from hazelnut skin fed cattle would
be cheaper than beef products from animals fed traditional feed 4.66 0.0422 f 420 0.132 ab
be healthier than beef products from animals fed traditional feed 499 0.0422 cde 4.11 0.132 ab
be more nutritious (more vitamins, fiber, etc) than beef products from animals fed
traditional feed 492  0.0422 de 4.04 0132 ab
be more natural than beef products from animals fed traditional feed 512 0.0422 ¢ 4.14  0.132 ab
be pleasant 493  0.0422 de 434 0.132 ab
have a taste familiar to products that I already know 483  0.0422 e 393 0132 b
have positive effect on the environment 537 0.0422 ab 437 0.132 ab
have positive effects on my health 490 0.0422 ¢ 4.05 0.132 ab
help increase to some extent animal welfare 5.08 0.0422 «cd 422  0.132 ab
help reduce food waste 546 0.0422 a 440 0132 a
help reduce to some extent the environmental impact 529 0.0422 b 421 0.132 ab
look good, smell good, and have adequate texture 485 00422 ¢ 419 0.132 ab
not contain toxins, drug residues, antibiotics, etc 5.12  0.0422 ¢ 420 0.132 ab
Risk perceptions
I think that meat products from beef cattle fed hazelnut skins as part of the feed formula are
harmful to my health 313 0.0581 ¢ 454 0127 b
I am worried about the possible effects that eating meat products from beef cattle fed
hazelnut skins as part of the feed formula could have on my body 334 0.0581 b 478  0.127 ab
I believe that meat products from beef cattle fed hazelnut skins as part of the feed formula
are a risk for human health 3.14  0.0581 ¢ 478  0.127 ab
I think that meat products from beef cattle fed hazelnut skins as part of the feed formula are
unhealthy 350 0.0581 a 484 0.127 a

Perceptions scales: 1 = Strongly disagree; 2 = Disagree moderately; 3 = Disagree slightly; 4 = Neutral; 5 = Agree slightly; 6 =

Agree moderately; 7 = Strongly agree. Product characteristics scale: 7 = Extremely important; 6 = Very important; 5

Considerably important; 4 = Moderately important; 3 = Slightly important; 2 = Low importance; 1 = Not important at all.
Abbreviation. SE: standard error. Different letters indicate statistical differences related to willingness to try using the least sig-
nificant difference test (P < 0.05). P-values were adjusted using Bonferroni’s method. Significantly higher mean values are

highlighted in green.

benefits for consumers across different countries would promote a
broader geographic reach, providing a more diverse sample. This
approach would enhance the robustness of the findings and strengthen
the validity of attributing changes in perceptions solely to the framing,
as it would account for potential cultural and regional differences in
consumer interpretation and response. A potential theoretical limitation
should also be noted. The working model comprised/only considered
selected variables which had previously been shown to be important for
consumer perceptions of novel food. However, other variables, such as
different forms of knowledge, the presence of children in the household
and their age, income, meat shoppers and whether consumers are
allergic to nuts and might also play a role. These additional variables
could be included in future studies following a similar working model.

From the methodological standpoint, the approach used in this study
led to useful observations and explanations of the survey data processed
through GLMM analysis. The challenge in studies that focus on socially
desirable behavior, such as environmental and quality concerns and
associated issues such as food waste reduction and meat quality, is to
reveal potential barriers to the embodiment of these ideal self-reported
attitudes. Statistical models can provide such indications, however, the
actual sales in shops and consumers tests remain the strongest indicators
of consumer choices. With the increasing relevance of reducing the
environmental impact of meat production, future research should

endeavor to generate more accurate ways of predicting the behavior of
honest consumers in a real market. Sensory and willingness to pay
analysis of the meat from cattle fed HS or other food industry by-
products could provide a more realistic predictor of consumer accep-
tance for this type of novel food. Satisfactory results would help to meet
consumer requirements and overcoming the survey bias and social-
desirability bias present in the present study. However, the results pre-
sented here suggest that consumers are more likely to adopt novel foods
for hedonic reasons and to promote sustainability.

5. Conclusion

This study offers insights into Italian consumers’ attitudes, percep-
tions, and willingness to try meat obtained from cattle fed hazelnut skins
as part of the feed formula. The findings show that the level of personal
involvement (concern), green self-identity, food neophobia, consumer
perceptions about risks and benefits, and product characteristics all play
a role in the acceptance of alternative feed ingredients in the livestock
sector. The study also revealed a positive response of consumers towards
alternative feeds accompanied by information about how their use can
benefit the environmental or animal health. These findings constitute an
important starting point for further research and for informing con-
sumers about the actual risks associated with agro-industrial by-
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products enabling them to make meat choices on a fact-based assess-
ment of the risks and benefits of alternative feed use.
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