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ABSTRACT

This paper aims to synthesize in a logical and coherent approach the main control
techniques used in managing and combating food fraud, as well as to discuss their
effectiveness.

Given the impact that food fraud can have on consumers' health and well-being, anti-
fraud control techniques used throughout the food chain are an important and relevant
topic, still insufficiently addressed and accepted in the relevant economic environment.

The objectives of the article include presenting the current context of food fraud, different
anti-fraud control techniques and relevant examples, as well as drawing conclusions and
recommendations for the future. By addressing this topic, the article aims to contribute to
raising awareness about the importance of preventing and combating fraud of any kind in
the food industry.

Preventing and combating food fraud involves a multidimensional approach that includes
food monitoring and control, enforcement of regulations and standards, and international
cooperation. By implementing these measures, authorities can help protect consumers
against fraudulent practices in the food industry.

In conclusion, monitoring and controlling food supply chains is a proactive and essential
approach to effectively combat food fraud. By applying these measures, it can be ensured
that food reaches consumers with guaranteed authenticity and safety, thereby protecting
public health and strengthening trust in industry.

Keywords: food fraud, control technics, food safety

INTRODUCTION

Food fraud dates back to ancient Rome and Athens, where there were laws on
counterfeiting wines with flavours and colours [7]. Even though food fraud is an old
problem, it is still topical. Food fraud is a problem that affects all food supply chains and
therefore the entire food industry, customers and consumers. Food supply chains are
becoming increasingly vulnerable due to globalisation and its prolongation [1], [11]
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With greater awareness of food safety and quality, consumers are increasingly demanding
reassurance about the origin and content of food consumed, while producers must be able
to confirm the authenticity of components of marketed products in compliance with
government legislation. Therefore, protecting the rights of consumers and processors of
genuine food products and preventing fraudulent or misleading practices relating to food
adulteration is an important and challenging issue in the food industry. As a result,
scientific and technological advances have taken place in recent years in determining food
authenticity. [11]

Modern food authentication techniques focus on newly developed techniques and their
recent applications in authenticating and combating food fraud.

Techniques specific to the identification of falsifications include various spectroscopic
technologies, methods based on isotopic analysis and chromatography and other DNA-
based techniques, enzymatic analysis, electrophoresis and thermal methods.

Within this general framework for addressing quality, food occupies a particularly
important place in EU policy; The quality requirements imposed on these products are
due, on the one hand, to the prospects of increasing the number of consumers with the
acceptance of new members (and implicitly to the substantial increase in food trade), and
on the other hand to the numerous and costly crises in the agri-food sector it has faced
(BSE crisis — bovine spongiform encephalopathy, nitrofurans, hormones, mycotoxins,
etc.) and which have jeopardized confidence in quality and safety food from the EU. [12]

In this context, the European Union recommends monitoring food products from the stage
of obtaining raw materials to the final consumer. This strategy aims to protect and regain
the confidence of consumers in the Member States by adopting concrete legislative
actions, based primarily on the precautionary principle.

Throughout its existence, the European Union has sought to provide its full members with
advantages that they alone would not have obtained, namely the four free movements: for
persons, goods, capital and labour. 5]

Products accepted on the market circulate freely, without being subjected to multiple and
costly checks in terms of time and money. In order to achieve this desideratum, however,
compliance with harmonized standards at European level must be achieved and proven,
which give the presumption of seriousness in terms of achieving quality and especially
maintaining its constancy. In the European Union, national quality specifications will be
replaced by directives that are common. EU directives set minimum conditions that
certain products and services must meet in order to be sold on the European market. For
products covered by these directives, suppliers must demonstrate compliance with current
European Union standards.

The food industry is in the unique position of being a victim of food fraud and also largely
responsible for food fraud incidents [12]. Therefore, the food industry needs a clear

understanding of food fraud, as well as guidance on preventing and mitigating food
fraud.[13]

However, within these documents, definitions of food fraud often differ, as well as the
types of food fraud that may occur. Therefore, prevention and mitigation strategies are
pervasive and not specific to a particular supply chain, which increases ambiguity. The
authenticity of agri-food products has not been officially defined, nor is there a European
or national regulatory framework: there are no sanctions for economic operators /
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individuals who intervene in the food chain with inauthentic / falsified products, product
characteristics, procedures / technologies for obtaining are not regulated, there is no
validated, unanimously recognized definition - there are nuances between the approach
of specialists in Europe and those in the United States when the definitions of food fraud,
integrity, and economically motivated adulteration of food are brought up.

Food information shall not mislead the purchaser, in particular as regards the
characteristics of the food, its nature, identity, properties, composition, quantity, date of
minimum durability, country of origin or place of provenance, method of manufacture or
production - it shall not attribute to the food effects or properties which it does not possess.
Label declarations must comply with what is laid down by regulations and what the food
actually contains.

In this context, we emphasize the need for public policies in the food field, even if the
very concept of public policies in the field of food (food policy) is an "ambiguous
concept" that requires debates on the interrelation with other areas of public policies or
the need for an integrative approach of food policy with public policies related to
consumer health, agriculture, environment, security, research and education, tourism,
culture, transport, etc.[8]

The responsible authorities, in collaboration with other stakeholders, must ensure
appropriate conditions so that safe (harmless/wholesome), quality (intrinsic nutritional
value, energy supply due to biomineral compounds, vitamins and other bioactive
compounds, bioavailable nutritional value) and authentic food products reach consumers'
meals.

Simply, food regulations address the control of food businesses with local, regional,
national and international rules and regulations for food production and sale, including
food safety and quality and industry lobbying activities. Out of the referred aspects of the
food industry, food regulations become pivotal in the food trade as those are to ensure
food safety, quality and honest offering keeping food trade comfortable for the economic
growth.

Due to technical and legal complications and the involvement of different institutions
with responsibilities in food safety and security, food regulatory systems are complex in
nature. A well-structured, efficient and accessible regulatory system is key to the
development of the food industry.

In 2003, WHO and FAO made a joint publication on ensuring food safety and quality:
guidelines for strengthening national food control systems. With a great interest in
promoting national food control systems, especially in developing countries, WHO and
FAO presented this publication aimed at national authorities concerned with ensuring
food safety and quality in the interests of public health and consumer protection. Its
guidelines are also helpful to a number of other stakeholders, including consumer groups,
industrial and commercial organisations, farmer groups and any other groups or
associations influencing national policy in this area.[6]

As the WHO and FAO identified common factors undermining national food control
systems, its guidelines sought to advise national authorities, particularly in developing
countries, on strategies to strengthen food control to protect public health, prevent fraud
and deception, avoid food adulteration, and facilitate trade. These guidelines therefore
appear to help formulate recommendations on food fraud and ways to prevent and combat
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it, considering the local food regulatory environment, policy feasibility and socio-cultural
elements.[8]

FAO published Strengthening National Food Control Systems: Guidelines for Assessing
Capacity Building Needs (2006). It provides robust assistance in developing food
regulations and standards in the field of food fraud and food control at the level of each
state. FAO recalls the five essential components of working in a food control system as
follows:

* Food Control Management

* Food law

* Food inspection

» Official Food Control Laboratories

* Information, education and communication on food safety and quality

2. CONTROL TECHNIQUES USED TO PREVENT AND COMBAT FOOD
FRAUD

In general, control techniques used in managing and combating food fraud are divided
into two categories: detection techniques and prevention techniques.

2.1. Food fraud detection techniques

Food fraud detection techniques are used to identify food that has been contaminated or
adulterated.

Detection techniques include DNA analysis, near-infrared spectroscopy (NIR), high-
performance liquid chromatography (HPLC), and tandem mass spectrometry (MS/MS).
These techniques are used to detect contaminants and adulterants such as pesticides,
heavy metals, food additives and allergens. [1],[5]

e Mass Spectrometry

Identifies chemicals present in food by measuring the masses of molecules. It can detect
illegal additives or contaminants. [2]

e Liquid or Gas Chromatography

Chromatographic techniques in their various forms are among the most important
methods used in food analysis. The term 'chromatography' covers techniques based on
the adsorption and/or division of analytes between a mobile and a stationary phase. Thus,
gas chromatography (GC), either as gas to liquid chromatography (GLC) or gas-solid
chromatography (GSC), is a method in which the mobile phase is gaseous. In liquid
chromatography (LC), commonly referred to as high-performance liquid chromatography
(HPLC), the solid stationary phase is applied to a column and the mobile phase is pumped
through the column. Thin layer chromatography (TLC) systems consist of a flat solid
phase and a liquid mobile phase. Due to the superior capability of GC and HPLC, the two
techniques have often been used for authentication purposes - 1.e. identifying forgeries in
natural juices. [5]
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e PCR (Polymerase Chain Reaction)

Used to identify and quantify specific DNA or RNA. It helps detect fraud regarding
species labeling or food origins.

In food authentication, species identification is a predominant scope. Apart from methods
based on immunoassays, the so-called polymerase chain reaction (PCR) is of utmost
importance for the purpose of species authentication and has a number of advantages over
immunoassays - such as the relatively high stability of DNA and its predictable behavior
[7]. PCR allows millions of times amplification of a DNA fragment that is framed by two
primers. [5]

e Atomic Absorption Spectrometry

Determines the concentrations of metals or minerals in food. Useful for identifying
unwanted metal contamination.

Spectroscopic techniques, especially infrared (IR) spectroscopy and nuclear magnetic
resonance spectroscopy (NMR), as well as UV-Vis spectrophotometry, are widely used
in food authentication. [9]

e Infrared spectroscopy

Identifies chemical compounds by analyzing infrared radiation absorption. It can be used
to authenticate the origin of food. [6],[12]

These laboratory techniques are essential for ensuring food quality and safety, identifying
potential fraud and helping to maintain consumer confidence in food.

2.2. Techniques to prevent and combat food fraud

Prevention techniques include supply chain tracking, food labeling, risk analysis and
internal audit. These techniques are used to prevent food fraud from occurring by
identifying and eliminating risk factors in the supply chain, as well as ensuring
compliance with food safety regulations and standards.

e Quality Certifications and Standards

Adopt and comply with internationally recognized certifications and quality standards
certifying the origin, production process and quality of food. [10]

e Supply Chain Monitoring

Supervise the entire food production and distribution chain to identify vulnerabilities to
fraud and ensure product integrity throughout the process.

e Batch Tracking Techniques

Implement batch tracking systems to monitor every stage of production and distribution,
making it easy to quickly identify and fix any issues.

e Certification and Labelling

Adopt and implement certification and labelling standards certifying product quality and
origin, providing transparency to consumers and reducing the risk of fraud. Using modern
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labelling technologies such as QR or RFID codes to provide consumers with access to
detailed information about the product and its origin. [7]

e Food control and health claims on food labelling

Health claims on food labels are claims by food manufacturers that their food will reduce
the risk of developing a disease or certain conditions. In today's world, food
manufacturers use these health claims through a marketing communication tool to
promote their products to competitors in their aggressive market sales campaigns.
However, it has been widely experienced that most of these health claims have no
scientific basis and has therefore been a violation of the honest supply of food to the
consumer. Therefore, these misleading and fraudulent health practices must be controlled
in the food industry, both for consumer protection and for fair commercial competition.

[3]
e Cross-sectoral collaboration

Cooperation between government authorities, industry organisations and consumers to
share information and develop joint strategies to combat food fraud.

e Rigorous Control at Borders and Points of Entry

Step up controls at borders and points of entry to prevent fraudulent or non-compliant
food from being placed on the market.

e Consumer education

Providing information, education and advice to all stakeholder groups along the entire
food chain is an increasingly important role for food control systems [4].

Informing consumers about signs of recognition of authentic products and promoting
awareness of the risks of food fraud.

Raising consumer awareness of the risks associated with food fraud and promoting
responsible behaviour in purchasing and consuming food.

In general, control techniques are effective in managing and combating food fraud, but
there are still many challenges and issues that need to be addressed. These include the
lack of standardisation of detection and prevention techniques, as well as the need to
develop new techniques to deal with new threats and risks.

These techniques properly combined and applied, help ensure food safety and prevent
fraud in the food industry.

To prevent food fraud, a number of techniques and practices are used throughout the food
industry.

3. CONCLUSIONS

The main conclusions that can be drawn and that can contribute to combating and
preventing food fraud are:

Strengthen monitoring and control of food products at different stages of the supply chain
to detect and prevent fraudulent practices.
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Improve the enforcement of regulations and standards in force, including by applying
sanctions for violations found.

Promote international cooperation to combat cross-border food fraud, including through
the exchange of information and collaboration with international organisations.

Encourage the use of advanced technologies to detect food fraud, such as enzyme
techniques, biosensor techniques, immunochemical techniques, DNA-based techniques,
chromatography methods and spectroscopy.

By implementing these measures, authorities can contribute to increasing the safety and
quality of food products, thus protecting consumers against the risks associated with the
consumption of counterfeit or adulterated food.
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ABSTRACT

The issue of food security, in the face of threats as resource scarcity, climate change, population growth, pollution etc confronts the agri-food systems all over the world with the challenge of pursuing resilience and sustainability. Western populations do not currently experience food shortages, but others do not have enough food available and some others suffer from hunger. Besides, a topic gaining much attention is the malnutrition condition of the global population. International research present fortification as a novel approach to promote public health in the fight against severe nutritional deficiencies (vitamin A, iron, and zinc), particularly in developing Nations, in the context of micronutrient malnutrition.


Consumers’ acceptance of fortified products are receiving more and more attention from the institutional, scientific and industrial sphere. 


The present survey aims at investigating the level of consumer’s knowledge regarding fortified products, the factors influencing their purchasing decisions, their food value systems in terms of sensory evaluation and economic valuation compared to conventional ones and  the traits influencing the higher willingness to pay for these foods..


to identify The investigation on the  factors that may influence the propensity and frequency of fortified products’ consumption bases on a survey sample. Specifically, following the administration of an ad hoc questionnaire, the methodology comprehend statistical analyses: the Principal Component Analysis (PCA) that synthetized the food values and the consumption motivations comprised in the questionnaire and a non-hierarchical Cluster Analysis to categorize fortified products consumers.


The investigation conducted identified the Italian customer profile of fortified food product. 


Keywords: Fortified foods, Foos Innovations, Food Technology, Consumption.


INTRODUCTION

The issue of food security, in the face of threats as resource scarcity, climate change, population growth, pollution etc. confronts agri-food systems in all over the world with the challenges of pursuing resilience and sustainability. Western populations do not currently experience food shortages, but others do not have enough food available and some others suffer from hunger.

Alongside food security, however, there is another issue that can affect all populations and therefore also the Western one who have the availability of the necessary amount of food to ensure a satisfactory daily intake [1]. This is hidden hunger, i.e. micronutrient malnutrition due to the lack of critical micronutrients that also occurs when people get enough calories. It is about a disorder that affected between 691 and 783 million people in 2022 worldwide [2].

In this contest, a resilient cost effective, feasible and environmentally sustainable strategy is Fortification [3].


In particular, the process of food fortification happens either through natural processes, agronomic practices, conventional plant breeding, or modern biotechnology [4], [5]. Since fortification involves technological processes, fortified foods definitely belong to the group of products made with innovative techniques. A fortified food is a product with new added nutrient bioavailability components that may or may not be natively present in the food and so it helps in supporting daily nutritional needs and provide public health benefits [6]. Several studies have been carried out to identify and measure the bioavailability, and efficacy and efficiency of biofortification of basic crops. Studies have shown the increasing bioavailability of nutrients and that they can be assimilated at levels sufficient to improve the status of trace elements. For instance, biofortified iron pearl millet improves the nutritional status of children [4].

However, a lack of interest by consumers for biofortified products [7] the success of all these efforts made by the agri-food system to enrich food of micronutrients depends on their acceptance and consumption. may represents a barrier  accepting and consuming fortified products. Understanding nutrition and be aware of the fight against disease and malnutrition trough biofortified products could constitute a motivation to increase the consumption willingness.

 The measure of consumer’s acceptance of biofortified products happens in terms of sensory evaluation and economic valuation compared to conventional ones [8] and it is receiving more and more attention from the institutional, scientific, and industrial world. .


The present survey aims at investigating the level of consumer knowledge regarding fortified products, the factors influencing their purchasing decisions, their food value systems andthe traits influencing the potential higher willingness to pay for these foods.


At this scope, an online questionnaire was arranged and distributed to a convenience sample of Italian consumers. The execution of a Principal Component Analysis (PCA) helped in identifying the consumers’ preferences of fortified products, and to summarise and highlight the main socioeconomic variables and product attributes influencing fortified consumption. Successively, a cluster analysis supported the identification of homogeneous consumer groups. The results of this research contribute  in exploring  consumer’s behaviour toward fortified products and therefore itcould be useful to industry and government.

MATERIALS AND METHODS


The general objective of this work is to identify which factors may influence the propensity and frequency of fortified products’ consumption on the basis of a survey sample. At this scope, it resulted necessary to identify potential drivers and to explore the consumers’ attitudes and lifestyles. In particular, the methodology adopted to meet this goal combines the administration of an ad hoc questionnaire and an exploratory factor analysis. 


The following research questions steer at answering the research objectives set:


RQ1. Which food attributes are related to the consumption of fortified products?


RQ2. Do consumers’ subjective and objective knowledges influence the propensity to consume fortified products?


RQ3. Do socio-demographic variables have an effect on the propensity and frequency of consumption of fortified products?


The questionnaire includes both qualitative and quantitative information. 


The qualitative information were detected by formulating the questions in the form of semantic differential, that is, through the application of a Likert scale where 1 represents strongly disagree and 5 strongly agree, with different coded options and the motivations underlying the consumption of fortified food products.


The quantitative information were (socio-demographic, frequency of consumption, etc.), expressed on an ordinal scale.


The questionnaire comprehends three sections The first concerning the identification of general information on fortified products consumption characters (the degree of knowledge, the models and frequency of consumption, the types of products, etc.); the second addressing to the identification of the particular characteristics related to consumer preferences for such products (places of purchase); the third relating to the socio-economic characteristics of consumers interviewed (gender, age, level of education, etc.).


Data on consumers of fortified products in Italy were gathered online via Google Moduli from July to November 2023 through a random sampling method. Respondents were informed of the privacy and anonymity of their answers.


The Principal Component Analysis (PCA) was conducted to identify the particular characteristics of the consumption of fortified products, while summarizing and limiting the loss of information. In fact, through the development of the main component analysis the original variables are grouped into orthogonal factor dimensions. The components selected were those assuming an eigenvalue greater than 1 [9]. The final components were rotated using Varimax rotation to obtain clearer definitions and interpretations of the factorial dimensions [10]. 


The PCA’s formula is the following:
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(1)

where X1, X2, ... Xp are the P standardized original variables and Wi1, Wi2, ... Wip are the values of the weights associated to each of them.


The validity of the statistical model was tested trough the KMO’s test while the Bartlett’s test assessed the adequacy of the data to the assumptions of the specified model, through the following expression:
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(2)

The KMO test takes values 0 and 1. Usually, values below 0.50 are no considered [11] since low values indicates the inadequacy of the analysis in fact [12], who categorized the factor loadings as 0.30 = minimal, 0.40 = important and 0.50 =significant. 


The Bartlett’s test allows to verify the hypothesis that the correlation matrix coincides with the identity matrix. The increase in the Bartlett’s test value determines the decrease of the corresponding p-value, which tests the lack of linear correlation; low test values indicate that the hypothesis can not be excluded and that the use of the factor model cannot be considered appropriate.


Finally, the cluster analysis  allow the identification of homogeneous groups among consumers, by using the k-mean method on the factor scores obtained by PCA. The k-mean method is a non-hierarchical classification method wich allows building different clusters through an iterative process by minimizing the Euclidean distances between centroids [13]. The Cluster Analysis helped to determine whether sensory and extrinsic attributes differed significantly.


Once the clusters were obtained, to verify the effective differentiation based on socio-demographic characteristics, inferential statistics were carried out. Specifically, the test chosen was chi-square; in fact, this method can be used for frequency analysis because it allows for verification of the association or independence of two categorical variables [14].

RESULT AND DISCUSSION

The representation of the results of this survey was organized according to the following grouping:


1. Socio-demographics characteristics


2. Descriptive statistics synthesis


3. Exploratory factor analysis (EFA) results


4. Cluster analysis results


1. The socio-demographics data (Table1) showed that most of the participants belonged to the Generation X category (37.6%), that female were more numerous (58.2%), that the 64.7% had a degree and the 78.2 % were employed. The majority of sample declared to have a monthly net income of 15,001-30,000€ (32.4%) or 30.001-50.000€ (36.5%). The hometowns mainly inhabited by the sample were large towns (45.9%). 

Table 1. Socio-economic characteristics of the sample.


[image: image4.emf]Gender Frequency Percentage Employment Frequency Percentage


Male 70 41.2 Employed 133 78.2


Female 99 58.2 Unemployed 2 1.2


Other 1 0.6 Retired 15 8.8


Student 20 11.8


People generation


Generation Z 28 16.5 Town size


Millennials 42 24.7 Small town [below 50,000 citizens] 33 19.4


Generation X 64 37.6 Medium town [50,000-100,000 citizens] 17 10.0


Baby boomers 34 20.0 Large town [100,000-500,000 citizens] 78 45.9


Silent 2 1.2 Metropolis [over 500,000 citizens] 42 24.7


Education  Monthly net income


Primary and Middle school 2 1.2 Below 15,000€ 19 11.2


High school 23 13.5 15,001-30,000€ 55 32.4


Degree 110 64.7 30,001-50,000€ 62 36.5


Master / PhD 35 20.6 Over 50,000€ 34 20.0




2. The descriptive statistics synthesis aggregated the variables (Table 2) that later formed the basis of Principal Component Analysis and therefore it preceded it. The Table displayed the mean and standard deviation and the relative range going between 1 and 5. The majority of the value attributes and consumption motivations had value higher of 3.

Table 2. Descriptive statistics synthesis of the selected variables.


[image: image5.emf]Variable Mean Std. Dev. Min. Max


Value attribute


Naturalness 3.400 1.194 1 5


Taste 3.071 1.180 1 5


Price 2.994 1.179 1 5


Food safety 3.659 1.212 1 5


Practicality of use 2.988 1.109 1 5


Nutritional properties 3.594 1.144 1 5


Tradition 3.053 1.218 1 5


Origin 3.365 1.160 1 5


Equity 3.124 1.183 1 5


Appearance 2.818 1.108 1 5


Environmental impact 3.524 1.183 1 5


Consumption motivation


I consider it beneficial to eat fortified foods 2.888 1.117 1 5


Regular intake of fortified foods can prevent illnesses caused by unhealthy diets 3.041 1.163 1 5


For fortified foods I am prepared to give up at least some of their taste qualities 2.376 1.054 1 5


I am willing to pay more for fortified foods, it is a question of quality 2.529 1.131 1 5




3. The Principal Component Analysis (PCA) performed on food values and consumption motivations reduced their number considering only the significant one. The results identified four main latent constructs.

The PCA model extracted three main components and explains about 69.2% of the total variance and its validation was confirmed by the values of the KMO test (0.892) and the Bartlett test (0.000) (Table 3). 


The first component explained 32.6% of the total variance. It aggregated only food attributes Naturalness (0.712), Food safety (0.775), Nutritional properties (0.721), Tradition (0.700), Origin (0.864), Equity (0.820) and Environmental impact (0.818) all having positive relationship and for this reason the name chosen was “Value drivers”. 


The second component, instead, grouped only and all the consumption motivations and, being related to health elements, it took the name “Health factors”. It explained19.4 % of the total variance. 


All consumption motivations had a positive correlation and the single factor loading were  the following: I consider it beneficial to eat fortified foods (0.735); Regular intake of fortified foods can prevent illnesses caused by unhealthy diets (0.710); For fortified foods I am prepared to give up at least some of their taste qualities (0.826); I am willing to pay more for fortified foods, it is a question of quality (0.845).


The third component synthetized the 17.2 % of the total variance and comprehended all food values. It resulted of relevance to notice that  the latter were those not included in the first one: Taste (0.790), Price (0.665), Practicality of use (0.545), Appearance (0.718). In relation to the variables belonging to “Factor 3” the name chosen was “Aestetic and practice factors”.

Table 3. Rotated component matrix of variables (*).

[image: image6.emf]Factor 1 Factor 2 Factor 3


Value drivers Health drivers


Aestetic and 


practice drivers


Naturalness 0.712


Taste 0.790


Price 0.665


Food safety 0.775


Practicality of use 0.545


Nutritional properties 0.721


Tradition 0.700


Origin 0.864


Equity 0.820


Appearance 0.718


Environmental impact 0.818


I consider it beneficial to eat fortified foods 0.735


Regular intake of fortified foods can prevent illnesses caused by unhealthy diets 0.710


For fortified foods I am prepared to give up at least some of their taste qualities 0.826


I am willing to pay more for fortified foods, it is a question of quality 0.845


Total Variance 32.6 19.4 17.2


KMO test 0.892


Bartlett's test of sphericity  1687.406


Sign. 0.000


(*) Factor loadings less than 0.50 have not been printed.


Variables




4. Cluster analysis results. After having synthetized the food values and the consumption motivations through the PCA, three factors resulted. Starting from these three factors, it was possible to perform a Cluster Analysis (CA) from which 4 homogeneous Clusters derived. The different factorial scores in the centroids obtained by the K-mean application method in each Clusters underlined different characterization among these 4 Clusters (Table 4).

Table 4. Rotated component matrix of variables (*).


[image: image7.emf]1.Prigs 


2.Health 


enthusiasts


3.Aestetes and 


	pragmatists


4.Sceptics


(no. = 26) (no. = 24) (no. = 55) (no. = 65)


Value drivers 1.329 -0.024 0.353 -0.822 .000


Health drivers -0.862 1.431 0.272 -0.414 .000


Aestetic and practice drivers -0.704 -0.773 0.957 -0.243 .000


Generazione Z - Zoomers 11.54 8.33 36.36 4.62


Generazione Y - Millennials 26.92 16.67 21.82 29.23


Generazione X - Transizione 42.31 54.17 18.18 46.15


Baby boomers 19.23 16.67 21.82 20.00


Silent 0.00 4.17 1.82 0.00


Factors


Clusters


p-value


.001




The first Cluster represented the 15.3% of the sample and showed high interest on many value’s attributes and for this reason it took the name “Prigs”. Quality and sustainability could synthetize the nature of the attention of Cluster 1. In fact, the nutritional properties, the naturalness and the food safety are all quality attributes. Tradition and quality also refered to sustainability next to equity and environmental impact. The first group responded to quality in the sense of the risk assessment of the product, while the second group refered to quality as attributes that come after the positive evaluation of food safety [15] giving additional value to the final product. 


The second Cluster constituted the 14.1%. It grouped customers who pay great consideration to healthful aspects and so they received the name of “Health enthusiastic”.


Specifically, they revealed a high sensitivity to all safety motivations when choosing to consume fortified products, so much so that they were willing to pay more when they find these characteristics.


The third Cluster aggregated the 32.4%. They represented the “Aestetic and practice factors” since they responded high positively to the Taste, Price attributes, but they also seeked for Appearance characteristics and for the Practicality of the use of food products. Slight positive results emerged also for value drivers and health factors. 


The fourth Cluster grouped the 38.2% and included “Sceptic” consumers as all the factorial scores had negative values. In fact, this group was not sensitive to value attributes nor did it showed relevant consumption motivations.

The relation between Cluster analysis results and socio-demographic data showed significance only for the age of the sample. For three Clusters 1, 2 and 4 in particular the “Generation X” prevailed (Table 4). These results are not surprising since generation x is the most numerous in the reference sample. Therefore, the clusters do not differ in relation to generation, but consumers within the same category showed different attitudes.

CONCLUSION

Innovations represent a continuous and significant contribution to the modernisation and development of the agri-food system coming from the supply side, which, however, must meet the consent of the demand side to lead to market success. The present investigation aimed at identifying the Italian fortified product customer profile to ascertain its willingness to consume this specific category of food while identifying the food attributes and motivations behind its consumptions’ choices. 


This research applied a comprehensive methodology including the PCA statistical analysis that synthetized the food values and the consumption motivations comprised in the ad hoc questionnaire shared with the sample, and a non-hierarchical cluster analysis to categorize fortified products consumers. 


The characterizing elements of each of the four Clusters resulted shaped different costumers’ categories.  In fact, in the Prigs, Health Enthusiasts and Sceptics only one value showed positive result highlighting its mark while the other were negative. Only in the Aestetes and Pragmatics Cluster all value resulted positively significant, therefore aggregating common traits among the factor components.


Addressing special attention to the function of market information emerged as crucial in the intention of intensify fortified trade market, since awareness impact consumers’ decisions to buy fortified foods. This product, being the result of innovation advancement, pointed out the concrete health benefits that its consumption can generate. Fortifying food represents an effective and accessible innovation method of securing the population with vitamins and micronutrients. In this contest, market information could fight the information asymmetry, notably characterizing the agri-food sector, and in the meantime could promote a change in customers’ habits in a way that they could assume fortified products on a daily basis. Indeed, health-related marketing strategies could have a significant impact on market dynamics. 
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