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ABSTRACT  9 

 10 

The purpose of this work was to evaluate Spanish consumers’ opinions on using 11 

nanotechnology in food processing and packaging. For this purpose, a literature review 12 

was carried out in the main research database to determine the most widespread uses of 13 

nanotechnology in the food industry and the most promising developments. Of all the 14 

nanotechnology uses in food, five areas of application were identified: developing new 15 

ingredients or additives, formulating new antimicrobial systems, and designing new 16 

processing methods, sensors and packaging with nanostructured materials. Subsequently, 17 

a consumers’ opinion study was carried out by means of a survey, in which the opinions 18 

and purchase intention of a representative product of all five categories were evaluated, 19 

as well as the neophobia level to new food technologies. All the products obtained 20 

positive evaluations, and the applications in which nanotechnology did not form part of 21 

food were generally better valued than those in which it did form part. The respondents 22 

had a medium neophobia level, with an average score of 4.59 (out of 7 points), being 23 

consumers with more knowledge about new technologies the least neophobic and those 24 

who gave products higher scores. This study provides relevant information for using 25 

nanotechnology in the food processing and packaging sector. 26 

 27 

Keywords: nanotechnology; food processing; packaging; consumer opinion; neophobia 28 

 29 
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1. Introduction 31 

 32 

The European Commission has reported that nanotechnology is one of the key 33 

enabling technologies (KETs) in the Horizon 2020 framework (European Commission, 34 

2020a). The marked revolution that nanotechnology has brought about is because 35 

nanomaterials exhibit different functional properties compared to “conventionally sized” 36 

equivalents (Royal Society and Royal Academy of Engineering, 2004) given their 37 

dimensions. This implies that they have a high surface to mass ratio, which results in 38 

higher reactivity. Similarly, the physico-chemical properties of nanomaterials (solubility, 39 

shape, etc.) can differ from those of bulk materials, which may entail changes that should 40 

be taken into account (Gallocchio et al., 2015).  41 

The food industry has opted for nanotechnology because it is one of the most 42 

promising technologies to emerge in recent years. In the food context, Regulation (EU) 43 

No. 2015/2283 of the European Parliament and of the Council of 25 November 2015 on 44 

novel foods defines engineered nanomaterial as: “any intentionally produced material 45 

that has one or more dimensions of the order of 100 nm or less or that is composed of 46 

discrete functional parts, either internally or at the surface, many of which have one or 47 

more dimensions of the order of 100 nm or less, including structures, agglomerates or 48 

aggregates, which may have a size above the order of 100 nm but retain properties that 49 

are characteristic of the nanoscale”. This definition can be subject to changes based on 50 

future market developments (European Commission, 2020b). 51 

Besides potential benefits, the use of nanomaterials could present potential risks. On 52 

these scales, changes in the above-mentioned properties could pose toxicity problems for 53 

humans and animals, as well as environmental damage (Coles & Frewer, 2013). For all 54 

these reasons, today nanotechnology is widely studied. Numerous research works have 55 



4 
 

focused on developing different applications in many industrial sectors, as well as on  the 56 

characterization nanomaterials and toxicity studies. 57 

As this is a new technology, it is very important to know consumer perceptions 58 

because these technologies are rejected by most people, such as GMOs (genetically 59 

modified organisms), whose potential use in the agri-food field is enormous, but social 60 

rejection is a problem to market the products obtained by this technology (Faccio & 61 

Guiotto Nai Fovino, 2019; Mohorčich & Reese, 2019). In nanotechnology, it is necessary 62 

to determine if consumers know this new technology and to know their opinions. It is also 63 

important to note that people’s perception could differ depending on whether 64 

nanotechnology is used as “nano-inside” (the nanomaterial forms part of the product that 65 

consumers eat) or “nano-outside” (the nanomaterial is used in processing/packaging, but 66 

does not form part of the food product and does not enter the human body). 67 

To date, perception studies related to nanotechnology in the food industry have been 68 

carried out in several countries, such as: Australia (Evans et al., 2010), Brazil (Vidigal et 69 

al., 2015; Coutinho et al., 2021), Canada (Matin et al., 2012; Roosen et al., 2015), Chile 70 

(Schnettler et al., 2013, 2017), Taiwan (Chang et al., 2017) and USA (Zhou & Hu, 2018; 71 

Kuang et al., 2020). In Europe, several studies have been carried out in countries such as 72 

Austria (Joubert et al., 2020), Germany (Roosen et al., 2015), Italy (Sodano et al., 2016; 73 

Viscecchia et al., 2018),  Ireland (Handford et al., 2015; Henchion et al., 2019),  74 

Switzerland (Siegrist et al., 2007, 2008, 2009) and UK (Gupta et al., 2015; Feindt & 75 

Poortvliet, 2020). These studies point out that public perception and knowledge about 76 

nanotechnology differ depending on the surveyed region, and that it is also changing over 77 

time. Therefore, it is difficult to extrapolate the results from one population to another, 78 

and much more, to predict how it will evolve over time. 79 
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The aim of this work was to evaluate Spanish consumer perceptions of using 80 

nanotechnology in food processing and packaging, in order to predict the acceptation of 81 

these technologies in the agri-food sector.  82 

 83 

2. Materials and methods 84 

 85 

2.1. Preliminary literature review  86 

 87 

A review of the main nanotechnology applications under development and those 88 

commercialized in the agri-food sector was carried out to select the representative 89 

applications of this technology in food products to be included in the consumers’ opinion 90 

survey. For this purpose, the main research databases (e.g. Scopus, Web of Science, 91 

Google Scholar) were consulted by employing the following keywords individually or 92 

combined: nanotechnology, nanofood, nanoencapsulation, nanoemulsion, nanoparticles, 93 

nanomaterials, nanopackaging, nanosensor, active packaging, intelligent packaging, food 94 

sector, food industry, agri-food industry. The “Nanotechnology Products Database”, 95 

which collects data on distinct nanotechnology products available in different countries 96 

(StatNano, 2020), was also consulted. No time restrictions were set. 97 

Of all the different applications found, five products were selected to continue with 98 

the second part of the study. This selection was based on the Spanish population’s 99 

consumer habits, selecting products from different food chain links (production, 100 

packaging and quality control), and including both nanotechnology as nano-inside (the 101 

nanostructured system is an integral part of food) and nano-outside (those that employ 102 

nanotechnology, but it does not form part of ingested food). 103 

 104 
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2.2. Consumers’ opinion study 105 

 106 

This part of the study was conducted with an online survey designed in Google-107 

Forms. Call for participants was posted on different social networks (such as LinkedIn, 108 

Facebook and WhatsApp) as in other studies (Vujić & Szabo, 2022), and the link to the 109 

survey was disseminated through these channels. The survey was carried out on a sample 110 

of 658 Spanish participants aged over 18, between May and June 2020. Random simple 111 

sampling was conducted. The margin of error was below 3.90% for a 95.5% confidence 112 

level (k = 2), p = q = 0.5 (principle of maximum indetermination) (Table 1). 113 

Table 1 114 

Before the survey began, the participants were informed about the study objective 115 

and framework, and that the data provided by them would remain completely anonymous. 116 

Then they had to indicate whether they wished to voluntarily participate in the study. The 117 

questionnaire was designed as follows:  118 

Part 1 consisted of questions about the participants’ demographic and personal data, 119 

with two questions on their nanotechnology knowledge and their general opinions of it. 120 

Part 2 included opinion questions on nanotechnology applications in five food 121 

products and a question on purchase intention. For this part, first information on 122 

nanotechnology and the food industry was provided, as in other similar studies (Siegrist 123 

et al., 2008; Roosen et al., 2015; Henchion et al., 2019). Choice of the five food products 124 

was based on the criteria defined in section 2.1. In this way, there were selected two 125 

products in which nanotechnology formed part of food (nano-inside) and three products 126 

in which it did not (nano-outside). 127 

For each product, the respondents had to indicate their degree of agreement on 7-128 

level Likert scales (the value 1 corresponded to "totally disagree" and the value 7 to 129 
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"totally agree"). The three items were: “This product seems novel”, “This product 130 

provides many nutrition or food safety or quality benefits” and “This product poses NO 131 

health risk”. In addition, they had to establish the extent to which they would like the 132 

product and answer a question about their purchase intention. A 5-point scale was used 133 

for this last question (the value 1 corresponded to "I would definitively not buy it” and 134 

the value 5 to " I would definitively buy it").  135 

Part 3 of the questionnaire consisted of an abbreviated version of the neophobia 136 

survey proposed by Cox and Evans (2008), translated into Spanish according to 137 

Schnettler et al. (2016), in which consumers had to indicate their degree of agreement 138 

with each question on a 7-level Likert scale. A statement on the degree of knowledge 139 

about new food technologies was also included (S0). 140 

 141 

2.3. Data analyses 142 

 143 

Cronbach’s alpha was used to test the reliability of the scale of neophobia to new 144 

food technologies (questionnaire part 3). With the data obtained in this survey a Kruskal-145 

Wallis analysis was performed for each statement to check if there were any significant 146 

differences when considering personal data (gender, level of education or relationship 147 

with the agri-food sector). Dunn’s procedure with Bonferroni correction was used to test 148 

for differences at the 5% significance level. A hierarchical cluster analysis was also 149 

carried out to check if there were groups of consumers with different degrees of 150 

neophobia. Euclidean distances and Ward’s aggregation method were used. Next a 151 

Kruskal-Wallis analysis was performed for each question in the neophobia survey by 152 

considering the identified clusters.  153 
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A Chi-square analysis was carried out to evaluate if there were any differences 154 

between clusters in the personal data and other data contained in questionnaire part 1. 155 

Finally, in order to check if there were any significant differences between products 156 

in opinions and purchase intention (questionnaire part 2), a Kruskal-Wallis analysis was 157 

performed following the same above-described procedure.  158 

The employed statistical program was XLSTAT 2020.3.1 (New York, USA) 159 

(Addinsoft, 2020). 160 

 161 

3. Results and discussion 162 

 163 

3.1. Literature review and product selection 164 

 165 

After a thorough review of the nanotechnology applications to develop new food 166 

products, five application areas were identified. Table 2 summarizes the main categories 167 

and some examples of applications in all these areas.  168 

Table 2 169 

As it can be observed, in the food production field, nanotechnology can be applied 170 

to reduce the size of an ingredient or additive, which confers it new properties (solubility, 171 

bioavailability, etc.), encapsulate an ingredient or additive, improve its stability or release 172 

it in a specific place or situation (gastrointestinal tract, in the presence of microorganisms, 173 

etc.). For this category, a low-calorie mayonnaise made by the nanoemulsion technology 174 

was chosen as an example of a technology already used in manufacturing food products 175 

(Sekhon, 2010). This technology allows the droplet size of an emulsion to become 176 

smaller, which enables the use of less fat, while maintaining the original food’s 177 

palatability. This allows products to be developed with fewer calories than their 178 
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conventional variants, but without compromising their original organoleptic 179 

characteristics.  180 

Another important use of nanotechnology is the design and preparation of new 181 

antimicrobials, which are based mostly on natural ingredients. This is the case of 182 

nanostructured metals, such as silver, or the nanoencapsulation of compounds with 183 

antimicrobial activity to improve the compatibility of the bioactive molecule with food. 184 

Indeed propolis, with antimicrobial activity, allows the application in some cases of 185 

milder heat treatments (Luis-Villaroya et al., 2015), which can be nanoencapsulated to 186 

mask its very strong and undesirable taste. Once encapsulated, propolis can be 187 

incorporated into apple juice without compromising its taste, which was the second 188 

selected application. 189 

Nanotechnology can also be used as part of the production process without becoming 190 

part of food. Nanofiltration, for example, is a less aggressive alternative to conventional 191 

processing techniques, such as concentration and clarification of juices or wine 192 

dealcoholization (Labanda et al., 2009). Given the novelty of this process, the third 193 

selected product was an alcohol-free wine obtained by nanofiltration to better preserve 194 

the final product’s organoleptic characteristics. 195 

Other examples in which nanotechnology does not form an integral part of food is 196 

found in packaging. Of all the nanotechnology application possibilities in this field, one 197 

in which nanotechnology allows the development of active packaging or packaging able 198 

to interact with the medium was selected. Specifically, the selected product was apricots 199 

(climacteric fruits whose ripening is very fast, which markedly limits their commercial 200 

life), which are packed in a film containing a nanomaterial capable of scavenging 201 

ethylene, delaying fruit ripening and, thus, prolonging their shelf life (Gaikwad et al., 202 

2020).   203 
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Finally, the inclusion of nanosensors in packaging film allows the creation of smart 204 

packaging that can detect changes in food or their environment by transmitting this 205 

information in the form of different signals (Pérez-Esteve et al., 2013). Some are capable 206 

of detecting gases to provide information on packaging integrity. Other systems provide 207 

information on food freshness or the accidental freezing of refrigerated food with a 208 

colorimetric indicator (Ranjan et al., 2014). A real application of this technology is 209 

packaging for meat products, which contains a nanosensor capable of detecting deviations 210 

in storage temperature by indicating a break in the cold chain by the irreversible 211 

disappearance of barcodes (Enescu et al., 2019).  212 

In summary, nanotechnology can be applied to different food chain links, from food 213 

production to packaging and presentation to the final consumer, and depending on its 214 

application, in some cases it will form part of the food ("nano-inside" applications), or 215 

does not ("nano-outside") (Henchion et al., 2019). 216 

After identifying different nanotechnology application fields in the food industry and 217 

selecting the specific applications to be evaluated by consumers, product sheets were 218 

created for each selected application (Fig. 1), on which consumers had to indicate their 219 

opinion in the survey.   220 

 221 

3.2. Consumers’ opinion results 222 

 223 

In order to evaluate the opinion of consumers on the use of nanotechnology in food 224 

processing and packaging, and their neophobia level as regards new technologies in the 225 

food industry, opinion surveys were carried out. 226 

 227 

3.2.1. Participants’ personal and socio-demographic data 228 
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Six hundred and fifty-eight individuals participated in this study. Table 3 shows their 229 

socio-demographic and other personal data. Most respondents were women (64.9%). 230 

Their ages ranged from 18 to 79 years, and the age of most participants fell within the 30-231 

49 years range. The majority of people had a high level of education, and 37.5% of 232 

participants had some kind of relationship with the agri-food sector. Only 3.5% of the 233 

participants indicated following vegetarian/vegan diets, which is a low percentage that 234 

would not influence the results. Finally, 15.0% of consumers indicated having an allergy 235 

or food intolerance. 236 

Table 3 237 

 238 

Fig. 1. Nanotechnology application in different products that consumers evaluated in the 239 

survey. 240 

 241 
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3.2.2. Knowledge and general opinion about nanotechnology  242 

Before giving information about nanotechnology and showing the products in which 243 

this had been employed, the participants were asked about their knowledge on this new 244 

technology and their general opinion. Table 3 shows their responses. Most participants 245 

stated that they knew "something" or "little" (38.8% and 30.4%, respectively) about this 246 

technology, while a lower percentage knew "nothing" or "a lot" (16.3% and 12.2%, 247 

respectively). Regarding the general opinion on nanotechnology, only three participants 248 

had a negative opinion, while 36.2% had a positive opinion and 12.7% a very positive 249 

one. The other participants had a neutral attitude ("neither negative nor positive ") and 250 

26.9% were unsure ("I do not know"). No participant perceived this new technology as 251 

“very negative”. 252 

 253 

3.2.3. Neophobia to new food technologies 254 

In order to determine the level of neophobia of the individuals who participated in 255 

this study, they completed a survey, as explained in section 2.2. First of all, they were 256 

asked a question about their degree of knowledge on new food technologies, with the 257 

statement "I do not know much about new food technologies". The average score given 258 

by the respondents was 4.59 (out of 7 points). This value indicates that the participants’ 259 

average knowledge on new food production technologies did not excel.  260 

Table 4 shows the results of the neophobia survey on using new technologies in food. 261 

Some scores were reversed (S5, S6 and S10) so that a higher score for any statement 262 

meant a higher neophobia level. Cronbach’s alpha of the 10 items was 0.799, indicating 263 

good internal reliability. It is important to highlight that this value was 0.843 when the 264 

S10 was not included in the analysis, showing an improvement in the reliability of the 265 

scale.  266 
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A score of 4.0 was obtained as the mean value (minimum and maximum value of 3.3 267 

and 4.7, respectively). Taking into account that a score of 4 is a neutral point, it can be 268 

considered that the surveyed population would generally be in an intermediate position 269 

in terms of phobia to new food technologies. 270 

Table 4 271 

Statements were grouped into four factors according to the meaning of the items, in 272 

a similar way to the classification proposed by Cox and Evans (2008), with some 273 

modifications. The first factor has to do with the perceived usefulness of the technology, 274 

the second one with the perceived risk deriving from applying new technologies, the third 275 

with new technologies being beneficial given their possibility of offering balanced and 276 

healthy diets and better quality food, and the fourth is related to the media’s role in 277 

providing information (Cox & Evans, 2008). By calculating the mean of each factor, those 278 

with lower values were for Factor 1 (utility) and Factor 3 (quality and health), while the 279 

risk perception factor obtained a slightly higher score (above 4). The media-related 280 

question obtained the highest score, which indicates that the respondents do not trust the 281 

information transmitted by the media on new food technologies being balanced and 282 

impartial. Although all these questions are based on a validated survey of neophobia to 283 

new technologies, it is noteworthy that this last question does not indicate neophobia to 284 

new technologies, but  refers to people trusting information about new technologies 285 

provided by the media. These results agree with the study carried out by Kuang et al. 286 

(2020) in USA, except for Factor 4 in relation to the media. They obtained similar values 287 

for Factor 1 and Factor 3 (mean scores of 3.38 and 3.13, respectively) and a higher value 288 

(4.27) for Factor 2, which agree with our results. However, their lowest value was for 289 

Factor 4, while this factor in our study obtained the highest score, which demonstrates 290 

consumers’ different credibility of the media between both countries. 291 
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The Kruskal-Wallis analysis showed that, in general, there were no significant 292 

differences (p>0.05) in responses in accordance with gender or level of education. The 293 

individuals with a relationship with the agri-food sector exhibited a slightly lower level 294 

of neophobia (mean value of 3.7) compared to those not related to the agri-food sector 295 

(mean value of 4.1). Age also influenced the responses, with the younger groups generally 296 

showing the least neophobia (data not-shown). 297 

Several authors have studied neophobia to new food technologies in different 298 

countries like China (Mckenzie et al., 2021), USA (Kuang et al., 2020), Australia (Cox 299 

& Evans, 2008; Evans et al., 2010), Canada (Matin et al., 2012), Italy (Verneau et al., 300 

2014), Brazil (Vidigal et al., 2015; Coutinho et al., 2021) or Chile (Schnettler et al., 2017). 301 

Based on the results herein obtained, the population of Spain would be more neophobic 302 

than the population of China, USA, Brazil or Chile, but less neophobic than those from 303 

Australia, Canada and Italy. It should be taken into account that consumer opinions 304 

change over time and, with a difference of up to 10 years in some of these studies, the 305 

neophobia levels in some of these countries might now be different. 306 

It is also important to note that the standard deviation values were relatively high 307 

(Table 4), which reflects considerable variability in the participants’ responses. To check 308 

if there were consumer groups among the respondents with different neophobia levels, a 309 

cluster analysis was performed. Three clusters or groups were identified: cluster 1 = 250 310 

individuals, cluster 2 = 228 individuals, cluster 3 = 180 individuals. Fig. 2 shows the mean 311 

scores given by each group. The S5 and S6 values were reversed, as explained above. The 312 

responses to question S10 are not included in this figure because, as above-mentioned, it 313 

does not directly relate to neophobia, rather to the participants’ credibility of the media 314 

and can distort the graph. The individuals in the three clusters clearly gave different 315 

responses, and cluster 1 had the lowest neophobia level (mean of 2.8), while cluster 3 316 
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involved the most skepticism toward new food technologies (mean of 5.1). Cluster 2 317 

presented intermediate values (mean of 4.1). The Kruskal-Wallis analysis demonstrated 318 

that the differences between clusters were significant in all cases (p<0.05), which 319 

indicates segmentation in the surveyed population, with variable neophobia levels (Table 320 

S1). In the statement about credibility of the media (S10), cluster 1 showed the least 321 

confidence in the media. Regarding the participants’ knowledge about new food 322 

technologies (S0: I do not know a lot about new food technologies), the obtained values 323 

were 4.0, 4.9 and 5.0, for cluster 1, 2 and 3, respectively. These findings demonstrated 324 

that the respondents with the least neophobia (cluster 1) stated having more knowledge 325 

on new food technologies. This indicates that the more information, the less fear or 326 

distrust in these techniques. 327 

 328 

Fig. 2. Mean scores given by respondents in the survey of neophobia to new food 329 

technology. S1-S9 correspond to the statements shown in Table 4. Scores in S5 and S6 330 

have been reversed, so higher scores indicate more neophobia. 331 

 332 
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In order to check whether there were differences among clusters in terms of socio-333 

demographic and other personal data, and also in relation to knowledge and opinion about 334 

nanotechnology (collected in part 1 of the questionnaire), a chi-square analysis was 335 

carried out by considering the three clusters. The results are shown in Table 3. No 336 

significant differences between clusters in terms of gender, level of education, proportion 337 

of vegans/vegetarians or allergic/intolerant people were found. The highest proportion of 338 

respondents in cluster 1 (less neophobic) were aged between 18 and 29 years old, and 339 

55% stated that they had some kind of relationship with the agri-food sector. The age of 340 

the most of the cluster 3 respondents (the most neophobic) ranged from 30 to 49 (similarly 341 

to cluster 2) and only 31% stated that they had a relationship with the agri-food sector 342 

(Table 3). This demonstrates the correlation between age and neophobia, with young 343 

people being less neophobic than old people. In a study carried out in China, the authors 344 

found that there was a small significant correlation between age and neophobia in the 345 

opposite sense because they stated that food technology neophobia decreased with age 346 

(Mckenzie et al., 2021). This evidence differences between Chinese and Spanish 347 

populations. 348 

Regarding nanotechnology knowledge in the least neophobic group (cluster 1), most 349 

participants (60%) stated that they had some or a lot of nanotechnology knowledge, while 350 

the majority in clusters 2 and 3 had little or some nanotechnology knowledge (Table 3). 351 

Almost 70% of the cluster 1 respondents stated having a positive or very positive opinion 352 

of it, while a lower percentage of respondents in clusters 2 and 3 selected the answer 353 

“Very positive”, and many stated that they had not knowledge. Many also opted for the 354 

answer "Neither negative nor positive ". 355 
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These results show, therefore, that the younger the Spanish population is, the lower 356 

the neophobia level to new technologies. It was also confirmed by the finding that the 357 

more  acquired information, the lower the neophobia level.  358 

 359 

3.2.4. Opinion on nanotechnology applications to different food products 360 

Fig. 3 shows the scores given by consumers in the survey on the different products 361 

in which nanotechnology has been used. In this part of the study 7-point scales were used, 362 

except for purchase intention, which was 5 points, as explained above. However, to better 363 

visualize the graph without distortion, the purchase intention score was normalized to a 364 

7-point scale. The higher the score for any question, the better the product valuation. The 365 

mean values obtained were higher than 4 points (neutral score) in all cases, which 366 

indicates that the respondents had positive opinions of the five food products in which 367 

nanotechnology had been employed. 368 

 369 

Fig. 3. Mean scores given by respondents in the opinion survey on applications of 370 

nanotechnology in five food products. 371 

 372 
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The best valuated product was meat packed in smart film (mean score of 5.9), with 373 

significant differences from the other products (p<0.05) for all items. The respondents 374 

considered that this product was the newest, that with the most benefits, that with the 375 

lowest health risk and that which they would like the most. So they rated it with the 376 

highest purchase intention value. This could be due to the fact that nanotechnology in this 377 

case only formed part of the packaging and not the product, and was used as an indicator 378 

of possible loss of quality, which does not affect product characteristics. This agrees with 379 

previous studies in which the perception of products with nanotechnology applied to 380 

packaging or “nano-outside” were perceived more positively and purchase intention was 381 

higher than when nanotechnology formed part of food products (Siegrist et al., 2007, 382 

2008; Roosen et al., 2015; Schnettler et al., 2017; Henchion et al., 2019).  383 

For the questions about product novelty or health risks, no significant differences 384 

were found among the other four products. For the other items, the next highest rated 385 

products were low-calorie mayonnaise and apricots packed in active packaging, with no 386 

significant differences between them for any item (mean score of 5.2 for both products). 387 

Although the nanotechnology applied to apricots did not form part of this product, but its 388 

packaging, it could have been evaluated worse than meat because this technology does 389 

affect normal product evolution as it delays ripening, while nanotechnology had no 390 

technological function in meat. 391 

Nanoencapsulated propolis juice (mean score of 5.0) and, especially non alcoholic 392 

wine (mean score of 4.7), were the worst rated products, and mainly for the items related 393 

to purchase intention and for the question about how much they thought they would like 394 

them.  395 

Of the products in which nanotechnology formed an integral part of the product 396 

("nano-inside"), low-calorie mayonnaise was better evaluated than juice with 397 
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nanoencapsulated propolis, as above-mentioned. The respondents positively evaluated 398 

the incorporation of nanotechnology into mayonnaise because it resulted in a healthier 399 

product, a characteristic that is highly valued by consumers, as other studies have shown 400 

(Henchion et al., 2019). 401 

As the participants in the survey were grouped into three clusters with different 402 

neophobia levels, the opinion of products to which nanotechnology was applied was 403 

studied per cluster. Fig. 4 shows the scores given by consumers in the survey on the 404 

different products, divided into clusters. Cluster 3 with the highest neophobia level scored 405 

all the products with the lowest values, while cluster 1 (the least neophobic) gave the 406 

highest scores for all the products, which left cluster 2 between both clusters 1 and 3. 407 

These results agree with those of previous studies that used the neophobia scale to 408 

new food technologies. Evans et al. (2010) observed how people with high neophobia 409 

levels were more likely to reject food produced by new technologies. Matin et al. (2012) 410 

correlated neophobia with positions against nanotechnology in food, packaging and any 411 

others. In a study carried out in Brazil, Vidigal et al. (2015) observed how the participants 412 

with a higher neophobia level less intended to try food produced by new technologies. 413 

Sodano et al. (2016) conducted a purchase intention survey and stated that neophobia, 414 

among other factors, led to reluctance to buy products with nanotechnology. In another 415 

study carried out in Chile by Schnettler et al. (2017) on the purchase intention of different 416 

products subjected to new technologies (including nanotechnology), the authors 417 

identified a segment with high neophobia who rejected most products, and another with 418 

low neophobia levels who gave higher values to purchase intention. These data suggest 419 

that information campaigns could reduce the possible rejection of incoporating 420 

nanotechnologies into food products. In this sense  Kidd et al. (2020) concluded in a study 421 

on the use of nanomaterials for in-home drinking water that if manufacturers provided 422 
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more information about nanomaterial use, as well as the potential benefits an risks, some 423 

consumers concerns over these devices could be addressed.  424 

 425 

Fig. 4. Mean scores given by respondents in the opinion survey on applications of 426 

nanotechnology in five food products, considering the three clusters.  427 

 428 
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In this study the potential benefits of nanotechnology to the food sector have been 429 

shown and that most of the consumers might accept this technology in the formulation, 430 

manufacturing, packaging or quality assesment of food products. However, the following 431 

limitations of this study should be considered: the sample was relatively homogeneous, 432 

especially in terms of age, gender and education, with the majority of participants being 433 

young (47.4% were aged 30-49),  female (64,9%) and with a high education level (77.5 434 

%). Despite this, the Kruskal-Wallis analysis of the socio-demographic data (see section 435 

3.2.3) showed that no differences were found in the level of neophobia, according to 436 

gender or educational level, as did the chi-squared analysis that showed that these factors 437 

did not present signifficant differences between clusters. These findings indicate that 438 

gender or educational level in this study were not factors biasing responses. However, 439 

age influenced the responses. Although in this work the different perception of the 440 

population according to age has been discussed, future studies should consider citizens in 441 

other stages of life. On the other hand, to evaluate the single impact of nanotechnology 442 

in the consumer perceptions, a comparison of these products with the same food products 443 

without nanotechnology should be carried out in future works. 444 

 445 

4. Conclusions 446 

 447 

The findings of the present study show that approximately half the Spanish 448 

respondents have some knowledge about nanotechnology, and the same percentage 449 

values it positively or very positively as only 0.5% had a negative opinion. 450 

The valuation of five different food types to which nanotechnology had been applied 451 

to manufacture or package them is generally positive. Moreover, most participants 452 

indicate high acceptability and willingness to buy them. Of all the products, packaged 453 
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meat with nanotechnology incorporated into packaging to inform consumers of the 454 

product’s quality/safety has been the best valued, which confirms that consumers prefer 455 

products in which nanotechnology forms no part of food (nano-outside). 456 

The good product acceptability falls in line with the observed low neophobia level. 457 

In general, the Spanish respondents have an intermediate neophobia level. However, there 458 

are segments with significantly different neophobia. The younger age groups and groups 459 

with more knowledge about new technologies exhibit less neophobia. As the most 460 

informed have been those who best value the use of nanotechnology, information 461 

campaigns carried out mainly by sector organizations or official bodies could reduce the 462 

possible rejection of incoporating nanotechnologies into food products. 463 

This study shows that, unlike other technologies, the use of nanotechnology in the 464 

food field would not negatively impact the food product image for the surveyed Spanish 465 

population. This is a good boost for food industries interested in implementing 466 

nanotechnologies into their processes and products, although future studies should be 467 

performed to include a broader range of products as well as a greater participation of older 468 

people, who may have a higher level of neophobia and, therefore, a lower level of 469 

acceptation of products with nanotechnology. 470 
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Figure captions  714 

 715 

Fig. 1. Nanotechnology application in different products that consumers evaluated in the 716 

survey. 717 

 718 

Fig. 2. Mean scores given by respondents in the survey of neophobia to new food 719 

technology. S1-S9 correspond to the statements shown in Table 4. Scores in S5 and S6 720 

have been reversed, so higher scores indicate more neophobia. 721 

 722 

Fig. 3. Mean scores given by respondents in the opinion survey on applications of 723 

nanotechnology in five food products. 724 

 725 

Fig. 4. Mean scores given by respondents in the opinion survey on applications of 726 

nanotechnology in five food products, considering the three clusters.  727 

 728 

  729 
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Table 1 730 

Survey technical specifications. 731 

Target population Spanish adult people 

Sample size 658 

Sample error ±3.90 

Confidence level 95.5% (k = 2) (p = q = 50) 

Sampling procedure Simple Random Sample 

Preliminary questionnaire Pretest to 20 individuals 

Date May-July 2020 

 732 
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Table 2 733 

Main fields of nanotechnology applications in the food sector.  734 

 735 

Goal Example Reference 

Ingredients or additives 

Improve the bioavailability of some 
nutrients 

High small-sized bioavailable calcium, iron, selenium or coenzyme 
Q10  

Jeon & Lee, 2009; Pereira et al., 2014; Prokisch & 
Zommara, 2009; Yu et al., 2009 

Reduce the dose of an ingredient 
without compromising its original 
organoleptic characteristics 

Small-sized sodium chloride to be incorporated into biscuits or 
peanuts; emulsions with a small droplet size that can be incorporated 
into fat-reduced mayonnaise or ice creams, etc. 

Moncada et al,. 2015; Hamad et al., 2018; Henchion et al., 
2019 

Modify the physico-chemical 
characteristics of an ingredient or 
additive 

Small-sized titanium oxide which exhibits high visual transparency 
with good shielding against ultraviolet light 

Latva-Nirva et al., 2009 

Protect molecules/microorganisms 
from processing conditions and the 
gastrointestinal tract by increasing 
their solubility, bioavailability, etc., 
masking sensory characteristics, 
releasing a cargo to a specific 
gastrointestinal tract region (targeted 
release)  

Encapsulation of vitamins, probiotics, functional molecules, etc, in 
nano-/microcapsules 

Feher, 2012; Henchion et al., 2019; Mohammadian et al., 
2020; Cetinkaya et al., 2021 

Antimicrobial systems 
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Improve a molecule or substance’s 
antimicrobial power  

Silver nanoparticles to be used in the formulation of detergents for 
washing food, utensils, etc. 

Yu et al., 2006; Wilson et al., 2007; Zhang et al., 2009; 
Mesosilver, 2020; StatNano, 2020 

Mask unpleasant sensory 
characteristics, lower evaporation 
rates, and improve the compatibility 
and stability of antimicrobials 

Encapsulated antimicrobials, such as essential oils, propolis, etc. Donsì & Ferrari, 2016; Seibert et al., 2019; Tatli Seven et 
al., 2018 

Processing methods 

Develop processing less aggressive 
techniques than traditional ones  

Nanofiltration system for the concentration and clarification of juices 
or the dealcoholization of beer and wine, etc. 

Nath et al., 2018; Peyravi et al., 2020 

Provide new supports for enzyme 
immobilization  

Supports for enzyme immobilization Liu & Dong, 2020; Torabizadeh & Montazeri, 2020 

Packaging 

Create nano-reinforced packaging 
with improved mechanical or barrier 
properties 

Introduction of nanoparticles (i.e. nanoclays, titanium dioxide) or 
nanocomposites (nylon resins) into polymeric matrices 

StatNano, 2020 

Provide food packagers or containers 
with antimicrobial properties   

Introduction of nanometals (i.e. silver, zinc oxide, etc.,  nanoparticles) 
into polymeric matrices 

StatNano, 2020; Henchion et al., 2019; Pérez-Esteve et 
al., 2013; Ranjan et al., 2014 

Scavenge different compounds 
(oxygen, ethylene, etc.) from the 
environment to increase the shelf life 
of certain foods like fruit, vegetables, 
meat, etc. 

Introduction of nanostructures (i.e. zeolites with potassium 
permanganate) into polymeric matrices to avoid fruit ripening, etc. 

Syamsu et al., 2016 

Sensors 
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Detect changes in food properties 
associated with ripening, 
deterioration, etc. 

Nanoparticles of titanium dioxide and methylene blue to indicate the 
presence of oxygen. Nanosensors that react with volatile compounds in 
fruit and indicate the degree of ripeness with different colors, etc. 

Ranjan et al., 2014; RipeSense ® label 

Detect the presence of 
microorganisms in food  

Colorimetric indicators based on noble metal nanoparticles for the 
detection of foodborne or spoilage microorganisms 
 

Bumbudsanpharoke & Ko, 2019 

Detect changes in storage conditions Colorimetric indicators based on gold nanoparticles to inform about the 
accidental freezing of refrigerated products. Sensors that indicate if the 
meat refrigeration temperature has been exceeded by a code on the 
label disappearing 

Ranjan et al., 2014; Enescu et al., 2019 

 736 

  737 
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Table 3 738 

Participants’ personal data and knowledge and opinion about nanotechnology. 739 

  Total  Cluster 1  Cluster 2  Cluster 3   

  n %  n %  n %  n %  2 

 658 100  250 38.0  228 34.7  180 27.4  (p-value) 

Gender 

Female 427 64.9  164 65.6  143 62.7  120 66.7  

ns Male 230 35.0  85 34.0  85 37.3  60 33.3  

Other 1 0.2  1 0.4  0 0  0 0  

Age 

18-29 220 33.4  111 44.4  62 27.2  47 26.1  

*** 
30-49 312 47.4  107 42.8  119 52.2  86 47.8  

50-65 121 18.4  31 12.4  45 19.7  45 25.0  

>65 5 0.8  1 0.4  2 0.9  2 1.1  

Educational level 

Less than High school  34 5.2  12 4.8  8 3.5  14 7.8  

ns High school 114 17.3  33 13.2  49 21.5  32 17.8  

Bachelor degree or higher  510 77.5  205 82.0  171 75.0  134 74.4  

Relationship agri-food 

sector 

Yes 247 37.5  137 54.8  55 24.1  55 30.6  
*** 

No 411 62.5  113 45.2  173 75.9  125 69.4  

Vegetarians/Vegans 
Yes 23 3.5  5 2.0  10 4.4  8 4.4  

ns 
No 635 96.5  245 98.0  218 95.6  172 95.6  

Food Allergic/Food 

Intolerant 

Yes 99 15.0  37 14.8  33 14.5  29 16.1  
ns 

No 559 85.0  213 85.2  195 85.5  151 83.9  

Knowledge about 

nanotechnology 

I am not sure 16 2.4  7 2.8  4 1.8  5 2.8  
*** 

Nothing 107 16.3  24 9.6  45 19.7  38 21.1  
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Little 200 30.4  53 21.2  83 36.4  64 35.6  

Something 255 38.8  116 46.4  79 34.6  60 33.3  

A lot 80 12.2  50 20.0  17 7.5  13 7.2  

Opinion about 

nanotechnology 

I do not know 176 26.9  35 14.0  73 32.0  68 37.8  

*** 

Very negative 0 0  0 0  0 0  0 0  

Negative 3 0.5  0 0  1 0.4  2 1.1  

Neither negative nor positive 156 23.8  41 16.4  62 27.2  53 29.4  

Positive 237 36.2  117 46.8  73 32.0  47 26.1  

Very positive 83 12.7  56 22.4  18 7.9  9 5.0  

*** p<0.001 (significant differences between clusters); ns: p>0.05 (non-significant differences between clus 740 

  741 
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Table 4 742 

Mean, standard deviation and median values of the scores given by participants in the survey on neophobia to new food technologies (n=658). 743 

  Mean Standard 

deviation 

Median 

 Factor 1: New food technologies are unnecessary  3.8   

S2 The benefits of new food technologies are often grossly overstated 4.5 1.6 5 

S3 There are plenty of tasty foods around, so we do not need to use new food 

technologies to produce more 
3.5 1.9 3 

S9 There is no sense trying out high-tech food products because the ones I eat are 

already good enough 
3.5 1.7 3 

 Factor 2: Perception of risks 4.1   

S5 New food technologies are unlikely to have long term negative health effects (R) 4.0 1.6 4 

S7 New food technologies may have long term negative environmental effects 4.0 1.5 4 

S8 It can be risky to switch to new food technologies too quickly 4.3 1.6 4 

 Factor 3: Quality and healthy choice 3.7   

S1 New foods are not healthier than traditional foods 4.3 1.7 4 

S4 New food technologies decrease the natural quality of food 3.5 1.8 4 

S6 New products produced using new food technologies can help people have a 

balanced diet (R) 
3.3 1.6 3 

 Factor 4: Information / Media 4.7   

S10 The media usually provides a balanced and unbiased view of new food 

technologies (R) 
4.7 1.6 5 

S1-S10: Statements in the order in which they appeared in the survey; (R) The scores in these statements have been reversed, so higher scores indicate more neophobia  744 


