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Abstract

:

Food and plastic waste are cited as major environmental challenges. The function of packaging is often overlooked when considering waste; however, food packaging is indispensable for hygienic protection during transport and distribution within the supply chain. An important way to prevent the premature spoilage of a variety of different food product groups is to use specially optimized packaging systems. These are able to provide a high level of protection and actively extend shelf life. However, even if novel packaging systems theoretically have great potential for waste reduction, it remains uncertain whether they will also be accepted at the consumer level and actually contribute to waste reduction within households. Three different methods were used to clarify consumers’ perceptions of optimized packaging and thus the potential impact on waste generation. General perceptions have been identified by means of quantitative research among 1117 consumers. Precise information on waste generation behavior was obtained by means of food diaries. Consumer simulations were used to analyze the extent to which optimized packaging can actually have a positive effect on food waste generation at the household level. It was found that the functionality of the packaging usually ceases with the consumer. Consumers are only marginally aware of the advantages of food product packaging in the household, and do not perceive the direct connection between packaging, freshness, shelf life, and spoilage as food waste. In general, consumers rarely or never use optimized packaging at home correctly. It could be concluded that consumers’ perceptions of optimized packaging in terms of potential food waste prevention are not pronounced. In summary, it can be stated that in contrast to its use in retail and transport, an optimization of packaging to avoid food waste for later use by the consumer only shows an effect in exceptional cases, or can only be achieved through targeted information campaigns. If this should be a focus topic in the future, either on the political or managerial level, this has to be taken into account.
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1. Introduction


Food and plastic waste are identified by environmental and consumer organizations as major economic, environmental, and social challenges. It has been shown that food contributes between 20% and 30% of the total environmental impact of private consumption [1]. The environmental impact of food production and consumption is even worse when food is wasted rather than consumed. In their oft-cited study, FAO assume that one third of all food produced worldwide is lost due to loss or spoilage [2]. Current estimates for the European Union (EU) show that 88 million tons (MT) of food waste (including preparation residues and other non-avoidable food waste) arise along the supply chain, which is equivalent to 173 kg per capita and year [3]. The largest share of this waste, around 47 MT, is produced at the consumer level. Consumers, together with the retail and catering sectors, are responsible for around 70% of food waste within the EU, while the remaining 30% is attributable to production and distribution. According to a study by [4], total food waste in the EU contributes 186 MT of CO2 equivalents to the greenhouse effect. This corresponds to 16% of the total greenhouse impact of the food value chain.



Next to the food waste topic, the ecological impact of plastic packaging waste as a global problem has become a focus of discussion in both the public and scientific spheres in recent years. With a rising demand for plastic products, mainly due to increased living standards and the replacement of conventional materials with plastic, plastic production has undergone significant growth. Nowadays, plastics have become an indispensable part of daily life. Annual global plastic resin production has soared from only 1.7 MT in the 1950s to approximately 348 MT in 2017, with European demand thereof being about 51.2 MT [5].



Plastics dominate almost all aspects of modern life, including the construction, transport, electrical, electronic, and healthcare sectors. However, by far the largest sector, contributing almost 40%, is (single-use) packaging, which facilitates the transport of a wide range of food, drinks, and other goods [5].



Food packaging has been developed to contain food products, maintain food quality, and inform consumers about the properties of the enclosed product [6]. According to a study by [7], these primary functions are often stated as:




	
Protection—to prevent the product from leaking or breaking, and to protect it from possible contaminants;



	
Communication—to communicate important information about the contained food product and its nutritional content and to provide cooking instructions;



	
Convenience—to provide convenience, for instance allowing consumers to reheat the contained food in a microwave;



	
Containment—to provide containment for ease of transportation and handling.








In sum, the goal of food packaging is to contain food in a cost-effective way that satisfies industry requirements and consumer desires, maintains food safety, and minimizes the environmental impact. Packaging should also be designed to improve the efficiency of the product on a logistic and productive level. Efficiency in packaging design could be considered in terms of the impact on processes such as supplying, packaging, handling, storing, and transporting [8].



Thus, packaging eliminates waste along the supply chain. An important part of preventing the premature spoilage of a variety of different food product groups is the usage of specially optimized packaging systems that provide a high level of protection and actively extend shelf life. Increased usage of innovative, active, and intelligent packaging systems for food should therefore be welcomed, despite the commonly held critical views on the excessive use of plastic in all areas of life. Optimized packaging could also contribute to efforts addressing the sustainable development goal SDG 12.3, as food waste could be reduced through the improvement of packaging functions. Whether optimized packaging material will result in a decrease in environmental impacts by reducing food waste remains to be clarified.



Contrary to recent packaging research where the protective function of packaging was highlighted as its most important contribution to environmental sustainability, consumers almost exclusively refer to the packaging material when it comes to their perceptions of the environmental impact of packaging [9]. Paper-based packaging is strongly understood by the surveyed consumers to be environmentally advantageous, whereas plastic and metal are not [9].



There is an especially wide variety of drivers for retailers to optimize food packaging. An Austrian study found that by optimizing packaging, waste generation at the retail level could be reduced from 12% to 3% for meat, from 11% to 0.8% for yeast plate, and from 9.4% to 4.6% for cucumbers [10]. It was also demonstrated that optimized packaging almost always generates environmental advantages, because the environmental benefit of avoiding food waste through packaging is significantly higher than the environmental costs of packaging production and packaging optimization. In a Danish study, it could be shown that consumers assess the environmental sustainability of packaging primarily based on the material type and on what they can personally do at the disposal stage. The consumers covered in this study do not, in general, consider the impacts of production or of transport. Amongst the investigated packaging types, bio-based types and glass are perceived as the most environmentally sustainable ones, and plastic in general is perceived as least favorable. Laminated cartons receive a mixed perception. LCA results show that plastic and especially laminated cartons can be environmentally preferable solutions [11], even though they may be difficult to recycle.



Nevertheless, the necessity of food packaging is still hotly debated, and it comes under fire as progressive environmental pollution, despite the usefulness of its functions. Consumers, the media, and political decision-makers tend only to see packaging or certain packaging materials as problematic (especially with regard to waste generation). The primary requirement for consumers is ecological packaging; that is, they want packaging that uses less waste, incorporates recycled materials, and can be recycled when empty [12]. This gives rise to demands and strategies to avoid packaging or certain packaging materials, without the meaningfulness of such demands being verified by objective life cycle assessment data—including changes with regard to food waste volumes.



However, even though novel packaging systems show great potential for waste reduction in the retail sector [10], it remains uncertain whether they will also be accepted at the consumer level and actually contribute to waste reduction within households. The main goal of this study is therefore to determine whether packaging systems which theoretically extend the shelf life of certain foods, or help in other ways to reduce food waste, also lead to a reduction in waste at the consumer level.



In addition to a wide range of conventional packaging, a large variety of innovative food packaging is also available for the modern consumer. Individual packaging solutions include active and intelligent packaging, novel barrier materials, vacuum packaging, and modified atmospheric packaging. It has also been shown for bioplastics that the shelf life of products can be extended through their use [13]. Portioning, breathable polymer films, easy-to-empty packaging, and re-sealing options create a multitude of variants with the most diverse possibilities. Within the presented study, besides general consumer perception of food-waste-reducing packaging, the impact on food waste prevention at the consumer level has been tested, with a focus on modified atmospheric packaging, re-sealing, and portioning options.



In line with the main focus of this study, to determine whether extended shelf life due to packaging optimization leads to consumer waste reduction, the following research questions should have been answered:




	
Does the consumer perceive the optimized packaging (positively or negatively)? (RQ1)



	
Does the optimized packaging influence the purchase decision? (RQ2)



	
Does the consumer use the optimized packaging correctly? Is the food stored in such a way as to maximize shelf life? (RQ3)



	
Is the product actually longer lasting under household conditions? (RQ4)



	
Is a de facto longer use of the product in optimized packaging (compared to conventional packaging) actually to be expected? How long does the specific product usually remain in the household? (RQ5)









2. Materials and Methods


There are a choice of reactive and non-reactive measurement methods for surveying the waste-relevant behavior of consumers [14]. In reactive measurement procedures, the persons concerned know that they are participants in a survey; this means that the measurement procedure has an influence on the variable to be measured. Reactive procedures include surveys (interviews), whereas non-reactive procedures include observation, “registering material traces” (e.g., sorting analyses), or evaluations of secondary statistical data.



Experts consider it difficult to measure the effects of waste prevention measures in general [15,16]. Central problems that arise here are, firstly, that avoidance measures cannot be seen and participation in them is not visually observable, in contrast to recycling measures; secondly, it is difficult to attribute a reduction in the amount of waste to prevention rather than recycling or external circumstances, such as economic situation. Common methods of collecting data on the effects of waste prevention include analyses of waste generation; comparative analyses using control groups; analyses using specific, usually spatially delimited campaigns; and analyses of behavioral changes using surveys and participant observation. All these methods have strengths as well as weaknesses. Frequently, the methods are too time-consuming, personnel-intensive, and cost-intensive to allow a sufficiently in-depth study generating representative results.



Surveys on food waste in general and its prevention in particular include, in addition to the above-mentioned methods, (labor-intensive) sorting analyses that enable the exclusion of the effects of other types of waste, and the keeping of so-called food diaries, in which all food that is thrown away by selected households is recorded meticulously according to type and mass. One of the main difficulties here lies in obtaining reliable participants for such studies, and also in the fact that the “self-experiment” automatically leads to changes in behavior.



In order to counteract the problems described in the analyses at the consumer level as well as possible, several methodological approaches are used or the general method of triangulation chosen. Since there is no direct measurability of the effects of the new types of packaging on food waste generation among consumers, this research strategy is also intended to aid empirical social research. Different methods or perspectives are applied to the same phenomenon in order to use the strengths of one approach to compensate for the weaknesses of the other, to achieve a higher validity of the research results, and to reduce systematic errors.



Accordingly, the surveys were planned on three levels. To answer the research questions RQ1 to RQ3, the analysis of online surveys were used to collect data concerning purchasing, storage habits, and general food handling at home, including the usual storage locations for the food products under investigation. One of the aspects addressed by the surveys was the handling of products within opened packaging. Additionally, surveys have been conducted directly at the point of sale, where customers are asked to reflect on their knowledge of different forms of packaging and their respective shelf lives while in the act of purchasing. To answer research question RQ4, results from the surveys have been supported by storage tests, in which different storage options and durations for selected food products in various packaging types have been used to simulate the behavior of consumers at home. As a third method, so-called food diaries will be used to record the amount of food waste produced by consumers, as well as the normal storage duration for selected products (RQ5).



The investigations focused on products that are sold in identical form, but in different packaging. In-depth research of Austrian supermarkets in cooperation with industry partners led to the following selection of specific products (focus areas in brackets):




	
Strawberries (different packaging options)



	
Tomatoes (different packaging options)



	
Lettuce (general short shelf life)



	
Cucumber (different packaging)



	
Mushrooms (general short shelf life)



	
Ham and sausages (resealable and modified atmosphere packaging (MAP))



	
Cream cheese (smaller packaging unit/split packaging)



	
Camembert (smaller packaging unit/split packaging)



	
Marmalade (packaging size)



	
Meat (ribeye) (different packaging options, focus vacuum)








2.1. Online Survey


During the first stage of the investigation, the waste avoidance potential of food at the consumer level and the perception and use of optimized packaging had to be surveyed, as heterogeneous strata and user types as possible. In addition to purchasing habits, reasons for decision-making, and preferences, handling of packaging in the household as well as storage habits had to be investigated.



Here, the general handling of food at home was of more interest than the particular product, therefore products were chosen according to the availability of different packaging types. The final selection of food products for this study consisted of the following: tomatoes, strawberries, lettuce, cucumbers, mushrooms, cheese, meat, and sausages.



The use of online surveys is well established to collect empirical data in the field of consumer behavior [11]. Although convenience samples have several limitations, it seemed appropriate for an initial assessment of consumer perception for the question at hand.



The survey was based on a structured online questionnaire, which was made available to the participants via various social media channels, including the social media and customer magazine of the biggest Austrian retailer, over a period of 16 weeks. The advantage of an online survey compared to telephone or personal interviews is the independence of the participants in terms of time and place. Interviewer effects can also be eliminated. Disadvantages include the requirement for internet coverage and technical knowhow.



A standardized questionnaire with mainly closed questions was used. It was structured in five main sections and 27 questions. The first section was about general issues related to purchasing. Among other topics, questions were asked about responsibility for purchasing and cooking. General and packaging-specific influences on the purchase decision were analyzed. The next section dealt with transport issues followed by a section dealing with details on storage. In this third part, consumers were asked about their usual places for storage of the selected products of interest. The fourth section dealt with purchase behavior. For each of the selected products, people were asked which packaging option they would prefer. The packaging options have been presented as pictures and described as text. Products that have been available in different packaging have been included in this part of the questionnaire. This included strawberries (5 varieties), cream cheese (portion packaging and cups), cherry tomatoes (7 varieties, including open plastic cups, cups with lids, cups with perforated foil, carton with bio-plastic, or plastic cups with pouches), ham (3 varieties), meat (5 vacuum skin, MAP, plastic tray with stretch film), and Camembert (2 varieties, including portion packaging).



In total, 1489 respondents answered the questionnaire. This resulted in 1152 fully completed questionnaires and yielded 1117 valid questionnaires after data cleaning and excluding of obviously incorrectly filled out questionnaires. The data was analyzed electronically using the static analysis software SPSS. The frequency of the participants’ responses was measured, and cross-tabulations by gender, age, education, and income were performed to identify potential correlations between the variables.



This sample (Table 1) is not representative for the Austrian population, as its composition deviates from the demographic distribution. Mainly female participants were recruited for the survey (77%); it can, however, be assumed that women are predominantly responsible for grocery shopping in the household. Considering the age structure of the sample, a strong influence of the survey method on the composition of the respondents by age becomes apparent. Partakers over 60 are clearly underrepresented, with only 7% participation. This group can be assumed to contain the highest number of people not using the Internet regularly, which explains the low participation in an online survey.



In terms of education and income, a clear influence of the chosen survey methods on the composition of the participants becomes apparent. There was a tendency for people with a higher level of education (47.5% state that they have a (technical) college or university degree, while another 30% have a general qualification for university entrance) to take part in the survey. The Austrian structure of education has been transferred into the international standard classification of education (ISCED). The majority of respondents said they lived in urban areas (63%). Considering this, the following results cannot be assumed to be representative; nevertheless, tendencies can be indicated, and a good basis for further studies has been created. To identify the major influence of demographic deviation, cross-tabulation of main variables has been performed using Cramer’s V. A weak relationship could be proven only in a few cases (Table 2). For example, younger people are less likely to see the need for packaging per se than older people. They store, for example, tomatoes more often in the original packaging than elder people. Although packaging is more relevant for younger people, still only 24% of the group under 29 state that packaging influences their purchase decision. For most variables, no relationship could be identified.




2.2. Survey at the Point of Sale (PoS)


For the point-of-sale survey, a quantitative computer-assisted personal interview was chosen as the survey method. The quantitative questionnaire allows for a standardized and highly structured survey, which minimizes factors that could disturb the discourse between the respondents and the interviewers. All participants were asked the same questions in the same order, enabling a comparable interview situation for all respondents. The refusal rate tends to undergo a significant decrease in a face-to-face interview setting, as compared to answers procured through a written survey.



The quantitative research was conducted on a sample of 240 respondents in two supermarkets of the retail chains REWE and Spar in Vienna on different days of the week and at different times. The costumers were asked after shopping, in the area after the cash registers where many visitors linger anyway to put their purchases in bags.



Consumers were asked about their perception of food packaging at the point of sale, and were presented with questions regarding their purchase motives and decisions. The participants were asked about packaging in general, and about specific products chosen during the shopping trip. Products were chosen that were available at the market both in different packaging sizes, and in different packaging variants. The respondents were each asked about a product they had bought. A distinction was made between buyers of strawberries, snack tomatoes, ham, camembert, cream cheese, and meat. The focal points of the survey were, firstly, consumer perception of food packaging; and secondly, to determine the motives for purchasing food products contained within a certain form of packaging, and the domestic storage and handling of the product. The interview was directly recorded by the interviewer using a tablet (computer-assisted personal interview).




2.3. Consumption Simulation


Based on the results of the online survey, focus groups, and surveys at point of sale, a test set-up was developed to simulate packaging solutions under different storage conditions. Selected product packaging was compared under real-life conditions (e.g., storage refrigerator/room temperature, unpacking/repacking, briefly remaining at ambient temperature, removal of foodstuffs), in order to reveal the influence of optimized packaging on waste generation.



When purchasing the products for the trial in the supermarket, attention was paid to the use-by and best-before date in order to create the fairest possible test conditions for the respective product in the different packaging and storage forms. The products were then stored in a refrigerator, where temperature measurements had been taken in advance (there was a range of 5 to 8 °C).



The following parameters were considered: water loss (product-specific), visual appearance (color, surface texture, firmness), olfactory impression (smell), and overall gustatory impression (taste). No additional chemical or microbiological tests were carried out. Exclusion criteria included mold, rot, strong odor or taste, color change, or any other visible harmful characteristics.



In order to exclude any faulty batches, 3–5 parallel approaches were selected per comparison product. A total of 15 panelists were recruited for the sensory tests. As the idea was to simulate household conditions, preference was given to amateur tasting over expert tasting.



The procedure involved an initial visual and olfactory evaluation followed by a gustatory evaluation in the form of blind tasting. The focus was on the instinctive assessment made by the subjects. The testers were asked to trust their senses and to evaluate the product instinctively (assumption: “I take the product out of the refrigerator and decide on the spot whether I would still eat it or throw it away”).



The evaluation by the test persons was done by assigning points, based on the Austrian school grading system (1 = very good or product corresponds to my expectations; 5 = not edible, I would throw it away). In addition, the test persons had the opportunity to record conspicuous features and more detailed descriptions in writing. Finally, the results (averaged values) of each packaging or storage variant were ranked for the respective assessment day.




2.4. Diary Surveys


In order to determine how consumers would deal with the selected products in their own household, so-called food diaries were handed out. The evaluations were designed to provide information on whether consumers recognize shelf-life-extending packaging and use it accordingly. Additionally, details were obtained concerning the duration over which products usually remain in the household before being eaten or spoiling.



Potential participants were asked to keep a record of at least two of the selected food products in the diary. The diaries were distributed personally to consumers in supermarkets, who were given the options of returning the diary entries by e-mail using a photo or scan, by fax, by post, or by filling in digital diaries using their own PC.



The so-called “food diary” represents a detailed record of purchased products. The aim was to record the following data:




	
Specific product purchased (including the brand to infer the packaging type)



	
Date of purchase



	
Number of grams purchased



	
Details on location of storage (at room temperature or in the refrigerator)



	
Details on type of storage (in original closed packaging, in original opened packaging, or unpacked)



	
Details on storage time and consumption, for which consumers were asked to record:




	○

	
Date when all or the last portion of the product was completely consumed, and/or




	○

	
Date when a portion or all of the product was discarded;




	○

	
Weight in grams (g) or kilograms (kg) of the portion of the spoiled product;




	○

	
Date and weight of other processing (when the product was processed or preserved in another way, such as freezing, canning, etc.);




	○

	
Reason for disposal/note (here the consumer should indicate why the product had to be disposed of).














A total of 30 completed diaries were returned, and 56 different product groups (e.g., cheese, ham, tomatoes, bread) were recorded.





3. Results


3.1. Online Survey Results


3.1.1. Packaging from the Consumer’s Point of View: Attitudes and Perceptions


In order to evaluate attitudes towards food packaging and consumer perceptions, the study participants were asked to name the benefits of food packaging that are most important to them and to indicate their agreement with statements about packaging. The results clearly indicate that consumers recognize the advantages of packaging during transport and in retail, and perceive them as important. More than half (60%) of the participants named “protection during transport and in store” as the most important function of food packaging. Product safety and hygiene are seen by 47% of participants as essential properties of packaging. The shelf life extension function of packaging is also perceived and named as an important function (36%). Other essential aspects mentioned were information about the product (30%), resealability (23%), and portionability (12%).



The participants of the study perceive the protective function of food packaging and name it as the most important function in terms of technical, hygienic, and shelf life extending product protection. However, the awareness of a link connecting food packaging with the simultaneous reduction of food waste is absent. Only 23% of the participants recognize that packaging can help prevent food waste, and only 6% saw product protection at home as an important function of packaging.



Less than 60% of the respondents recognize that storing food in its original packaging keeps it fresher for longer (Figure 1), or are aware that keeping food in the original packaging prolongs the shelf life. On the other hand, more than 90% of respondents feel that food is over-packaged nowadays.



The results indicate that packaging plays only a minor role in product selection. For most of the respondents, the origin and quality of food as well as the price are the main reasons for the choice of a specific food product. Only approximately 19% of those surveyed stated that packaging is a decisive factor in the choice of food (Figure 2).



On being asked for the reason for choosing a certain type of packaging, the packaging material was found to have the greatest influence on the purchase decision (69%). Consumer friendliness, a good view of the product, and the optimum packaging size were also found to play a role in the purchase decision. Only 20% of the respondents mentioned the length of shelf life as a factor in their choice of packaging.



When asked to assess the relevance of the environmental problem caused by packaging compared to that caused by food waste, 72% of respondents perceived packaging waste as the more serious environmental problem. An analysis of gender-specific perception shows that about half of the male participants see the problem of packaging waste as more serious than food waste, compared to around two thirds of females.




3.1.2. Handling of Packaging and Storage of Food at Home


In order to determine the potential for food waste reduction through optimized packaging at home, the habits of the respondents were investigated with regard to product storage and handling of product packaging. It can generally be assumed that incorrectly stored products are disposed of more frequently. On the other hand, correct usage of optimized packaging can extend the shelf life of food in the household. The participants were asked about their storage habits and use of packaging for different products, so that any differences in the use of the individual product groups could be determined and the further use of optimized packaging in the household could be surveyed.



Concerning the individual product groups, there is a clear tendency to store products in the refrigerator. Tomatoes saw the lowest/relatively low refrigerator storage at only 50%, and were stored at room temperature by half of the participants. In general, food product groups were seldom stored in the freezer, with the exception of fresh meat, which was frozen by a quarter of the participants.



Considering consumer storage habits at home, there is a clear tendency to store food products outside the original packaging. This was found to be particularly true for fruit and vegetables. It was found that less than 50% of the respondents store these products in their original closed packaging (Figure 3), and for tomatoes it was less than 30%. Cucumbers (48%), lettuce (36%), and tomatoes (41%) are mainly stored without packaging, while about 60% of the respondents leave sausages, cheese, and meat in their original packaging. However, the percentage of participants who take sausages, cheese, and meat out of the packaging immediately after purchase and repack them in different packaging for further storage is larger than for any other product; the highest percentage is seen for sausages and cheese, at about a quarter.



Once the packaging has been opened, products are packed in another container or stored loose. Lettuce, cucumbers and tomatoes are more often stored loose, whereas cheese and sausages tend to be packed in another container for further storage. Compared to the other products, fresh meat is more likely to be frozen after the packaging has been opened.



Incorrect storage and handling of packaging can contribute significantly to the amount of food waste generated in the household. Instructions for correct storage are sometimes found on food packaging. Within the framework of the present study, it was ascertained to what extent the consumers perceive and follow these instructions.



Interestingly, some consumers state that despite understanding these instructions, they have not changed their behavior regarding food storage. Of the participants, 88% answered that storage instructions on product packaging had no effect on their storage habits. Broken down by product, a comparison of the individual product groups shows a clear discrepancy in the perception of storage instructions on “sensitive” products such as meat, fish, cheese, or sausages, compared to fruit and vegetables. About half of the respondents stated that they had seen and followed the storage instructions on sensitive products, whereas a clear majority of consumers did not notice them for fruit and vegetables (Figure 4).




3.1.3. Influence on Purchase Decision


The respondents were presented with variously assorted packaging options for the selected products, and were asked to choose the packaging variant they would be most likely to buy. They were then asked to justify their decision. For example, two packaging options were presented for cream cheese: the first, a 150 g plastic cup, and the alternative, a 120 g split pack with 8 individually packaged portions. A clear majority (90%) of respondents would choose the plastic cup option. For both packaging variants, the appropriate portion size plays a decisive role in the choice of product (Figure 5): 85% of respondents who chose the split pack option gave their reason as portion size. These participants also tended to be of the opinion that the product stays fresh longer when packed in single portions (63% of those who would prefer the split pack variant compared to 24% of those who would choose cream cheese in a cup).



When choosing ham, the majority (63%) of respondents would opt for the unpackaged meats option at the delicatessen counter, and about a quarter (25%) would prefer the resealable packaging option (MAP). Respondents (557 persons) stated that their choice of the delicatessen counter was mainly because of the freely selectable product quantity (91%), and they also perceive the delicatessen packaging as less waste-intensive (64%) and more environmentally friendly (19%). Respondents opt for the resealable MAP variant because of its resealability (67%), the extended shelf life due to the protective atmosphere (44%), and the optimal portion size (35%). Other decision criteria included product protection (25%), no waiting time (in contrast to the delicatessen counter) (21%), and extended shelf life after opening (19%). In contrast, price (5%) and the visual design of the packaging (9%) had only a marginal effect on the choice of packaging. Those who would have chosen the third packaging variant (plastic top and bottom film with protective atmosphere) chose it mainly because of the extended shelf life due to the protective atmosphere (47%). Other decision criteria are the optimal portion size (38%), product protection (32%), and no waiting time at the counter (25%).





3.2. Consumer Simulation Results


The consumer simulation was carried out under conditions as close to real life as possible. This was intended to provide information on which types of packaging would be preferable in terms of longer shelf life under which circumstances. During the simulation, participants were asked whether they would still eat the product after various time periods. In the following descriptions of the consumer simulation, two examples of food products under investigation, ham and cheese, are given.



3.2.1. Ham


Ham and sausage products are available in a wide variety of packaging forms. In order to investigate the influence of the packaging on the shelf life, the selection of an identical type of ham (from the same manufacturer) as well as the availability of different packaging forms in one or the same food outlet (supply chain) are prerequisites.



After thorough research, oven-baked ham from one producer, which was available in three different forms of packaging, was chosen. The following packaging types have been taken into account:




	
Resealable MAP (modified atmosphere packaging) of 100 g (best before date: 17 February 2019);



	
Flexible MAP plastic top and bottom foil of 140 g (best before date: 6 February 2019);



	
Delicatessen (deli) paper from the delicatessen section (no best before date, quantity freely selectable, 140 g used for the trial).








The ham was stored in the lower compartment of the refrigerator for the entire experimental period, with an average storage temperature of about 5 °C. About 24 h after purchase and subsequent sample preparation, the ham was assessed or tasted for the first time. Each type of packaging had five parallel approaches.



After the visual and olfactory assessment, the top piece of ham was taken from each packaging variant and divided according to the number of tasters. For the tasting, only two of the five parallel approaches were used per packaging variant in order not to overtax the testers. Both the selection of the respective packaging and the allocation of sample numbers (from 1 to 12) were determined at random.



For the evaluation, each packaging variant was assigned its rank, using the cumulative number of points in ascending order (1st rank = lowest). The packaging that achieved the best score was the flexible MAP plastic top and bottom foil packaging. The advantage of the packaged product in contrast to ham from delicatessens becomes apparent from the 5th day onwards (Figure 6). This is especially evident from the olfactory and gustatory evaluation. From the 8th day of the trial, all test persons would have thrown the ham from the delicatessen department away, whereas they would have kept the packaged variants until the 12th day (Figure 6). This results in a longer “perceived shelf life” of the packaged forms by about one third. The perceived shelf life was defined as the date when people would have disposed of the ham. Figure 6 shows the percentage of test persons who perceive the ham as edible. The experiment ended on day 13, after which all test persons would have thrown the ham away regardless of the packaging form.




3.2.2. Fresh cheese and Camembert


The fresh cheese “Bresso” is available in two different product packaging forms in the Austrian grocery retail market:




	(a)

	
Plastic cup with aluminum plate and removable plastic lid of 150 g (best before date: 12 March 2019);




	(b)

	
Eight portions in aluminum-coated foil and cardboard packaging of 120 g (best before date: 10 February 2019).









Within the framework of the consumer simulation, the hypothesis that the product in the plastic cup tends to spoil more quickly due to contamination during use (removal with knife) had to be tested. To simulate household conditions for the plastic cup variant, different removal scenarios were tested:




	
Scenario A: Use of clean knives.



	
Scenario B: Use of contaminated knives. The knife was previously brought into contact with the sandwich. The possible contamination with lactic acid bacteria, yeast fungi, and so on, through breadcrumbs or other substances from the butter, could affect the shelf life of the product.



	
Scenario C: A knife previously licked by the test person was used. Germs, enzymes, and so on in the saliva could have a shelf-life-reducing effect on the product.








Both packaging variants were purchased on the same day in the same supermarket and temporarily stored in the refrigerator (8–9 °C) for a few days. The experiment was carried out with three parallel samples each.



When preparing for the visual and olfactory assessments, the plastic lid was removed from the cup and the aluminum cap was pushed back so that the product was visible to the test persons. After the visual and olfactory evaluation by each individual test person, and return of the samples to the refrigerator, a blind tasting of the fresh cheese took place. The experiment was terminated as soon as more than half of each parallel batch (i.e., two out of three parallel samples) was classified as no longer fit for consumption by the majority of the test persons, or was already judged to have spoiled by the experimenter after careful assessment.



In total, the trial lasted for 41 days, by which time the best-before date of the plastic cups was 7 days overdue, and that of the portioned packaging had expired more than one month before.



The results show a better performance of the portioned packaging in terms of shelf life (Figure 7). On the last day of the evaluation, the plastic cups were classified as spoiled by the test persons, whereas the portioned packaging cheese still scored good marks and was thus judged to be safe or fit for consumption by the majority of the test persons. When all assessment categories (appearance, smell, and taste) were taken into account, the portioned packaging was ranked as superior to the plastic cup.



An evaluation of the second cheese, Camembert, showed similar results as in the Bresso trial. Not only do the results indicate a longer shelf life for portioned packaging compared to the other forms of storage, but there was also a similarity in the number of test persons who rated the majority of the portioned Camembert as still edible on the final day of the evaluation. As in the Bresso trial, the test subjects still showed a willingness to eat/use the portioned Camembert on the final day of the trial, even though the best-before date had been exceeded by almost one month for all variants.





3.3. Diary Survey Results


A total of 30 completed diaries were returned and 56 different product groups (e.g., cheese, ham, tomatoes, bread) were recorded. Figure 8 displays, on average, the period that frequently purchased product groups remain in the household before being consumed. In addition, the point at which the product is disposed of, if not consumed, was recorded.



It was found that butter was not disposed of by any of the participants, but remained in the household for an average of 11 days, the longest period of all investigated products. Tomatoes are stored for an average of 6 days before consumption, although a small quantity are disposed of after an average of 4 days. Strawberries remain in the household for less than a week on average before they are consumed or disposed of. On average, strawberries and lettuce are thrown away after the shortest period, only 3 days, which is to be expected given the short shelf life of these products. Sausages and meat are very rarely disposed of and on average are consumed by the household on the same day of purchase, or after two days at the latest. Bread also remains in the household for less than a week on average; after this time, some households continue to consume it, while others dispose of it.





4. Discussion


Private households have a decisive influence on the generation of food waste. Accordingly, a reduction in food waste requires a change in behavior (be it choice of different packaging or improved storage). In line with the main focus of this study, to determine whether extended shelf life due to packaging optimization leads to consumer waste reduction, the following questions have to be addressed:




	
How does the consumer perceive the optimized packaging (positively or negatively)?



	
Does the optimized packaging influence the purchase decision?



	
Does the consumer use the optimized packaging correctly? Is the food stored in such a way as to maximize shelf life?



	
Is the product actually longer lasting under household conditions?



	
Is a de facto longer use of the product in optimized packaging (compared to conventional packaging) actually to be expected? How long does the specific product usually remain in the household?








4.1. Consumer’s Perception of Optimized Packaging


In general, studies that specifically address consumer perceptions of packaging are rare. Lindh et al. [17] summarized that for the most part, studies investigating consumer perceptions of packaging are either limited to a set of predefined packaging-related aspects, analyze the communicative function of packaging, or focus on the graphic design used for labeling or packaging material. In a new systematic review on consumer perceptions of packaging, it was concluded that there is very little research that examines consumers’ perceptions of food packaging [18]. In particular, there is insufficient research on the role of consumers’ perceptions in reducing food waste.



The results of the online survey indicate that consumers do not generally perceive optimized packaging as prolonging shelf life. Consumers tend to perceive products as over-packed, and they are not aware of the fact that storing food in its original packaging prolongs its freshness and extends shelf life.



In a well-respected study by WRAP on consumer attitudes to food waste and food packaging, it was shown that consumers identify safety and hygiene, communication of information, and food protection (mainly during transport) as the top three benefits of food packaging [19]. Only 13% of participants in the WRAP survey recognized the role of food packaging in protecting food in the household. This finding agrees with the results of the study described here, in which 60% of survey participants see the most important function of food packaging as protection, while less than one quarter of participants recognize the potential of packaging in reducing food waste in the household. Wohner et al. [20] point out that the main challenge for all stakeholders involved in the packaging design process is that consumers remain unaware of the importance of appropriate packaging for reducing food waste.



In addition to the lack of awareness concerning packaging as a means for extending shelf life and related food waste prevention, the respondents’ perception of packaging in general is striking. More than 90% of the respondents strongly agree or at least agree to the statement that food is overpacked nowadays. It has already been demonstrated by Plumb et al. [19] in their 2013 study that the two most frequent negative associations with packaging are ‘uses too much material’ (52%) and ‘bad for the environment’ (50%). Similar results have been presented in a study based on a consumer survey carried out in Sweden [17]. A review of recent packaging research emphasizes the protective function of packaging as its most important contribution to sustainable development, and consumers almost exclusively refer to the packaging material when it comes to their perceptions of the negative environmental impact of packaging. In response to the question of whether packaging or food waste is the bigger environmental problem, 72% of respondents in this study chose packaging as the most serious environmental issue. This result is mirrored in an Italian survey in which 60% of consumers were convinced that packaging has a greater environmental impact than food waste [21].



Summarizing the output of international studies on functional characteristics of packaging that influence purchase decision, the most important characteristics appear to consist of easy opening, resealability, packaging size, information given, and color [17]. These results have been obtained by explicitly asking consumers to assess the advantages of packaging, and so can only partly be compared to the study described here, in which respondents were asked to choose from predefined answer options. Lindh et al. [17] grouped open-ended answer options to correspond with the three main packaging functions identified from packaging theory (to protect, to facilitate handling, and to communicate) and according to material considerations. In the free response answers, only 8% of the consumers explicitly mentioned the need for packaging to protect the food, and only 2% mentioned shelf life. Most of the consumers focused on the importance of packaging being easy to re-seal and easy to open, and the packaging size. This shows that consumers evaluate the quality of packaging not only in a purchasing situation, but also as they consume and use the contained product.



In a study by Steenis et al. [22], where 3224 cue perceptions on packaging were categorized into 28 content categories, and then further divided into abstract and concrete cue perceptions, “preservable” was ranked as number 11 out of 12 elicited cue perception descriptions per category.



In the study described here, consumer perception of the packaging benefits of an extended shelf life (36%), and particularly an avoidance of food waste (23%), appear to be far higher than in studies in which predefined answers have not been offered. Nevertheless, although the study participants do perceive the protective function of food packaging and name it as its most important function in terms of technical, hygienic, and shelf life extending product protection, the link to the simultaneous reduction of food waste appears to be missing. Only about a quarter of the respondents state that one of the most important functions of food packaging is the reduction of food waste, and only 6% recognize the protective function of packaging at home. In general, only around 50% recognize the advantages of the original packaging.




4.2. Influence of Packaging on Purchase Decision


Several aspects can influence consumers’ selection of food products. These include product characteristics such as taste, quality, origin, brand, and price, and also external characteristics such as labelling and packaging.



Only 19% of the surveyed consumers state packaging as the reason for their purchase decision. Most of the respondents choose products because of their origin, price, and of course quality and taste. In Austria, regionality of food is of special interest: 83% of participants ranked this as the most important factor concerning their choice of food.



In a US study, freshness and shelf life achieved only 5th place out of 7 decision-making factors for food purchasing [23]. In the same study focusing on produce packaging, in which “extend the ‘best by’ date” was ranked as the top convenience feature, the type of packaging material was considered to affect the food product quality (92.7%), and containers made from bio-based materials were highly appealing. According to the results generated by Koutsimanis [23], the most important attributes affecting the purchasing decisions of consumers regarding fresh produce such as sweet cherries are price (25%), shelf life (19%), and container size (17.2%).



A review written by Popovic et al. [24] suggests that although extant research in this area is growing, it remains very limited in terms of the theories utilized to explain consumer purchasing behavior. Plumb et al. [19] conclude that attitudes to packaging shift according to the context and consumers’ mind-set. Their findings include the fact that in a shopping context, packaging is a low-order priority and plays only a supporting and practical role in product choice (aspects of packaging, such as resealability, can influence choice). They also report that when framed in the wider context of food issues, only a small minority identify packaging as advantageous, which can be compared with the results described here.



In order to become environmentally friendly, the consumer needs to develop an ecological awareness by informing themselves of and understanding the ecological consequences of their behavior, and as a result of their attitude towards ecological aspects and products, modify their behavior towards sustainable consumption [13]. There are several models explaining sustainable consumer behavior [13], but correlations between environmental attitudes and purchase behavior are low [13]. In the present case, this is all the more true because the connection between packaging and food waste is not directly visible, as would be the case, for example, with environmentally friendly packaging.



It is shown in this study, as well as in the investigation carried out by Plumb et al. [19], that as soon as consumers recognize the advantages of packaging, the perception of packaging changes and product selection is very likely to be based on specific packaging. It was found in the WRAP study [19] that when asked to choose between two cheese products, one with reclosable packaging and the other without, one in five (20%) of the consumers who chose the resealable pack specifically cited the reclosable function as the main reason for their choice. In the study described here, the indications were even clearer. When participants were asked to choose between cream cheese products, 85% of those who chose the split pack stated portion size as their reason, while 63% chose the split pack due to prolonged freshness. When asked to choose between ham products, participants who chose the resealable tray were mainly influenced by resealability (67%). For both variants of packaged ham product, the reason given for purchase choice was that the product can be stored unopened for a longer period (than unpackaged ham) (<40%). Other reasons such as product protection or “no waiting time” were less important.



According to Koutsimanis [23], there is a lack of general information in the literature about preferences for packaging materials, ratings of packaging convenience features, preferences for container characteristics, and desired produce shelf life, among others. Specifically, Lindh et al. [9] used a sample of Swedish consumers to demonstrate that “easy open”, “resealable”, “ease of transport”, “disposal”, and “storage in the home” constitute the primary drivers for purchase. Illustrated by the outcomes of this study and also described by Plumb et al. [19] is the fact that before packaging has an impact on a purchase decision, the consumer must be aware of the benefits of the packaging. This can be seen as another challenge for packaging designers. It is essential to find ways to communicate the benefits of packaging features, such as resealability and the size of the packaging unit, in terms of shelf life extension and food waste prevention to the consumer, as they are evidently not obvious to the consumer at first sight.



This is a challenge; in the results discussed here, only about half of the participants claimed to have seen and also followed storage instructions on sensitive goods such as meat and sausages. A clear majority of consumers did not even notice them for fruit and vegetables. Furthermore, only 12% of respondents who claimed to have recognized storage instructions said that they had also changed their habits accordingly.




4.3. Adequate Storage of Optimized Packed Products


In order to be able to determine the potential for food waste reduction through optimized packaging in the household, the habits of the respondents with regard to product storage and the handling of product packaging were examined. It can generally be assumed that incorrectly stored products are disposed of more frequently. On the other hand, correctly used optimized packaging can extend the shelf life of food in the household. The participants were asked about their storage habits and handling of packaging for different products, so that any difference in the handling of the individual product groups could be determined and the further use of the optimized packaging in the household could be ascertained.



Many consumers do not recognize that packaging protects food in their home [19]. While there is recognition that packaging is important to keep the product safe on its way to and in the store, there is less recognition that it plays a role at home. In fact, the prevailing view is the opposite (i.e., that keeping products in the packaging leads them to spoil more quickly). This in turn leads many consumers to adopt unpacking strategies that potentially decrease the longevity of products (i.e., taking products out of their packaging or piercing the packaging to “let it breathe”).



When consumers were asked how they store certain products at home after shopping in the study discussed here, there was a clear tendency to store fruit and vegetables outside their original packaging. While more than half of the respondents keep sausages, cheese, and meat in their original packaging; lettuce, cucumbers, and tomatoes tend to be stored without packaging (loose). About a quarter of the respondents take sausages and cheese out of the packaging at home and repack these products for further storage. Fruit and vegetable packaging was often found to have been opened immediately after purchase. For example, almost 30% of the respondents immediately unpackage strawberries. One of the reasons for doing this was to achieve a better air supply.



Product protection through optimized packaging is therefore lost for a significant proportion of consumers directly after purchase, or at least after the first time the packaging is opened, whereby products are packed in another container or stored loose. The shelf-life-prolonging function of the packaging is only able to come into effect if the consumers consciously refrain from repacking the product or storing it loose after the initial opening of the packaging and before consumption.




4.4. Prolongation of Shelf Life by Optimized Packaging


Packaging has huge potential to contribute to food waste avoidance and, of course, to contribute to food safety and security [20]. Optimized packaging systems are an important way of preventing premature spoilage of a variety of different food product groups. They are able to protect the food to a very high level and actively extend the shelf life. The increasing use of innovative, active, and intelligent packaging systems for food is therefore to be welcomed.



Using the example of fresh cheese, it was possible to show the difference in shelf life between two types of packaging of the same product within the framework of consumer simulation by means of laymen sensory tests. The comparison of cream cheese in 150 g pots and portion packaging (8 × 15 g) under defined scenarios of everyday usage was in favor of the optimized—in this case portioned and thus more heavily packaged—variant. Although consumers nowadays regard food as over-packaged, portion packaging—despite the increased use of packaging resources—offers a sensible way to reduce food waste. The packaging of portions limits the spread of mold and bacteria. This type of packaging is particularly beneficial for foods that are not on the menu every day and are therefore often forgotten in the refrigerator. The online survey showed that 90% of the respondents would opt for the cup variant and only 10% would choose the optimally packed product. In this case, therefore, it can clearly be seen that consumers do not perceive the advantages of portion packaging.



Similar results could be shown for other food products, including ham. The advantage of the packaged product in contrast to ham from the delicatessen was evident from the 5th day onwards. From the 8th day onwards, all test persons would have thrown the ham from the delicatessen away, whereas the packaged variants would have been kept until the 12th day. This results in a longer “associated shelf life” of the packaged forms by about one third. Nevertheless, the online survey showed that 63% of participants would have chosen the ham from the deli counter packed in deli paper over the packaged variants.




4.5. Actual Prolonged Use


One major prerequisite for positive effects of optimized packaging on food waste prevention in households is not only to give produce a theoretically longer shelf life, but also that there must be a real need for consumers to keep the product for longer. For products that are usually consumed within three days, extending the shelf life at the household level to 10 days through optimized packaging makes little sense.



In a UK-based study, 9% of purchased cheese was estimated to end up as waste [25]. The reason for 77% of this waste was “not used in time”, and about one third of that was due to an expired “best-before date”. The disposal of 42% of the waste was in its original packaging, which had mostly been opened. Therefore, it can be concluded that as a large share is wasted or unused, without citing date labelling as a reason, a probable reason is insufficient protection during storing [26].



For a service to be provided, food packaging must have functions that are aligned with user needs. To illustrate, if a package is easy to empty but the consumer never uses more than half of the contents and then throws the package into the bin unemptied, the service cannot be provided. Likewise, if a package is easy to reseal, but it provides unclear information regarding the food security of the opened package, the consumer might discard any leftovers after the first use. Thus, there is a delicate balance in the design of packaging functions for certain food products that provide a service to different users in different contexts, while at the same time reducing their food waste.



The results from the food diaries reveal that, with the exception of butter, all food products are usually consumed within a few days. Typically, less than 4 days elapse before the consumption of lettuce, peppers, strawberries, sausages, and meat, while other food products remained in the household for no longer than 6 days. In this respect, a future focus on optimizing packaging to extend the shelf life of products in the household should be questioned.





5. Conclusions


Evaluation of the online survey and focus groups highlights the fact that the functionality of packaging usually ends after purchase by the consumer. The type of packaging plays a rather subordinate role in the purchase decision, and many customers do not even notice optimized packaging. This is also reflected in the handling of the products immediately after purchase in one’s own four walls. Product packaging is often opened prior to the first consumption, and the contained foodstuffs are either repacked in storage containers (primarily made of plastic and glass) or are stored loose.



This study has major managerial implications, as it notifies decision-makers and marketing managers that consumers are only slightly aware of the advantages of packaging in the household. Households are not aware of the general direct connection between packaging, freshness, shelf life, and spoilage as food waste. It is also relevant for decision-makers that consumers rarely or never use optimized packaging at home. Mostly, the shelf-life-extending function of food packaging is not perceived as such. Existing storage habits determine how the product is handled, regardless of the specific packaging. Packaging has been and is constantly being improved, not least to protect food in the best possible way and keep it fresh. It is important for those responsible to know that these efforts are not perceived by the consumer. This will enable them to decide in the future whether to invest more in consumer information or to focus optimized packaging more on transport and retail, and less on the consumer. In this context, it also seems relevant that the duration of the product’s stay in the household or the average consumption time for many products is far below the expected values, which means that the shelf life extension function is not always relevant.



One of the main theoretical implications is that food is often unpacked or repacked after the packaging is opened for the first time, or even directly after purchase. This is particularly true for fruit and vegetables, which tend to be taken out of the packaging directly after purchase, whereby the benefit of the optimized packaging is lost. Consumers are most likely to use the original packaging for cheese, meat, and sausages, whereas less than 30% of participants keep tomatoes in the original unopened packaging.



It is indicated that, in general, consumers have a rather negative attitude towards food packaging; food is perceived as “over-packaged”. From the consumer’s point of view, environmentally friendly packaging is preferred to the functionality of optimized packaging. Although consumers nowadays see food as over-packaged, portion packaging—despite the increased use of packaging resources—offers one of the few sensible ways to reduce food waste for consumers. The packaging of portions limits the spread of mold and bacteria. This type of packaging is especially beneficial for foods that are not on the menu every day and are therefore often forgotten in the refrigerator. Both the results of the consumer simulation investigating the actual shelf life of food products in use, and the surveys on the perception and preference for certain packaging sizes reveal clear advantages for portion packaging. In this case, the higher environmental impact due to the higher quantity of packaging is countered by the potential food waste reduction at the consumer level.



In summary, it can be stated that in contrast to its use in retail and transport, an optimization of packaging to avoid food waste for later use by the consumer only shows an effect in exceptional cases, or can only be achieved through targeted information campaigns.
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Figure 1. Perception of optimized packaging: statements about food. 
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Figure 2. Perception of optimized packaging: reasons for choosing food. 
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Figure 3. Handling of unopened packaging at home (Number of replies: 1117). 
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Figure 4. Perception of storage instructions ((Number of replies: 1117). 
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Figure 5. Survey results: reasons for cream cheese packaging variant choice (n = number of replies). 
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Figure 6. Perceived shelf life of oven-baked ham over test period. 
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Figure 7. Perceived shelf life of cream cheese over test period (SA = Scenario A: removal with clean knife; SB = Scenario B: removal with contaminated knife; SC = Scenario C: removal with licked knife). 
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Figure 8. Duration of stay of selected food in households. 
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Table 1. Sample structure.
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Characteristics

	
Share in the Sample

	
Result






	
Gender

	
female

	
77%




	
male

	
20%




	
other

	
3%




	
Age group

	
15–29

	
38.0%




	
30–44

	
31.8%




	
45–59

	
23.5%




	
>60

	
6.6%




	
Education

	
compulsory school (ISCED 2)

	
1.8%




	
apprenticeship or higher school certificate (ISCED 3 to 5)

	
50.7%




	
university (ISCED 5 and more)

	
47.5%




	
Income

	
<€1300

	
5.9%




	
€1301—€2200

	
19.6%




	
€2201—€3200

	
12.4%




	
€3200—€4200

	
14.6%




	
>€4300

	
7.3%




	
no answer

	
40.3%
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Table 2. Main variables cross-tabulated using Cramer’s V.






Table 2. Main variables cross-tabulated using Cramer’s V.





	

	
Age

	
Gender

	
Education

	
Income




	

	
Cramer’s V

	
Approx. Sig.

	
Cramer’s V

	
Approx. Sig.

	
Cramer’s V

	
Approx. Sig.

	
Cramer’s V

	
Approx. Sig.






	
Reasons for Choosing Food (RQ1)




	
Price

	
0.142

	
0.000

	
0.027

	
0.664

	
0.075

	
0.275

	
0.155

	
0.000




	
Origin/regionality

	
0.084

	
0.050

	
0.106

	
0.002

	
0.106

	
0.027

	
0.064

	
0.462




	
Organic

	
0.083

	
0.051

	
0.109

	
0.001

	
0.221

	
0.000

	
0.070

	
0.360




	
Freshness/shelf life

	
0.149

	
0.000

	
0.016

	
0.869

	
0.169

	
0.000

	
0.095

	
0.073




	
Quality/taste

	
0.007

	
0.996

	
0.134

	
0.000

	
0.051

	
0.708

	
0.111

	
0.017




	
Portion size

	
0.074

	
0.107

	
0.030

	
0.615

	
0.039

	
0.884

	
0.096

	
0.068




	
Food packaging

	
0.115

	
0.002

	
0.076

	
0.041

	
0.050

	
0.739

	
0.088

	
0.124




	
Brand

	
0.103

	
0.008

	
0.101

	
0.000

	
0.070

	
0.366

	
0.060

	
0.539




	
Comprehensible info

	
0.053

	
0.379

	
0.050

	
0.249

	
0.075

	
0.272

	
0.087

	
0.132




	
Label (fair trade)

	
0.053

	
0.379

	
0.069

	
0.069

	
0.041

	
0.864

	
0.052

	
0.690




	
Ingredients

	
0.051

	
0.409

	
0.082

	
0.024

	
0.048

	
0.771

	
0.049

	
0.752




	
Influence of Packaging on Purchase Decision (RQ2)




	
Type of material

	
0.186

	
0.000

	
0.125

	
0.000

	
0.127

	
0.003

	
0.077

	
0.247




	
View on the product

	
0.068

	
0.159

	
0.067

	
0.080

	
0.069

	
0.380

	
0.046

	
0.792




	
Product protection

	
0.103

	
0.008

	
0.105

	
0.002

	
0.076

	
0.260

	
0.037

	
0.909




	
Size

	
0.076

	
0.092

	
0.039

	
0.420

	
0.104

	
0.035

	
0.083

	
0.177




	
Design

	
0.149

	
0.000

	
0.068

	
0.076

	
0.121

	
0.006

	
0.075

	
0.281




	
Consumer friendliness

	
0.060

	
0.254

	
0.052

	
0.220

	
0.070

	
0.357

	
0.036

	
0.919




	
Longer shelf life

	
0.069

	
0.155

	
0.155

	
0.000

	
0.075

	
0.284

	
0.081

	
0.193




	
Subdivision/portioning

	
0.016

	
0.963

	
0.023

	
0.749

	
0.063

	
0.480

	
0.031

	
0.959




	
Storage Direct after Purchasing (in Orig. Packaging, in Opened Orig. Packaging, in Other Packaging, without Packaging) (RQ3)




	
Tomatoes

	
0.078

	
0.058

	
0.117

	
0.000

	
0.076

	
0.176

	
0.105

	
0.000




	
Strawberries

	
0.094

	
0.003

	
0.090

	
0.020

	
0.083

	
0.056

	
0.071

	
0.313




	
Meat

	
0.165

	
0.000

	
0.100

	
0.004

	
0.108

	
0.000

	
0.120

	
0.000




	
Sausages

	
0.171

	
0.000

	
0.118

	
0.000

	
0.124

	
0.000

	
0.117

	
0.000




	
Cheese

	
0.126

	
0.000

	
0.089

	
0.023

	
0.079

	
0.109

	
0.086

	
0.032

















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
(Case Study Cream Cheese

Croto cpen — 25
-

Enrormentay tiendty S 25%
— s

—
— 6%

—

Pack s keepthe roduct frsh

[ ——

e - 0%

Opticaty ppesing packaging I 8%

Puagngis recoutie

mCup(n=811) = Spit Pack (n=94)

wrrocrer IR
JRR——

e e R e o
esswasTE DN onen T %

e —






media/file4.png
...storing food in its original _ .
pack-aging keeps it fresher for

longer
nowadays are ,over- 10,7%
packaged"
in its original packaging

0% 20% 40% 60% 80% 100%

+ Strongly agree « Tend to agree I Tend to disagree : Disagree





media/file18.png
Consumer's Perception of Cream Cheese's Edibility after
Opening Packaging

100% \
80%
60%
40%
20%
0%

1 4 7 10 13 16 19 22 25 28 31 34 37 40

Days
wms CONtainer SA === Container SB Container SC === Proportion Packaging
Consumer's Perception of Cream Cheese’s Edibility after
opening Packaging

100% \
80%
60%
40%
20%

0%
1 - 7 10 13 16 19 22 25 28 31 34 37 40
Days

e CONtainer SA === Container SB Container SC === Proportion Packaging





media/file19.jpg





media/file10.png
Sausages

Meat

Cheese

Mushrooms

Cucumbers

Lettuce

Strawberries

Tomatoes

B Storage in original packaging

m Store without packaging (loose)

o
X

Handling of Unopened Packaging at Home

10% 20% 30% 40% 50% 60% 70% 80% 90%

[y
o
o
X

m Storage in opened original packaging m Repacking and store in other packaging

M | don’t buy this product

Sausages

Meat

Cheese

Mushrooms

Cucumbers

Lettuce

Strawberries

Tomatoes

W Storage in original packaging

W Store without packaging (loose)

o
X

Handling of Unopened Packaging at Home (Survey no.=1117)

10% 20% 30% 40% 50% 60% 70% 80% 90%

(@}
o
X

m Storage in opened original packaging m Repacking and store in other packaging

M | don't buy this product






media/file14.png
Case Study Cream Cheese

Size of portion corresponds to my needs

Easy to open

Environmentally friendly

Pack. helps keep the product fresh

Less waste than other packaging

Price

Optically appealing packaging

Packaging is reclosable

SIZE OF PORTION CORRESPONDS

I,
I 8o

I 320
T 12%

I 25%
S 15%

I 24%

D 63%

. 12

0%

I 0%

0%

Hl s%

B 3%

| 1% :

0% W Cup (n =811) = Split Pack (n = 94)

—__________Faa—
85%

TO MY NEEDS
EASY TO OPEN 120 2%
I 5
ENVIRONMENTAL FRIENDLY I 15%
PACK HELPS KEEP THE PRODUCT IS 4% 63%
FRESH
LESS WASTE THAN OTHER o 12%
PACKAGING
. 10%
FPRICE 0%
— 5
OPTICALLY APPEALING PACKAGING 3%
Lo
PACKAGING IS RECLOSABLE
0% 20% 40% BO% BO%
' Cup = Split Pack
n=811 n=54





media/file11.jpg
Perception of Storage Instructions

o
mese
Saba

o

1 have noticed and follow instructions

1 haven't noticed so far

Wk sk e T ex sk dmx

have noticed but don't follow nstructions

don't buy this

e ens b s

vt






media/file15.jpg
Consumer's Perception of Ham's Edibility after Opening the

Packaging
100% ‘
s J
oo
o }
208 ‘
o
1 4 s 7 s n 1
Days

o MAP Ty MAPflestle  —— Dol paper





media/file2.jpg
e, I
pack-aging keeps it fresher for

longer
g
nowadays are ,over- Jors.
packaged”
e I
in its original packaging

o 0% 0% oo% 0% 100%

\ Swongysge  + Tendoage | Tond o disagres «  Dssges





nav.xhtml


  sustainability-13-04209


  
    		
      sustainability-13-04209
    


  




  





media/file6.jpg
‘ORIGIN/ REGIONALITY

uALTY /TASTE
oRoavc

FRESHNESS | SHELF LFE
NGREDANTS

— %
—— 2
——
— 2%
— 5%

FOOD PACKAGING

— 1%

PORTION SZE
LABEL (28, Foe Trade, USC)

M0

AVALABILITY OF EQUIVALENT ALTERNATIVES
sweLL

COMPREHENSIBLE INFO / LABELLING

— 5
— %
s
FES
[
1%

100%





media/file16.png
Consumer's Perception of Ham's Edibility after Opening the

Packaging
100%
80%
60%
40%
20%
0%
1 4 5 7 8 11 12
Days

= MAP-Tray == MAP-flexible Deli paper





media/file20.png
Days

50

-L..ﬁi;-a_ﬁ

Sausage

Meat

Butter

Cheese

Bread

Peppers Cucumber Tomato

-

Salad Strawberry





media/file5.jpg
Origin/ Reglonaty
Price
Quaity / Taste

Organic
Freshness  Shefffe

————————— 3%
—— 5%

—— 1%
— 2%

Ingredents IE—33%
FOOD PACKAGING _ s 19%

Porton Size  mm—. 15%

Label (eg. Fair Trade, MSC) mmmmm 14%
Brand m 4%
Avadabitty of equialent atematves § 2%
Smet g 2%
Comprehensile nfo / Labeing | 184

20%

80%

100%





media/file7.png
Origin / Regionality
Price

Quality / Taste
Organic

Freshness / Shelflife

Ingredients

I 3%
I 54%
I, 2%
I S 1%
. 4.2%

I 33%

FOOD PACKAGING

I 10% |

Portion Size

Label (e.g. Fair Trade, MSC)

Brand

Availabllity of equivalent alternatives
Smell

Comprehensible Info / Labelling

I 15%
I 14%
W 4%
B 2%
B 2%

| 1%

0% 20% 40% 60% 80%

100%





media/file1.jpg
storing food in its original packaging
keeps it fresher for longer

st | R,
‘over'-packaged 7%

.food has a longer shelf life in its original
packaging

0% 2% 4% 6% BO%  100%

mStronglyagree 5 Tendtoagree mTendtodisagree M Disagree





media/file12.png
Perception of Storage Instructions

Meat

Fish
Sausages
Cheese
Salad
Tomato
Mushroom
Cucumber

Strawberry

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m | have noticed and follow instructions | have noticed but don’t follow instructions

M | haven’t noticed so far M | don‘t buy this

vear NNNETES @ 3% 16%

s Y @ 46%  17%

= | have noticed ar sausaces ST 000 2% 19%
follow instructior

= | have noticed but dont CHEESE _-_.
follow Instructions

sacad R BN e

romaro AT R 4

musHroov T HIweWnmam 14w

cucumaer NN N by

sTraweerry MR e 13%

0% 20% 40% 60% 80% 100%

* | havn't noticed so
far

* Don't buy
this






media/file3.png
...storing food in its original packaging
keeps it fresher for longer

...a lot of food products nowadays are

...food has a longer shelf life in its original

packaging

W Strongly agree

‘over'-packaged _7%

0% 20% 40% 60% 80% 100%

~ Tendtoagree mTendtodisagree m Disagree





media/file9.jpg





media/file0.png





media/file8.png
ORIGIN/ REGIONALITY IE—— 53%

PRICE N 4%
QUALITIY / TASTE I 52%
ORGANIC I 5 1%

FRESHNESS / SHELF LIFE IS 42%

INGREDIANTS I 33%

| FOOD PACKAGING N 10% |

PORTION SIZE mm— 15%

LABEL (zB. Fair Trade, MSC) I 14%

BRAND m 4%

AVAILABILITY OF EQUIVALENT ALTERNATIVES g 29
SMELL g 2%

COMPREHENSIBLE INFO !/ LABELLING | q9¢

0%

20%

40%

60%

80%

100%





media/file17.jpg
Consumer's Perception of Cream Cheese's Edibility after
Opening Packaging

Consumer's Perception of Cream Cheese’s Edibilty after
opening Packaging





