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A B S T R A C T   

Recent changes in food purchasing and consumption have led consumers to place greater importance on aspects 
such as convenience and the impact of food production and processing on health and the environment. This, in 
turn, poses a challenge for the food industry, especially with respect to highly perishable foods such as fruit. 
Great efforts have been made by the industry to reduce post-harvest losses by using natural preservatives that can 
replace traditional chemical fungicides, which are increasingly rejected by both citizens and governments. In this 
context, the purpose of this study was to obtain an overview of consumer perceptions towards the application of 
these novel products in fruit. In order to achieve this goal, five focus group sessions were held in multiple Spanish 
cities from December 2019 to February 2020. A total of 48 people with a mixed socio-demographic background 
took part in the study. The results showed both positive and negative consumer perceptions towards fruit, on the 
one hand being healthy and natural, and on the other lacking convenience. Packaging increases fruit convenience 
at the cost of its perception as a natural food product. In addition, consumers reported negative opinions 
associated with both the use of chemicals to improve fruit preservation and the environmental impact of the 
packaging. Participants showed interest in the use of natural preservatives in fruit, as these are considered more 
natural, healthier and more environmentally friendly. Although natural preservatives can influence consumers’ 
fruit purchasing decisions, lack of information about such preservatives can cause doubts about their effec
tiveness and misjudgements about the price premium they add. Therefore, information about these types of 
preservatives, their characteristics and their benefits is key to overcoming mistrust and communicating to 
consumers the differentiation that their use adds to foods.   

1. Introduction 

In recent years, there have been major changes in food purchasing 
and consumption habits. Although the reasons behind these changes are 
many, some of the most significant are current work patterns, the 
increased participation of the female population in the labour market, 
the rising number of families in which both partners work, and income 
growth (Eldesouky & Mesias, 2014). All of the above have resulted in 
families having less time available for cooking and thus a greater de
mand for convenience and ready-to-eat foods. 

The changes in family lifestyles, along with the gradual abandon
ment of the almost-daily food purchasing habit and the preparation of 
food immediately before mealtimes, have come about due to rapid 
development of food technologies, including the increasing use and 

development of food additives. Food additives can be defined as natural 
or synthetic substances added to food with technological (e.g. counter
acting food perishability and bacterial degradation) or sensory (e.g. 
enhancing food taste or colour) purposes (Bearth et al., 2014; Miao et al., 
2020). Food additives have become indispensable in the production of 
processed foods (Shim et al., 2011) and are increasingly relevant in 
providing the “convenience” that consumers seek. This trend has led to a 
rapid increase in the production of numerous food additives, of both 
artificial and natural origin (Seo et al., 2008). In addition, food additives 
are essential for the food industry to be able to provide food that reaches 
the market in compliance with increasingly demanding legal and con
sumer requirements (Carocho et al., 2015). 

Although food safety experts generally tend to agree on the safety of 
food additives, research suggests that consumers are concerned about 
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the use and consumption of food additives and would like to be better 
informed about their potential effects on health (Bearth et al., 2014; 
Gebhardt et al., 2020). This behaviour is reinforced by the frequent 
health scandals that arise in the food industry, both related and unre
lated to the use and consumption of food additives, such as the Escher
ichia coli crisis in soybeans in Germany in 2011, the marketing of 
pesticide-contaminated eggs in several European countries in 2017 or 
the outbreak of listeriosis in larded meat in Spain in 2019. 

Moreover, consumers are becoming increasingly interested in fresh, 
natural, less processed and additive-free foods (Lavilla & Gayán, 2018). 
Although this poses a technological and logistical problem for agri
businesses, recent research has proven that consumers are often willing 
to pay a premium for food of high-sensory quality (Zhu et al., 2018). 

Food additives can be divided into six types according to their 
function: preservatives, nutritional additives, colouring additives, fla
vourings, texturizers and miscellaneous (Carocho et al., 2015). 
Depending on the type of food, one or more of these types of additives 
can be used at the same time. However, in fresh produce, such as fruit 
and vegetables, the use of additives is almost exclusively limited to 
preservatives, that is, the substances added to food to prevent spoilage 
by microbial growth or by unwanted chemical changes. 

In Spain, the fruits and vegetables sector stands out not only for its 
economic importance, but also for the diversity of its produce and for its 
relevance as a generator of wealth in rural areas. Spain is the leading 
exporter of fruit and vegetables in the European Union and one of the 
top three in the world along with China and the United States (MAPA, 
2020). The sector has a clear exporting mandate, since 50% of its pro
duction is exported. In addition, exports have increased in recent years 
both in volume and in value, having reached a record 13.8 million 
tonnes and 15 billion euros in value in 2017. Therefore, any actions 
aimed at better marketing and extension of the shelf-life of fruit can have 
a great impact at all levels in the country. 

However, the perishability of fruits and vegetables means that losses 
of these types of products can reach very significant levels, as they are 
amongst the foods with the highest loss rates at the farm level (Ludwig- 
Ohm et al., 2019). Although post-harvest losses are very difficult to es
timate due to the great diversity of the products being marketed and 
their distribution amongst a large number of final consumers, some data 
can be found in this regard. Thus, for instance Usall, Torres, & Teixidó 
(2016) indicate that in the United States the global average of fresh fruit 
and vegetable losses is likely to be around 12% between production and 
consumption, although this percentage can exceed 50% in less devel
oped regions. In addition, Kitinoja & Kader (2015) state that fruits and 
vegetables, along with roots and tubers, present the highest rates of food 
loss (45%) of any type of food. 

Within this framework, one of the most important challenges faced 
by the fruit industry is to avoid significant post-harvest losses due to 
fungal diseases (rotting). Today, the most efficient way to tackle these 
losses is the application of synthetic fungicides. However, the growing 
awareness of human exposure to these products, with the subsequent 
implications for health (carcinogenic, teratogenic effects, etc.) and the 
environment, has caused increasing concern in society and has led to 
restrictions in post-harvest use (Spadaro & Gullino, 2004; Wisniewski 
et al., 2016). 

This scenario has recently led to the development of abundant 
research aimed at obtaining natural substances that could be used to 
prevent fruit spoilage while being less harmful and more acceptable to 
consumers. Biopreservation or biocontrol through the use of protective 
cultures, which contain biocontrol agents (BCA), is a remarkable alter
native to synthetic fungicides (Droby et al., 2016; Leyva Salas et al., 
2017). Protective culture can be defined as a set of live microorganisms 
that are deliberately added to foods in order to control their microbio
logical status without changing their technological and sensory qualities 
(Ben Said et al., 2019). 

Various mechanisms of biological control by antagonistic microor
ganisms have been described (Spadaro & Droby, 2016). Among them, 

the existing background has shown that both the inoculation of the BCAs 
responsible for the generation of antifungal volatile organic compounds 
(VOCs) and the direct application of active compounds could become 
promising means of extending the shelf-life of fruits and vegetables. 
Furthermore, from a market perspective, there are signs providing 
promising prospects for BCAs, such as the increasing concern about food 
safety -chemical residues, environmental impact, etc.- both at the con
sumer and at the policy-maker levels, which have resulted in substantial 
regulatory changes (Droby et al., 2016). In response to these new trends, 
many large supermarket chains are setting enforceable new standards 
for their suppliers, which in fact involve the reduction of the authorised 
levels of chemical residues below the Maximum Residue Limits (Usall 
et al., 2016). 

Although these new developments in the food industry may deserve 
researchers’ trust, as they consider them to be safe and effective, their 
attitude is not necessarily reflected in consumer behaviour. Consumers 
tend to be cautious about new products and technologies, mainly 
because of the potential risks they may pose and the lack of perceived 
benefits, but also as a show of neophobia, a common rejection reaction 
towards new things (Frewer et al., 2011). These negative perceptions 
and attitudes towards innovation in the food sector, such as the use of 
BCAs, can prevent their adoption and cause products to fail (Martins 
et al., 2019). Therefore, it is essential to know consumers’ perceptions of 
these novel preservatives used in the fruit industry. 

However, this task can become extremely complicated if multiple 
factors affecting consumers’ perceptions towards food and food addi
tives are to be considered: health, wholesomeness, food safety, food 
culture, traditions, etc. All these factors can make the analysis of peo
ple’s perceptions towards novel products difficult to carry out by means 
of traditional quantitative research approaches. Various aspects, such as 
lack of trust in the interviewer, lack of knowledge about the topic under 
analysis, or reluctance to share one’s views -which is known as social 
desirability bias - may make the respondent unable or unwilling to 
answer complex questions about his or her perceptions or attitudes to
ward certain foods or technologies with complete openness (Donoghue, 
2000; Eldesouky & Mesias, 2014). 

Subsequently, qualitative research was considered a valid approach 
for this study, since it is a flexible and adaptable type of research that can 
address a specific issue and its driving forces (Stewart et al., 1994). It is 
also suitable for discovering the nature of a problem and contributes to 
the identification of action alternatives (Guerrero et al., 2009). Quali
tative research has been largely used in the food sector, with applica
tions in the study of consumers’ perceptions towards imported fruits 
(Vaca & Mesías, 2014), the development of new food products (Banović 
et al., 2016) or the analysis of motivations regarding food choices 
(Velema et al., 2019). 

Among several qualitative research techniques, the focus group is 
one of the most frequently used to develop the preliminary stages of a 
research study (Eldesouky & Mesias, 2014). This technique is based on 
group dynamics led by a moderator, whose mission is to stimulate dis
cussion through the exchange of views amongst the participants which 
in the end allows for new topics and ideas to emerge. Hence, its main 
advantage over other more structured research methods, such as struc
tured questionnaires, is that it allows and promotes greater freedom of 
expression amongst the attendees (Gaspar et al., 2016) and is a suitable 
technique for studies involving the identification of concerns and the 
development and application of new products or services (Chalofsky, 
1999; Stewart & Shamsasani, 2014). Within this context, this work aims 
to explore consumers’ perceptions towards the use of natural food pre
servatives based on biocontrol agents or bioprotective cultures in fruits. 
Studies on biocontrol as an efficient and reliable method to extend the 
shelf-life of fruits during commercialisation have gained relevance in 
recent decades. Specifically, in Spain different studies have proposed 
various microbial species as efficient antagonists against postharvest 
fruit pathogens. Thus, within bacteria, Pantoea agglomerans CPA-2 and 
Bacillus amyloliquefaciens BUZ-14 have been proposed as BCA against 
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different moulds in damaged pears (Nunes et al., 2001), citrus fruits and 
apples (Calvo et al., 2017). Additionally, different yeast strains have 
showed the potential for application as BCA against major postharvest 
moulds such as Metschnikowia pulcherrima L672, Hanseniaspora 
opuntiae L479 and Hanseniaspora uvarum L793 (de Paiva et al., 2017; 
Ruiz-Moyano et al., 2016), Pichia kudriavzevii PK18 (Cabañas et al., 
2020), and Candida sake CPA-1 (Usall et al., 2001) among others. 
However, perceptions of Spanish consumers towards the application of 
BCA on fresh fruits have not been assessed. Previous studies have shown 
that Spanish consumers demand information on production methods, 
applied treatments and effects on the environment (Fernández-Serrano 
et al., 2021). In this sense, there is a segment of the population 
increasingly concerned about healthy eating and respect for the envi
ronment (Gil et al., 2000), which could be interested in purchasing fresh 
fruit treated with BCAs. With this purpose and through the application of 
focus groups, various topics will be analysed, such as the factors 
impacting fruit purchasing habits, the effect of packaging, health con
cerns relating to the use of food additives or knowledge and perceptions 
towards natural food additives. The findings could contribute to the 
development of the fruit industry, with fruit companies becoming better 
prepared to meet consumers’ demands for healthier and safer food 
products. 

2. Materials and methods 

2.1. Focus group design 

A focus group should consist of 6 to 12 participants for adequate 
development since fewer than 6 people do not facilitate group dynamics, 
whilst the flowing of natural debate in a group of more than 12 partic
ipants can be difficult and the moderator may have problems conducting 
the discussion towards the research topics (Gaspar et al., 2016; Malhotra 
& Birks, 2006). It is also recommended that the group composition 
represent the socio-demographic diversity of the population under 
study, although in some cases, it may be advisable to use homogeneous 
groups. Moreover, the venue is equally relevant, since an informal, 
relaxed atmosphere helps participants forget that they are being 
observed and questioned (Gaspar et al., 2016). 

Taking all this into account, five focus group sessions were held from 
December 2019 to February 2020 in multiple Spanish cities, with a total 
of 48 participants in the study. The number of focus groups was defined 
by the financial availabilities of the research project in which this task 
was conducted. Nevertheless, several authors have found that this 
number of sessions allows the so-called “saturation point”, i.e. the point 
at which no more information is obtained with new sessions, to be 
reached (Hartman et al., 2013; Onwuegbuzie et al., 2009). Moreover, 
both the number of participants and the number of focus group sessions 
are in line with other research using this methodology (Behrens et al., 
2010; Chambers et al., 2008; Hartman et al., 2013; Horrillo et al., 2019; 
Santosa et al., 2013; van Dijk et al., 2012) 

A public relations (PR) company was charged with selecting the 
participants and conducting the discussions. Considering the topic of 
research and the differences that could be expected in purchasing and 
consumption patterns between consumers in small towns and large 
cities, the five focus group sessions were held in one small town (Losar 
de la Vera, with less than 5,000 inhabitants, Focus Group 2), two mid- 
sized cities (Jaraiz de la Vera, Focus Group 4 and Navalmoral de la 
Mata, Focus Group 5, with a population between 5,001 and 25,000 in
habitants) and two large cities (Valladolid, Focus Group 1, and Sala
manca, Focus Group 3, with more than 150,000 inhabitants). The 
different locations were selected by the PR company following the 
guidelines regarding size that were provided by the research team. 

The participants were selected by way of convenience sampling, 
which is common in qualitative research (Eldesouky & Mesias, 2014). 
The main criterion for selecting participants was their willingness to 
participate in the study, since no special qualifications or prior 

knowledge of the topic under study was required. The number of par
ticipants ranged between 6 and 12 and efforts were made to include a 
variety of people in the various focus groups according to the socio- 
demographic and purchasing characteristics of the participants. 
Table 1 shows the characteristics of the focus group participants. 

2.2. Development of the focus groups 

The research was conducted in compliance with the University of 
Extremadura Bioethics and Biosecurity Committee regulations 
regarding studies with human participants. All participants gave 
informed consent before taking part in the study. Participants were 
assured that their responses would remain confidential and would be 
fully anonymised so that it would not be possible to trace them back. As 
compensation for their time, participants received a small gift valued at 
5–10 euros at the end of each session. 

All the sessions were held in public venues, using a large room where 
the participants could be comfortably seated while maintaining eye 
contact, thus enabling interaction. The moderator started by explaining 
the framework of the research study (within a Spanish Research Project 
seeking to replace the synthetic fungicides currently used to prevent 
fruit spoilage with biological control agents that are naturally present in 
fruit). Participants were encouraged to express their opinions freely on 
the topics under discussion, and it was stressed that there were no right 
or wrong answers. Additional tools, such as cards where participants had 
to write down different aspects about a topic that would later be dis
cussed, were also used to encourage participation and the generation of 
ideas. 

The discussion began with questions about the participants’ per
ceptions on fruit purchasing and consumption, with the aim of opening 
the debate. Later on, with the purpose of focussing the discussion and 
providing some background information, the moderator presented the 
following report about the traditional post-harvest management of fruit, 
its drawbacks and the innovations regarding more environmentally 
friendly and healthier fruit preservatives: 

“One of the most important challenges the fruit industry is facing is to 
avoid heavy post-harvest losses due to fungal diseases (rot). The most efficient 
techniques for the control of fungal pathogens today are synthetic fungicides, 
however their use is being increasingly restricted due to the emergence of 
microbial resistance, residues in food and negative implications for the 
environment. 

Therefore, in recent years various effective, safe and environmentally 
friendly strategies have been developed to extend the shelf life of fruits, 
including a group of techniques known as biocontrol (application of yeasts 
naturally present in the fruit, harmless to the consumer and that control the 
development of moulds)”. 

Table 2 shows the script followed by the moderator during the 
various focus group sessions. 

2.3. Data analysis 

Following each focus group session, a report was prepared to show 
the main points that had been highlighted during the discussion. The 
recordings were then transcribed and analysed through the content 
analysis technique (Stewart & Shamsasani, 2014) which seeks to draw 
replicable and valid inferences from texts (or other significant material) 
in order to reduce the original material (Flick, 2009). Thus, the infor
mation was first processed and organised into common themes, with all 
the terms and their meanings being considered in the analysis. Finally, 
the the answers for each point of discussion were examined in order to 
determine the similarities and differences. Subsequently, in order to 
gain insight into the relative importance of the various concepts that 
emerged during the research, their frequency of mention was calculated 
by counting the number of comments related to each concept that had 
emerged during the discussion of the different topics (Eldesouky et al., 
2020). Fig. 1 shows the complete procedures that were followed during 
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the focus group sessions carried out for this piece of research. 

3. Results 

The findings presented in this section follow the above-mentioned 
script used to conduct the focus group sessions. Tables 3 to 7 show the 
main comments relating to the various topics of discussion and prepared 
taking the participants’ quotes. It should be noted that a chi-square test 
applied to the frequencies of mention did not reveal gender- or age- 
differentiated comments. 

3.1. Fruit perceptions 

The moderator began by asking the participants about the types of 
fruit they consumed. The types of fruit mentioned were very diverse, 
including both seasonally and locally produced fruit, as well as imported 
fruit. When later asked about the packaged fruit they consumed, initially 
there was a tendency to talk about canned fruit, but gradually the 
concept of packaging was extended and many of the types of fruit 
mentioned at the beginning of the discussion were pointed out. 
Although some participants seemed reluctant to acknowledge to the 
group that many of the fruits they consumed were packaged, others 
quickly mentioned all the aforementioned types. In fact, only in one of 
the groups were there negative comments about packaging, reflecting 
that, in principle, the participants had quite embraced this purchasing 
format, which is closely related to modern distribution and is increas
ingly widespread among food consumers. 

Subsequently, the discussion moved towards the participants’ 
behaviour and perceptions towards fruit, focusing on the factors shaping 
their purchasing and consumption decisions. Table 3 shows the main 
concepts stated in the focus group sessions together with their frequency 

of mention, with the factors “nutritious” (25.5%) and “healthy” (12.8%) 
standing out. On the other hand, the frequency of mention for “conve
nient” was only 3.5 %. 

At a subsequent stage of the discussion, the topic of packaged fruit 
was raised. To help generate ideas, participants were given a card where 
they had to write down all the aspects they liked and disliked about 
packaged fruit, which were discussed afterwards. Table 4 presents the 
main positive and negative comments about packaged fruit that the 
various focus groups mentioned. Regarding the positive comments, the 
concepts “convenience” and “appearance and presentation” showed 
frequencies of mention higher than 10%, whereas the highlighted 
negative comments were “environmental impacts” and “quality 
mistrust” with 16.4% and 14.4%, respectively. 

3.2. Health and fruit consumption 

This section intended to delve into the consumer’s health perceptions 
and purchasing behaviour deriving from the presence of additives and 
preservatives in fruit. With this purpose in mind, the moderator initially 
provided a brief description of the post-harvest losses incurred by the 
fruit industry due to fungal diseases, the most common techniques used 
to control them (synthetic fungicides), their drawbacks and the recent 
trends to develop safe and environmentally friendly strategies to extend 
fruit self-life such as biocontrol1. 

Participants were then asked about their knowledge regarding the 
presence of additives and preservatives in fruit. A total of 89.4% of the 
people attending the sessions indicated that they were aware of this fact 
and that it was relevant to their purchasing decision (72.3%). However, 
the situation changed drastically when their knowledge of natural pre
servatives was enquired about, and these were unknown to 66% of the 
participants. 

Despite the limited knowledge of natural preservatives, during the 
discussion on the perception of these kinds of products, numerous pos
itive views emerged, such as their relationship with naturalness and 
organic production or their association with the traditional taste of fruit. 
However, some controversial issues also arose, mainly related to their 
perception of lower effectiveness or higher price. Table 5 presents the 
concepts and comments which emerged in relation to the use of natural 
preservatives in fruit. 

It was considered that if consumers were to value the use of these 
substances, they would need to obtain adequate information through the 
labels. Therefore, participants were asked whether they looked at the 
label when buying packaged fruit and whether the information on the 
label had any impact on their purchasing decision. A large majority of 
participants (80.9%) indicated that they did look at the label and that 

Table 1 
Sociodemographic characteristics of the participants in the different focus groups (between brackets, date when session was carried out).    

Focus Group 1 
N = 6 
(18 Dec 2019) 

Focus Group 2 
N = 11 
(27 Dec 2019) 

Focus Group 3 
N = 12 
(29 Jan 2020) 

Focus Group 4 
N = 9 
(30 Jan 2020) 

Focus Group 5 
N = 10 
(03 Feb 2020) 

Total number of 
participants 
(N = 48) 

(%) 

Gender Women 3 6 6 5 5 25  52.1 
Men 3 5 6 4 5 23  47.9 

Age 18–30 y.o. 1 3 3 1 2 10  20.8 
31–60 y.o. 4 6 6 5 6 27  56.3 
greater than 60 y. 
o. 

1 2 3 3 2 11  22.9 

Actively working Yes 4 4 7 2 7 24  50.0 
No 2 7 5 7 3 24  50.0 

In charge of food 
shopping 

Yes 2 7 6 5 4 24  50.0 
No 4 4 6 4 6 24  50.0  

Table 2 
Structure of the focus group discussions.  

Section Contents 

1. Fruit perceptions  - Fruit consumption and fruit purchasing formats. 
Opinions on fruit: factors affecting consumers’ 

decisions to purchase fruit. 
Opinions on packaged fruit: positive/negative 

aspects about packaged fruit. 
2. Health and fruit 

consumption  
- Influence on health and purchasing behaviour of 

additives and preservatives used in fruit. 
Knowledge and importance of chemical and natural 

preservatives. Natural additives as an alternative. 
Labelling information and consumer behaviour. 
Willingness to buy fruit labelled with information on 

the biological treatment or chemical preservatives. 
3. Perceptions of fruit 

packaging  
- Concerns about the environmental effects of the 

packaging materials. 
Preferences for the forms of application of the natural 

preservatives according to types of packaging. 
Intelligent packaging systems.  

1 Due to the relevance of biocontrol to the project under which this research 
was developed, specific reference was made to it and it was defined as “the 
application of yeasts that are naturally present in the fruit, which are harmless 
to the consumer and which control the development of moulds”. 
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the label largely impacted their purchasing choices (6.6 out of 10, where 
0 was “not at all important for my purchasing decision” and 10 “very 
important for my purchasing decision”). However, participants stated 

that even when they looked at the label, they were not always able to 
interpret the information included in it. In this sense, a discussion was 
opened on the information that participants wanted to find on the label 
when purchasing packaged fruit. Table 6 presents the concepts and 
comments about the labelling on packaged fruit. 

The discussion continued to ascertain the potential interest that the 
mention on the label of the use of biological preservatives could raise in 
consumers. Almost all the participants agreed that the label should 
display the messages “biologically treated fruit” or “antifungal-chemi
cal-free fruit”. To a lesser extent, there was also a majority who agreed 
on the positive effect that both messages could have on the willingness 
to purchase fruit that was labelled thusly, which also corresponded to a 
clear unwillingness to purchase fruit that was marked as having been 
treated with chemical preservatives. 

3.3. Perceptions of fruit packaging 

The last section of the focus group sessions focussed on the consumer 
perception of fruit packaging and how the use of biological preservatives 
could result in the use of various packaging formats. 

Fig. 1. Methodological procedures followed during the focus group sessions.  

Table 3 
Reasons affecting fruit consumption (frequency of mention in %).  

Factors Verbatim comments %a 

Nutritious “It’s a source of vitamins and fibre; fruit is both digestive 
and filling”  

25.5 

Healthy “People who eat fruit are healthier; fruit consumption 
improves bowel transit”  

12.8 

Tasty “It is refreshing and tasty”  8.5 
Seasonal and 

ripened 
“I can always select ripe and seasonal fruit”  8.5 

Affordable price “Its price is affordable; fruit is cheaper than other foods”  7.1 
Locally produced “I prefer locally/regionally, or otherwise nationally 

-produced fruit”  
6.4 

Convenient “Fruit can be consumed immediately, without further 
preparation”  

3.5  

a Percentages in this column refer to the total number of comments that arose 
during the discussion of this topic. 
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Prior to this section, participants received information about the 
most common types of packaging used with fruit and how they could 
affect the way preservatives are used (Fig. 2). Fig. 2a shows a plastic tray 

available for bioprotective cultures with any mechanism of biological 
control (competition for space and nutrients, parasitism, antibiosis, 
production of lytic enzymes, induction to host defence, and production 
of volatile organic compounds, according to (Spadaro & Droby, 2016). 
Fig. 2b and 2c depict plastic trays intended for the use bioprotective 
cultures based on volatile organic compounds (Santiago Ruiz-Moyano 
et al., 2020), which was the main objective of the research project. 

When discussing the forms of application of natural preservatives 
according to the types of packaging (Fig. 2), the participants showed a 
slightly higher preference for the traditional tray (50%) followed by type 
c (47.8%), which is the one that most prevents contact between the fruit 
and the preservative. 

Finally, in the context of the growing consumer demand for more 
convenient foods (e.g. those with a longer shelf-life, in the case of fruit) 
and more natural foods (those without preservatives or containing 
natural alternatives), the use of intelligent packaging was considered 
potentially positive. Therefore, the moderator presented the attendants 
with the concept and a sample of “intelligent packaging systems” (sys
tems that provide the user with information on the conditions of the 
food, i.e. on the freshness of the fruit). Participants were then asked 
about their interest in this type of innovation and their willingness to 
purchase it, and 57.4% of them stated they were interested and willing 
to pay a 7% premium for this type of packaging. Table 7 shows the main 

Table 4 
Positive and negative comments about packaged fruit (frequency of mention in %).  

Positive 
comments   

Negative comments   

Concepts Verbatim comments %a Concepts Verbatim comments %a 

Convenience “Convenience; purchase speed; practical to 
transport and store; practical for people living 
alone” 

12.3 Environmental 
impacts 

“Excess of plastic in the package and the wrapping; they use a lot of 
plastic, cause more waste and contamination; they do not use reusable 
packaging; I am not interested in plastic packaging” 

16.4 

Appearance and 
presentation 

“Better appearance (homogeneous size, 
look…); nice to the eye, tidy organisation; 
homogeneity” 

10.8 Quality mistrust “It is hard to ascertain whether they are at their best ripping point; they 
may have been packaged long and perhaps they lost some of their 
qualities; they are less flavoursome than unpackaged fruit; you cannot 
touch or smell the fruit” 

14.4 

Hygiene/Health “They look more hygienic; prevents other 
consumers from touching them; fruit is cleaner” 

5.6 More expensive “They tend to be more expensive than bulk fruit; when they are handled 
and packaged, they are more expensive” 

12.3 

Price “Better value for money” 2.6 Not convenient “The weight does not adapt to my needs; I cannot choose the fruit and the 
amount I buy” 

7.7 

Labelling “It is always labelled; the label shows origin 
(national/imported) and the best before date; 
information on additives” 

2.6 Presence of chemical 
additives in fruit 

“They contain more chemicals than bulk fruit; they come with additives 
to improve their appearance and preservation” 

4.1 

Shelf-life “Fresher and lasting longer; lasts longer; I buy it 
when I am not going to use it immediately” 

2.1 Presence of damaged/ 
rotten fruit 

“There is always rotting fruit; fruit tends to spoil when it is in a package; 
you cannot see all the pieces of fruit and some of them tend to be rotten” 

3.1 

Origin “It may not be local or seasonal; if it comes from very far away, I tend not 
to buy it; fruit from other countries” 

3.1 

Unnatural appearance “Not very natural; very shiny; the pictures on the packaging are deceitful 
and the fruit is less ripe” 

3.1  

a Percentages in this column refer to the total number of comments that arose during the discussion of this topic. 

Table 5 
Concepts and comments concerning the use of natural preservatives in fruit.  

Concepts Verbatim comments %a 

Natural “Natural; as food should always be; organic; makes the 
fruit taste as it always has”  

33.7 

Healthier “Completely healthy; healthier and safer”  18.9 
Environmentally 

friendly 
“Beneficial to nature; environmentally-friendly; less 
polluting; sustainable; zero residues”  

14.7 

Dependable “These products make me feel more confident about the 
food I eat”  

12.6 

Harmless to health “Better for onés health; they do not cause allergies or 
intolerances”  

9.5 

Lower effectiveness “These products may be less effective than other 
chemical preservatives; fruit will be more perishable”  

7.4 

Price “More expensive”  3.2  

a Percentages in this column refer to the total number of comments that arose 
during the discussion of this topic. 

Table 6 
Concepts and comments about the labelling on packaged fruit (frequency of 
mention in %).  

Concepts Verbatim comments %a 

Origin “Where the fruit was grown and where it was 
packaged; information about the company 
which grew the fruit; clear origin”  

27.2 

Processing practices “Presence of preservatives and additives; 
preservation method; types of fungicides or 
pesticides used”  

24.5 

Time from harvesting to 
retailing and shelf-life 

“Harvesting time; packaging time; sell-by date; 
best before date”  

24.5 

Fruit characteristics/ 
nutritional facts 

“Fruit characteristics and nutrients must be 
specified; variety and size”  

10.2 

Cultivation practices “How the fruit was grown; organic; Fair Trade; 
identification of the producer”  

8.8 

Social information “Price paid to the producer; fair farm prices; 
middlemen involved in fruit trading must be 
specified”  

4.8  

a Percentages in this column refer to the total number of comments that arose 
during the discussion of this topic. 

Table 7 
Concepts and comments about intelligent packaging.  

Concepts Verbatim comments %a 

Superfluous “I don’t see the need; I could do without this type of 
packaging”  

31.1 

Fruit freshness “It is often difficult to ascertain the level of freshness of 
packaged fruits; sometimes it is difficult to judge the 
ripening point of the fruit”  

20.0 

Wholesomeness “It would make me eat the fruit more safely; it is more 
natural and beneficial for my health; product quality”  

15.6 

Consumer 
guarantee 

“This information is a guarantee for the consumer”  13.3 

Reduce packaging 
use 

“I prefer to buy fruit frequently and not use more 
unnecessary containers; because we have to avoid using 
containers”  

11.1 

Convenience “It is convenient for the consumer”  8.9  

a Percentages in this column refer to the total number of comments that arose 
during the discussion of this topic. 
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themes and comments about intelligent packaging made by the atten
dants to the focus group sessions. 

4. Discussion 

4.1. Fruit perceptions 

Consumers are clearly aware of the health and nutritional benefits 
derived from fruit consumption, which are extensively documented in 
the literature (Baselice et al., 2017). In fact, previous qualitative studies 
have already found that staying healthy was a driver for fruit and 
vegetable consumption in many adults (Hartman et al., 2013). Also, 
Ünüsan (2004) found that perceptions about the taste, satiety or di
gestibility of fruit were important factors in consumption. In terms of 
price, Owen, Griffith, & Wright (2002) stated that most fruit and vege
tables are cheaper than other foods and are also frequently purchased, 
which may help reduce consumer uncertainty about their quality at 
purchase. 

On the other hand, fruit, as such, is not considered a convenience 
food (Hartman et al., 2013), and unless it is processed to a certain degree 
(e.g. already washed, cut and packaged), it is not suitable for eating at 
work or in educational settings. Their findings are therefore consistent 
with how scarcely the term “convenient” is mentioned in this study. 

On the subject of packaged fruit the participants brought up positive 
and negative aspects. It should be highlighted that the most positive 
aspects for consumers are convenience and product appearance and 
presentation. On the negative side they questioned the quality of the 
product and showed concern about the environmental impact of the 
packaging. Along with those remarks about the unnatural appearance of 
packaged fruit, these were the comments most often heard from the 
participants. This is in line with Ragaert, Verbeke, Devlieghere, & 
Debevere (2004) who, on analysing the perception of minimally pro
cessed vegetables and packaged fruit, found that consumers of these 
products seek reasonable trade-offs between quality (which can only be 
assessed indirectly through appearance and presentation) and 

convenience. 
The environmental impact of packaging is the most frequently 

mentioned aspect of packaged fruit and reveals the need for the industry 
to adapt to current social trends, where recycling and environmentally 
friendly practices are increasingly relevant. This trend in consumer 
behaviour has been found in other studies on food packaging, such as 
that of Eldesouky, Pulido, & Mesias (2015), where recyclable or envi
ronmentally friendly packaging was very important for the consumers 
under study. 

The fact that packaged fruit is more hygienic/healthy was not 
considered very relevant, which is consistent with Ragaert et al. (2004), 
who indicated that health was not an important purchasing motivation 
in the case of packaged fruit. 

Interestingly, price appears both as one of the main negative factors 
of packaged fruit and, to a lesser extent, as a positive one. The latter is 
probably related to the better appearance and presentation, which jus
tifies the higher price in the eyes of some consumers. In fact, Pollard, 
Kirk, & Cade (2002) refer to the change that has occurred in the fruit and 
vegetable market, where there has been a shift from bulk products to 
pre-packaged, prepared and ready-to-cook products, which are more 
adapted to current consumer habits. Although due to their processing 
these products are more expensive than their bulk equivalents, con
sumers accept this surcharge in exchange for greater convenience. 

4.2. Health and fruit consumption 

The results of this study have shown a high level of consumer 
knowledge about the presence of additives and preservatives in fruit and 
their relevance to purchasing decisions, which are in line with previous 
research (Bearth et al., 2014). In this regard, it is interesting to point out 
that some authors (Carocho et al., 2014) have found that consumers 
initially prefer additive-free food, but if this is not available, they tend to 
opt for food containing natural rather than synthetic additives. 

The fact that natural preservatives are seen as “natural” and 
“healthy” suggests that they are identified with some of the main 

Fig. 2. Images of plastic fruit trays presented to the participants.  
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features and benefits that consumers attribute to fruit (Baselice et al., 
2017; Hartman et al., 2013). This association can be the driver of pos
itive consumer attitudes towards the use of these types of additives, 
which in turn may provide the basis for their widespread implementa
tion in the fruit market. In this respect, the mention that they are 
“environmentally friendly” products is also interesting, as this implies an 
adaptation to current food trends as consumers seek to integrate envi
ronmental and sustainable aspects in their food choices (Eldesouky 
et al., 2020; Galati et al., 2019). 

The concepts about labelling on packaged fruit that were most 
frequently mentioned by the participants in the focus group sessions 
were consistent with those found in various other studies (Campbell 
et al., 2013; Migliore et al., 2015; Moor et al., 2014), which showed that 
price, origin, production methods and quality indicators are the most 
relevant attributes in fruit purchasing. With respect to origin, consumers 
in developed countries have been noted to be willing to pay a premium 
for local foods, which are assumed to be of higher quality than imported 
ones (Loureiro & Umberger, 2003; Peterson et al., 2013). On the other 
hand, the importance given to processing practices, especially to infor
mation about the preservatives and additives being used, is in line with 
the growing social demand for less-processed and preservative-free 
foods -such as the so-called “clean label” foods- and towards the use of 
natural alternatives (Leyva Salas et al., 2017). 

4.3. Perceptions of fruit packaging 

When participants discussed the types of fruit packaging -and the 
way preservatives are used in them, a slightly higher preference was 
shown for traditional trays versus new types of packaging which could 
be seen as less environmentally friendly. This choice could be related to 
the fact that the analyzed preservatives were natural ones and provided 
sufficient confidence for most consumers, who, in turn, use the envi
ronmental aspect of the packaging as a selection criterion. However, 
another important segment of consumers preferred packaging that limits 
contact between the fruit and the preservative, which is consistent with 
the general consumer behaviour that tends to limit food contact with 
foreign. 

Regarding intelligent packaging systems, and although the highest 
percentage of comments mentioned the superfluousness of this type of 
packaging, it is worth noting that other categories with positive impli
cations accounted for almost 50% of the participant comments (fresh
ness, wholesomeness, consumer guarantee). This level of response 
reveals the potential of intelligent systems in the fruit market. In fact, it 
has been previously shown that quality indicators are one of the most 
relevant attributes in the purchase of fruit (Campbell et al., 2013; 
Migliore et al., 2015; Moor et al., 2014). However, the difficulty of its 
being appreciated in packaged fruit is one of the handicaps of this 
product. Therefore, the widespread use of intelligent packaging could 
provide consumers with information they are currently missing and that 
would support them in their decision-making when purchasing fruit. 

Biocontrol as an alternative to synthetic chemicals is a strategy far 
from complete development (Droby et al., 2009; Droby & Wisniewski, 
2018), although great advances and insights have been brought to light 
lately. Thus, the actual and potential uses of biocontrol agents (bio
preservative cultures, bioprotectives) as a strategy to improve yield and 
shelf-life have been widely discussed in numerous review manuscripts 
(Droby et al., 2016; Sharma et al., 2009; Siroli et al., 2015; Sui et al., 
2015). Moreover, most of these works focused on the description of the 
mechanism of biological control by antagonistic microbes (Carmona- 
Hernandez et al., 2019; Freimoser et al., 2019; Spadaro & Droby, 2016). 
Among the different mechanisms of biological control, production of 
antifungal volatile organic compounds is one of the least known among 
the scientific community, as well as for industries and consumers, which 
brings remarkable novelty to the results of the present work. Other 
research has also reviewed the synergistic effects of biocontrol agents 
used in conjunction with other strategies (Di Francesco & Mari, 2014; 

Marín et al., 2017; Zhang et al., 2017). Despite all these advances in the 
selection and application of biocontrol agents to reduce the incidence of 
fungal diseases, the scientific approach to biocontrol agents in fruits has 
not yet been addressed to assess the perception and willingness to 
consume fruits preserved with bioprotective yeasts. In this regard, in
formation on consumers’ perceptions on label information or packaging 
format for marketing fruits treated with bioprotective yeasts offers new 
information to researchers and producers. 

5. Conclusions 

According to the findings of this research, fruit is perceived as a 
nutritious, healthy and tasty food, but it is not seen as very convenient, 
which is a barrier to its consumption against current shopping and 
eating habits. This situation is further complicated by rather contra
dictory consumer demands: there is a need for more natural, less pro
cessed foods with fewer additives, which are also more convenient (e.g. 
extended shelf-life, ready to eat). In this regard, fruit processing, e.g. by 
packaging, improves convenience but at the cost of the consumer no 
longer perceiving its naturalness. 

Moreover, consumers perceive negative connotations relating to 
both the use of chemicals to improve their appearance and shelf-life and 
to the environmental impact generated by such processes. Natural pre
servatives, such as biocontrol agents or bioprotective cultures, may be a 
solution to these problems faced by fruit producers. In this context, 
consumers are interested in the use of natural preservatives in fruit, 
which they consider more natural, healthier and more environmentally 
friendly. However, the lack of awareness of these products makes them 
doubt their effectiveness and believe that they can increase the price of 
the fruit, which may indicate the need for consumer-oriented educa
tional campaigns to overcome this mistrust and to communicate the 
differentiation of these products. 
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Casquete, R., & Hernández, A. (2017). Combined effect of antagonistic yeast and 
modified atmosphere to control Penicillium expansum infection in sweet cherries cv. 
Ambrunés. International Journal of Food Microbiology, 241, 276–282. https://doi.org/ 
10.1016/j.ijfoodmicro.2016.10.033 

Di Francesco, A., & Mari, M. (2014). Use of biocontrol agents in combination with 
physical and chemical treatments: Efficacy assessment. Stewart Postharvest Review, 1 
(2). 

Donoghue, S. (2000). Projective techniques in consumer research. Journal of Family 
Ecology and Consumer Sciences, 28(1), 47–53. https://doi.org/10.4314/jfecs. 
v28i1.52784 

Droby, S., & Wisniewski, M. (2018). The fruit microbiome: A new frontier for postharvest 
biocontrol and postharvest biology. Postharvest Biology and Technology, 140, 
107–112. 

Droby, S., Wisniewski, M., Macarisin, D., & Wilson, C. (2009). Twenty years of 
postharvest biocontrol research: Is it time for a new paradigm? Postharvest Biology 
and Technology, 52(2), 137–145. 
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Usall, J., Torres, R., & Teixidó, N. (2016). Biological control of postharvest diseases on 
fruit: A suitable alternative? Current Opinion in Food Science, 11, 51–55. https://doi. 
org/10.1016/j.cofs.2016.09.002 

Vaca, S. I., & Mesías, F. J. (2014). Percepciones de los consumidores españoles hacia las 
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