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Abstract

:

Since, according to many scientific studies, price is a very important factor when buying fruits and vegetables, it is interesting to study whether price differences between them occur in retail markets. Because of the discussion regarding sustainability, we performed an observational, orienting study on the retail prices of frequently bought packaged and unpackaged fruits and vegetables (apples, tomatoes, and bell peppers) in the Munich area in February and March 2022. We also differentiated between organic and non-organic produce. The relationship between the type of packaging (packaged versus unpackaged) and the retail price (EUR/kg) was determined by means of correlation coefficients, and we examined whether unpackaged products were more expensive than the packaged variants. The results differed for the organic and non-organic variants of the products, as well as among the individual fruit and vegetable varieties. We found a tendency towards unpackaged products being more expensive than packaged fruits and vegetables, in three out of four cases for the non-organic and two out of three cases for the organic products. For all cases, single products and single cost values were observed where the opposite was found.
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1. Introduction


The food category of fruits and vegetables is interesting because fruits and vegetables have a preventive effect against chronic diseases [1,2]. The “5 a day” health campaign promotes higher consumption of fruits and vegetables [3,4,5,6,7,8,9,10,11,12,13]. The central message is to eat at least five portions of fruits and vegetables daily (three portions of vegetables and two portions of fruits). Due to their healthy nature, the cost of fresh produce is of public relevance.



In Germany, as of 2022, 125,184 ha of land (open field and protected) were used for vegetable production and 47,270 ha for tree fruit production [14]. The share of self-sufficiency in 2021 was 36% for vegetables and 20% for fruits [15], the rest being imported. The largest share of fruit was taken by the apple crop, with a harvest volume of over one million tons in 2021 [16].



Before the harvested produce arrives at local supermarkets, there is an additional loss of about 20% in European countries, when the harvested fruit and vegetables are sorted out, e.g., according to aesthetic aspects [17]. To maintain freshness and to fulfil aesthetic aspects, many products are packaged.



However, with the increasing importance of environmental awareness, offering unpackaged food has become a more central focus in retail. However, only a limited scope of research deals with the acceptance of unpackaged foods [18] and the prices of packaged and unpackaged foods [19,20]. Concerns exist regarding hygienic conditions [21]. Furthermore, these products have shorter shelf-lives [22,23,24,25], e.g., due to increased dehydration at produce [26,27,28,29]. To extend the shelf life, the application of edible coatings can be a measure [30,31,32,33,34,35,36,37,38,39,40]. Interestingly, fruit and vegetables are very rarely available packaged in organic food stores. What is also interesting is the fact that fruits and vegetables are discussed by the public in terms of packaging.



Customer acceptance of unpackaged fruit and vegetables is very high, especially in supermarkets, with 100% acceptance; in organic markets, with 91%; and even in discounters, with 93% [41]. However, the willingness to pay more for unpackaged products is relatively low in comparison. In another survey, 69% of respondents indicated that they were not willing to pay more for unpackaged products [42].



In addition to being unpackaged, organic food is also an important trend in fruits and vegetables.



Health-conscious [24,43,44,45] and environmentally conscious consumers have “[…] a strong effect on the purchase of organic products” [46,47,48,49,50]. The relatively small share of sales of organic products is due to, among other things, the retail price barrier [49,51], which, together with a lack of product knowledge and doubts about authenticity, is one of the main barriers to buying organic food [52]. “[…] retailers charged a premium price for organic food.” [53]. The retail price barrier appears in the low willingness to pay price premiums for organic products. In order to expand the organic market, it is therefore necessary to reduce the retail price barrier, on the one hand, and to overcome the information barrier on the other [54]. A higher yield risk, as well as the extra work involved in organic production, leads to higher costs and ultimately higher retail prices than for non-organic products [55]. Other contributing factors are lower productivity and higher labour costs, because of the reliance on hand weeding [56]. Consequently, reducing the retail price barrier is only possible to a limited extent. In addition, the willingness to pay a premium for organic products varies greatly from one product to another, in contrast to the 20% assumed across the board [57]. Another study reported 17% to 39% willingness to pay more for sustainable food products [58]. For fruits and vegetables, according to an older study from 2007, the willingness to pay more than the expected retail price of an organic product is 41.9% and 39.7%, respectively [59]. However, only consumers of organic foods were surveyed here, which is why the survey does not provide any information on the willingness of consumers buying non-organic foods to pay more.



Against this background, the main goal of the article is to explore whether unpackaged products have higher retail prices than the packaged variants, therefore making them less attractive for consumers. To test this, the following study examines the retail prices of packaged and unpackaged fruits and vegetables for organic and non-organic products. Apples, tomatoes, and bell peppers were chosen because these are popular produce types, with 31 kg of tomatoes and 22 kg of apples in Germany and 5 kg of peppers in Austria consumed per year and person in 2021 and 2022 [60,61,62].



The hypothesis H1 in this article is that non-packaged fruits and vegetables are more expensive than their packaged counterparts. This hypothesis is based on the following assumptions: Packaging and its selection plays a very important role in maintaining or even increasing the shelf life of fresh produce, like fruits and vegetables [63,64]. It provides protection from dust, reduces microbial contamination from consumer contact or the surrounding environment, and therefore helps to maintain the freshness of produce [65]. The absence of packaging, and the consequential higher waste rate, decreases the sale of fresh produce and leads to higher retail prices [65].




2. Materials and Methods


2.1. Data Collection


For the recording of the retail prices of the packaged and unpackaged fruits and vegetables, various stores involved in the food retail trade in the greater Munich area were selected. This region was chosen because of the high standard of living and the various shops available there.



The focus was on the assortment of organic and non-organic products. It was expected that they would differ in the price and relevance of packaging to consumers. It was noticeable that the organic assortment had relatively few products, which were mostly packaged. To collect a larger amount of data on organic products, pure organic food stores were also included. For a reliable analysis and to collect a large amount of data, as many different grocery stores as possible were visited, and their retail prices for different fruits and vegetables were recorded. In total, 13 outlets of the following food stores were included in the data collection: “Edeka”, “Rewe”, “Lidl”, “Aldi”, “Penny”, “Netto”, “Hit”, “Alnatura”, “Denn`s”, “Basic”, and “Tagwerk Biomarkt Arkade”. Other outlets of these food stores were not included, as they had the same products with the same prices as the included outlets. Organic foods might have had generally premium prices. This aspect was not assessed in the evaluation. The period of data collection lasted from 1 February to 1 April 2022. In total, 245 prices were recorded.



The following varieties were selected because they are commonly consumed produce in Germany: apples, tomatoes, and peppers. These were selected due to the number of different products, the different types of packaging, and the good availability of organic items. For the actual retail price recording, the selected grocery stores were visited once, and then photos of the products and retail prices were taken. Advertising prices were noted. Different kinds of apples, e.g., “Pink Lady” and “Gala”, were not differentiated. (However, the original data are provided in the supplementary file).



The Microsoft Excel program was used as an evaluation tool. A survey sheet was created for each of the three types of fruits and vegetables. In addition to the name and type of packaging, the type of cultivation, i.e., organic, or non-organic, and the origin of the product were documented. Aside from that, the retail price type (retail price per kilogram/retail price per unit), the quantity sold, and the retail outlet where the product was offered were also recorded.




2.2. Data Analysis


To compare unpackaged and packaged products, the retail price needed to be adjusted to a common unit. In this case, prices in the unit of EUR/kg were a suitable option, since unpackaged products are usually sold with this unit.



The focus of the retail price analysis was the comparison of unpackaged and packaged fruits and vegetables. To carry out the comparison between unpackaged and packaged, the arithmetic means of the retail prices were determined, and a boxplot was created for both unpackaged and packaged varieties. To find connections between the retail price and the packaging type, it was checked whether there was a correlation between the two variables.



Organic and non-organic products were considered separately. Furthermore, the retail price by country/region of origin of non-organic products, the retail price behaviour of different quantities of non-organic products, and the transport routes were examined, because differences were expected at this stage.



In addition, the mean value of the surcharge to be paid for the organic variant of the analysed product was determined. In the process of the analysis, special offers as well as premium products with high retail prices, which were not available as unpackaged and packaged or equivalently as organic and non-organic products, were not included.




2.3. Statistical Correlation


With the determination of the correlation, it could be checked whether two variables were related to each other [66]. Depending on the scale of the variables to be analysed, different correlation coefficients were used.



The variables and their scales considered in this work are shown in Table 1. They were chosen due to their expected relevance. Interval scales, such as the retail price and quantity of a product sold, are metric scales. Therefore, the Pearson correlation coefficient can be used to determine the correlation. The Pearson correlation coefficient determines linear correlations and can take values between −1, 0, and 1, whereby the closer the value is to −1 or 1, the greater the correlation of the examined variables [67]. Whether it is a negative or positive correlation is determined by the sign of the coefficient [67]. The Pearson correlation coefficient cannot be used when examining the correlation between a nominal scaled variable and an interval scaled variable. An example would be the examination of the correlation between retail price and packaging type. In this case, the Eta coefficient (η) is required, which can take numerical values between 0 and 1, with a higher value indicating a stronger correlation [68]. While the Eta coefficient describes the magnitude of the relationship, Eta squared (η2) indicates the explained proportion of variation of the dependent variable.




2.4. Analysis of Price Premiums


The price premium is the extra cost consumers need to pay when purchasing certified organic foods [69]. In price analysis, the price premium is often regarded as a relative value. In this case, we defined it as the percentage of the average price of non-organic product [69,70,71].



Therefore, Equation (1) was used to determine the price premium.


  P   p   =   P   o   − P ( n )   P ( n )    



(1)




P(p)—price premium; P(o)—price organic product; P(n)—price non-organic product.



The price premium was calculated for all three varieties used in this study. For the price of the organic product (P(o)) and the price of the non-organic product (P(n)), the mean values were used.





3. Results


3.1. Apples


3.1.1. Types of Packaging and Origin


The most retail prices could be documented for apples among the selected fruit and vegetable varieties. A total of 126 datasets of organic and non-organic apples were recorded. The percentage of organic apples was 33% compared to the 67% of non-organic apples. Retail prices ranged from a retail price per kilogram of EUR 0.99/kg to 5.44/kg.



With 56%, unpackaged apples were the most common type of packaging, followed by cardboard trays, with 21%, and cardboard trays wrapped in plastic bags, with 13%. The high percentage of unpackaged apples is mainly due to organic food stores, which generally offer fruit and vegetables only unpackaged. Rare and hardly represented packaging types were plastic bags (7%); plastic nets (2%); and plastic trays wrapped with plastic bags, with only 1%.



The largest percentage of apples came from Germany, at 60%, of which 9% were designated as regional products. The most imported apples came from Italy, with 20%, and from France, with 13%. Comparing the transport routes of the packaged and unpackaged apples, it appeared that there were few differences in the percentages of apples transported internationally and nationally. In fact, 62% of the packaged apples and 58% of the unpackaged apples originated in Germany. Due to data procurement in February and March 2022, the results are valid only for this period.



Since many of the organic apples came from organic food stores and, for the most part, only unpackaged fruits and vegetables were offered there, it is interesting to look at the ratio of packaged to unpackaged apples in normal supermarkets for organic and non-organic apples. For non-organic apples, the proportion is almost identical, with 51% packaged and 49% unpackaged. Only 20% of organic products were offered unpackaged, and 80% packaged. Furthermore, only 15 organic apples were offered in the supermarket, compared to 84 non-organic apples.




3.1.2. Packaged and Unpackaged Retail Prices: Non-Organic Apples


The retail price comparison for packaged and unpackaged apples was implemented separately for organic and non-organic products. The reason for this was the higher retail prices of the organic products and the possibility of a difference in the retail price ratio for unpackaged and packaged products.



To compare the retail prices of unpackaged and packaged apples, all types of packaging were unified into the category “packaged”. Retail prices that were special offers, as well as expensive products and branded products that were not present in both compared categories, were excluded from the retail price analysis. With the deduction of the 5 affected products, 41 data sets of unpackaged and 38 data sets of packaged apples were obtained.



The retail prices are shown graphically as boxplots in Figure 1. Figure 1 shows the unpackaged apples in grey and the packaged apples in orange. The y-axis with the retail price in EUR is an interval scale, while the x-axis is nominally scaled with the two distinctions of packaged and unpackaged. Looking at the retail prices of the unpackaged apples, three outliers can be seen in the boxplot, with the retail prices of EUR 1.99/kg, 1.39/kg, and 1.29/kg. For the packaged apples, there were no outliers. The arithmetic mean of the retail prices of the unpackaged apples was EUR 2.89/kg, and that of the packaged apples was EUR 2.19/kg. A comparison of the mean values showed a surcharge of 32% for unpackaged products. The result of the data evaluation was that the retail price averages of packaged and unpackaged apples differed statistically significantly. Unpackaged apples were, therefore, significantly more expensive than packaged apples. The effect size of the difference was 0.59, and was, therefore, above the value of 0.4 set by Cohen, from which one can speak of a strong effect [72]. However, that finding does not apply to all single points.



To determine the correlation between the retail price and packaging type, a correlation measure must be determined. In the case of a dependent interval-scaled variable, in this case the retail price, and an independent nominally scaled variable, here in the form of unpackaged and packaged, this is the Eta coefficient [68]. The coefficient is 0.51 and describes the strength of the relationship between the variables (Table 2). In an example, Benninghaus describes the Eta coefficient values of   η = 0.26   as a relatively weak and   η = 0.76   as relatively strong, representing the relationships between the variables [68]. Based on this example, a value of   η = 0.51   can be seen as a correlation of medium strength. If the Eta coefficient is squared, the Eta square is obtained, which describes the explained proportion of variation of the dependent variable. In this case, Eta squared is 0.26. This means that 26% of the variation in the variable retail price can be explained by the type of packaging.




3.1.3. Packaged and Unpackaged Retail Prices: Organic Apples


Due to differing retail price levels, the retail prices for the unpackaged and packaged organic and non-organic apples were analysed separately. However, the sorting of the data sets was based on the same principles as described in Section 2.



Figure 2 shows the boxplots for the unpackaged and packaged organic apples. The orange boxplot shows the retail prices for the packaged apples, and the grey boxplot shows the retail price distribution of the unpackaged apples. The y-axis is the retail price in EUR, and the x-axis assigns the categories of “unpackaged” and “packaged” to their boxplots. There were no outliers for either unpackaged or packaged. It is worth mentioning that all retail prices of the packaged apples were from supermarkets, while all but three of the unpackaged apples were recorded in organic food stores. The packaged organic apples have a wider retail price range, with retail prices between EUR 1.99/kg and 5.44/kg, than the unpackaged organic apples, which had retail prices ranging between EUR 3.29/kg and 3.99/kg. The arithmetic mean of the retail prices of the unpackaged apples was EUR 3.83/kg, and that of the packaged apples was 4.15/kg. On average, one pays 8% more for packaged organic apples than for unpackaged ones. For the non-organic apples, as determined and shown in Section 3.1.2, this is reversed, as one pays on average 32% more for the unpackaged variety. It is important to note, however, that the mean values of the packaged and unpackaged organic apples are not statistically significantly different. (However, the number of data sets was relatively low). In this case, the Eta coefficient has a value of 0.25, which means that there is a low correlation between the packaging type and the retail price for organic apples (Table 2). Likewise, the Eta square can be interpreted. Only 6% of the variation in retail price can be explained by the type of packaging (unpackaged/packaged).




3.1.4. Retail Price Difference between Organic and Non-Organic Apples


To determine the retail price difference between organic apples and non-organic apples, the arithmetic means for both variants were calculated. The retail prices of the products described in Section 2.2 were not considered.



The mean value for the non-organically grown apples was EUR 2.55/kg, and that of the organic apples was 3.92/kg (Figure 3). The mean values were statistically significantly different from each other. The price premium for organic apples based on the mean values was 54%. Figure 3 shows the retail price distribution of non-organic apples and organic apples as boxplots. It is striking that there were several outliers in the retail prices of organic apples, while there were none for the non-organic apples.




3.1.5. Retail Price versus Sales Quantity of Packaged Apples


Larger packaging sizes, with retail prices remaining the same, provide an indirect retail price reduction and a kind of volume discount [73]. The customer is “lured” into buying larger quantities with lower retail prices calculated per piece. To check whether this also applies to apples in food retailing, the retail price per quantity was examined as shown in the following diagram. Packaged non-organic apples and all packaged organic apples were included, except for special offers.



Figure 4 shows a scatter chart with a quantity/retail price ratio. Both organic apples (green) and non-organic apples (orange) are displayed. Most apples were sold in quantities of less than 1500 g. For sales quantities above 1500 g, the retail price per kilogram was below EUR 2 for all data. It is noticeable that there were no organic apples sold above a quantity of 1 kg. The average quantity of organic apples sold was 614 g, compared to 1150 g for non-organic apples. Consequently, the expensive organic products were sold in smaller quantities.



Since, in this case, we had two interval-scaled variables, the correlation between the retail price per kilogram and the quantity could be determined by Pearson’s correlation coefficient. The Pearson correlation coefficient can take values between −1, 0, and 1, whereby the closer the value is to −1 or 1, the stronger the correlation of the examined variables is [67]. Whether it is a negative or positive relationship is determined by the sign of the coefficient [67]. In this case, the coefficient took on a value of −0.65 (Table 2). Since the value was above 0.5 and had a negative sign, there was a strong and significant negative linear relationship between sales quantity and retail price per kilogram. This means that the retail price per kilogram decreases significantly when the quantity increases or, rather, the sales quantity increases, and when the retail price per kilogram decreases.





3.2. Tomatoes


3.2.1. Types of Packaging and Origin


With 89 datasets of tomatoes from the 12 different supermarkets and organic food stores, the second-most retail prices were recorded for tomatoes. Similarly to the organic apples, 34% of the recorded tomatoes were organically grown products and 66% were non-organically grown tomatoes. Retail prices ranged from a maximum of EUR 15.20/kg to a minimum of 4.98/kg. Due to data procurement in February and March 2022, the results are valid only for this period.



Five different types of packaging were observed for the tomatoes. Unpackaged tomatoes were most represented, with 36%, and tomatoes in plastic-wrapped cardboard baskets comprised 35%. Less frequently represented, in descending order, were tomatoes packaged in plastic trays with plastic bags (11%), in paper carrier bags or cardboard baskets (10%), and in plastic trays (8%). In comparison to apples, very few tomatoes originated in Germany (12%), and all these were labelled as regional products. Most tomatoes came from Spain (61%). The remaining 27% came from the Netherlands (10%), Morocco (8%), France (7%), and Tunisia (2%).




3.2.2. Unpackaged and Packaged Retail Prices: Non-Organic Tomatoes


The retail price investigation of packaged and unpackaged tomatoes was carried out separately for organic and non-organic tomatoes. In general, the procedure described in Section 2.2 also applies to the data analysis of tomatoes. The retail prices are shown graphically as boxplots in the following figures.



Figure 5 displays the boxplot for the unpackaged tomatoes in grey and the boxplot for the packaged tomatoes in orange. For the unpackaged tomatoes, there was an outlier at EUR 12.90/kg. The arithmetical mean of the unpackaged tomatoes was a retail price per kilogram of EUR 5.39/kg, and that of the packaged tomatoes was a retail price per kilogram of EUR 8.23/kg. Comparing the mean values, there was an average surcharge of 53% for packaged tomatoes.



It should also be noted that the mean values were statistically significantly different from each other (Table 3). However, it is also striking that there was a large retail price difference between large and small tomatoes. Different types of tomatoes can be grouped into more expensive small tomatoes, such as snack, cherry, and mini tomatoes, and cheaper large tomatoes, such as “roma” or “beef” tomatoes. On average, small tomatoes were twice as expensive as the large tomato varieties. As will be seen later, this difference is greater than that between unpackaged and packaged products.



For illustration, in Figure 6, the boxplots of the retail prices for packaged and unpackaged mini tomatoes and large tomatoes are displayed. To obtain a better picture of the actual retail price difference between packaged and unpackaged tomatoes, it is worth comparing the mean values only within the tomato categories. The arithmetic mean of the unpackaged mini tomatoes was EUR 11.40/kg, and that of the packaged variant was EUR 9.31/kg. However, the mean values were not statistically significantly different from each other. In comparison, the mean values for the large tomatoes were very low. The mean value of the unpackaged large tomatoes was EUR 4.34/kg, and that of the packaged tomatoes was EUR 4.98/kg. Again, the mean values were not statistically significantly different from each other. This alone contrasts with the previously determined statistically significant mean difference when mini tomatoes and normal sized tomatoes were not separated. By further examining the retail price differences between packaged and unpackaged tomatoes, it can be seen that large, packaged tomatoes were only 14% more expensive on average than the unpackaged ones, compared to the 53% shown in Figure 6. The unpackaged mini tomatoes were 23% more expensive than the packaged variety. Since there were only 2 different unpackaged mini tomato data sets and 26 for the packaged ones, and the mean price of the mini tomatoes was statistically significantly higher, it is reasonable to assume that the mean price of the packaged tomatoes would be significantly raised if mini and large tomatoes were not examined separately. The correlation measures of Eta and Eta-squared were very low in the cases of the separate comparisons, which means that there was only a small correlation between the packaging type and the retail price of the tomato (Table 3).




3.2.3. Unpackaged and Packaged Retail Prices: Organic Tomatoes


The analysis of the packaged and unpackaged organic tomatoes also followed the previously used approach. In total, there were 16 data sets of unpackaged organic tomatoes and 14 data sets of packaged organic tomatoes.



Figure 7 shows the boxplots of the two variants. It can be seen that there were no outliers in the boxplot of the unpackaged tomatoes (grey) or in the boxplot of the packaged tomatoes (orange). The mean value of the unpackaged tomatoes was EUR 7.30/kg and that of the packaged tomatoes was EUR 7.08/kg. This means that the organic unpackaged tomatoes were slightly more expensive. However, the mean values were not statistically significantly different from each other. For the organic tomatoes, the ratio of mini and large tomatoes was more similar for unpackaged and packaged tomatoes, so a separate analysis is not performed. Also, in this case, the Eta (  η = 0.05  ) and Eta squared values were very low (    η   2   = 0.002  ) (Table 3). Therefore, there was practically no relationship between the type of packaging and the retail prices of organic tomatoes.




3.2.4. Retail Price Difference between Organic and Non-Organic Tomatoes


To determine the premium price, the arithmetic means of the retail prices of organic and non-organic tomatoes were determined.



The average price of the organic tomatoes was EUR 6.85/kg, and that of the non-organic ones was EUR 5.43/kg (Figure 8). This equates to a 26% price premium paid when buying organic tomatoes. Figure 8 shows the retail price distribution of the organic and non-organic tomatoes. In both cases, there were no outliers. The retail price range of the organic tomatoes was wider than the retail price range of the non-organic tomatoes.




3.2.5. Retail Price versus Sales Quantity of Packaged Tomatoes


Packaged tomatoes are sold in quantities from 150 g to 1 kg. Since the retail price may change with a larger sales quantity, it is also useful to examine the retail price–volume relationship. Again, organic and non-organic tomatoes were evaluated.



Figure 9 shows a scatter diagram of the quantity–retail price distribution. The organic tomatoes are visible in green and the non-organic ones in orange. Most tomatoes were sold in quantities of 200–600 g. The retail price per kilogram ranged from EUR 2.38/kg to 18.95/kg. It can be seen that many different quantities were sold. Furthermore, even among the same quantities, strong retail price fluctuations were visible. For example, 250 g of tomatoes were sold between a maximum of EUR 12.2/kg and a minimum of EUR 3.96/kg. Organic tomatoes were sold in quantities of 250–500 g. This is in the range in which most tomatoes were sold. The expensive organic products were, therefore, not necessarily sold in small quantities. The Pearson correlation coefficient, which had a value of −0.53, shows a strong negative correlation between the quantity sold and the retail price per kilogram (Table 3). As in the case of the apples, the retail price per kilogram decreased with the quantity sold. However, to put the results into perspective, it must also be noted that mini tomatoes are usually sold only up to a quantity of 500 g. During the recording of the data, there was only one case in which mini tomatoes were sold in a quantity of 700 g. It is also clear that 68% of mini tomatoes were sold in quantities below 400 g. Since these are generally more expensive than large tomatoes, this naturally favours the distribution of the displayed retail price.





3.3. Peppers


3.3.1. Types of Packaging and Origin


A total of 63 different data sets of peppers were recorded. These were divided into mini peppers (German: “Minipaprika”), pointed peppers (German: “Spitzpaprika”), and block peppers. A total of 41% of the peppers were marked with the organic seal, making bell peppers the product with the greatest organic content. Retail prices per kilogram ranged from a minimum of EUR 2.58/kg to a maximum of EUR 22.9/kg. Due to the fact that data were procured in February and March 2022, the results are valid only for this period.



The most common type of packaging was the plastic bag, with 52%, and unpackaged peppers represented 45%. Only in 3% of the cases did the packaging consist of a cardboard tray and a plastic bag. Spain dominated the countries of origin of the peppers, with 90%. Aside from Spain, 8% of the peppers came from Morocco and 2% from Israel.




3.3.2. Packaged and Unpackaged Retail Prices: Non-Organic Peppers


The retail price analysis of non-organic peppers was initially performed for pointed peppers and block peppers combined. Mini peppers were not included due to their high retail prices. In addition, special discounts were also not included in the analysis.



In Figure 10, the boxplots of the unpackaged and packaged pointed and block peppers are shown. The unpackaged peppers had stronger retail price flexibility. The retail price range was between EUR 2.59/kg and 7.99/kg. Although the retail prices of the packaged peppers also ranged up to a retail price per kilogram of EUR 7.78/kg, this was an outlier. The arithmetic mean of the unpackaged peppers was EUR 4.72/kg, while that of the packaged ones is EUR 4.18/kg. This means that, on average, 13% higher retail prices were found for unpackaged peppers. However, the mean values were not statistically significantly different from each other.



Like the unified tomatoes, the Eta coefficient was also very low for the unified peppers, with a value of 0.17 (Table 4). To check whether separate comparisons of block and pointed peppers would yield a different result, it is worth comparing the mean values. The mean value of the pointed peppers was EUR 5.17/kg, and that of the block peppers was EUR 4.15/kg. This shows that there was a greater retail price difference between block peppers and pointed peppers. Since there was only one data set of unpackaged peppers and seven of packaged peppers, it makes sense to analyze the block peppers again separately.



The boxplots of the separate analyses of the block peppers are visible in Figure 11. The arithmetic mean of the unpackaged peppers was EUR 4.70/kg, and that of the packaged peppers was EUR 3.67/kg. The mean values were statistically, significantly different from each other. Consequently, unpackaged peppers were, on average, 28% more expensive than the packaged version. The Eta coefficient also took higher values when comparing the block peppers. The coefficient value of 0.40 was higher than the previously determined value of 0.17, which was obtained when block and pointed peppers were combined. Consequently, the retail prices of the pointed peppers interfered with the analysis, since there was a greater retail price difference between pointed peppers and block peppers, but there was an unequal amount of packaged and unpackaged varieties. This means that there was a stronger correlation between the type of packaging and the retail price of peppers than previously assumed (Table 4). With a value of 0.16, the Eta square indicates that 16% of the variance in retail price can be explained by the type of packaging.




3.3.3. Packaged and Unpackaged Retail Prices: Organic Peppers


Organic peppers can also be classified into pointed peppers and block peppers. In total, there were only five packaged peppers recorded during the data collection process. This contrasts with the seventeen unpackaged peppers documented in organic food stores and supermarkets.



In Figure 12, the boxplots of the organic peppers are visible, consisting of both pointed peppers and block peppers. In Figure 12, one can see the boxplot of the unpackaged organic peppers and the boxplot of the packaged peppers. Both mean values were about the same, with EUR 6.98/kg for the unpackaged and EUR 6.66/kg for the packaged organic tomatoes. This indicates a retail price surcharge of 5% for the unpackaged peppers. However, the mean values were not statistically significantly different from each other. There was one outlier for the unpackaged organic peppers, at a retail price per kilogram of EUR 9.90/kg. By evaluating the Eta coefficient   η = 0.09   ( η   2   = 0.009 )  , it can be seen that there was a weak relationship between the type of packaging and the retail price (Table 4). Since the pointed peppers with a mean retail price of EUR 7.79/kg were significantly more expensive than the organic block peppers with a mean retail price per kilogram of EUR 6.53/kg, block peppers were, again, analysed separately from the pointed peppers.



Figure 13 shows the boxplots of the unpackaged (grey) and packaged (orange) block organic peppers. With the removal of the pointed peppers, 3 packaged organic block peppers and 13 unpackaged organic block peppers remained. The arithmetic mean of the unpackaged organic peppers in this case was EUR 6.87/kg, and that of the packaged organic peppers was EUR 5.05/kg. The mean values deviated statistically significant from each other, in contrast to the previous analysis. The surcharge of 36% for the unpackaged organic block peppers was significantly higher than the previously determined surcharge of 5% when pointed peppers and block peppers were unified. Thus, there was a much more significant retail price difference. This was also expressed by the Eta coefficient, which had a value of 0.69. Consequently, there was a high correlation between the packaging type and the retail price of organic block peppers. With an Eta square of 0.47, 47% of the variation in retail price could be explained by the type of packaging.




3.3.4. Retail Price Difference between Organic and Non-Organic Peppers


To determine the price premium for non-organic and organic peppers, pointed peppers and block peppers were again combined.



The arithmetic mean, which is necessary to determine the retail price difference, was EUR 7.15/kg for the non-organic peppers and 4.39/kg for the organic peppers (Figure 14). This results in a price premium of 63% for organic peppers. In Figure 14, the boxplots of the organic (blue) and non-organic (orange) peppers are visible. There was one outlier for the organic peppers (EUR 12.72/kg) and three for the non-organic peppers (EUR 7.99/kg; 7.78/kg; and 6.99/kg).




3.3.5. Retail Price versus Sales Quantity of Packaged Peppers


The analysis of the relationship between the quantity and the retail price of the peppers was carried out for the non-organic peppers as well as for the organic peppers. The latter were sold in quantities between 180 g and 500 g. The retail prices ranged from EUR 2.58/kg to 9.90/kg.



Figure 15 shows a scatter plot of the quantity–retail price ratio. The organic peppers are shown as green dots and the non-organic ones as orange dots. Two-thirds (67%) of the peppers were sold in quantities of 500 g. The other quantities sold occurred only once, except for quantities of 250 g and 180 g, in which peppers were offered twice. The quantities of organic peppers were strongly spread out, sold at a maximum of 500 g and at a minimum of 180 g. Consequently, the expensive organic peppers were not sold in smaller quantities than the non-organic peppers. With a value of −0.83, the Pearson correlation coefficient indicated that there was a strong negative correlation between the retail price per kilogram and the quantity (Table 4). Therefore, the greater the quantity sold, the lower the retail price. The correlation was statistically significant.






4. Discussion


The first thing to note is that, on average, the organic products were more expensive than the non-organic products for all the selected fruits and vegetables. The price premium ranged from 63% in the case of peppers to 54% in the case of apples and to 26% in the case of tomatoes. This can be explained by the greater efforts necessary to produce these products. Also, it might be that retailers add a premium for higher handling costs, less efficient selling, or higher price readiness of consumers of organic foods. Here, more research is necessary.



For the non-organic apples, the retail price of the unpackaged variant was, on average, 32% more expensive than that of the packaged variant. There was a moderate correlation between the type of packaging (packaged or unpackaged) and the retail price per kilogram. This is a paradoxical result, since packaging material causes extra costs of production and disposal. However, packaging allows for higher efficiency in selling; better marketing by the packaging; and, in some cases, longer shelf lives. This contrasts with organic apples. In this case, one pays, on average, 8% more for the packaged variant. There was only a weak correlation between the type of packaging and the retail price per kilogram. It can also be concluded that the mean values were very similar. It should be noted, however, that apples from organic food stores and organic apples from supermarkets were compared, since all packaged apples came from supermarkets and almost all unpackaged apples from organic food stores. This is because organic food stores only offer organic products and, therefore, they may possibly offer them at lower retail prices. To sell unpackaged food is often part of this strategy, and such organic food stores might implement unpackaged selling more easily. Hypothesis H1 was, therefore, fulfilled for the non-organic apples. For the organic apples, the packaged version was more expensive. Hypothesis H1 was not fulfilled.



In contrast to the apples, there are different types of tomatoes, which had strong retail price differences. For example, mini-tomatoes were significantly more expensive than large tomatoes. In the unified comparison of non-organic tomatoes, it was found that packaged tomatoes were 53% more expensive than unpackaged ones. The result was also a weak-to-moderate correlation between the type of packaging and the retail price per kilogram. However, since there was a large difference in the retail prices of the types of tomatoes, it was useful to conduct an analysis of the individual types of tomatoes. The result here was that for the large tomatoes, the packaged variety was, again, more expensive, with 15%. In the case of mini-tomatoes, the unpackaged tomatoes were 22% more expensive. By examining the correlation between the type of packaging and the retail price per kilogram, it can be seen, that for large tomatoes, there was only a slight correlation. However, the analysis of the mini tomatoes revealed a strong correlation between the type of packaging and the retail price per kilogram. In contrast to the high retail price difference when the tomatoes were unified, the retail price differences were smaller when the tomatoes were examined individually. Moreover, the correlation measures of the three analyses were strongly different. In the case of organic tomatoes, the unpackaged variety was also slightly more expensive, but only by 3%. As the low retail price difference suggests, there was also no notable relationship between the packaging type and the retail price per kilogram. Due to the more similar distribution of mini-tomatoes and regular tomatoes for the unpackaged and packaged organic tomatoes, these were only analysed on a unified basis. The analyses of the non-organic large and mini tomatoes led to different conclusions about the retail price for the packaging types. The reason for the partly opposite behaviour in comparison to apples is not known. One explanation involves the price strategies of supermarkets. For the large tomatoes, hypothesis H1 did not apply. For the mini tomatoes, it did apply. In the case of organic tomatoes, it can be stated that hypothesis H1 was also accurate.



As with tomatoes, there are different types of peppers with different retail price means. When standardizing the non-organic peppers, it was found that the unpackaged peppers were 13% more expensive than the packaged ones. However, there was a very small correlation between the type of packaging and the retail price per kilogram. Since there were few pointed peppers, a separate data analysis was performed only for the block peppers. For these, the unpackaged retail price was significantly more expensive than the retail price of the packaged block peppers. At 28%, the surcharge was more than twice as large as in the case of the unified analysis of the peppers. The relationship between the type of packaging and the retail price per kilogram was moderate for the block peppers. A summarized analysis was also performed for the organic peppers, and then a separate analysis was performed for the block peppers. When combined, the retail prices of the packaged and unpackaged peppers were similar, with a slight premium of 5%. for unpackaged peppers. Also, only a very weak correlation between packaging type and retail price per kilogram could be determined. This is in contrast to the clearer results of the block peppers. With 36%, the unpackaged organic block peppers were significantly more expensive. There was also a strong correlation between the type of packaging and the retail price per kilogram. Therefore, for organic and non-organic block peppers, it can be concluded that hypothesis H1 was true.



Discounters offer fruits at a lower cost compared to supermarkets. Discounters are price-oriented with a limited assortment and basically no service [74,75,76,77]. The results for the comparison of discounters and supermarkets are to be found in the Supplementary Materials.




5. Conclusions


Looking now at all of the results, for the non-organic products, in three out of four cases the unpackaged variant was more expensive. The products examined here were apples, large and mini tomatoes, and block peppers. Hypothesis H1, which stands for more expensive unpackaged and cheaper packaged products, was therefore fulfilled in 75% of the cases. For the organic products, a result in the direction of Hypothesis H1 can also be established. Here, hypothesis H1 was accurate in two out of three cases. However, in all categories, single results could be found that were opposite to the statistical characteristic values. From a practical point of view, unpackaged organic produce were not, in all cases and situations, more expensive than packaged non-organic food.



Nevertheless, it is important to note that the study involved a limited period of data collection. It should also be noted that some fruits and vegetables (e.g., raspberries) cannot be sold unpackaged. The results can, therefore, only be applied to the examples we have chosen.



For future studies, it would be relevant to utilize a higher number of datasets to improve the statistical validity. Furthermore, prices should be monitored more regularly to reflect seasonal price differences. Moreover, a better understanding of the contribution of packaging to the total cost and retail price is necessary. The significance of the results is limited because the collected data are very heterogenous. Throughout the collected data, there are characteristics such as packaging size, different packaging materials, different varieties, and different retail formats. A better understanding of prices and how they differ between unpacked and packed varieties would be possible if these characteristics were identical for unpacked and packed fruits and vegetables, e.g., Gala apples, in discounters. This would require a larger amount of data and information from producers, for instance, about packaging materials.
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Figure 1. Retail prices of unpackaged (n = 41) and packaged (n = 38) non-organic apples. 






Figure 1. Retail prices of unpackaged (n = 41) and packaged (n = 38) non-organic apples.
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Figure 2. Retail prices of unpackaged (n = 30) and packaged (n = 11) organic apples. 
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Figure 3. Retail prices of organic (n = 78) and non-organic (n = 40) apples. 
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Figure 4. Retail price versus sales quantity for packaged organic (n = 11), green dots; and non-organic (n = 43) apples, orange dots. 
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Figure 5. Retail prices of unpackaged (n = 16) and packaged non-organic (n = 43) tomatoes. 






Figure 5. Retail prices of unpackaged (n = 16) and packaged non-organic (n = 43) tomatoes.
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Figure 6. Retail prices of unpackaged (n = 2) and packaged (n = 26) mini-tomatoes; and unpackaged (n = 13) and packaged (n = 13) large tomatoes. 
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Figure 7. Boxplots of unpackaged (n = 16) and packaged (n = 14) organic tomatoes. 
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Figure 8. Retail prices of organic (n = 27) and non-organic (n = 43) tomatoes. 
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Figure 9. Retail price versus sales quantity for organic (n = 12) and non-organic (n = 45) packaged tomatoes. 
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Figure 10. Retail prices of unpackaged (n = 13) and packaged (n = 21) non-organic peppers. 
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Figure 11. Retail prices of unpackaged (n = 12) and packaged (n = 14) non-organic block peppers. 






Figure 11. Retail prices of unpackaged (n = 12) and packaged (n = 14) non-organic block peppers.
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Figure 12. Retail prices of unpackaged (n = 18) and packaged (n = 5) organic peppers. 
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Figure 13. Boxplots of unpackaged (n = 13) and packaged (n = 3) organic block peppers. 
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Figure 14. Retail prices of organic (n = 24) and non-organic (n = 34) peppers. 
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Figure 15. Retail price versus sales quantity for organic (n = 5) and non-organic (n = 22) packaged peppers. 
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Table 1. Variables and scales.
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	Variable
	Scale





	Type of packaging
	Nominal



	Type of farming
	Nominal



	Origin
	Nominal



	Retail price
	Interval



	Quantity
	Interval
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Table 2. Correlation table for apples.
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Correlation of retail price and packaging type: non-organic apples




	
   η   

	
   η   2

	
p-value

	
Data sets




	
0.51

	
0.26

	
1.7 × 10−6

	
79




	
Correlation of retail price and packaging type: organic apples




	
   η   

	
   η   2

	
p-value

	
Data sets




	
0.25

	
0.06

	
0.12

	
41




	
Correlation of retail price and sales quantity of packaged apples




	
R

	
R2

	
p-value

	
Data sets




	
−0.65

	
0.43

	
8.29 × 10−8

	
54
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Table 3. Correlation table for tomatoes.






Table 3. Correlation table for tomatoes.





	
Correlation of retail price and packaging type: non-organic tomatoes




	
   η   

	
   η   2

	
p-value

	
Data sets




	
0.34

	
0.12

	
0.008

	
59




	
Correlation of retail price and packaging type: non-organic large and mini tomatoes




	
   η   

	
   η   2

	
p-value

	
Data sets




	
0.17

	
0.03

	
0.4

	
28




	
0.16

	
0.03

	
0.43

	
26




	
Correlation of retail price and packaging type: organic tomatoes




	
   η   

	
   η   2

	
p-value

	
Data sets




	
0.05

	
0.002

	
0.8

	
30




	
Correlation of retail price and sales quantity of packaged tomatoes




	
R

	
R2

	
p-value

	
Data sets




	
−0.53

	
0.29

	
1.62 × 10−5

	
57
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Table 4. Correlation tables for pepper.






Table 4. Correlation tables for pepper.





	
Correlation of retail price and packaging type: non-organic peppers




	
   η   

	
   η   2

	
p-value

	
Data sets




	
0.17

	
0.03

	
0.31

	
34




	
Correlation of retail price and packaging type: non-organic block peppers




	
   η   

	
   η   2

	
p-value

	
Data sets




	
0.4

	
0.16

	
0.041

	
26




	
Correlation of retail price and packaging type: organic peppers




	
   η   

	
   η   2

	
p-value

	
Data sets




	
0.09

	
0.009

	
0.67

	
23




	
Correlation of retail price and packaging type: organic block peppers




	
   η   

	
   η   2

	
p-value

	
Data sets




	
0.69

	
0.47

	
0.003

	
16




	
Correlation of retail price and sales quantity of packaged peppers




	
R

	
R2

	
p-value

	
Data sets




	
−0.83

	
0.68

	
1.19 × 10−7

	
27
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