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Abstract 

Food production generates emissions at all stages, from the agricultural sector up to all other related 

inputs. At present, the livestock sector is one of the most significant contributors to environmental 

problems. For instance, the intensive European swine production system generates high external costs, 

such as water and air pollution. In response to these emerging issues, there is a growing interest in the 

relationship between marketing and sustainability, with people increasingly paying more attention to 

health, product quality and products’ environmental friendliness. The aim of this study is to determine 

whether there is a market for high-quality Parma ham PDO (protected designation of origin), produced 

using a sustainable supply chain at environmental, health and animal welfare levels. This paper employs 

discrete choice experiments to investigate Italian consumers’ preferences and willingness to pay (WTP) 

for Parma ham PDO with distinct characteristics, including the use of pollutant abatement technologies. 

The results seem to encourage the pork industry to better explore the reduction of pollutant emissions, 

demonstrating consumers’ WTP for this production technology. Furthermore, the results of this study 

prove the existence of a niche market for this type of production. 

 

Keywords: consumer behaviour, choice experiment, animal welfare, swine supply chain, 

sustainable production. 
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1. Introduction 

Global pollutant emissions due to human activities have grown considerably since pre-industrial times, 

with an increase of 70% from 1970 to 2004. To reduce the risk of adverse effects from climate change, 

global pollutant emissions must be reduced by 50% globally and 80% in the developed world by 2050, 

compared to 1990 levels (Masson-Delmotte et al., 2018). According to this issue, the Sustainable 

Development Goal 12 of Agenda 2030 recommends the efficient management of common natural 

resources by encouraging industries, farms and consumers to make environmentally and socially 

sustainable choices. 

At present, the livestock sector is one of the most significant contributors to environmental 

problems, with its activities leading to land degradation, water pollution and increased health problems 

(Steinfeld et al., 2006). In 2015, food system emissions were estimated at 18 billion tonnes of CO2 or 

the equivalent produced (FAO, 2021). This is supported by the fact that this sector represents 30% of 

the Earth’s surface and is responsible for one significant global asset worth at least US$1.4 trillion 

(Steinfeld et al., 2006). Apart from contributing 17% to the global food budget in terms of calories per 

person per day and 33% of protein in human diets, livestock can also promote biodiversity in some 

pastoral systems (Burlingame & Dernini, 2010). The animals that are mostly bred in the world’s 

intensive farms are cattle, pigs and poultry (National Research Council, 2003). Since the 1970s, some 

regions have specialised in animal production, from which large-scale agglomeration economies 

appeared, leading to the formation of areas of high animal density. One example is the European swine 

production system, which is mainly intensive and generates high external costs, such as water and air 

pollution (Grinsven et al., 2018).  

Apart from consuming large quantities of water, intensive livestock farms cause groundwater 

pollution due to animal manure. In fact, 70% of all water resources used worldwide are used in animal 

husbandry and agriculture, and most of these farming activities are not intended for humans but for 

livestock breeding (FAO, 2017). Moreover, the air inside pig barns is characterised by high 

concentrations of NH3, CH4 and PM (Mostafa et al., 2019). The high number of pigs reared on these 

large-scale farms and the massive amounts of feed distributed in these facilities contribute to the 

deterioration of air quality inside the barns, posing health risks to both the animals and workers 
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(Costantini et al., 2020). The same poor-quality air is then dumped into the environment, causing 

pollution in the surrounding rural and urban areas.  

 In response to these emerging issues, there has been a growing interest in the relationships between 

marketing and sustainability because people are beginning to pay more attention to health, product 

quality, and their environmental friendliness. In fact, in corporate marketing strategies, some 

communication tools have promoted social sustainability in food chains based on the principle of 

‘equally distributed well-being’ (Agnusdei & Coluccia, 2022). These strategies include corporate social 

responsibility activities, ethical-based communication and heightened awareness of the environmental 

impact of production communications, thus showing the interest given by corporations to these issues 

(Sahadev et al., 2022). In terms of promoting sustainable consumption, marketing plays a role in 

stimulating more environmentally friendly consumption patterns (Fischer et al., 2021). Specifically, 

sustainable marketing is a branch of marketing that promotes consumer awareness through the purchase 

of products that respect the environment and people. Consumer demand for sustainable options is 

increasing; for example, 66% of consumers worldwide report a greater willingness to pay (WTP) for 

sustainable offerings (Nielsen, 2015). Nevertheless, there is still room for further innovation.  

In the literature, two main approaches are usually employed to analyse consumer preferences 

(Czine et al., 2020). The first comprises the revealed preference methods, which observe the behaviours 

of individuals in real market situations, whilst the second consists of the stated methods, which compare 

consumers in a hypothetical situation to evaluate alternatives between the product attributes that are not 

yet available in the real market (Czine et al., 2020; Mark & Swait, 2004). This approach to assessing 

consumer preferences and defined product characteristics (i.e. attributes) is known as the discrete choice 

experiment (DCE) (Costanigro & Onozaka, 2020; Cummins et al., 2016). The DCE is used to calculate 

the trade-offs between different attributes of a product preferred by consumers compared to others 

(Tonsor et al., 2009). This approach is useful because it can simulate real-life purchase decisions, 

forcing consumers to make trade-offs between the different attributes of certain products to meet their 

needs (Grunert et al., 2018). 

Consumers’ interest in sustainable production processes is one of the major issues in the agri-food 

system. It concerns different themes, such as organic farming, biodiversity protection, eco-packaging 
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of products and water-reduction technologies. Amongst the current technologies used in the 

implementation of sustainable agri-food chains, the reduction of antibiotics in livestock production is 

one of the most highly debated topics to date (Denver et al., 2021; Waluszewski et al., 2021; Grunert et 

al., 2018). Concerning pork breeding, some scholars have addressed the issue of consumers’ preferences 

for this production typology (Lusk, 2006; Denver et al., 2021; Grunert et al., 2018; Waluszewski et al., 

2021). Nevertheless, according to the idea that the use of antibiotics in animal health care can lead to 

antimicrobial resistance, several practices and policies to reduce their use in livestock have been 

introduced all around the world (Denver et al., 2021). For example, in the pork food chain, the 

implementation of systems requiring the reduced use of antibiotics involves changing production 

management procedures and improving diagnostic tools to identify pathogens (Denver et al., 2021).  

The increasing consumer interest in these kinds of products was first confirmed by Lusk et al. 

(2006) by applying a choice experiment with a money incentive outside grocery stores to estimate 

consumers’ WTP for pork meat produced without the use of antibiotics, resulting in a price premium 

of 76%. Denver et al. (2021) focused on the reduction, rather than the elimination, of antibiotic use in 

the pork production chain, also controlling for the different motivations that consumers may have about 

the use of antibiotics, such as concerns about residues in pork meat and increased antibiotic resistance 

in microbials. Using an online questionnaire, they asked their respondents to imagine buying pork meat 

with 20% less antibiotics in stores and to declare their WTP for this kind of product, using a hypothetical 

approach without financial incentives. Their results confirmed consumers’ WTP for the proposed 

product, although it was lower than that found in Lusk et al. (2006). The results reported by Denver et 

al. (2021) can be explained by the reduction of residues in meat and resistance in microbials, rather than 

in better livestock conditions.  

Grunert et al. (2018) proposed an approach based on consumers’ segmentation of trade-offs 

amongst several production-related attributes. They demonstrated that the production features 

improving individual benefits in terms of health and safety, rather than public benefits, are the most 

preferred attributes by consumers, including ‘less use of antibiotics in pork meat production’. However, 

consumers’ perceptions of sustainability issues in food chains differ between the EU and the rest of the 

world (Nocella et al., 2010). Thus, Waluzewski et al. (2021) affirmed the need to change the system of 
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the large-scale use of antibiotics in the pork production chain to a tailor-made system that employs 

sustainable breeding practices. They also analysed two European systems of breeding, the Swedish and 

the Italian systems, arguing that the latter’s use of antibiotics in pig production is 20 times higher than 

that in the former, leading to one of the highest burdens of antimicrobial resistance throughout the EU 

(Waluzewski et al., 2021; Cassini et al., 2019). However, large Italian retailers have recently begun to 

demand reduced antibiotic use in pig farms, although these initiatives rest far from a large public, 

assuming the character of experimental marketing rather than being more widely applied (Waluzewski 

et al., 2021). 

Many scholars have investigated several aspects of consumers’ preferences for animal production 

while caring for animal welfare in several livestock industries, including poultry (Gerini et al., 2016), 

cattle (Mazzocchi & Sali, 2018), sheep and goats (Musto et al., 2015) and more recently, pigs (Denver 

et al., 2021; Lund et al., 2021). Concerning pork production, the minimum legislation standard of pork 

welfare has been set in EU regulations (Dir 2008/120/EC), but a higher standard can be adopted by each 

EU member state (Denver et al., 2022).  

According to Cembalo et al. (2016), studies have mainly focused on two principal motivations 

guiding consumers in their purchasing choices related to livestock production: (1) concerns for animal 

conditions in breeding (Mazzocchi & Sali, 2018, 2021) and (2) the environmental impact of the 

livestock system (Eldesouky et al., 2018). The first branch of the literature refers to the attitudinal and 

moral drivers associated with consumer preferences for pork products (Lund et al., 2021). The main 

factors that have been extensively examined include general moral opinions (Frey & Pirscher, 2018), 

personal values (Cembalo et al., 2016) and concerns for animal welfare and consumer perceptions about 

farmers and the conditions of farmstock (Boogaard et al., 2006; Miranda-de la Lama et al., 2017). 

Following different perspectives, other studies have attempted to understand how consumer concerns 

about animal welfare can affect the ethical positioning of food companies (Beldad & Hegner, 2020). 

Some examples include the enclosed confinement of livestock and stocking density (de Barcellos et al., 

2011), long-distance transport (Miranda-de la Lama et al., 2011) and religious aspects, such as Kosher 

slaughter practices (Fuseini et al., 2017). 
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The second group of studies investigates issues related to how consumers deal with livestock production 

attributes related to the environment, such as ammonia emissions, carbon footprint (Grunert et al., 

2018), greenhouse gas (GHG) emissions and others (Burnier et al., 2021; Eldesouky et al., 2018).  

The GHG emission attribute has been investigated in several papers that evaluated consumers’ 

interest in purchasing products with a low carbon footprint (de Magistris and Gracia, 2016; 

Echeverría et al., 2014; Michaud et al., 2013; Tait et al., 2011). Moreover, in a recent study, Burnier et 

al. (2021) assessed the reduction of GHG emissions in percentage during beef production and estimated 

consumers’ preferences for different levels of emission (0%, 30% and 60%). However, several 

questions remain unanswered: What are consumers’ perceptions of the environmental impacts caused 

by pork livestock emissions? and Is there a premium price for reducing ammonia emissions in pork 

supply chains? To our knowledge, there is a gap in the literature between consumer preferences for pork 

meat and environmental issues related to emissions caused by farms, particularly ammonia emissions.  

For these reasons, our study aims to estimate what kinds of attributes in acquiring Parma ham PDO 

(protected designation of origin) matter for consumers using a survey based on choice experiments 

(CEs). Furthermore, this research analyses which attributes amongst pollutant abatement technology 

(PAT), animal welfare, reduction of antibiotics and price are ranked higher by consumers when they 

make choices about Parma ham PDO purchases in Italy, as well as their WTP for these attributes.  

The remainder of the paper is organised into sections. Section 2 provides a literature review of 

consumers’ interest in sustainable practices in the pork supply chain. Section 3 presents the 

methodology (data collection, selection of attributes, experimental design and econometric model). 

Section 4 presents the results and a discussion of the findings. Finally, Section 5 draws the paper’s 

conclusions. 

 

3. Methodology 

CEs facilitate the investigation of consumers’ preferences for options or products that do not 

yet exist in the market (Mahmoudi et al., 2021). The idea underlying this methodology is to derive an 

individual’s marginal utility by examining the trade-offs between the relevant attributes of a product 

when making purchase decisions. CEs introduce respondents to several purchase scenarios 
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(hypothetical or real) amongst alternative products that are described by combinations of various 

attributes at different levels. Consumers are then asked to choose which alternative product they would 

buy within each set of alternative options (choice set) based on the description provided, thus revealing 

their preference for specific attributes or levels and their relative degrees of importance (Train, 2009). 

Each attribute characterising the product, the combination of different attributes and their levels is 

represented in the sets of alternatives proposed. 

 

3.1 Data collection 

The data collection was performed through interviewers who used a CE survey built with Qualtrics 

software, thus allowing participants to access the questionnaire via different devices. The questionnaire 

was distributed through social media, web forums and individual contact lists to reach a large and 

diverse range of respondents. The questionnaire participants were randomly recruited. To ensure the 

accuracy of the questions and to avoid possible ambiguity regarding the items, a pre-test with 20 

participants was carried out for two weeks at the beginning of November 2019. The pre-test was carried 

out by sending the questionnaire by e-mail to 20 respondents (students and colleagues). The aim of the 

pre-test was to verify the potential excessive length of the questionnaire and the clarity of the questions. 

The respondents’ overall feedback was mostly positive; the interviewees answered without difficulty 

and correctly understood the questions included in the survey. From this pre-test, the suggestion to 

include in the questionnaire a question related to ‘the usual site of purchase’ of Parma ham PDO 

emerged. Thus, this feedback was considered, and the final questionnaire was adjusted accordingly. 

Data collection was based on quota sampling criteria without any rewards. Data collection took 

place from December 2019 to April 20211, and the people interviewed all lived in areas scattered 

throughout Italy (South, Centre, North and Islands). During this time, 340 respondents answered the 

questionnaires, resulting in 319 complete documents (93.8% response rate). The participants consisted 

only of Parma ham consumers. This issue was verified by including a filter question before proposing 

the CE part of the survey.  

                                                           
1 A first tranche of interviews took place in December 2019, a second tranche in April and May 2020 and a 
third tranche in April 2021. 
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Comparisons of average values did not identify significant differences between questionnaires that 

were returned early and those that were returned later. Therefore, in accordance with Armstrong and 

Overton (1977), significant nonresponse bias was ruled out. Whilst the sample was not perfectly 

balanced with the Italian population statistics, the results provided valuable evidence for consumers’ 

preferences for sustainable products, especially amongst the young generation who represented future 

consumers. 

The respondents were all adult consumers belonging to the 18- to 24-year-old up to the over 65 

age groups. The participants took an average of 20 minutes to complete the survey. 

 

3.2 Selection of attributes 

The analysis focuses on Parma ham PDO in CEs. This product was chosen both for its typicity and its 

economic performance and importance in Italian and international markets. Parma ham PDO is one of 

the most important PDO products in Italy and Europe, with a 2020 production value of €687 million. 

In 2020 alone, its production reached 87.000 tonnes, with a total export value of €253 million.  

In the CE, the consumers’ marginal willingness to pay (mWTP) is elicited from the ‘price’ 

parameter included in the choice set together with the other attributes. The attributes used in the CE are 

shown in Table 2: the presence of the ‘antibiotic-free’ logo (AF), the presence of the PAT logo (PAT), 

the typology of pig breeding (AW) and the price in hg (PR).  

The current research attempts to fill a gap in the literature regarding this topic by associating 

concerns about emissions during the first phase of Parma ham PDO production to assess consumers’ 

mWTP for more sustainable products made with new PATs. In fact, different mitigation strategies can 

be applied to limit gaseous emissions from livestock. Amongst these, air cleaning systems, such as 

biofilters, bioscrubbers (or biotrickling filters), dry filters, two-stage or three-stage air cleaning systems, 

water scrubbers, water traps and wet acid scrubbers are mentioned in the Best Available Techniques 

(BAT) reference document for the intensive rearing of poultry or pigs (Conti et al., 2021). As an 

example, the wet acid scrubber, the most widely applied air cleaning technology in Northern Europe 

(Costantini et al., 2020) and consists of an end-of-pipe technique, is used in forced ventilated animal 
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houses for removing pollutants from the exhaust air. With this technology, NH3 is captured by an acid 

solution, leading to the production of ammonium salt (Santonja et al., 2017).  

Given that consumers are becoming more interested in the practices used to raise livestock for meat 

products (Innes & Cranfield, 2009; Thilmany et al., 2009), farmers must increase efficiency and 

effectively manage their usual practices. Consumers preferred the responsible use of antibiotics in pork 

meat production and, in some cases, were even willing to pay a higher premium for these products 

(Lusk et al., 2006). Indeed, Cervantes (2015) looked at the responsible use of antibiotics in poultry 

production and found that scientific evidence is lacking to support these claims. Moreover, throughout 

Europe, several livestock productions marked ‘antibiotic-free’ are growing and a niche market exists. 

The idea is to test consumer perceptions of a Parma ham PDO labelled ‘antibiotic-free’. 

In EU member states, the well-being of livestock is a serious issue for many people (Heerwagen 

et al., 2015; Lusk et al., 2006; Mayfield et al., 2008). For this reason, one of the current study’s goals is 

to identify the potential market of products that have been produced with particular attention to animal 

welfare. Housing conditions, including outdoor access for pigs, were selected as welfare attributes 

because living in a natural environment with open spaces was mentioned in an earlier study as an 

important aspect of animal welfare (Millet et al., 2005). Although some studies (Mazzocchi & Sali, 

2021; Elbakidze & Nayga, 2012; Heid & Hamm, 2013) have shown consumers’ WTP for food 

production processes attentive to animal welfare issues, only a few scholars have investigated the issue 

with a focus on pork livestock (Diaz-Caro et al., 2019; Azucena-Garcia, 2016). Thus, a three-level 

variable related to the quality of animal welfare was included.  

The fourth attribute is the price, shown in local currency (€) and formulated based on realistic 

prices in the Italian market. In fact, a base level is proposed to be taken from the average price of Parma 

ham PDO sold in large-scale retailers (e.g. Carrefour, Esselunga, Coop, Il Gigante) in Northern Italy 

during the interviews. This floor price, which is established as 3.4 €/hg, represents the product with the 

lowest level of attributes in the questionnaire and the cheapest type of ham. Similarly, the type of ham 

with the highest levels of the specified attributes is the most expensive, with the price fixed at 4.2 €/hg. 

As shown in Table 2, this means that in our example, Parma ham PDO produced using PAT, antibiotic-

free and with animals given free access to outdoor fences, costs 4.2 €/hg. 
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3.3 Experimental design 

As the base level for the survey (i.e. the benchmark on which the change is measured), the three baseline 

levels of the attributes were used (Figure 1). This study used four attributes, the large use of antibiotics 

in animals’ diet, and the lack of PAT and the base level of animal welfare attribute, namely, ‘pigs bred 

in boxes containing other animals with a per capita space of 1 m2’ (see Figure 1), as well as 3.4 €/hg as 

the price level. According to Caussade et al. (2005), a large number of attributes stimulate simplification 

practices by the participants due to cognitive constraints. Thus, to avoid misinterpretations, the 

descriptions of attributes and their levels were described in the questionnaire to ensure that this 

information was understood and accepted (Figure 1).  

In a page placed before the CE, a cheap talk script was presented to the respondents. This 

consisted of a brief text explaining the hypothetical bias that may occur during the experiment, thus 

leading the respondents to reveal their real preferences (Cummings & Taylor, 1999). A Bayesian 

approach was also employed, which assumed a prior distribution of likely parameter values and 

optimised the design over that distribution rather than assuming a single fixed antecedent for each 

attribute (Sàndor & Wedel, 2001). A D-optimal design was generated and then used for a pilot survey 

of 30 respondents. The data received from this pilot survey were analysed using a multinominal logit 

model, and the coefficient estimates and variances for the different attributes were used as Bayesian 

antecedents to generate the final D-optimal design (Bliemer & Rose, 2010). This process resulted in a 

survey divided into two blocks with 12 choice sets each, following Caussade et al. (2005). This 

arrangement means that the optimal number of choice sets per individual reaches 9–16 sets. Thus, to 

estimate the marginal utility of the no-choice alternative in each block, the respondents were asked to 

make 12 choices amongst three alternatives, one of which was always the option of not buying any of 

the two presented products in the choice task (Figure 2). Moreover, we employed unlabelled 

alternatives to avoid the potential influence of brand names (Herrmann et al., 2022). 

 

Figure 1. Descriptions of the attributes and levels 
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Figure 2. Choice set examples 

 

3.4. Econometric model 

The utility function used in this study is described as follows: 

 

𝑈𝑛𝑗𝑡 =  ß𝑛
′ 𝑋𝑛𝑗𝑡 +  𝐸𝑛𝑗𝑡,                                 (1) 

 

where 𝑛 is the individual, 𝑗 is the product, 𝑡 is the choice occasion, and ß𝑛 is a vector of individual 

specific parameters accounting for preference heterogeneity, which is assumed to be random, except 

for price parameter (held fixed and included in Equation (1)). The coefficient of price is held fixed to 

consider a normally distributed WTP, thus avoiding a positive coefficient for price in the model 

results (Train, 2009; Britwum et al., 2019). 

The choice probability for product 𝑗 and choice set 𝑡 given the parameter ß𝑛 is as follows:  

 

𝑃𝑛𝑗(ß𝑛) = exp(ß𝑛
′ 𝑋𝑛𝑗) / ∑ 𝑒ß′𝑛𝑋𝑛𝑗,𝑗                (2) 

 

 

where 𝑗𝑡 is the number of products in choice set 𝑡. A mixed logit model (MXL) was used to analyse the 

CE results. The mixed logit probability is a weighted average of the logit formula evaluated at different 

values of ß, with weights given by the density 𝑓(ß). The weighted average of several functions is called 

a ‘mixed-function’, and the density that provides the weights is called the ‘mixed distribution’. The 

MXL model accounts for heterogeneity in preferences that are not related to the observed 

characteristics. It has been shown that any discrete choice random utility model can be approximated 

by an appropriately specified MXL model. In our study, two MXL models were presented: Model A 

used only the main attributes, whilst Model B employed socio-economic variables as interactions in the 

model, thus building interactions amongst the individual characteristics of each respondent, including 
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age, gender, etc., and non-monetary attributes (i.e., AF, PAT, AW1, AW2, AW3). Furthermore, the 

log-likelihood value (LL) was used to define the best-fitting model, including the interaction terms. The 

increase or decrease in LL was controlled by adding one variable term in each step of the process, thus 

allowing us to identify the best interactions to be included in Model B. See Model A and Model B in 

Table X.  

The mWTP for each attribute is calculated using the following formula:  

 

mWTP = −(𝛽x∕𝛽p),  (3) 

 

 

where x= 1, 2, 3 and describes the coefficient of the three non-monetary attributes. In addition, βp 

represents the price attribute. To calculate the model, Stata 15 software was used, with a mixlogit 

command. 

 

4. Results  

The summary statistics are presented in Table 1. As can be seen, 55% of the sample consisted 

of women, while 45% consisted of male respondents. The average age value is 32 years. Respondents 

generally have a high level of schooling (average: 3.2 years), of whom 33% have a bachelor’s degree, 

whilst 26% have a high school diploma. Moreover, the average of 0.4 in the PDO variable suggests 

that 60% of the sample chose to buy only Parma ham with the PDO brand. The biggest part of the 

consumers affirmed to have an annual income of less than €25,000, probably due to the fact that the 

sample consisted of many young people. Respondents usually buy Parma ham PDO in large-scale 

organised distribution stores, whilst only 4% purchased ham directly at the producer or specialty 

shops (17%). The respondents’ level of knowledge is quite high, reaching an average value of more 

than 6 on a Likert scale ranging from 1 to 10.  

Table 1: Descriptive statistics 

Variables 

Average 

value 

Standard 

deviation 

Observations 

(number) 

Min Max 
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Age  

(dummy) 

  

32 12.04 11484 18 74 

Gender  

(dummy: f=1) 

  

0.55 0.5 11484 0 1 

Education  

(from level 1=elementary school to level 

5=doctoral studies) 

  

3.24 1.02 11484 1 5 

Number of family members  

(number) 

  

3.53 1.24 11484 1 6 

Net income in the previous year  

(€) 

  

37,500 14 .02 11232 15,000 80,000 

PDO row ham  

(dummy) 

  

0.4 0.49 10332 0 1 

Usual site of purchase  

(1=large scale organised distribution; 2= 

speciality shops; 3=in farm)  

  

2.74 0.52 10332 1 3 

Knowledge  

(Likert scale: 1–10) 
6.16 2.12 11123 1 10 

 

The CE results are shown in Table 2, whilst the WTP results are presented in Table 3. In Model 

A, only with main effects, coefficients are significant at 99%, thus confirming the quality of attribute 

choice, as well as the effectiveness of the experimental design and sample size. The estimated 

standard deviations of all attributes are statistically significant at the 99% level, suggesting that our 

parameters can be treated as random in the model. Thus, the significant standard deviation of beta 

parameters allows for observed heterogeneity. 

To assess the influence of the socio-demographic characteristics of the sample on the main attribute 

results, several models with different interaction terms were tested using the socio-demographic 

features of the sample and the CE attributes. To define the best-fitting model, the log-likelihood value 

and the Akaike information criterion (AIC) (Table 2) were employed with a stepwise approach. Thus, 

we added one variable in each step and checked for an increase or decrease in the values of the two 

goodness-of-fit indicators. Model B (with interactions) was defined as the best-fitting model. 

In Model A, the presence of the AF and PAT attributes is associated with an increase in utility. In 

fact, these two attributes show positive and significant coefficients, with mWTP values of 5.4 € and 5.0 
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€, respectively. On the contrary, the attribute ‘animal welfare’, which is characterised by three levels 

(AW1, AW2, AW3), results in two levels with negative coefficients: level 1 (AW1) or ‘animals bred in 

stables in boxes containing other animals with a per capita space of 1 m2’ (–3.3) and ‘animals with free 

access to outdoor fences’ (AW3: –0.82). The negative coefficients indicate that they are not preferred 

choices. Similarly, the coefficients of the price (PR: –0.3) and the no-buy option (NO-BUY: –1.4) show 

negative signs, indicating that the respondents do not prefer these attributes. 

  



P a g e  | 15 

 

Table 2: Estimates for the mixed logit model 

Variables  Model A (main effect) St. Dev. Model B (with interaction) 

No-buy –1.448***  –1.355*** 

 (0.338)  (0.337) 

Antibiotic-free (AF) 1.606*** 2.107*** 1.741*** 

 (0.140)  (0.136) 

Pollutant abatement  

technology (PAT) 1.478*** 1.744*** 1.539*** 

 (0.131)  (0.121) 

Animal welfare 1 (AW1) –3.364*** 2.784*** –3.253*** 

 (0.226)  (0.232) 

Animal welfare 3 (AW3) –0.821***  1.153*** –0.852*** 

 (0.112)  (0.150) 

Price –0.295***  –0.264*** 

 (0.072)  (0.072) 

AF*AGE 45-54   –2.160*** 

   (0.496) 

AST*EDU1   –0.803** 

   (0.269) 

AW3*KNOW   0.274** 

   (0.142) 

AW3*PDO   –0.289* 

      (0.142) 

Number of obs. 11,484  10,332 

Log-likelihood –3235.88  –3403.71 

AIC 6503.76   5931.10  
Notes: *p < 0.1; **p < 0.05; ***p < 0.001; Standard errors in parentheses 
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Model B, which is derived from the stepwise approach and is used to select interactions between 

the main attributes and personal characteristics, shows interesting results. Some interactions prove to 

be significant: AF shows a significant relation with the variables ‘age’ (AF-AGE 45–54), PAT results 

in a relationship with the variable ‘education’ (PAT-EDU1) and AW is related to the parameters 

‘knowledge of sustainable productions’ (AW3-KNOW) and with ‘Parma ham PDO consumers’ (AW3-

PDO). In particular, the AF attribute shows a negative relationship with the group of respondents whose 

ages range from 45–54 years. Thus, people in this age range prefer not to choose the AF attribute 

compared to the respondents in the other age range (coefficient: –2.1).  

The second significant interaction is between the PAT variable and the group of respondents with 

low levels of education, mainly representing a negative relation. This means that these people prefer 

not to choose the attribute PAT in their purchasing decisions (–0.8). Moreover, the AW3 attribute is the 

preferred choice of people who have a high knowledge of agri-food chain sustainability, showing a 

positive and significant sign in Model B (+0.27). Finally, people who purchase only Parma ham with a 

PDO certification show a negative relation with AW3 (–0.29). 
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Table 3: Marginal willingness to pay (WTP) from the main effects mode 
 

Variables WTP (€) 

Antibiotic-free (AF) 5.441 

Pollutant abatement  

technology (PAT) 5.006 

Animal welfare 1 (AW1) –11.394 

Animal welfare 3 (AW3) -2.783 

 

5. Discussion  

 Some considerations can be drawn from the results shown in Table 2. The use of antibiotics 

is one of the major concerns amongst the public regarding livestock production (Lusk, 2006; Denver et 

al., 2021; Grunert et al., 2018; Waluszewski et al., 2021). Our study effectively confirms consumers’ 

preference for antibiotic-free products, as demonstrated by Model A and in accordance with the findings 

of Lusk et al. (2006) and Denver et al. (2021). This is a positive finding, especially in Italy, which is 

known for its high-quality food products, such as Parma ham PDO, with its higher added value in 

comparison to other pork meat products. Therefore, this represents a potential niche market for products 

labelled ‘antibiotic-free’.  

 In recent years, Italian sustainable livestock production has expanded to other areas, such as the 

beef and poultry sectors; however, some pork supply chains still adopt these practices (Unioncamere, 

2021). This can be attributed to different reasons, the first of which is the specificity of the Italian pork 

supply chain. In fact, this agri-food supply chain has a strongly intensive method of production, which 

has the highest consumption of antibiotics, along with poultry (Kirchhelle, 2018). The second reason 

may be due to the type of product being produced. Parma ham PDO is an Italian high-value processed 

meat product that, until now, commands a premium price due to its PDO certification—a strong 

geographical label linked to a production specification. In fact, Italy is one of the EU member states 

with a higher number of geographical indication-certified products, and Parma ham PDO is the top 

Italian meat chain product in terms of production value. Nevertheless, recent data about PDO products 

show a drop of –4.7% in 2019 over the previous year (Qualivita-Ismea, 2020). The implementation of 

a more sustainable production system can add value to Parma ham PDO. Furthermore, consumers’ 

preference for reduced use of antibiotics in pork meat has been confirmed by Grunert et al. (2018), who 
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found that the reduced use of antibiotics in the pork meat production process is one of the most desired 

process characteristics by consumers.  

 Concerning the results of interactions between the presence of the ‘antibiotic-free’ label and the 

socio-demographic characteristics tested in Model B, people from the 45- to 54-year-old age group—

the middle age range—do not seem to choose the ‘antibiotic-free’ option. The reason for this negative 

interaction may be the fact that people in this age range are usually workers with higher income 

availability compared to young people (students), making them direct purchasers of Parma ham PDO. 

These ‘direct purchasers’ may be influenced by the fact that they are not used to this type of production 

chain in Parma ham PDO and that they have never seen this specific product in the grocery store nor 

seen a brand certifying this issue. In fact, according to Nesselhauf et al. (2017), the acceptance of 

innovation is strengthened with an increased level of information about the innovative product. On the 

one hand, this product already commands a higher price compared to many other cured meat products. 

On the other hand, its quality is guaranteed by the PDO brand, thus exerting its communicative power 

in the market in a way that could stifle the potential of other brands. 

 As shown in the literature, the issue of animal welfare has been widely investigated (Lund et al., 

2021), with studies mainly focusing on ethical concerns regarding livestock conditions and the 

environmental impacts of breeding. The majority of these studies found a positive consumers’ WTP for 

production systems that care for animal welfare, considered as a better living condition for animals 

(Mazzocchi & Sali, 2021; Gross et al., 2021), and animal nutrition and process of production (Tonsor 

et al., 2009; Norwood & Lusk, 2011). The results of the current study reveal the existence of more 

complex conditions in which consumers do not choose the AW1 attribute (coefficient: –3.3) or the 

highest level of AW3 (‘pigs with free access to outdoor fences’, coefficient: –0.82). Indeed, they 

probably prefer AW2, which is maintained as the base level for the analysis in the model, as it represents 

the middle view amongst the three levels.  

 Actually, AW2 represents a better condition than the one wherein pigs live in intensive livestock 

systems. However, it is not the best level of breeding in which animals are reared in outdoor fences. 

Thus, our consumers are interested in better living conditions for pigs than the current intensive farming 

system, contrary to previous works on cattle, which showed consumers’ WTP for the highest level of 
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breeding in which animals were reared in pastures (see Mazzocchi & Sali, 2018, 2021). In those studies, 

the consumers were only interested in allowing more space for the animals in the stable. Furthermore, 

in some European countries, such as Denmark or Germany, only two food labels are applied in relation 

to pig breeding: breeding in outdoor fences and providing extra living spaces for pigs (Lund et al., 

2021). This last case well expresses the preference of the survey respondents concerning the animal 

welfare issue.  

Two significant interactions were found in Model B between the AW attributes and other socio-

demographic variables. The first interaction involves the group of respondents who only buy Parma 

ham with the PDO brand (PDO), showing a negative relationship with AW3. This means that consumers 

who only buy Parma ham with the PDO brand are not interested in purchasing other products that 

guarantee a high level of animal welfare for pigs during production (i.e. ‘pigs with free access to outdoor 

fences’). This is quite interesting because it means that such consumers completely rely on the 

trademark of a typical geographical indication, which ensures compliance with a production 

specification that is a guarantee of quality in itself. Thus, for this group of consumers, the guarantee 

given by the PDO brand is enough for their purchasing choices, at least with regard to Parma ham PDO. 

As affirmed previously, in Italy, Parma ham PDO is the market leader for cured PDO products 

(Qualivita-Ismea, 2020).  

In Model B, the second finding is the positive relation between AW3 and the knowledge variable 

(KNOW): the respondents who possess knowledge of sustainable production practices related to agri-

food chains prefer the highest level of animal welfare in the pig livestock chain. As confirmed by many 

scholars, knowledge is one of the main drivers of purchasing choice (Ruggeri et al., 2020; Kim & Bohn, 

2015) and choices about ethical concerns regarding food products (Mazzocchi et al., 2021).  

Moreover, the PAT attribute shows a positive coefficient in Model A, indicating the existence of 

consumer interest in this characteristic of the pork supply chain. To the best of our knowledge, this is 

the first time that PAT has been proposed to consumers. Thus, this is an encouraging result, because 

the use of air cleaning technologies for pig housing facilities can be a novel practice in the 

implementation of more sustainable livestock, especially pork breeding (Costantini et al., 2020). 
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Until now, in terms of GHG emissions, scholars have examined consumers’ sensitivity for different 

levels of reduction thanks to more sustainable agricultural practices that focus on products’ carbon 

footprint levels (Van Loo et al., 2014; Grunert et al., 2018; Brunier et al., 2021; Li et al., 2016, among 

others). Nevertheless, the literature has yet to present a common approach to interpreting this topic. In 

some cases, authors have affirmed that carbon footprint levels are less appealing to consumers because 

the meaning of this approach is not yet well known (Van Loo et al., 2014), and they prefer buying 

products with other sustainable brands (Grunert et al., 2018). Others (Li et al., 2016) have found that 

consumers are interested in acquiring products that have been made using PAT practices.  

Brunier et al. (2021) proposed the attribute of GHG as a percentage reduction of emissions in the 

cattle production chain, resulting in a non-significant finding. They explained this finding by saying 

that although governments have developed policies to reduce GHG emissions, discussions have only 

been conducted at the macro level and have yet to truly reach the consumers. Indeed, the current study 

reveals consumers’ understanding of the problem, capturing their interest in this topic through the cheap 

talk in which we explained the different attributes at the beginning. Furthermore, in Model B, the results 

show a negative relation between the lowest level of scholarship and the choice of the PAT attribute. 

This finding confirms that education can influence consumers’ environmental consciousness 

(Mazzocchi et al., 2021; Borec et al., 2009) in purchasing choices, thus becoming a driver of 

environmental food choices (Ruggeri et al., 2020). 

 

6. Conclusion  

Our results suggest consumers’ interest in products labelled as ‘antibiotic-free’ in the Parma ham PDO 

chain. In Italy, this is not yet a widespread practice, especially in grocery stores where these kinds of 

products are very difficult to find. In fact, the Italian pork meat sector is based on an intensive breeding 

system that cannot easily meet market demand. Thus, the results of this study suggest the existence of 

a niche market for this type of production.  

Similarly, the results seem to encourage the pork industry to better explore the reduction of 

pollutant emissions and to understand consumers’ knowledge of environmental concerns in agriculture, 

in general, and the livestock sector, in particular. According to past studies (Brunier et al., 2021), 
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diffusing knowledge about this issue by using appropriate communication tools can be an appropriate 

marketing strategy for the agri-food sector. Moreover, information campaigns can be useful in terms of 

the implementation of public policies and interventions to raise public awareness of this environmental 

concern.  

As with other studies, the current work also has some limitations. First, an online questionnaire 

was proposed, which cannot claim to be representative because respondents chose for themselves 

whether to become involved in the study. Second, qualitative research always raises doubts regarding 

the quality of the respondents. Even if the data are gathered and analysed by experts with the highest 

attention, surveys are still affected by which attributes are selected. Finally, considering, for example, 

that the installation and operativity of wet acid scrubbers entails an increase in production cost, verifying 

consumers’ WTP for healthier food products, further attention should be given to the identification of 

the correct price that should be granted to the farmers who choose to adopt this technology. 
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