University of
< Reading

European consumers' valuation for hybrid
meat: does information matter?

Article
Published Version
Creative Commons: Attribution 4.0 (CC-BY)

Open Access

Asioli, D. ORCID: https://orcid.org/0000-0003-2274-8450,
Banovic, M., Barone, A. M., Grasso, S. and Nayga, R. M.
(2023) European consumers' valuation for hybrid meat: does
information matter? Applied Economic Perspectives and
Policy, 45 (1). pp. 44-62. ISSN 2040-5804 doi:
10.1002/aepp.13283 Available at
https://centaur.reading.ac.uk/105069/

It is advisable to refer to the publisher’s version if you intend to cite from the
work. See Guidance on citing.

To link to this article DOI: http://dx.doi.org/10.1002/aepp.13283

Publisher: Wiley

All outputs in CentAUR are protected by Intellectual Property Rights law,
including copyright law. Copyright and IPR is retained by the creators or other
copyright holders. Terms and conditions for use of this material are defined in
the End User Agreement.

www.reading.ac.uk/centaur



http://centaur.reading.ac.uk/71187/10/CentAUR%20citing%20guide.pdf
http://www.reading.ac.uk/centaur
http://centaur.reading.ac.uk/licence

University of
< Reading
CentAUR

Central Archive at the University of Reading

Reading’s research outputs online



Received: 28 July 2021

Accepted: 17 April 2022

DOI: 10.1002/aepp.13283

FEATURED ARTICLE

& AAEA WILEY

European consumers’ valuation for hybrid
meat: Does information matter?

Daniele Asioli' |
Simona Grasso® |

"Department of Agri-Food Economics
and Marketing, University of Reading,
Reading, UK

“MAPP Centre, Department of
Management, Aarhus University, Aarhus,
Denmark

3Institute of Food, Nutrition and Health
(IFNH), University of Reading,
Reading, UK

“Department of Agricultural Economics,
Texas A&M University, College Station,
Texas, USA

Correspondence

Daniele Asioli, Department of Agri-Food
Economics and Marketing, School of
Agriculture Policy and Development,
University of Reading, Reading, UK.
Email: d.asioli@reading.ac.uk

Funding information
EIT Food, Grant/Award Number: 20206

Editor in charge: Shuoli Zhao

Marija Banovic® |
Rodolfo M. Nayga Jr*

Ada Maria Barone® |

Abstract

This study investigates for the first time how the use of
different information messages (i.e., health, sensory,
and convenience benefits) about hybrid meat shapes
British, Spanish, and Danish consumers’ willingness to
pay (WTP) for such products. Hybrid meats are products
whereby a proportion of the meat has been replaced by
plant-based proteins. Using a choice experiment (CE)
involving hybrid burgers that vary across four attributes
(i.e., ingredient, fat content, Carbon Trust label, and
price), our results show that consumers are generally not
yet willing to pay a premium for such new products. Fur-
thermore, we found that consumer valuation for hybrid
burgers strongly depends on the type of information
provided and consumer characteristics. These findings
provide useful guidelines on how information can be
used in communicating the nature of the hybrid meats to
the public in a cross-country context.
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‘ aggregate supply and demand analysisfood policy, cooperatives,
prices

Continued growth in world population, incomes, urbanization, and food security issues has
strongly raised the demand for meat (OECD-FAO, 2013). Meat production is also a main con-
tributor of greenhouse gas (GHG) emissions (Xu et al., 2021) since it requires extensive use of
land, energy, and water (FAO, 2006). Furthermore, there are increasing societal concerns about
food safety, animal welfare, and human health issues, such as animal-transmitted pandemics,
antibiotic resistance (Godfray et al.,, 2018; Reisch, 2021), and cardiovascular diseases
(Apostolidis & McLeay, 2016) related to meat production and consumption. As a result, there is
increasing consensus among many policy makers that a reduction in meat production is
needed, which should be counterbalanced by an increase in alternative protein products.

Among the different alternative proteins available on the market (e.g., plant-based meat,
mycoproteins, insect, etc.), plant-based meat tends to be more accepted by consumers (Onwezen
et al,, 2021). Nevertheless, consumers are often unfamiliar (Apostolidis & McLeay, 2016) and
skeptical about the sensory characteristics of plant-based meat (Reipurth et al., 2019; Dekkers
et al., 2018). Consumers also show reluctance to make drastic dietary shifts toward a more strictly
vegan or vegetarian diet (Graga et al., 2015). These issues seem to put the policy efforts and
achievement of the goal to reduce meat production and consumption further away in the future
(Lentz et al., 2018). Consequently, there is a need for a more feasible approach and more action-
able policy solutions that would be accepted by consumers (Spencer et al., 2018). One possible
approach to support the transition from meat-based to plant-forward diets is the introduction of
hybrid meat (Tarrega et al., 2020). Hybrid meat products are blends of meat (e.g., burgers, sau-
sage, etc.) and plant-based ingredients (e.g., legume, vegetables, etc.) (Banovic et al., 2022; Grasso,
Asioli, & Smith, 2022) which, unlike fully plant based alternatives, are perceived as satisfying and
satiating as their meat-based counterparts (Spencer et al., 2018) since they share fairly similar sen-
sory characteristics as meat.

Nevertheless, a main challenge for both policy-makers and producers is to convince con-
sumers to try and purchase hybrid meat products (Michel et al., 2021). In this sense, the way in
which hybrid products are communicated to consumers can play a pivotal role in terms of con-
sumer acceptance as prior literature shows that the type of communication employed affects con-
sumer acceptance for sustainable foods (e.g., de Boer & Aiking, 2017; Banovic & Barone, 2021).
However, while prior research has mostly investigated consumer acceptance of hybrid meat
(e.g., Banovic et al., 2022; Barone et al., 2021; Caputo et al., 2022; Lang, 2020; Neville et al., 2017),
there is a dearth of research on how these products should be communicated when promoting
their consumption to consumers (Banovic & Barone, 2021; Edenbrandt & Lagerkvist, 2021). Spe-
cifically, there are a few studies that investigate consumer acceptance of hybrid meat, and none
that focuses on the communication of such new products to consumers in different countries.

Among the different types of information that can affect consumer acceptance for hybrid
meat, health message is important because it is one of the main benefits of such products (Zhang
et al., 2010) that consumers highly associate with plant-based meat (Loo et al., 2020). An example
of using health information to advertise hybrid meat is from Marks & Spencer, which recently
launched in the British market hybrid meats using the formula to deliver “I of your 5 a day” per
portion by focusing, among other benefits, on vegetables as healthy ingredients (Marks &
Spencer, 2019). Another type of message that could affect consumers' valuation for hybrid
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products is sensory information (de Bakker & Dagevos, 2012; Neville et al., 2017). Again, Marks &
Spencer launched hybrid meats in the market by also focusing their communication on flavorful
compounds (“more veggies, more flavour”) (Marks & Spencer, 2019). In addition, convenience
information could affect consumer acceptance for hybrid products because they are more
convenient to prepare and cook compared to plant-based meat only (Grasso & Jaworska, 2020;
Neville et al., 2017). This information has been used, for example, by Tesco (Tesco, 2019) to adver-
tise hybrid meats. To the best of our knowledge, no studies have investigated the effect of different
types of information on consumer valuation for hybrid meat in a cross-country context, which is
important for the development of marketing and communication strategies for hybrid meat in dif-
ferent countries.

Our study fills this void by using a choice experiment (CE) to investigate how the use of differ-
ent types of information about hybrid products (i.e., health, sensory, and convenience benefits)
shapes British, Spanish, and Danish consumers' willingness to pay (WTP).! We also aim to identify
potential sources of heterogeneity on consumer valuation of hybrid burgers in the United Kingdom,
Spain, and Denmark. The selection of the countries was based on the main markets where hybrid
products are already present such as Denmark (Fortune, 2019), important growing markets such as
the United Kingdom (Mintel, 2019), and potential market like Spain. These countries also well rep-
resent the different geographical areas of Europe. As a basic hybrid product, we chose beef burger
for several reasons: (i) beef is one of the most consumed meat products worldwide, and its demand
is increasing (Sheng & Song, 2019), (ii) beef burger is one of the most popular meat products in the
United Kingdom, Spain, and Denmark (Barone et al., 2021), (iii) several large companies and
startup businesses are investing in hybrid burgers (e.g., Danish Crown, Tyson Food) (Coyne, 2021),
and a lot of the industry interest in new plant-based foods has been on burgers (Lang, 2020),
(iv) the beef industry is one of the larger contributors of GHG emission (Clune et al., 2017), which
can potentially contribute more to reduce the negative environmental externalities caused by meat
production, and (v) burger is the preferred type of meat cut component on hybrid products in the
United Kingdom, Spain, and Denmark (Grasso, Asioli, & Smith, 2022).

There are two main contributions of this manuscript. First, we aim to provide useful infor-
mation on how policy makers and food producers can inform consumers about the benefits of
hybrid meat. Second, we aim to provide useful information for food producers and retailers that
aim to sell hybrid meat in different European countries on how they can target their communi-
cation messages more effectively to specific consumer segments and suggest which information
(i.e., claims) should be reported on food labels to increase consumer acceptance.

BACKGROUND

European Union (EU) policy makers have been pressed to address meat reduction and plant-
based diets in new food policies (Fortuna, 2020). For example, the new Farm to Fork (F2F)
strategy promises to make the EU food systems more sustainable and reduce negative impacts
of meat consumption through information, transparency, and empowering consumers with har-
monized mandatory front-of-pack nutrition information, synchronization of the green claims
and creation of a sustainable labeling framework, which covers the nutritional, climate, envi-
ronmental, and social aspects of food products (European Commission, 2020). However, even
though efforts have been made, the EU's food policies and Common Agricultural Policy (CAP),
in particular, are still criticized and regarded as failing with respect to biodiversity, climate, soil,
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land degradation, as well as socio-economic challenges (Pe'er et al., 2020), largely as the live-
stock sector continues to receive robust CAP subsidies (European Commission et al., 2020).

Thus, to meet the above mentioned EU polices, it is important to reduce meat consumption
and at the same time favorite the incorporation of plant-based food in consumer everyday life
(Loo et al., 2020). At the same time, recent research has showed a large increase of plant-based
food consumption in Europe (EU, 2022), and a further increase of consumption is expected over
the next years (Euronews, 2022). Hybrid meat can represent an elegant way to move the transi-
tion from meat products to plant-based food for several reasons. First, hybrid meat combines
the best of meat products such as good sensory and nutrition qualities (Bohrer, 2017; Grasso,
Rondoni, et al., 2022; Tarrega et al., 2020), the healthiness and sustainability characteristics of
plant-based food (de Boer & Aiking, 2021; Banovic et al., 2018). Second, hybrid meat include more
variety since as alternatives to the full meat and full plant-based meat products that are currently
on the market, hybrid meats do not require a drastic diet change, and the consumption of vegeta-
bles since the plant-based portion of hybrid meats in the market has been reported to be 20%-50%
(Grasso, Asioli, & Smith, 2022). Third, hybrid meat provides more diversity, and a more flexible
approach to enable a sustainable plant-forward transition because previous research has found that
such products are generally liked because of their sensory attributes similarly to full meat products
(Neville et al., 2017). Fourth, hybrid meat is more convenient than conventional meat because there
is less or no need to purchase and prepare vegetables because they are already incorporated in
hybrid meat (Grasso & Jaworska, 2020), and their preparation do not need additional cooking skills
and time compared to plant-based meat only (Neville et al., 2017). Hybrid meat would thus allow
and encourage a more nuanced plant-forward transition of those consumers with an attachment to
meat who would like to decrease the meat consumption (e.g., flexitarian) but do not want to com-
promise on the taste and sensory reward (Graga et al., 2015). This in turn could generate more sus-
tainable dietary habits, have a positive influence on individual health (Godfray et al., 2018), and
would achieve substantial reduction in GHG emissions (Goldstein et al., 2017). In this sense, hybrid
products would also ease the challenges of the EU livestock sector toward a more sustainable man-
agement of natural resources (Santini et al., 2017). Furthermore, the growing interest toward hybrid
products in Europe is also signaled by the increasing number of food companies have started to pro-
duce hybrid meat products, such as for example Danish Crowns' in Denmark, BrewsDog's in the
United Kingdom (Southey, 2021), and Novameat in Spain (Lorenzo, 2022).

Several academic articles have investigated consumer acceptance of hybrid meat. To illustrate,
Grasso, Asioli, and Smith (2022) investigated European consumer preferences for hybrid meat and
found that around 50% of them were willing to try and buy such products. They also found that
hybrid meat products were considered healthy, ethical, and environmentally friendly, while full
meat products were considered affordable, tasty, and enjoyable. Lang (2020) found that US con-
sumers tend to accept hybrid burger blended with mushrooms and that their acceptance is
influenced taste, health, sustainability, cost, and novelty. Banovic et al. (2022) investigated con-
sumer attitudes for hybrid meat in some European countries and found that such products could
represent an initial way for enabling a successful plant-forward transition because the meat content
in such products would facilitate consumer acceptance. They also found that sensory perception
play a major role in mediating the effect of consumer attitudes on intention to buy hybrid products.
Caputo et al. (2022) conducted a sensory consumer study with hybrid burgers in the United States
and found that consumers prefer full beef burger over plant-based alternatives and that providing
information negatively affect consumer acceptance of hybrid burgers compared to alternatives.
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TABLE 1 Attributes and levels

Attributes Levels

Ingredient “100% beef”
“50% beef and 50% plant-based”
“100% plant-based”

Fat content “Reduced fat”
“Regular fat”
Carbon trust label No label reported

Price United Kingdom Spain Denmark
£5.00/kg 5.51 €/kg 41 kr/kg

£17.50/kg 19.29 €/kg 143.6 kr/kg

£30.00/kg 33.07 €/kg 246.1 kr/kg

MATERIALS AND METHODS
Choice experiment design

In the CE, we used four attributes to describe the different types of hybrid burgers: ingredient,
fat content, Carbon Trust label, and price (Table 1). First, we included the ingredient because as
main aim of the study we would like to investigate consumer WTP for hybrid burgers with a
proportion of the meat replaced by plant-based proteins (i.e., grains, pulses, and vegetables).
Therefore, three levels of ingredients type were specified: “100% beef,” “50% beef and 50%
plant-based ingredients,” and “100% plant-based burger.” Second, we included the information
about the fat content because this information is a top concern when consumers are purchasing
meat (Barone et al., 2021; Lusk & Parker, 2009). Consumers also shown interest for the claim
“reduced fat” on hybrid meat (Grasso, Asioli, & Smith, 2022). Therefore, two levels for fat con-
tent were specified by the phrases “regular fat” or “reduced fat.” Third, we included the attri-
bute Carbon Trust label referring to the environmental impact of food production,
transportation, and use of the food products in terms of CO, emissions. We included informa-
tion about the environmental impact because it is currently one of the top key concerns of the
meat production (Godfray et al., 2018). Thus, the two levels of this attribute were i) use of the
Carbon Trust label or ii) no label used at all. Lastly, three price levels were specified based
partly on the current market prices for uncooked burgers in retail stores in the United Kingdom
(£5.00/kg, £17.50/kg, and £30.00/kg), the equivalent for Spain (5.51, 19.29, and 33.07 €/kg), and
Denmark (41, 143.6, and 246.1 kr./kg).>

The selected attributes and their levels were then used to generate an orthogonal fractional
factorial design using Ngene 1.2.1 (ChoiceMetrics, Sidney, Australia) that resulted in the crea-
tion of 36 choice sets, which were then divided into four blocks of nine choice tasks each to pre-
vent respondents’ fatigue. Each choice task was composed of two product alternatives (options
A and B) and an “opt-out” option (option C) (see an example in Appendix A). The choice tasks
within each block were randomly presented to respondents.
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TABLE 2 Information treatments

Treatment Description Additional information Name
1 Only CE questions / CONTROL
2 CE questions + By consuming burgers made with a combination HEALTH
Health of beef and plant-based ingredients you will get
information more vegetables, pulses and grains into your

diet which contain a range of nutrients such as
fiber, vitamins and minerals which are good for

your health.
3 CE questions + By consuming burgers made with a combination SENSORY
Sensory of beef and plant-based ingredients, the burgers
information will taste more savory, juicier, have more flavor,

and will have an improved texture (Adapted
from Lang, 2020).

4 CE questions + By consuming burgers made with a combination CONVENIENCE
Convenience of beef and plant-based ingredients, your
information shopping and cooking will be easier because

you do not need to buy and prepare vegetables
separately to complete the meal.

The CE was introduced to the consumers with the clear explanation and description of the
attributes and levels. Before the choice tasks, participants also received the instructions that
they should imagine themselves to be shopping in a grocery store, and instructions were pro-
vided on how to complete the CE. We also included a cheap talk (CT) script to mitigate hypo-
thetical bias (Silva et al., 2011) (see Appendix B for the CT script). Upon completion of the
choice tasks, the respondents were asked to complete a questionnaire to collect information on
their socio-demographics and attitudes. Specifically, we included questions about socio-
demographics (i.e., age, gender, and education), religion preferences, familiarity with plant-
based meat substitutes or meat alternatives, and attitudes toward meat attachment using the
meat attachment questionnaire (MAQ) (Graca et al., 2015), and the participants’ degree of
neophobia toward new foods using the food neophobia scale (FNS) (Pliner & Hobden, 1992).
The complete questionnaire is available in Appendix C.

Experimental treatments and research hypotheses

We implemented a between-subjects design based on the use of four CE treatments (Table 2).
Hence, each respondent was randomly assigned to only one of the CE treatments. The four
treatments only differed in terms of the information given about hybrid products prior the
series of choice tasks. Treatment 1 is the control treatment, named “CONTROL”; 651 consumers
(228 in the United Kingdom, 202 in Spain, and 221 in Denmark) were given general informa-
tion about hybrid products. In Treatment 2, named “HEALTH,” 606 respondents (201 in the
United Kingdom, 204 in Spain, and 201 in Denmark) were provided general information about
hybrid products and supplied with additional information about the health benefits of hybrid
products. In Treatment 3, named “SENSORY,” 611 consumers (203 in the United Kingdom,
205 in Spain, and 203 in Denmark) were exposed to general information about hybrid meat and
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supplied with other information about the sensory benefits of hybrid meat. In Treatment
4, named “CONVENIENCE,” 609 respondents (203 in the United Kingdom, 201 in Spain, and
205 in Denmark) were exposed to general information about hybrid products and were given
additional information about the convenience benefits of hybrid meat.

With these CE treatments, we constructed a series of hypotheses to examine whether the
information about the benefits of the hybrid burgers would affect consumer marginal willingness
to pay (mWTP) for these new products. To determine the effect of the different types of informa-
tion, we compared the estimates from the four treatments by testing whether:

i. health information would affect respondents’ mWTP for hybrid burgers (i.e., CONTROL
vs. HEALTH): Hy;: mWTPHEALTH & W pCONTROL

ii. sensory information would affect respondents’ mWTP for hybrid burgers (i.e., CONTROL
vs. SENSORY): Hy,: mWTPSENSORY o iy pCONTROL _

iii. convenience information would affect respondents’ mWTP for hybrid burgers
(i.e., CONTROL vs. CONVENIENCE): Hy;: mWTPCONVENIENCE 1y W pCONTROL _

iv. consumer evaluations for hybrid burgers differ when health information vs. sensory infor-
mation was provided (i.e., HEALTH vs. SENSORY): Hoy: mWTPSENSORY —£ W pHEALTH

v. consumer evaluations for hybrid burgers differ when health information versus conve-
nience information was provided (i.e., HEALTH vs. CONVENIENCE): Hys:
mWTPHEALTH ¢ mWTPCONVENIENCE,

vi. consumer evaluations for hybrid burgers differ sensory information versus conve-
nience information was provided (i.e., SENSORY vs. CONVENIENCE): Hgg:
mWTPSENSORY # mWTPCONVENIENCE

Data

The data’ used in this study are drawn from an online survey involving a total of 2477 con-
sumers in the United Kingdom (835 consumers), Spain (812 consumers), and Denmark
(830 consumers) using the online platform Qualtrics LLC (Provo, US) conducted in Autumn
2020. Only consumers who were at least 18 years old, who were responsible for food shopping
and cooking in the household always or sometimes, purchase uncooked burgers at least once
every three months, and were full meat eaters or flexitarians or macrobiotic consumers were
included in the study.

To ensure data quality, we took two main steps. First, before the series of choice tasks, as
suggested by Meade and Craig (2012) to stimulate respondents to pay extra attention to the subse-
quent questions, we asked respondents whether they have “devoted [their] full attention to the
questions so far,” and whether, in their honest opinion, they believe that we should use their
responses for the study (see questionnaire in Appendix C). We strategically placed this question
right before the most important questions, such as the CE tasks. Second, we included in the study
only consumers who took more than one-third of the median time duration to complete the survey.

Respondents in each country were selected for the study using convenience samples follow-
ing specific quotas for gender (50% females and 50% males) and age (50% 18-45 years and 50%
46-75 years) (see Table D1 in Appendix D for the socio-demographic characteristics). The final
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sample for the United Kingdom has similar gender and age distributions compared to the cen-
sus data slightly more consumers between 48 and 62 years than older than 63 years (Office for
National Statistics, 2019). The final sample for Spain has similar gender distribution compared
to the census data (INE, 2020), while the final sample for Denmark has similar gender and age
distributions compared to the census data (Statistics Denmark, 2021). In addition, the hypothe-
ses of equality of means between socio-demographics characteristics across the four treatments
within three countries were not rejected at the 5% significance level (see Tables D2, D3, and D4
in Appendix D) for gender, age, income, education, and household size. Only for the
United Kingdom, the treatment 1 (CONTROL) has more males than the other treatments,
and for Denmark it has more younger participants for treatments 1 (CONTROL) and 4
(CONVENIENCE) compared to the other treatments.

ECONOMETRIC ANALYSIS

To test the research hypotheses, we estimated the effect of the treatments on WTP using the
Discrete Choice Models (DCMs) that are normally used to analyze choice data (Hensher &
Green, 2015). Specifically, DCMs are based on modeling utility as a function of the attributes
which describe the products under consideration (Hensher & Green, 2015).

In this study, we used the Mixed Logit (MIXL) model with specification of the utility func-
tion in WTP space, which provides estimates directly in WTP terms (i.e., currencies). Consistent
with the Lancaster Theory (Lancaster, 1966), DCMs assume that the total utility consumers
derive from a product can be segregated into the marginal utilities given by the attributes of a
product. As such, the specification of the utility (U) function in our study can be defined as
follows:

U pyjt = an (ASC — PRICE j; + 0, HYBRID,yj; + 02 PLANT i + 03 FAT e + 0,4 CARBON ¢ ) + € it
(1)

where n refers to individual, j denotes each of the three alternatives available in the choice set,
t is the number of choice occasions, and «,, is the price scale parameter that is assumed to be
random and to follow a log-normal distribution. The ASC is the alternative constant indicating
the selection of the opt-out option. The price (PRICE,;,) attribute is represented by three price
levels (i.e., United Kingdom: £5.00, £17.50, and £30.00/kg; Spain: 5.51, 12.29, and 33.07€/kg;
Denmark: 41, 143.6, and 246.1 kr./kg). HYBRID,,;, is a variable representing the type of main
ingredients of the burgers, taking the value of 1 if it is composed by “50% beef and 50% plant-
based” and 0 otherwise. PLANT,;, is a variable representing the type of main ingredients of the
burgers, taking the value of 1 if it is composed by “100% plant-based” and 0 otherwise. FAT,, is
a dummy variable for information about the fat content of the hybrid products taking the value
of 0 if the claim “Reduced fat” is reported, and 1 if the phrase “Regular fat” is stated.
CARBON,; is a dummy variable representing the “Carbon Trust label” taking the value of 0 if
the no label is reported, and 1 if the Carbon Trust label is reported. Onl, 6n2, On3, and On4 are
the coefficients of the estimated mWTP values for HYBRID, PLANT, FAT, and CARBON,
respectively. Finally, €, is an unobserved random term that is distributed following an
extreme value type I (Gumbel) distribution, independent, and identically distributed (i.i.d.) over
alternatives. The parameters corresponding to the three nonprice attributes were modeled as
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random parameters assumed to follow a normal distribution, while the opt-out parameter was
modeled as a fixed parameter.

The differences in the mWTPs among the four treatments involved in our six hypotheses
(i-e., Hoy, Hoy, Hoz, Hos, Hys, and Hyg) can be tested by conducting pairwise tests using data from
the two respective treatments involved in the particular hypothesis. Then, following Asioli,
Bazzani, and Nayga Jr (2021), we created interactions between the nonprice attributes, and the
treatment (dtreat) parameters, which were modeled as a fixed parameters. The interaction
effects were specified as dummy variables to differentiate one treatment over the other treat-
ment (dtreat). Accordingly, the model can be specified as follows:

a(ASC — PRICE,j; + 0, HYBRID ¢ + 0, PLANT yj; + 6,3 FAT e + 0,4 CARBON ¢
Uy = + 0; (HYBRID,;; x dtreat) + 3, (PLANT,; x dtreat) + 83(FAT,; x dtreat) (2)
+ 34(CARBON,; x dtreat)) + € njt

where dtreat is coded as 1 for the first treatment in the analyzed hypothesis and 0 otherwise.
The significance of the estimated 9 coefficients, and their signs indicate the effect of the treatment
on the mWTPs for the attribute of interest.

The MIXL model in WTP space was estimated using the Stata module mixlogitwtp. We run
different MIXL models using different number of draws both with correlated and not correlated
variables. Based on logL, AIC, and BIC parameters, the best model was five hundred Halton
draws with correlated variables that were used in the simulations.

Next, we investigated consumer heterogeneity into two steps. First, we calculated the distri-
bution of the individual-level coefficients (i.e., mWTP) for HYBRID. This is because we would
like to investigate the effect of health, sensory, and convenience information on the distribution
of the individual mWTP using the kernel density estimation across individuals with the kdensity
command in Stata. Second, we performed a postregression analysis by pooling together all the
treatments for each country to investigate the potential sources of heterogeneity, such as indi-
vidual consumer characteristics (see for details on the econometric analysis Appendix E).

All the models were estimated using Stata 16.1 software (Stata-Corp LP, College Sta-
tion, USA).

RESULTS
WTP estimates: United Kingdom, Spain, and Denmark

The results from the estimation of the MIXL models using Equation (1) in WTP space using the
main effects for the United Kingdom, Spain, and Denmark are exhibited in Table 3. Specifically,
we reported the estimates (mWTP) for HYBRID, PLANT, FAT, CARBON, PRICE, OPT-OUT,
and significances for the attributes (p-value).

Overall, results show that in all the three countries and treatments, the mean estimate for
the OPT-OUT option is negative, and significant suggesting that consumers tended to prefer
one of the two product alternatives as opposed to the opt-out option. Specifically, in the
United Kingdom results show that both in the treatments 1 and 3 (CONTROL and SENSORY,
respectively) consumers prefer burgers made with only beef, and branded with the “Carbon



ASIOLI ET AL.

“uopouny pooy1[ayI] 301 “I30] 893 PlEA ‘TIUD PIem
$10119 PIEPUE)S ‘FS ‘SUONBAISSQO JO Joquunu ‘sqo *N ‘Aed 0} ssouSur[im [eurSew ‘g LMW {WOPIAIJ JO 92133p Jp ‘UOLI)LIO UOTJRULIOJUT UeISakeq ‘DId ‘UOLIdILID UOIIRULIOJUT SIYIEYY ‘OIV SUONRIARIqQY
100 > iy PUB ‘SO°0 > dys ‘T°0 > dy 91RIIPUI SYSLIAISY :2JON

6S°16LC S°C98¢C 98'886C 0S¥¥ST 0€°T06¢ ¥6'€86C LSO'PLIT TTET0E 16'1L0E 20'8€8¢ 19°6176C VL'98C¢ o1d
65'7S9¢ S6'€CLT L00S8C TL'S0vC 0€C9LT ST'S8C SLY'SEST €€'188C TEEE6T S¥'L69C 26'018¢C 1S°svie oIV
j¥4 1c j¥4 Ic j¥4 j¥4 j¥4 j¥4 j¥4 Ic j¥4 114 p
96C°S0ET— 86'0vET— YOOV T — 98 I8TI— ST'09¢T— 8S TOVT— LELOVTT— IT'TTYI— 99°SvvT— E€L'LTET— 98 V8ET— SLTSST— 1801
000 000 000 000 000 000 000 000 000 000 000 00°0 T2 < qoId
LOYTLT LO€E9 18°0LE S6'6SST 00°€L0T $6'C9SC €9°LOET S0y 68°C6€ 99'98ST 89'66S YS'IC6  TIUD PIlEM
Sess LTYS 18%S 18%S 3% 18%S LTYS 80SS LTYS L96S 494 9ST19 'Sq0 °N.

SONSIE)S 1 [9POIN

©_| WiLEY-|%AAEA

(86°L) (S+'T) (9z°¢) (81'8) (oz'1) (190) (08°01) (91°2) (€02) (#0°8T) (61°7) (LeD)
#4+91°097— w3V ET— wbE9E— €V PIT— sk [TEE— #0k98'6T— 5485 08T — s L 9T — w00 €€~ 5x00'8TE— #1609 0F— kS TE— mo1do
#1°0) (11°0) #1°0) (€1°0) (z1°0) (c1°0) (€1°0) (s1°0) (€1°0) (11°0) (c1°0) (ot°0)
k0T — 66 T— 48T T— st L €~ 0T T— k0T T— b Op— #4260~ s [€T— e #4x6CT— ws 1T~ 2011
¥8'8) (T8'1) (907) (oL'8) (89°'1) 911) (82°6) (ss'T) (8%'1) 1€CT (65°1) (@91
T€9 +20C°6 9¢'e 8T°0 wsP 0L #4¢96'9 70°€ #4490'S 70T 61— T #4409'S uoqre)
(LLotm) 1) (89°1) (98°11) ST (Le1) (1€72n) (8v'1) (8L'D) (6€7C1) (18'T) (749
8L °TT 90— o [0S~ 191 409’ L— 9¢'T— S0°0 . #400°S— +98°0C— 44658~ «0Tr— jeq
¥6'12) (ste) Los) #T€0) (Y47 (95°2) (0L'92) #0'2) (sTh) (T+°¢) (09°€) (sL¢)
#xx6 [ 68C— #xxLC CE— %% € €C— *xxEL'8EE— #x%£€9E— #xx00° LT— #xxEV 9TE— #xxLE0C— #x:8V VT — #xx09°CTV— Al #x%SL'SCT— yueld
(89°01) (9z'1) (99°5) (2h'81T) (s€2) (62°1) (19's1T) (68°1) (sv'€) (97°€2) o) (8L0)
#4x9E LTI~ €01~ BT0T— sl S THI— #4+€0°CT— 08T~  4:C9LET— #5S°€— wllL— 5x697TST— 10T k06T — pHakH
(s) B/ o) (es) Ba/3)  (4s) (B/3) (Gs) (31 (35) B4/3)  (3s) (B34/3) @s) 31 (3s) B4/3)  (3s) (B4/3) () B () (B/3)  (3s) (B/3) emqunv
drmuw drmw dimuw /o) LM dimw dImuw /o) LM dLmw dImw /D) JLMW dLmw drmuw
(soz = N) (10z = N) (c0z =N) (s0z = N) (s0z = N) (s0z = N) (102 = N) oz = N) (r0z = N) (1zz = N) (coz=N) (822 =N)
Jrewrudq uredg wopSury Jrewrud uredg wopSury Jrewrud uredg wopSury Jrewrud uredg wopSury
pajun pajun payun pajun
HONAINHANOD :JUdUIIBALL, XJOSNAS Judsunjeas], HLTVAH :JUaWjedi], TOYLNOD JUSUIBILL,

yrewuaq pue ‘ureds ‘wopSury parun Sy 10y SPPoW TXTA WO a0eds JIMW parewnsy € 19V L



EUROPEAN CONSUMERS' VALUATION FOR HYBRID MEAT &% AAEA 1
~WILEY-l *

Trust label” while in the treatments 2 and 4 (HEALTH and CONVENIENCE, respectively), con-
sumers prefer burgers made with only beef, and labeled with the claim “reduced fat.”

The results for Spain indicate that in treatment 1 (CONTROL) consumers prefer burgers
made with only beef and labeled with the claim “reduced fat.” In the treatments 2 and
3 (HEALTH and SENSORY, respectively), consumers prefer burgers made with only beef,
labeled with the claim “reduced fat,” and branded with the “Carbon Trust label,” while in the
treatment 4 (CONVENIENCE), consumers prefer burgers made with only beef and branded
with the “Carbon Trust label.”

Table 3 shows that in the treatments 1, 2, and 3 (CONTROL, HEALTH, and SENSORY,
respectively), Danish consumers prefer burgers made with only beef, while in the treatment
4 (CONVENIENCE), consumers prefer burgers made with only beef and labeled with the claim
“regular fat.”

Hypothesis tests: United Kingdom, Spain, and Denmark

Next, we tested the hypothesis that the information provision about hybrid burgers significantly
affect mWTP estimates (Table 4). Across the three countries, we found that providing health,
sensory, and convenience information of hybrid burgers will increase consumer WTP for such
products (i.e., hypothesis Hy;, Ho,, and Hys), while when comparing the different types of infor-
mation provision, we can find some difference among the countries. Specifically, in Spain, WTP
will be higher when consumers are provided with information about health benefits compared
to when sensory information is provided. In addition, both in Spain and Denmark, WTP will be
higher when consumers are provided with information about sensory benefits compared to
when convenience information is provided.

TABLE 4 Hypothesis test across four treatments and countries (hybrid x dtreatment)

United Kingdom Spain Denmark
Hypothesis test WTP: £/kg WTP: €/kg WTP: Kr./kg
Hop: mWTPHEALTH _ i\ TpCONTROL _ 10.94%#* 7.33 %k 80.39%*
Hip: mWTPHEALTH _ iy TpCONTROL £ (2.74) .73) (34.01)
Hop: mWTPSENSORY _ iy wTpCONTROL _ 6.32%* 6.34%* 113.05%%*
Hy,: mWTPSENSORY _ 1 wTpCONTROL £ (2.86) (2.37) (25.16)
Hos: mWTPCONVENIENCE _ 1y TpCONTROL _ g 7.56%* 5.72%% 08,34
H,5: mWTPCONVENIENCE _ 1y yypCONTROL £ (3.02) (2.18) (28.90)
Ho,: mWTPSENSORY _ T pHEALTH _ —1.95 —5.58%* 17.88
Hi,: mWTPSENSORY _ pyTpHEALTH £ (3.24) (2.83) (8.29)
Hos: mWTPHEALTH _ W pCONVENIENCE _ —3.78 -1.93 21.26
His: mWTPHEALTH _ iy pCONVENIENCE — ¢ (3.44) (2.28) (13.19)
Hog: mWTPSENSORY _ 1y (yTpCONVENIENCE _ ¢ —4.16 5.49%* 74.69%**
Hig: mWTPSENSORY _ (W TpCONVENIENCE £ ) (3.42) (2.79) (31.21)

Note: Asterisks indicate *p < 0.1, *p < 0.05, and ***p < 0.01.
Abbreviations: mWTP, marginal willingness to pay; SE, standard error.
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United Kingdom: Hybrid attribute Spain: Hybrid attribute Denmark: Hybrid attribute
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FIGURE 1 Distributions of mWTP across individuals for the HYBRID attribute for the United Kingdom
(left-side), Spain (middle), and Denmark (right-side) [Color figure can be viewed at wileyonlinelibrary.com]

WTP estimates: Distribution of individual mWTP values for the
United Kingdom, Spain, and Denmark

Figure 1 presents the distribution of mWTP values across individuals (kernel density estimates)
for the HYBRID attribute in the United Kingdom, Spain, and Denmark. First, we notice that
compared to the treatment T1-CONTROL, when we provide information about the benefits of
hybrid products (i.e., treatments: T2-HEALTH, T3-SENSORY and T4-CONVENIENCE)
consumers' mWTP for hybrid meat increase. This corroborates the findings from the MIXL
models of the previous section. Moreover, across all treatments and countries, especially
in Denmark and the United Kingdom, we can notice a bimodal distribution with the
mWTP for two subgroups of respondents particularly sensitive to the HYBRID attribute,
which indicates the presence of two consumer segments. Specifically, we can see one
large consumer segment with mWTP quite well distributed around zero mWTP
(i.e., United Kingdom: —30 and +20£/kg; Spain: —30 and +40€/kg; and Denmark: —300
and +300 kr./kg), and a smaller segment of consumers with strongly negative mWTP for
hybrid products (i.e., United Kingdom: —30 and —60£/kg; Spain: —30 and —60€/kg; and
Denmark: —300 and —600 kr./kg).

Moreover, in the United Kingdom (left-side of the Figure 1), we can notice that the indi-
vidual mWTP distributions are similar and more concentrated for the treatments 1 (CON-
TROL) and 4 (CONVENIENCE), while it is a bit more diffuse for the treatments
2 (HEALTH) and 3 (SENSORY), which means that health and sensory information effect
consumer valuation differently, while convenience information not. Similarly, in Spain (mid-
dle side in the Figure 1), we can see that when providing information about the convenience
benefits of hybrid products the effect is similar for all consumers, while is not when health
and sensory information are provided. In Denmark (right-side of the Figure 1) the individual
mWTP distributions are similar across treatments which means that the effect of information
on consumer valuation for hybrid meat is similar independently than the type of information
provided.

Consumer heterogeneity: Post — Regression analysis
Table 5 shows that the consumer characteristics explain 20%, 17% and 26% of the variance on

consumer preferences for hybrid burger in the United Kingdom, Spain, and Denmark, respec-
tively. Specifically, a number of consumer characteristics affect consumer preferences for hybrid
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TABLE 5 Effect of consumer characteristics on consumer preference for HYBRID

United Kingdom Spain Denmark
(N = 835) (N = 812) (N = 830)
Variable Coefficient (SE) Coefficient (SE) Coefficient (SE)
Intercept 36.67*** 3.21 388.38***
(7.47) (7.56) (58.80)
Age —0.31*++ —0.14%+ —3.38%
(0.06) (0.06) 0.42)
Gender —2.16 2.15 —13.09
1.67) (1.56) (14.81)
Education 3.19%k —0.59 12.05*
(0.82) (0.78) (6.34)
Religion 2.37 4.47%%* 27.16*
1.77) (1.58) (16.29)
MAQ —7.83%%k —3.61%** —86.68***
(0.82) (0.74) (7.54)
FNS —2.47** —1.61*% —21.51**
(0.96) (0.93) (8.89)
Familiarity 1.04 5.56%** 20.05%**
0.91) (0.72) (6.05)
Model fit statistics
Number of obs 835 812 830
Prob > F 0.00 0.00 0.00
R-squared 0.20 0.17 0.26
Adj R-squared 0.20 0.16 0.26

Note: Asterisks indicate *p < 0.1, **p < 0.05, and ***p < 0.01.
Abbreviations: N. obs, number of observations; SE, standard error.

burgers with some similarities, and differences among countries. Overall, we can see that across
the United Kingdom, Spain, and Denmark younger consumers and those who have lower meat
attachment tend to prefer hybrid burgers. In addition, British higher educated and religious
people in Spain prefer hybrid burgers. Also, Danish, and British consumers with lower food
neophobia as well as Spanish and Danish consumers with high familiarity for plant-based meat
have higher preference for hybrid meat than those with lower familiarity.

DISCUSSION

We investigated for the first time the United Kingdom, Spain, and Denmark consumers’ WTP for
hybrid meat products. Several main outcomes were identified. First, we found that across the three
countries and treatments, consumers generally reject hybrid products and more strongly reject
plant-based meat-only burgers while they prefer meat-only burgers. This finding is corroborated
by Caputo et al. (2022) and Grasso, Asioli, and Smith (2022). This finding could be due to the fact
that the market for hybrid products is still small (Apostolidis & McLeay, 2016) because of the low
familiarity with the plant-based concept of consumers (van der Weele et al., 2019) and that we
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focused on consumers who purchase meat-only burgers. Second, we found that generally British
and Spanish consumers prefer burgers labeled with the claim “reduced fat” while Danish
consumers are not interested in this information. These finding is corroborated by Grasso,
Asioli, and Smith (2022) in a study conducted in Europe. We also found that British and
Spanish consumers have preference for hybrid meat branded with the “Carbon Trust label”
on the label of such products. Third, we found that when consumers are informed about the
benefits of hybrid products (i.e., health, sensory, and convenience), their WTP for these new
products increases. These findings are corroborated by Lang (2020) who found that con-
sumer acceptance for plant-based food is affected by sensory and health information, among
others. Similarly, Loo et al. (2020) found that information has an impact on US consumers
valuation for meat alternatives, but contrasted by Tonsor et al. (2022) in a study conducted
in US. Fourth, we found that the effect of information differs depending on the type of mes-
sages, and on the country. This finding is corroborated by previous research which shows
that the type of communication employed affects consumer preferences for food products,
including sustainable food (Banovic & Barone, 2021; Loo et al., 2020). Specifically, we found
that in the United Kingdom, the provision of health, sensory or convenience information
about hybrid meat products similarly increases consumer WTP for them while in Spain, the
provision of information about health benefits about hybrid products increases consumer
WTP more than the provision of sensory information, and in turn the latter rise consumer
WTP more than convenience information. Moreover, in Denmark we found that the provi-
sion of sensory benefits increases WTP more than the provision of convenience information.
Fifth, consumer preference for hybrid meat products depends on different consumer attri-
butes and in some cases on the country. Specifically, in all the three countries investigated
younger consumers and those who have lower meat attachment tend to prefer hybrid meat.
This finding is corroborated by studies from Banovic et al. (2022) in Europe while contrasting
Lang (2020) in the United States. In addition, we found that more educated British people
and religious consumers in Spain and Denmark like more hybrid meat than lower educated
and not religious consumers, respectively. Moreover, British, and Danish consumers with
higher food neophobia towards new foods tend to dislike more hybrid meat while Spanish
and Danish consumers with higher familiarity with plant-based meat alternatives prefer
more hybrid meat. These findings corroborate the findings from Bryant et al. (2019) who
reported that the increasing of familiarity of plant-based meat and lowering food neophobia
increase consumer preference for hybrid meat.

These findings have important implications for food businesses that aim to produce and sell
hybrid meat. Firstly, we can see that it is important to inform consumers about the benefits of
hybrid meat products, perhaps through communication campaigns and on food labels. Overall,
in the British, Spanish, and Danish markets it may be advisable to focus on health, sensory or
convenience benefits information. Specifically, in Spain it is advised to focus more on health
compared to sensory or convenience benefits information while in Denmark may focus more
on health or sensory information. Secondly, it is important to target the initial sales of hybrid
products to specific consumer segments who can be more sensitive to hybrid meat. Specifically,
overall in the three countries it is recommended to focus the initial sales of hybrid burger more
on younger consumers and those who have lower meat attachment. In addition, it is proposed
to focus more on consumers who have lower food neophobia in the United Kingdom and
Denmark and those who have high familiarity with plant-based meat in Spain and Denmark.
Thirdly, it is suggested both in the British and Spanish markets, to report on the food label of
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hybrid burgers the claim “Reduced fat”, and the brand “Carbon trust label” which increase con-
sumer acceptance towards these new products.

Several policy implications can be derived from this study. First, the fact that on average
British, Spanish and Danish consumers value hybrid burger significantly differently than meat-
only burgers indicate a need for labeling regulations to help consumers make more
informed purchase decisions by allowing them to identify hybrid meat. Indeed, consumers
are likely to demand transparency and the right to know what they are purchasing. Thus, it
is of crucial importance that policy makers support to establish a regulatory framework con-
trolled by authorities to ensure an effective and standardized hybrid meat labeling which
consumers can trust and use to make more informed choices. Second, consumer preferences
for beef produced with lower carbon footprint and with lower fat may lead to a risk of
opportunistic behavior from hybrid meat producers in the market, for instance by using
unverified claims. Thus, we suggest that in the initial period of introduction of hybrid meat,
public authorities should provide standards, information, and control procedures for hybrid meat
labelling to reduce the potential negative issues of information asymmetry between practitioners
and consumers. Third, our findings suggest that older people and those who have higher levels
meat attachment are more reluctant to purchase hybrid meat thus governments and private busi-
nesses should promote consumer education campaigns aimed to inform consumers about the
benefits of hybrid meat maybe focusing more on health, sensory or convenience information.
Fourth, our findings suggest that provision of certain types of information and the focus on con-
sumer segments could increase the acceptance for hybrid meat. To this respect, a major policy
challenge is how information can be used to engage consumers who can contribute to reduce
meat consumption.

Further research is needed to test the robustness of our findings with other hybrid beef
products, other types of meat (i.e., chicken, pork, lamb), and ingredient mixes (e.g., 30%—
70%). Similar studies should also be conducted with plant-based meat-only and in other
countries given the expected increase in demand of plant-based products. Moreover, future
studies should further investigate consumers’ WTP by conducting non-hypothetical experi-
ments using experimental auctions (Lusk & Shogren, 2007), multiple price list (MPL) (Asioli,
Mignani, & Alfnes, 2021) or real choice experiments (RCE) (Fang et al., 2021) combined with
sensory evaluations of hybrid meat products (Asioli et al., 2017) to provide information in
real purchasing contexts (e.g., stores). Also, further research can use scanner data to investi-
gate the hybrid meats that are currently on the market.

CONCLUSIONS

In conclusion, our findings show that consumers’ WTP for hybrid products depends on the
country, information provided and by consumer socio-demographics and attitudes. Our results
provide insights into consumers’ psychology that can be useful for effectively communicating
the potential benefits of hybrid products to the public that can support the transition from
meat-centric to plant-forward diets.
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ENDNOTES
! WTP is used as a measure of stated consumer preferences.

2 The prices for burgers were based on prices recorded in different United Kingdom, Spanish, and Denmark
stores including grocery stores, farmers’ markets, specialty stores, organic stores, and supercentres.

3 We obtained informed consent from all participants in the study, and our study was approved by an institu-
tional ethical clearance board.
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