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Abstract 

 

Suboptimal fruits and vegetables are deviating on aesthetic standards from the optimal ones 

in terms of shape, size or colour, but are safe and perfectly fit for human consumption.  

Nowadays, a big part of these suboptimal fruits and vegetables are wasted instead of 

processed or sold. This study shed a light on the causes of suboptimal food waste and 

discusses fields for improvement according the framework of Göbel et al., (2015) to reduce 

the amount of wasted suboptimal fruits and vegetables. 

The fields: structure and rules, recovery and re-use, consumer appreciation and process 

enhancement are studied. The analysis demonstrate that the fields are in strong relationship 

with each other and can be combined to form strategies to reduce the amount of food waste 

of suboptimal fruits and vegetables.  

A combination of new structures and rules, gaining consumer appreciation and recovery and 

re-use will fit to reduce food waste of suboptimal fruits and vegetables. Process 

enhancement and interface management is needed to facilitate a combination of these 

fields. Suboptimal fruits and vegetables can be used in the processing industry for human 

consumption or alternatively for animal freed. In addition, suboptimal fruits and vegetables 

can be sold to consumers in several ways. To achieve this, clear communication between 

the farmer and the retailer is necessary and the farmers and the retailers to efficiently make 

use of suboptimal fruits and vegetables. To support the sales of suboptimal fruits and 

vegetables, farmers and retailers can be supported by the government via taxes or subsides. 

Furthermore, consumers need to be informed about suboptimal fruits and vegetables and 

food waste. This can be done by retailers, the government, a brand which uses suboptimal 

fruits and vegetables, environmental organizations or farmers themselves. Crucial is to make 

people aware of the problem of food waste and the opportunity to reduce food waste by 

consuming suboptimal fruits and vegetables.  

To make sales of suboptimal fruits and vegetables possible, several options have potential, 

but crucial is that the entire supply chain needs to be taken into account to achieve the goal 

of reducing food waste. 
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Chapter 1 Introduction 

 

1.1 Background 

 

Nowadays, a third of all produced fruits and vegetables is thrown away even before it 

reaches the consumer (Parfitt et al., 2010).This amount of food waste seems contradictory 

with the world population growing towards nine billion people by 2050, people who all need 

food to survive (Gustavsson, 2011).  

 

Food waste can be defined as: “any food, and inedible parts of food, removed from the food 

supply chain to be recovered or disposed” (Aschemann-Witzel et al., 2015) 

The amount of wasted food can be divided in two categories: edible and non-edible waste 

(Halloran et al., 2014).  The difference between edible and non-edible waste is that edible 

food waste is intended for human consumption since these have the potential to be eaten 

but are discarded from the supply chain for economic or aesthetic reasons (Halloran et al., 

2014). 

 

Non-edible food waste refers to inedible bi-products like a banana peel or bones in meat. 

Especially the waste of edible products is inefficient as these products are not harmful for 

health or food safety and they could safely be consumed (De Hooge et al., 2017). Now a 

part of these edible products is disposed and not used for human consumption or purposes 

other than the trash can. 

 

These edible products are called suboptimal or imperfect foods. Suboptimal products are 

products that deviate from normal or optimal products without deviation on the intrinsic 

quality or safety (Halloran et al., 2014). There are three categories to distinguish for 

suboptimal products (De Hooge et al., 2017):  

1) They differ on the basis of appearance standards in terms of weight, shape, colour or 

size. 

2) They differ on the basis of their date labelling. In this case they are close or beyond the 

best-before date. 

3) They differ on the basis of their packaging such as a torn wrapper or a dented can. 

 

For this research, the focus is on fresh fruits and vegetables which belong to the suboptimal 

category and are therefore wasted. Fresh fruits and vegetables are not always packed and 

thus they do not contain an expiry date. The first category is therefore the most influential for 

these products (Helmert et al., 2017). 

 

Several studies have been conducted on the causes of food waste in general and in the last 

years, waste of suboptimal products is also receiving more attention. The combination of 

product quality standards and consumer appreciation is crucial because consumers do not 

wish to buy and consume suboptimal products (Gustavsson and Stage, 2011). Therefore, 

the purchase behaviour of consumers influences the stakeholder decisions along the entire 

supply chain. Since the retailers do not want to buy suboptimal products due to the risk that 

consumers do not want to buy them, the wholesaler will also not purchase them from the 

farmer. This results in the fact that a lot of the suboptimal products are thrown away. 

 



5 

Recent research showed that consumers will buy these suboptimal products under certain 

conditions (Ashemann-Witzel et al., 2015, de Hooge et al., 2017). For example, consumers 

are in general willing to pay less for foods with visual imperfections than optimal foods. 

Additionally, the type of sub optimality influences the willingness of the consumers to buy a 

suboptimal fruit or vegetable. By making a distinction between the optimal and the 

suboptimal products with classification and prices, consumers realise that there is a 

difference and consumers will be positive to buy also suboptimal fruits and vegetables. This 

indicates that there are opportunities that can reduce the waste of suboptimal products. 

 

To reduce the waste of suboptimal fruit and vegetables, two dimensions are distinguished by 

Buzby et al., (2014), namely prevention and diversification. With prevention, the amount of 

uneaten food is reduced in the first place. For diversification it is important what is done with 

uneaten food once it is generated.  

 

Several approaches are discussed in literature to reduce or diversify the amount of food 

waste within the supply chain to make the supply chain more sustainable and reduce the 

amount of edible food waste (Kaipia et al., 2013, Göbel et al., 2015). Some are more 

focused on the sharing of information and cooperation within the supply chain, some more 

on the consumers and others more on the wasted products itself.  

Göbel et al., (2015) state four central fields of action (Fig 1). For every category, the main 

causes of food waste are mentioned as well as recommendations for research to possible 

solutions for the causes. The upper fields are more focused on prevention and the lower 

fields on diversification.  

 
Figure 1. New appreciation for food- four central fields of action (Göbel et al., 2015) 

 

For the category “Process enhancement and Interface management”, the problem of 

insufficient cooperation across actors leads to a lot of food waste. Each actor in the food 

supply chain tries to optimize their own process but at the same time, their actions may lead 

to an accumulation of food waste at earlier stages in the chain. For example stock keeping, 

by demanding a permanent stock availability of suppliers, the risk of spoilage transfers to the 

earlier stages of production. In this field, the focus is on prevention of the waste by reducing 

the surplus and on diversification.  

 

The category “Structure and Rules” points out the problem of rules and structures which 

regulate food production but also induce food waste. The wasted products are in this case 
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not meeting rules about product quality categories or standards and would be usually 

classified as avoidable waste. Hence, this field of action focusses on waste prevention. 

Göbel et al., (2015) recommends a multi-stakeholder dialogue which critically deals with the 

use of and need for norms, rules, specifications, quality expectations and habits with 

particular regard to the reduction of food waste. It is important to take consumer protection 

and food safety into account while studying this field of action.  

 

The third category, “Re-use/Recovery instead of devaluation” focusses more on 

diversification. Causes of food waste are often linked to a lack of concepts for subsequent 

use and or insufficiently utilized ways of disposal. These causes and possible options are 

mentioned in the category “Re-use/Recovery instead of devaluation”. 

 

The last category is “Appreciation and Enhancement”. This field is mainly focussed on 

causes of food waste linked to the way consumers appreciate food, in the knowledge of food 

and the ability of preparing or storing food. Recommendations to minimize food waste are to 

educate and inform actors of the supply chain as well as consumers on the topic of food 

waste.  

 

1.2 Problem description 

 

Recent studies showed that consumers are willing to buy these suboptimal products (de 

Hooge et al., 2017, Helmert et al., 2017). The difficulty is the unwillingness of actors in the 

supply chain to purchase and sell suboptimal products due to different factors. Now these so 

called suboptimal foods are wasted while there are still customers for them, or other ways to 

implement them in the chain and find consumers for it. To achieve this, there is a need for 

the implementation of sustainable solutions across the entire food supply chain to realize the 

potential of food waste reduction (Parfitt et al., 2010)  

There are several lists of factors of influence and possible approaches to adjust the supply 

chain strategy to implement these sustainable solutions, but they are not integrated with 

each other to achieve a more closed loop supply chain. By analysing the four central fields of 

Göbel, an overview of the main constraints and possibilities for action will be generated.  

 

1.3 Objective 

 

Reduce food waste caused by suboptimal fruits and vegetables by investigating alternative 

use for suboptimal fruits and vegetables 

 

1.4 Main question 

 

How to apply and combine the four central fields of action from Göbel (2015) on the fruit and 

vegetables supply chain to reduce the waste of suboptimal products? 

 

1.5 Sub questions 

 

-What are the key actors in the fruit and vegetables supply chain and why do they generate 

suboptimal products 

- What is the actual amount of food waste of suboptimal products of each actor 
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- How can process enhancement and interface management contribute to reducing the 

waste of suboptimal products 

- Which structures and rules are needed to reduce the waste of suboptimal products 

- Which forms of re-use or recovery can be implemented in the supply chain to reduce the 

waste of suboptimal products 

- How to achieve consumer appreciation to make selling suboptimal products possible 
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Chapter 2 The key actors in the fruit and vegetables supply chain 

and why do they generate suboptimal products 

2.1 Introduction 

First, the supply chain for fruits and vegetables has to be defined (Fig 2). It all starts with a 

farmer who grows the product. After harvesting, several actions might be required like 

sorting, packaging and sometimes processing. The focus of this report is not on processed 

but fresh fruits and vegetables. However processing can play a role in the implementation of 

suboptimal fruits and vegetables in the supply chain. For example the processing of 

suboptimal strawberries to make jam of them. It depends on several factors, as for example 

the size of the farm, if sorting and packaging happen at the farm or somewhere else. After 

this step, the products go via retail towards the consumer. Also storage, transportation and 

logistics play a role for all actors and can have a big influence on the quality. 

 

 
Figure 2. The food supply chain (Raak,. et al 2016) 

 

Losses of suboptimal products occur among the entire chain. In figure 3, a graphic overview 

of processing- and product-related food waste and losses is given. In the following part, the 

main causes for generating edible food waste are examined for each actor.  

 

 
Figure 3.  Processing- and product-related food waste and losses (Raak et al., 2016) 

 

2.2 Actor 1: Farmer; raw materials 

 

It all starts with the raw materials (Fig 3). For this research, the raw materials are solely the 

fruits or vegetables at the farm. The size of the production ranges from large-scale 

commercial farming to small family farms (Halloran et al., 2014).  

There are multiple factors influencing the quality of the crops at the farm. Some of them 

cause food losses, these are products that are no longer suitable for human consumption. 

Other factors can cause edible food waste where the food is not used for human 

consumption, but would still be usable (Cicatielle et al., 2016).  
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Some examples of causes of food loss are weather damage, pest infestation, germ outbreak 

and processing waste.  

 

The following section focuses on the factors that influence edible food waste. For the farmer 

these are overproduction, incorrect storage, non-harvest due to low market price and 

unsuitable quality standards. These causes will be explained in the following part. 

 

For the raw materials, quality demands are mentioned by Raak et al., (2016) as a big 

influence. In industrialized countries, fruit and vegetable waste is mainly generated before 

reaching consumers, due to programmed overproduction and unfulfillment of retailer quality 

standards (Plazotta et al., 2017). Due to selection depending on visual appearance by the 

final consumer, the retailer forms standards for the processing/packaging industry and the 

farmer and therefore quality demands have a big influence on the amount of waste 

generated at the begin of the supply chain. Due to the standards the main edible waste 

generated by farmers are crops that do not fulfil the quality standards. 

 

Due to fluctuating demand, weather uncertainty and quality demands, overproduction is 

required (Plazzotta et al., 2017). This overproduction results in unnecessary inventory which 

is kept to act as a buffer against poor quality products (De Steur et al., 2016). The inventory 

at the farm level contains raw crops which are perishable, so when the quality after 

harvesting seems good, there will remain products in stock and after some time they will 

have to be disposed. However, these products were edible products without limitations on 

the intrinsic quality and are now wasted.  

 

Incorrect storage includes storing at an incorrect temperature and food damages due to bad 

storing facilities (Corrado et al., 2017). Food losses due to storage failures mainly occur in 

developing countries and not very often in Europe (Parfitt et al., 2010). Besides the country, 

it depends on the type of crop whether there is a high loss due to storage conditions 

(Corrado et al., 2017). During the storage period damage can occur to the crop which will 

cause the crop to spoil faster. In case of temperature failure the fruits and vegetables are 

mostly not edible because deterioration processes take place when the temperature is too 

high or too low.  

Another crucial aspect that can be influenced during storage of the fruits and vegetables is 

the colour. The colour of the product can be affected when the storage conditions are not 

optimal (Gnanasekharan et al., 1992). Due to a deviation in the optimal temperature or the 

amount of light, fruits and vegetables can discolour and will become classed as suboptimal. 

 

Technical conditions are also a factor of influence for the farmer. To deliver high quality raw 

materials in sufficient amounts, the quality of the used materials needs to be sufficient. 

Machine related failures involve losses in the quality of the raw materials and can cause 

suboptimal products (Bliska et al., 2016). Also, primary and auxiliary materials are involved 

in this category. For example the use of fertilizers and the quality of the soil influence the 

quality of the final crop. 

 

In summary, there are several factors which contribute to the origin of suboptimal fruits and 

vegetables. The weather, the soil quality, storage conditions and more are mentioned. The 

main reason why the farmer cannot sell the suboptimal fruits and vegetables are the quality 

standards he gets from the retailer. 
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2.3 Actor 2: Manufacturing; processing and packaging industry 

 

The second actor in the supply chain of fruits and vegetables is the industry where sorting, 

packaging and sometimes processing happens. Food processors contribute rather minimally 

to food waste (Halloran et al., 2014). The main quality shifting happens at the farmer and the 

retailer. However, some waste is still created at this stage of the process. 

For the manufacturer, internal and external requirements are the main factor for the creation 

of waste and suboptimal products (Raak et al., 2016). These internal and external 

requirements are associated with food safety and the demand qualities (Göbel et al., 2015). 

On the one hand products are discarded to prevent health risks, on the other hand products 

with too low quality are discarded. 

The latter category are the products, which do not fulfil the quality standards of the retailer 

(Plazotta et al., 2017). In this way, there are suboptimal products created at the 

manufacturer. Contributing to the quality standards, are the standardized packages used for 

fruits and vegetables. Retailers offer products in a way they believe consumers want them to 

be presented (Göbel et al., 2015). As a result of that, consumers receive food in the right 

appearance, weight, size and shape and are standardized packages possible. The standard 

packages are used to save costs and to provide an optimal quality (Göbel et al., 2015). Due 

to this the manufacturer can only make use of the fruits and vegetables with the right shape 

and size, otherwise they will not fit in the package.  

Another waste causing event is storage. The products need to be stored when they arrive at 

the manufacturer and after they are sorted and packed. If the storage conditions are not 

right, the products spoil and cannot be sold for human consumption anymore. For this 

reason the generated waste is not edible and also not suboptimal. 

 

2.4 Actor 3: Retailer; finished products 

 

For fruits and vegetables, the retailers are mostly supermarkets and some specialized 

grocery shops. There are several causes that can be mentioned for food waste at the retailer 

point in the supply chain (Fig 4). 

 
Figure 4. retail food waste and possible uses (cicatielle et al., 2016) 
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The first one, damaged packaging, plays not that big role for fresh fruit and vegetables since 

only a small part of the fresh fruits and vegetables is packed. But the ones who are packed 

and wasted due to damaging, belong to the group of suboptimal food waste. This because 

they are still perfectly edible, but a broken package makes them suboptimal.  

 

Incorrect storage in terms of temperature is an important factor for a lot of fruits and 

vegetables. The wasted products as a result of incorrect storage, are classified as inedible 

and therefore not belonging to the suboptimal category and are not considered in this 

research.  

 

Again, unsuitable quality standards are mentioned as a cause of edible food waste.  

A bit similar with the unsuitable quality standards category, are the products that are 

blemished or misshapen. The biggest difference is that there are also inedible products in 

this category. A blemished apple for example, can be the result of a decolourization without 

affecting the intrinsic quality and is still edible, or it is a sign of rotting which makes it unfit for 

consumption. 

 

The last category is unpurchased food, also called surplus food. These fruits and vegetables 

are produced, processed and delivered to retail but not sold or not consumed for various 

reasons (Bliska et al., 2016) Food surpluses are a form of waste that is mostly observed in 

developed countries (Asheman-Witzel et al., 2015). The explanation for these surpluses is 

programmed overproduction (Papargyropoulou et al., 2014). It is estimated that there is a 

surplus needed of 30% to compensate for unexpected losses and to maintain food security. 

But the actual surplus is currently exceeding 50% (Raak et al., 2016). There are two main 

reasons why this is so high. Both of the reasons are a consequence of trade demands. The 

first is the risk of not complying with quality requirements. This risk is not only present at the 

retailer stage, but starts at the beginning of the supply chain for the farmer.  

The second one is the risk of being burdened by contractual penalties or product take back 

when not fulfilling trade demands (Raak et al., 2016). Because of these reasons, a higher 

production value than needed is forced to fulfil the demands and to avoid penalties. 

Penalties are expensive both penalties and not fulfilling demand trades can give the 

company a bad name. Companies avoid this risk by planning overproduction and store a lot 

of products which at the and are spoiled because of perishability.  

 

The food waste at the retailer state was neglected by studies for a long time but it is an issue 

that is gaining more attention in the public opinion. This is because much of the food wasted 

at the retailer stage, unlike most of the other stages, is still fully fit for human consumption 

(Cicatielle et al., 2016). Another important aspect is that the retail can contribute in limiting 

the implication of food waste in a consistent way. At the same time, sustainability is 

becoming an important business issue for retailers, as their practices may influence the 

whole supply chain (Claro et al., 2013). This makes retail an interesting stage in the supply 

chain for reducing food waste.  

 

To summarize, the main motives to waste suboptimal fruits and vegetables are unsuitable 

quality standards, blemished or misshapen products and surpluses. 

An underlying reason for these motives is that for a retailer, an attractive produce 

department is regarded as the best way to give a positive quality image of their store (Nunes 

et al., 2009). To achieve this, the retailers offer products in a way they believe the 
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consumers want them to be presented (Göbel et al., 2015). Therefore the sensory attributes 

of fruits and vegetables have to fulfil the requirements the retailer sets.  

 

2.5 Actor 4: Consumer; finished products 

 

The last actor in the chain is the consumer. Consumers are a big player in food waste for 

developed countries (Asheman-Witzel et al., 2015). Therefore their role is crucial for 

reducing food waste.  

 

Among the consumers are differences in the attitude towards waste. Overall, research found 

that women, younger consumers, consumers with children, lower educated consumers and 

consumers with a higher household income tend to waste more food (De Hooge et al., 2017) 

Also personal interest in for example the environment influence consumer behaviour towards 

food waste.  

 

There are a couple of drivers for consumers to waste products themselves, so at home. 

Another way of waste caused by consumers, is when they just do not buy particular products 

at the retailers.  

 

For the decision of buying a product at a retailer, there are two main influencers: aesthetic 

aspects of the product and date labelling (Asheman-Witzel et al., 2015). However, date 

labelling is not relevant for fresh fruits and vegetables.  

The aesthetic standards are definitely applicable on fresh fruits and vegetables. The 

appearance of fresh fruits and vegetables is a primary criterion in making purchasing 

decisions. Product appearance is characterized by colour, size, shape, condition and 

absence of defects (Kays., 1999). It seems that households are unwilling to purchase 

suboptimal or imperfect food based on the appearance (De Hooge et al., 2017) 

Colour indicates the degree of ripeness and is associated with taste and especially quality 

(Kays., 1999). The products which look unripe or too ripe, like brown banana’s, will not be 

purchased. De Hooge et al., (2017) found that products with a colour deviation were 

perceived as unattractive, unsafe to eat, and a bad taste. But consumers appeared to be 

willing to purchase and consume a product that deviated on the basis of shape. 

Furthermore, consumers indicated lower necessities for discounts and lower tendencies of 

wastage for a shape deviating product than for other suboptimal products. However, a 

deviation in terms of colour was only very limitedly accepted. 

 

The desired size can differ among consumers and depends also on the price setting. If fruits 

or vegetables are sold by weight, the somewhat smaller fruits and vegetables are desired 

(Kays., 1999). When they are sold at a fixed price, a larger size seems to be preferred 

(Kays., 1999).  

 

The last two attributes are linked with natural deterioration processes of fruits and 

vegetables. Fruits and vegetables are very sensitive for temperature changes, too hard 

handling and by the time they spoil. The condition of the product in terms of freshness will 

decrease and the change of defects will increase (Kays., 1999). In theory the products are 

suboptimal, but they started as optimal products. So they are a bit in between because after 

some time these products will not be edible anymore.  
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Consumer preferences for suboptimal food products are suggested to play a large role in the 

retailer and consumer food-waste issue (Aschemann-Witzel et al., 2015). Almost every type 

of suboptimal product can be sold when consumers receive a discount or are better informed 

about the suboptimality (De Hooge et al., 2017). When they would purchase it, it is not 

wasted anymore and retailers will see opportunities in selling suboptimal products. In this 

way consumers can contribute to reducing the amount of food waste.  
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Chapter 3 What is the actual amount of food waste of suboptimal 

products of each actor 

 

3.1 Introduction 

The aim of this chapter is to describe the amount of suboptimal fruits and vegetables that are 

wasted on a yearly basis. 

It is difficult to quantify the amount of food waste for a specific country, product, branch or 

company. First, there are a lot of definitions for food waste or food loss (Parfitt et al., 2015). 

Second, the amount of waste differs a lot per type of product. However this is only on food 

waste in general. The data available on food waste of suboptimal products is still scarce. 

 

3.2 Amount of suboptimal food waste 

 

The FAO, food and agriculture organization of the United Nations, published a report in 2011 

about global food losses and food waste. In Europe, there is a production volume of 200 

million tonnes of fruits and vegetables per year.  

According the FAO, the total food losses and waste for fresh fruits and vegetables is 56% a 

year for Europe. The waste is mainly generated at the farmer and the consumer stages (Fig 

5). These two actors count together for more than half of the total waste. The total amount of 

food waste of fresh fruits and vegetables in Europe is 68,57 million tonnes a year. Of this 

amount a significant part is still edible: 53,25 million tonnes. This edible part of the total 

waste accounts for 77.66% of the total.  

 

Stage loss in % Total food waste of fruits and 
vegetables in 1000 tonnes 
that was allocated for human 
consumption 

Food waste of edible 
fruits and vegetables 
in 1000 tonnes 

Agricultural 
production 

20% 41502  31957 

Post-harvest 
handling & 
storage 

5% 8146 6273 

Processing & 
packaging 

2% 2378 1784 

Distribution 10% 6105 4884 

Consumption 19% 10439 8352 

Sum 56% 68570 53250 

 

Figure 5. Calculations of losses and waste for fruits and vegetables in Europe, (FAO 2011) 

 

As mentioned before, there are multiple reasons for edible products to be discarded from the 

supply chain. A part of the edible fresh fruits and vegetables is discarded due to low market 

prices, damages, incorrect storage and poor planning or cooking skills of consumers 
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(Ashemann-Witzel et al., 2017). For this section, the focus in on the suboptimal fruits and 

vegetables that are discarded due to aesthetic reasons. 

In the Netherlands, there is an initiative called Kromkommer. They make soup of rejected 

vegetables because of their looks and provide a lot of information via social media to 

consumers about suboptimal vegetables. They state that 10% of all produced vegetables 

and fruits is wasted on basis of appearance (http://www.kromkommer.com). In 2007, there 

was a production of 166 million tonnes of fruits and vegetables in Europe (FAO, 2011). 

When using the number of 10% for suboptimal foods, the amount of wasted suboptimal 

foods due to aesthetic standards was 166 million tonnes. 

For 2007, as seen in figure 5, the total amount of edible waste was 53,25 million tonnes. 

One part of this edible waste is the 166 million tonnes of waste of fruits and vegetables 

because of their looks. The waste of food due to aesthetic standards is then 31.17%.  

To conclude, it can be said that food waste of fresh fruits and vegetables mainly occurs at 

the farmer and consumer stages. However, in the report of the FAO the retailer is not 

mentioned as a separate actor. Literature states that retailers also have an substantial role in 

causing food waste.  

  

http://www.kromkommer.com/
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Chapter 4 Structure and rules 

4.1 Introduction 

 

This chapter describes the field “structure and rules” of the framework of Göbel et al., (2015). 

Some current structures and rules for the fresh food supply chain will be mentioned and their 

impact on the generation of suboptimal fruits and vegetable waste is explained. In the 

literature some possible changes for rules or structures are already mentioned and an 

overview of them is given. The aim of this chapter is to explore which structures and rules 

are needed to reduce the waste of suboptimal products. 

 

4.2 The EU Marketing standards 

 

Till July 2009, the United Nations Economic Commission for Europe (UNECE) stated 36 

specific EU product marketing standards for fresh fruits and vegetables. But in July, the 

UNECE reduced this amount of marketing standards to ten (Milzow., 2009). This decision 

was made to limit waste and to increase product choice for the consumer.  

These standards include some minimum requirements regarding food safety and some 

quality standards referring to shape, size and colour (www.unece.org). All previously 

described actors in the fruits and vegetables supply chain have to deal with these standards. 

 

In practice, the impacts of repealing the specific EU marketing standards to ten remained 

quite small (Priefer et al., 2016) and some conclude that it was only a large symbolic 

initiative (Milzow., 2009). The sales of fruits and vegetables with deviant shape, size or 

colour were not increased. This has to do with the fact that categorization of products into 

different quality levels or classes of trade is still allowed (Göbel et al., 2015). This is done to 

provide homogeneity whereby products fit in a standard package and are optically the same 

(Blasco et al., 2013). Besides that, the old marketing standards were still being used as 

private standards (Waarts et al., 2011). So, companies still work with the old standards and 

they are widely available.  

For fifty different fruits or vegetables a separate handbook on UNECE website is available 

(https://www.unece.org/trade/agr/standard/fresh/ffv-standardse.html).In these handbooks, 

first the minimum requirements for food safety are described. Than a chapter about 

classification follows and the requirements for all the classes, like extra class, class 1 and 

class 2 are described. The conditions in which a certain product has to be in terms of shape, 

colour defects and size are mentioned with exact numbers. 

Besides these standards, there is also a link mentioned by the reports to the website of 

OECD, the Organisation for economic co-operation and development, which provides fruit 

and vegetables schemes to facilitate international trade. The schemes they have, are used 

by 25 European countries and facilitate the consistent interpretation of the international 

standards for fruit and vegetables by means of photos and explanatory notes 

(http://www.oecd.org/agriculture/fruit-vegetables/publications/brochures/). In figure 6, an 

example of such a criterion for cherries is visible. Three types of defects in shape are shown 

and in the table the defect of shape is linked to a quality class. This is an example of quality 

standards which are still used, however it is not mandatory. Often it happens that the class 2 

products are not sold in supermarkets and therefore also not bought by the retailers. 

Numbers 3 and 4 are not allowed in the lowest class, despite the fact that they are perfectly 

edible.  

http://www.unece.org/
https://www.unece.org/trade/agr/standard/fresh/ffv-standardse.html
http://www.oecd.org/agriculture/fruit-vegetables/publications/brochures/
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Figure 6, classificiation on deviation in shape for cherries (http://www.keepeek.com/Digital-

AssetManagementoecd/ agriculture-and-food/cherries_9789264248625-en-fr#.WVotSYR9670) 
 

This categorization causes food waste of edible suboptimal products which do not fulfil the 

standards, as for example the class 2 cherries. So, the European marketing standards are in 

combination with the categorization the most influencing policies which encourage food 

waste of suboptimal fruits and vegetables (Waarts et al., 2011). In the following part, several 

options to alter these rules or ways to deal with these rules will be discussed.  

 

Priefer et al., (2016) discusses amendment of the existing European marketing standards as 

an option to possible reduce the waste of suboptimal fruits and vegetables. Criticism on the 

previous change of the regulations came from farmers and processors of producing 

countries (Priefer et al., 2016). The larger farmers have adjusted their production to the 

standards and use as much high class products as possible to avoid losses in the operations 

because, from the farmers point of view, making use of suboptimal products is not efficient 

because machines, material and logistics are not set up for them (Waarts et al., 2011). So 

the curly cucumber can be sold according the existing rules, but it does not happen that 

often because of stricter private standards to foster efficiency.  

 

4.3 Alternative uses 

 

According to Priefer et al., (2016) and Waarts et al (2011) it is most promising to further 

develop solutions for alternative sales and processing of products which are now used for 

animal feed or thrown away instead of changing the EU regulations. By finding alternative 

ways, the private standards can be tackled.. To achieve this, companies are needed that are 

able and willing to sell, process and transport suboptimal fruits and vegetables. Hence the 

http://www.keepeek.com/Digital-AssetManagementoecd/%20agriculture-and-food/cherries_9789264248625-en-fr#.WVotSYR9670
http://www.keepeek.com/Digital-AssetManagementoecd/%20agriculture-and-food/cherries_9789264248625-en-fr#.WVotSYR9670
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current machines and logistics do not support fruits and vegetables deviating in size and 

shape, other equipment or way of working is necessary to achieve this.  

 

This new equipment and alternative selling practices can be efficient solutions, but require 

some investments. These investments are a bit risky because the market of suboptimal fruits 

and vegetables is quite new and not much is known about it. Besides that, the selling prices 

for suboptimal fruits and vegetables should be lower, otherwise consumers do not buy them 

(De Hooge et al., 2017). In summary, a new market, little information about the market and 

low selling prices does not sound as the most attracting financial investment. But there is 

some potential for change. Making use of suboptimal fruits and vegetables is important to 

lower greenhouse gas emission, to reduce waste and is a step to provide enough food for 

nine billion people in 2050 (Gustavsson et al., 2011). Therefore the EU and local 

governments recognise the need to reduce food waste of suboptimal products and want to 

stimulate companies and people in reducing this waste (Thyberg et al.,2016).  

 

4.4 Governmental support  

 

The government can support producer cooperatives or other collaborations in starting up an 

initiative to reduce the waste of suboptimal fruits and vegetables. Firms are often willing to 

achieve environmental or social goals, as for example reducing food waste, because this 

enhances their competitive advantage (Niesten et al., 2017). Niesten et al., (2017) found out 

by analysing different case studies that collaborative governance forms are often necessary 

to achieve sustainable benefits such as reducing food waste. An example is the government 

of Brazil. They facilitated companies’ collaboration in donations to food banks with tax 

deductions and then food which otherwise would be wasted was used (Aschemann-Witzel et 

al., 2016). Also Hanss et al., (2013) states that structural strategies as subsidies or green 

taxes are an efficient way of promoting  sustainable behaviours. A first step could be to 

review the current EU tax regulation in order to remove all incentives that may encourage 

the generation of food waste. This can be legal requirements for the prevention of risks to 

consumers’ life and health, which are anchored in various EU regulations (Priefer et al., 

2016). These may conflict with the ambition to avoid food waste (Priefer et al., 2016). A 

prerequisite for any weakening of the strict standards is that further research will be carried 

out to exclude microbiological and chemical risks for consumers (Priefer et al., 2016). A 

limitation against changing the health and safety standards is according to Priefer et al., 

(2016), that fruit producers, wholesalers and supermarkets would not adopt toned down 

norms in practice. Because these actors often adhere to even stricter safety limits than 

required by law as a result of the ‘naming and shaming ‘of retailers when they get in the 

media because of a food scandal (Priefer et al., 2016)  

 

Second, taxes and fees can be introduced to make use of suboptimal fruits and vegetables 

(Priefer et al., 2016). One example is the introduction of taxes and fees on waste treatment 

which can be seen as economic incentives as they escalate the total costs of waste 

handling, increasing the financial benefits of waste reduction (Priefer et al., 2016). When 

using taxes on waste treatment as a tool to prevent food waste, certain requirements have to 

be met: the tax rate must be high enough to create a sufficiently strong incentive for waste 

minimisations as well as for the donation of waste or surplus to food charities. However, high 

taxes can provoke illegal dumping, so regulatory measures need to be developed as well 

(Priefer et al., 2016).  
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4.5 Conclusion 

 

In the end, it can be said that private regulations among the actors in the fresh fruit and 

vegetable supply chain are key in withholding of selling suboptimal fruits and vegetables.  

To change this, alternative sales and markets need to be developed. When a place is 

created for these products and it becomes a business opportunity, the private rules will not 

stop the sales of these fruits and vegetables anymore. To set this up some things are 

important. The timing to create these markets has to be good (Aschemann-Witzel et al., 

2016), marketing is important (De Hooge et al., 2017) and collaboration among the actors 

and involving the government can contribute to a success and a reduce of waste. After some 

time, the private standard become less important or will be adjusted which makes selling the 

suboptimal products easier. The consumers are willing to buy these products, now the 

companies need some support to actually bring the suboptimal fruits and vegetables on the 

markets.  

Another crucial subject when talking about regulation are the taxes. Some countries are 

already experimenting with taxes as an instrument for food waste reduction and these pilots 

suggest that there is a clear relationship between the total costs of landfilling and the 

percentage of municipal waste recycled and composted (Priefer et al., 2016).  

  



20 

Chapter 5 Re-use and recovery instead of devaluation  

5.1 Introduction 

 

This part aims at another side of reducing suboptimal food waste, namely by finding 

customers for suboptimal fruits and vegetables and make use of them for other purposes 

than selling at a supermarket. These can be end-consumers, but also companies like 

manufacturers or animal feed companies who can make use of suboptimal fruits and 

vegetables to recover or reuse the products instead of throwing them away. So, this chapter 

focuses on forms of re-use or recovery which can be used or implemented in the supply 

chain. 

 

In the current situation only 2% of the edible food loss is recovered for human consumption 

(Dou et al., 2016). This show that there is a large amount of edible food which can possibly 

be recovered. Suboptimal fruits and vegetables have a high degree of recoverability, which 

means they are easy to recover and can be potentially consumed by people without prior 

transformation (Garrone et al., 2014)  

To get suboptimal fruits and vegetables to potential consumers, is finding an appropriate 

way to recover or reuse the fruits and vegetables. The European Parliament Council 

constructed a food recovery hierarchy in 2008. This hierarchy is not specific for suboptimal 

products or fruits and vegetables, but for food waste in general. 

Nevertheless, it can be applied to recover suboptimal fruits or vegetables.  Figure 7 shows 

the order of most to least preferred way of food recovering.  

 

 
Figure 7. The waste hierarchy (Papargyropoloulou et al., 2014)  

 

In 2016, 1.6% of ‘wasted food’ in the manufacturing sector and 18% of the ‘waste’ in the 

retail- wholesale sector was recovered for human consumption through donation (Dou et al., 
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2016)., In the current situation, the majority of wasted food at the manufacturer stage is used 

for animal feed and at the retailer stage it is disposed (Dou et al., 2016). 

 

5.2 Prevention 

 

Most preferred is prevention. Prevention consist of reducing at the source, optimizing 

processes and adapting processes to needs (Mourad., 2016) In general, prevention mainly 

focuses on decreasing the food surplus (Dou et al., 2016). This leads directly to less food 

waste. Source reduction of suboptimal fruits and vegetables itself is not that realistic, since 

fruits and vegetables are agricultural products and not much can be changed yet on how 

they grow in terms of shape, size and colour. The other way of source reduction is changing 

classification rules, see chapter 4, whereby suboptimal products are not suboptimal anymore 

and are used as a lower class product. These classification roles are being used by the 

retailers and have crucial impact upstream the supply chain. This is in line with the 

assumption that food waste prevention in developed countries should focus more on the 

retail and consumption stages (Papargyropoloul et al., 2014). The retail stage is definitely 

important when talking about prevention of food waste caused by suboptimal fruits and 

vegetables. If they would make use of these fruits and vegetables, the products do not need 

to be wasted in all stages of the supply chain till the retailer. 

Also technological improvements are a method of prevention of suboptimal fruits and 

vegetables. Technological improvements in packaging, sorting machines or logistics could 

making use of unstandardized shaped fruits and vegetables much easier and so prevent the 

waste (Papargyropolou et al., 2014).  

 

5.3 Re-use 

 

The second option in the waste hierarchy is re-use. Re-use means in this context: 

redistributing food to people who need and/or want it (Mourad., 2016). The category re-use 

is very suitable for suboptimal fruits and vegetables because they still fit for human 

consumption. In this case, the fruits and vegetables which are rejected by retailers because 

of deviating colour, shape or size but are still safe and perfectly edible, can be easily used by 

the end consumed. Re-use can take place at production, retailer and consumer level 

(Mourad., 2016).  

 

Re-using suboptimal fruits and vegetables can involve gleaning unharvested or unused 

produce on farms and retailers (Mourad., 2016). Some examples are making jam, drinks or 

soup of deviating fruits and vegetables. Then the suboptimal products are distributed to 

processors after the farmer or processor stage in the supply chain. 

 

Another way of re-use is matching the supply of suboptimal fruits and vegetables to the 

demands of food banks and charities to feed people who do not have access to enough 

food.  

Since the increasing attention for edible food waste at the retailer stage, companies get 

interested to do something to prevent edible food waste (Cicatiello et al., 2016). Various 

charity organizations work in partnership with food establishments to re-purpose unsaleable 

but safe-to-eat food for food-insecure families. Also start-ups now see food recovery as a 

potential profit-making opportunity (Mourad., 2016). Aschemann-Witzel et al., (2016) 
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mention that companies see initiatives against edible food waste as a business opportunity 

For this reason, it becomes more popular and an interesting way of doing something good 

and earning money. 

 

Since there is more awareness making use of suboptimal products, actors also ask what 

would happen if more food would be redistributed. One of the main challenges is that the 

donated foods not necessarily match with the needs of the hunger-relief organizations and 

their clients. Sometimes they count in kilograms per person, so companies are encouraged 

to donate heavy food that is not always nutritious (Mourad et al., 2016). Fruits and 

vegetables are very nutritious, but not heavy. Besides that, food recovery is increasingly 

institutionalized through national partnerships between food bank networks and stores 

headquarters. Many smaller retailers or for example farmers do not have recourses to fill out 

all the required paperwork (Mourad et al., 2016).   

In the UK, a case-study was executed in cooperation with the charity Fareshare to donate 

surplus foods to a Day Centre for homeless people and a residential homeless hostel 

(Alexander et al., 2008). They also faced the problem of heavy and luxury foods donated. 

For them this is difficult, because they make meals with the donated food. But a crate of 

apples isn’t a good combination with some pudding and salmon sandwiches for a diner. But 

in general, donating or selling at a lower price to charitable organizations is a good way of 

reusing the suboptimal fruits and vegetables. 

 

5.4 Recycling 

 

The next option is recycling. There are two ways recycling finds mostly place. The first is 

recycling of food waste into animal feed and the second is recycling of food waste via 

composting. This is mostly done with food that is no longer suitable for human consumption 

and therefore not  the most ideal option for suboptimal fruits and vegetables, but it is still 

higher in the hierarchy than disposal. The fruits and vegetables can send to an animal feed 

company when collected at the farm or at the processor, but another option is after the 

supermarket (Brancoli et al., 2017). Brancoli et al., (2017) did an experiment with bread 

waste at a supermarket and it appeared that the use of bread waste as animal feed had an 

advantage, since it decreases the environmental impact at the same time as being a 

revenue stream for the supermarket. This could possibly be done with suboptimal fruits. If a 

lot of suboptimal fruits and vegetables will be leftover at the supermarket, they can be sold 

for animal feed. However, fruit and vegetables are not ideal for animal feed because of the 

moisture content.  

 

5.5 Recovery  

 

The last category before disposal is recovery for energy via anaerobic digestion. Recovery 

for energy is mostly done with unavoidable food waste as by products. So, this is also not 

the most applicable solution for suboptimal fruits and vegetables. But, maybe it can be 

combined with re-use. If fruits and vegetables are used for soups, salads, jams etcetera, 

there exist by-products and these can be used for energy. 

 

5.6 Conclusion 
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When following the hierarchy of recovery, prevention and reuse are the most favourable 

options (papargyropoloulou et al., 2014). Prevention of the waste of suboptimal fruits and 

vegetables can be stimulated on multiple ways and is also discussed in the other chapters. 

For this part, reuse is very important. Reuse is very applicable For example by donating 

(Mourad et al., 2016) or processing the fruits and vegetables into other food products (Dou 

et al., 2016).  

Recycling can also be applied to the wasted suboptimal fruits and vegetables but is less 

preferred (Brancoli et al., 2017).   
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Chapter 6 Consumer appreciation  

6.1 Introduction 

 

This chapter studies the field of consumer appreciation, described by Göbel el al., (2015). 

This field is aimed at developing a new appreciation for food to minimize food waste linked to 

consumer perception. To minimize food waste caused by suboptimal fruits and vegetables, 

consumers are a very crucial actor. This is because all the other actors in the chain prefer 

not to make use of suboptimal fruits and vegetables as a result of the unwillingness of 

consumers to buy them (De Hooge et al., 2017). Therefore strict marketing standards exist 

which cause the waste of suboptimal fruits and vegetables (Aschemann-Witzel et al., 2016).  

If the attitude of consumers towards these products can be changed, it can lead to less strict 

marketing standards or adjusted structures or rules (De Hooge et al., 2017). Also process 

enhancement or interface management is partly based on the attitude of the consumer 

towards suboptimal fruits an vegetables.  

 

To influence the consumer perception of suboptimal fruits and vegetables, some instruments 

are mentioned. The most promising will be explained further. These are: education and 

informing of the consumer and price setting and marketing.  

 

6.2 Education and information  

 

Consumer perception and habits are crucially shaped by their upbringing, the social and 

cultural background and what they have been taught to expect in the food market 

environment that they face (Aschemann-Witzel et al., 2015). They rationally pick the good 

looking fruits and vegetables and are not familiar with the suboptimal ones. Experts mention 

that providing information and educating consumers is needed to change their habits. 

Consumers use the available cues about a product to assign a specific quality category in 

which the negative cues have more impact than positive ones (Purohit et al., 2001). If the 

right information is provided, this cues can influence the quality people assign to a 

suboptimal fruit or vegetable.  

 

A crucial factor for consumers when taking decisions about their fresh groceries in the 

supermarket is food safety (De Hooge et al., 2017). As mentioned before, suboptimal fruits 

and vegetables only differ in appearance but are as safe as the optimal ones, but this is not 

known by consumers. When it is known, consumers will be more positive towards 

suboptimal fruits and vegetables.  

 

Creating awareness is a part of educating the consumers about suboptimal fruits and 

vegetables. People are not aware of the mismatch or problems created by their behaviour, 

such as the waste created by abnormally shaped foods (Loebnitz et al., 2015). They do not 

link suboptimal fruits and vegetables to food waste. But, recognizing the problem is a 

prerequisite to fixing it (Dou et al., 2016). If people are more aware of the food waste issue 

behind the suboptimal fruits and vegetables, it is more likely that they are going to show pro-

environmental behaviour by buying these fruits and vegetables (Loebnitz et al., 2015). In 

figure 8, the relation between problem awareness of food waste and the purchase intention 

of suboptimal fruits and vegetables (carrot, lemon, eggplant and apple) is shown.. Therefore, 

the effect of self-identity on food purchasing behaviour likely interacts with people’s 
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awareness of food waste issues (Loebnitz et al., 2015). Values and moral considerations, as 

doing the right thing, are the main determinants of pro-environmental behaviour.  

 

 
 

 
 
Figure 8. Interaction effect of food shape abnormality and problem awareness on purchasing 

intentions (Loebnitz et al., 2015). 
 

So, it is crucial to share information with consumers about suboptimal fruits and vegetables 

to create some awareness and educate the consumer about the products. To inform and 

educate successful, it is important to repeatedly provide information, since consumers tend 

to forget. Furthermore delivering information via various sources is essential, as consumers 

differ as to which information source they rely on most (Aschemann-Witzel et al., 2015). 

Information and capacity building initiatives ought to focus on the positive aspect of valuing 

and using the food, in a tasty and fun way. This can possibly be done by using a sense of 

humor and ascribing suboptimal foods as a personality (Aschemann-Witzel et al., 2016).  

Dou et al., (2016) even suggest to involve this subject in the education of children to get 

them used to these kind of products and the story behind it. Their food habits, 

knowledge and attitudes will determine not only their own behaviour over their life-spans but 

also affect future generations (Dou et al., 2016).  

 

6.3 Price setting and marketing 
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Consumers’ willingness to pay for a product decreases with the extent of the remaining 

shelf-life (Tsiros et al., 2005). This in combination with the fact that consumers base their 

judgement about quality, freshness and remaining shelf-life on how a product looks, makes 

that consumers do not want to pay the same price for a suboptimal product as for an optimal 

product (Aschemann-Witzel et al., 2015). 

 

For fruits and vegetables, the type of sub-optimality has an influence on the motivation and 

willingness of consumers to buy them and therefore also on the price. De Hooge et al., 

(2017) found that consumers are more willing to buy a product deviating in shape than a 

product deviating in colour. A suggestion for retailers is to make a distinction between 

appearance deviations in terms of shape, colour and size since this makes a difference for 

the consumer and the value of the product (de Hooge et al., 2017 and Calvo-Porral et al., 

2017). 

 

Another factor that has to be taken into account when attracting consumers for suboptimal 

fruits and vegetables, are personal factors such as age, environmental concern and 

knowledge (Melbye et al., 2017). This results in different prices, but also in different 

marketing strategies for each target group (Melbye et al., 2017). Some people will be 

interested in suboptimal fruits and vegetables because they are cheaper, then the benefits of 

costs saving need to be emphasized. Others will buy them out of environmental concern, 

then the fact that it otherwise would end up as waste and lead to more production and gas 

emission has to be highlighted (Aschemann-Witzel et al., 2015). De Hooge et al., (2017) 

conclude after research, that their data suggests that there is a marketing potential for 

suboptimal foods, especially towards people interested in cooking. Because they are most 

familiar with the products and know how to deal with them. 

 

The retail sector plays a crucial role as the link between the stakeholders in the supply chain 

system and their logic on one side, and consumers, authorities and waste-handlers with a 

different logic on the other side (Halloran et al., 2014).  

 

When retailers include suboptimal products in their standard assortment, people get used to 

it. According to the mere exposure effect, consumer will be more open to suboptimal 

products after some time (De Hooge et al., 2017). This increases the likelihood of 

purchasing and at the end generates a stable group of consumers for suboptimal fruits and 

vegetables. 

 

To develop the process of selling suboptimal fruits and vegetables, retailers can further test 

and evaluate different pricing strategies for suboptimal products to strike a balance between 

consumers’ desire of an optimal price-quality relation and reducing food waste (Aschemann-

Witzel et al., 2015). Retailers can try out different prices for different quality classes.  

 

A final step for the retailer, is to work towards the reduction of food waste upstream the food 

supply chain by making use of their negotiation power and downstream by finding alternative 

ways to dispose when foods cannot be sold. For example by passing it on to food banks or 

by letting them convert it into other products. (Ashemann-Witzel et al., 2015). 

 

Some examples show that marketing campaigns of supermarkets that provided or still 

provide suboptimal fruits and vegetables are successful (De Hooge et al., 2017).  
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In the Netherlands, the retailer Albert Heijn started with selling suboptimal fruits and 

vegetables under the name “Buitenbeentjes”. It appeared to be successful and the 

assortment of the suboptimal frtuits and vegetables is still expanding. The price for the 

“Buitenbeentjes” is slightly lower than the price for the optimal variants 

(https://www.ah.nl/buitenbeentjes and de Hooge et al., 2017).  

In France, the large retailer Intermarché launched a campaign to promote malformed fruit 

and vegetables (http://itm.marcelww.com/inglorious/ and Aschemann-Witzel et al., 2016). 

The fruits and vegetables were sold at a 30% reduced price and were presented in separate 

aisles and had their own in-store communication via posters. The campaign got impressive 

media attention, boosted store traffic in the fruit and vegetable section with 21%, increased 

sales and maybe one of the most important things, it triggered competitors to act similarly. 

Besides that, the campaign motivated consumers to reduce food waste, offering the benefit 

of reduced price in return. After one month, 21 million people were reached with this 

campaign. Half a year later, it was announced that French retailers should be prescribed by 

law to deal with oversupply.  

Both examples show that retailers are able to create a business case revolving around food 

waste resulting in direct benefits (Aschemann-Witzel et al., 2016). The suboptimal fruits and 

vegetables were ascribed as a personality and this campaign attracted people (Aschemann-

Witzel et al., 2016).  

 

6.4 Conclusion 

 

To conclude, it can be said that information and education as well as price setting and 

marketing are important drivers to achieve consumer appreciation. Information and 

education helps the consumer to understand what suboptimal products are and why they 

should be eaten. Price setting and marketing is supportive in showing the consumer what 

the benefits are of these suboptimal products in term of price but marketing can also give 

people the feeling they are doing something good if they purchase suboptimal fruits or 

vegetables instead of optimal ones.  

 

  

https://www.ah.nl/buitenbeentjes
http://itm.marcelww.com/inglorious/
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Chapter 7 Process enhancement and Interface management 

7.1 Introduction 

 

The fourth central field of action is process enhancement and interface management. This 

part studies how the waste of suboptimal fruits and vegetables can be reduced by process 

enhancement and interface management and is key in integrating the other three fields in 

the supply chain.  

The main critical point at the moment for this category is insufficient cooperation (Göbel et 

al., 2015). Every actor in the chain wants to optimize their own processes and products, but 

at the end this is not the best for the entire supply chain. This has become visible in the 

previous section in terms of surplus formation and quality demands. In the current situation, 

quality demands induce programmed overproduction at all stages to ensure the demand 

requirements and to avoid penalties (Raak et al., 2016). This stems from the variation of the 

fruits and vegetables. Despite it is natural that not all pears have the same length or that 

cucumbers are not always straight, consumers are used to a standardized appearance of 

fruits and vegetables (Aschemann-Witzel et al., 2017). To provide these standardized 

appearance, a higher amount than needed is produced to on one hand fulfil the quality 

requirements and on the other hand fulfil the fluctuating demand of fruits and vegetables. 

The surplus food in generally has to be reduced and thus aims on waste prevention. Even 

after prevention of overproduction, there will be edible food waste left. For this part a 

diversification strategy is applicable and this will be explained in the last part of this section 

and in chapter 5.  

 

7.2 Reducing overproduction 

 

First the focus is on reducing the overproduction by process enhancement and interface 

management. The variation in quality of the raw materials is seen as a fact and the aim of 

process enhancement and interface management is not to provide a better quality of all the 

raw materials at the farmer to reduce waste. However, the characteristics of fresh food need 

to be taken into account because they affect the management and performance of supply 

chains.  

The three key characteristics of the fresh food market are demand uncertainty, customer 

order lead time and supply chain lead time (Kittipanya‐ngam et al., 2010).  

Demand uncertainty does not only depend on seasonality and unusual weather patterns, but 

also on promotion activities (Taylor et al., 2009). Striking is that retailers do not have a 

mechanism to measure the overall impact of promotions on supply chain cost which include 

inventory level, production and distribution costs and waste rates.  At last, a small case study 

with potatoes showed that the impact of interdependent demand for complementary 

products also affects the demand of fresh food products (Taylor et al., 2009).   

The supply chain lead time is short for fruits and vegetables because they are perishable 

products. The retail customers in this market also require a short customer order lead time. 

These two characteristics need a high responsiveness of the actors in the supply chain and 

contribute to the generation of overproduction in the fresh food supply chain (Kaipia et al., 

2013).  
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Kaipia et al., (2013) have stated that a lack of information sharing and forecasting difficulties 

are key factors in the food supply chain and lead to unnecessary overproduction and at the 

end food waste of suboptimal products. This two subjects will be outlined below. 

 

7.3 A lack of information sharing and poor forecasting:  

 

Each actor in the chain uses their own data about demand, inventory levels and more                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

to make decisions about inventory levels, but do not communicate with the other actors 

about their inventory levels or forecasts. Information sharing across the supply chain can 

bring a great advantage in inventory management and quick response for the whole chain 

(Yu et al., 2011). Moreover, it has been stated that demand information sharing becomes 

more beneficial when variation in demand is high. Fruits and vegetables are products with a 

high demand variation, so information sharing can lower the overall inventory level and 

therefore the amount of wasted fruits and vegetables (Kaipia et al., 2013). 

A way of creating better forecasts is by decision making due to retail demand information 

sharing. By joint decision making with respect to demand forecasts, production scheduling, 

distribution and contingency planning the supply chain can improve their ordering and thus 

reduce the waste. Information sharing will lower the surpluses for the processing, 

manufacturer and retailer stages, but the entire chain is still dependent on the harvest. This 

is because farm production is essentially a ‘push’ system from the farmer to the other actors 

(Taylor et al., 2009). So, the exact timing and amount of crops cannot be controlled. The 

benefit of information sharing can possibly be that the farmer will know how much he will 

have left and can find other buyers for it before the quality decreases and only the option of 

disposal is left (Taylor et al., 2009).  

 

Another topic is the disconnection between agricultural production and consumer demand. 

When a farmer decides how much to grow of a certain crop, he bases this on his own 

judgements. Retailers do not provide a long term forecast. The production of a joint long 

term forecast by farmers, processors and retailers for a time period determined by the 

growth cycle of the particular product would be an important step in helping to link farm 

production to consumer demand and can at the end contribute in the reduction of fruits and 

vegetable waste.  

 

To summarize, the current surplus can be reduced when actors in the chain share more 

information about the demand and inventory levels. Then orders will be more in line with the 

real demand and less waste is created, but the fact that farming is a push–system needs to 

be considered.  

 

7.3 Collaboration 

 

A totally other way of process enhancement and interface management is collaboration with 

actors or other organizations to set up retail and supply chain alteration initiatives 

(Aschemann-Witzel et al., 2016). These initiatives are focused on prevention or avoidance of 

food waste by actions within the supply chain to use the suboptimal fruits and vegetables. 

These initiatives are examples of informing and educating the consumer with campaigns as 

mentioned in chapter 6.  
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Five success factors are established for retail and supply chain alteration initiatives: timing, 

collaboration, business opportunity, competencies and right place (Ashemann-Witzel et al., 

2016).  

Timing is all about doing things at the right moment. So, when there is growing attention for 

suboptimal products, it is the right moment to come in action. This comes in combination 

with place. If you undertake action at the right moment, but at the wrong place, then it still 

will not work.  

Strong collaboration between different supply chain actor is needed to create a holistic 

approach and tackle all actions, down- and upstream, and make use of the wasted products. 

It is important that people with the right competencies are involved with making success.  

To maintain the initiative, it is important that there is attention for the initiative by (social) 

media and reaches a large scale in terms of volume.  

If all these factors are present, initiatives can be successful and contribute to reduce the 

waste of suboptimal products. The actors can set up initiatives to sell suboptimal products to 

the consumers or to other markets and find consumers for them.  

 

7.4 Awareness campaigns 

 

Another practice of process enhancement and interface management are awareness 

campaigns (Secondi et al., 2015). When consumers have more information or are attracted 

to something, their purchasing behaviour can be influenced (Aschemann-Witzel et al., 2015,  

Priefer et al., 2016). Hanss et al., (2013) found after an intervention study that awareness 

campaigns promote sustainable behaviour and supplement structural strategies like 

subsidies or taxes. There are already a lot awareness campaigns in European countries, but 

they should be aimed more to different target groups in close cooperation with retailers and 

the hospitality sector (Priefer et al., 2016). With collaboration an awareness campaign can 

be set up better and has more chance to succeed. (Aschemann-Witzel et al., 2016). So an 

awareness campaign has to be supported by more than one actor and collaboration is 

needed between the actors to work on the common goal to reduce the waste of suboptimal 

fruits and vegetables. The government can support the retailers and the farmers for an 

initiative, but the farmer and the retailer need to collaborate to let it work.  

If a campaign receives attention, and the management of the attention is done right, there is 

a good chance that a large scale audience is reached. When this happens, making use of 

suboptimal products and thus investing in it, is much more an business opportunity 

(Aschemann-Witzel et al., 2016). 

 

7.5 Opening Alternative markets 

 

Another structure to reduce the waste of suboptimal fruits and vegetables is by opening 

alternative markets, such as farmers markets (Trobe., 2001). Farmer markets are a form of 

direct marketing since the food goes directly from producers to consumers. This idea was 

originally not aimed at reducing waste, but at supporting local economies by stimulating 

people to buy local food (Priefer et al., 2016). Since the middleman in the supply chain is 

skipped, it appeared that this contributes to prevention of food waste. Farmers markets are 

often local and people experience grocery shopping differently at a farmers market than in a 

supermarket. Trobe (2001) investigated what the most important factors are for people to 

come to the farmers markets and buy products. They first come out of curiosity, but later on 
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the main goal of consumers is to buy fresh and healthy products. Quality is with 57% by far 

the most important factor in the decision of buying products at a farmers market. 

Appearance is not that influential with only 6%. Farmers markets make natural diversity 

more visible and therefore people are more informed and familiar with it. This makes 

consumers keen on buying suboptimal fruits and vegetables at farmers markets and later on 

also in supermarkets. Therefore, farmers markets can be a form of education and 

information as discussed in paragraph 6.2. .  

Other examples of direct marketing with suboptimal fruits and vegetables are delivery of fruit 

or vegetable boxes with suboptimal products or producer cooperatives which together start 

with using suboptimal fruits and vegetables. To set something up like the boxes, the process 

needs to be changed. The farmer has to pick up the suboptimal products instead of leaving 

them on the land and the retailer has to buy them and needs to find customers for the boxes. 

A new channel will be added to the supply chain which only will maintain if the actors which 

are involved, work together. 

 

7.6 How to apply process enhancement and interface management in the supply 

chain 

 

Taylor et al., (2009) constructed a framework to develop a more systematic and integrated 

approach to demand management across food supply chains. This approach would improve 

customer service by contributing to higher levels of product availability and it would lower 

costs through the reduction of product waste. This framework is shown in figure 9. It consist 

of two dimensions and four stages.  

 

The two dimensions are technology and organisation. Technology has to do with the 

availability and accuracy of data and the technological possibilities to share the data 

upstream the supply chain. Organisation is about the existing organisational structures, 

policies and procedures that hinder the adoption of good demand management practices.  

The four stages represent the different stages at which intervention is required if demand 

management is to be structured, planned, resourced and executed to maximum effect at 

minimum cost within fresh food supply chains.  
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Figure 9. Demand management improvement framework (Taylor et al., 2009)  

 

Stage 1 - Definition: Define the relevant data and record them on an on-going basis. In this 

case, data as inventory levels, demand and ordering patterns can be recorded to provide 

better information sharing. 

To open new markets or set up effective awareness campaigns, a clear definition about food 

waste  and suboptimal products needs to be developed (Parfitt et al., 2010) 

 

Stage 2 - Distribution: This stage involves the distribution of final demand information 

upstream the chain. Important are the information flows within and between companies. 

Nowadays, even the small scale companies like farmers make use of systems and this gives 

the opportunity to provide all the actors with more information and results in lower 

administrative costs and less order errors  

Also information about the amount of suboptimal product, the type of suboptimality and 

information about the product itself are important to share downstream the chain, therefore 

retailers can make campaigns to provide the right information or marketing strategies (de 

Hooge et al., 2017 and Aschemann-Witzel et al., 2016).  

 

Stage 3- Diagnosis: This stage involves operational and strategic changes for a longer term. 

This stage focuses on understanding the nature of demand and how to synchronize the 

demand more effectively with the supply. 

In terms of surplus minimizing, this can be done by long term forecasting and jointly 

forecasting. Especially aimed at the retailer forecasts. Then with step one and two this 

information can be shared with the other actors and the surplus can be reduced. To achieve 

this, more collaboration is needed in the chain between the retailers. This seems not that 

complicated, but the retailers are competitors of each other and information sharing with 

your competitors is risky. 

The aforementioned amplification effect which happens within the chain is also a topic that 

needs a diagnosis intervention to reduce it. If, for example an overall management, would 

measure the effects of promotional activities within the chain, orders can be much more 

precise when there is a promotion. Again, this requires information and collaboration within 

the chain to eventually reduce the surplus.  

Other operational and strategic changes are changes that make distributing and selling 

suboptimal products easier. Nowadays a lot of equipment is not suitable for shape or size 

deviation of fruits and vegetables (Waarts et al., 2011). Examples of solutions are machines 

which can handle deviating shapes or sizes, crates that are larger and not only fit for perfect 

standardized products, o packages which are not standardized. 

 

Stage 4 - Delivery: The final stage is on tactical level. It involves tactical planning and 

execution of the demand management strategy. By focusing more on daily order patterns 

within the weekly trading cycle and the timing of order transmission between retailers and 

processors overproduction can be reduced (Taylor et al., 2009). 

 

7.7 Conclusion  

 

To conclude, it can be said that the main ingredients to reduce overproduction and food 

waste are information sharing and collaboration. As well information sharing as collaboration 
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is crucial among the chain but also within one company or between several companies at 

the same stage in the supply chain. When information is shared or collaboration is 

successful, the surplus can be minimized or initiatives can deliver good results. The crucial 

topics where more information or collaboration is needed are ordering patterns, inventory 

levels and promotional activities. The biggest gap is at the moment the information sharing 

between the farmer and the retailer.  

Collaboration and information sharing are also needed for other forms of process 

enhancement like setting up awareness campaigns or opening alternative markets. These 

two thing are already happening and appear to be successful, but collaboration is key to 

make it a success (Aschemann-Witzel et al., 2016).   
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Chapter 8 Conclusion  

This research gives a literature overview about food waste of suboptimal fruits and 

vegetables to first understand why suboptimal fruits and vegetables are often wasted instead 

of used and second to analyse areas for improvement to come up with an overview of the 

problem and possible solutions to decrease the amount of suboptimal fruits and vegetables 

which are waste. This analysis is done according the four central fields of action which Göbel 

et al., (2015) have constructed.  

 

First the supply chain of fresh fruits and vegetables is analysed and the amount of 

suboptimal fruits and vegetables each actor wastes is defined. Chapter 2 and 3 showed that 

the supply chain consist of a farmer, a processor or manufacturer, a retailer and et the end 

the consumer. The farmer and the consumer generate the most suboptimal fruit and 

vegetable waste (FAO., 2011). Namely 20% and 19% of a total of 53 million tonnes of fruits 

and vegetables.  

 

The retailer is not the actor with the most waste, but it was mentioned  multiple times in 

research that retailers are key players in generating but also in reducing the amount of 

suboptimal fruits and vegetables wasted. This is related to a multiple time mentioned reason 

why suboptimal fruits and vegetables are wasted. In all chapters quality standards on the 

appearance of a fruit or vegetable are returning as an important reason for not making use of 

suboptimal fruits and vegetables. In chapter 2, calculations show that almost a third of all key 

edible fruit and vegetable waste is caused due to aesthetic standards. The retailer is key 

because of the position in the supply chain. The retailers set the standards which the 

farmers and the processors follow and at the same time this are the standards the 

consumers are used to. Therefore it can be concluded that the retailers are essential in 

reducing suboptimal fruit and vegetables waste. 

 

Amendment of the EU marketing standards will not have a big impact because of the 

existing private standards. Taxes and subsides are mentioned as means to create new rules 

or structures which can have substantially impact in reducing the amount of suboptimal fruits 

and vegetables food waste. 

Reuse and recovery offer multiple ways to make use of the suboptimal fruits and vegetables 

by for example processing in other food products for human consumption as soup, juice, jam 

or more. Converting in animal feed or recovery for energy are also possible, but less 

preferred.  

In the category consumer appreciation, literature points out that consumers are willing to buy 

suboptimal fruits and vegetables when they get information about them, they are sold for a 

lower price than the optimal ones and to achieve high sales, marketing campaigns are very 

important.  

The last sub question studies the role of process enhancement and interface management 

to reduce the waste of suboptimal fruits and vegetables. The most important topics are 

collaboration and information sharing to work as a chain together, organise awareness 

campaigns or open alternative markets to make use of suboptimal products.  

 

After studying the four central fields of Göbel et al., (2015), the main question is how to 

combine these fields to waste less suboptimal fruits and vegetables.  
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It became clear that to actually make use of the suboptimal products, there are two main 

options: processing or directly selling.  

When processing is chosen, the EU marketing standards do not have any impact. 

Suboptimal products are safe and sometimes already used for processing. For example too 

small fruits are processed into jam. Processing is a nice alternative for disposal, but not 

much information is known about the impact on the reducing of suboptimal food waste. 

Neither about processing directly on farm or processing the suboptimal fruits and vegetables 

to a meal that is ready to eat. This are new topics and therefore literature is limited. 

 

The other option is selling the suboptimal fruits and vegetables as they are. The current 

tendency is that people concern more about the environment and food waste is a hot topic. 

When the link is made between pro-environmental behaviour and buying of suboptimal fruits 

and vegetables, people will be willing to purchase deviating fruits or vegetables according 

consumer research. This can be achieved by informing and educating consumers about 

suboptimal fruits and vegetables and food waste. 

This type of education can be linked to awareness campaigns and subsides or taxes which 

discourage food waste. In some countries it is proven that governmental support contributes 

to food waste reduction, so the combination between governmental support and information 

and education would fit really nice.  

 

The retailer needs to decide how he wants to present the suboptimal products and which for 

price he will sell them. To conform this for the whole chain, process enhancement and 

interface management is needed. The consumer wants to pay a lower price than normal for 

the deviating fruits and vegetables. Therefore the retailer probably also wants to buy them 

from the processors or farmers for a lower price. For the farmer, a deviating fruit or 

vegetable has the same cost price as an optimal one or even higher because they normally 

do not put effort in a deviating piece. When using it, it has to be harvested, sorted, stored 

and transported which costs money that is not spent when the crops were left on the fields. 

Then the situation occurs that the farmer has to pay for the lower price of these fruits and 

vegetables and then it will not work. So, there need to be offers made by the actors or the 

government to make a lower price for suboptimal products possible  

 

A lot of examples showed that the most initiatives started small. Supermarkets started with 

only a few suboptimal fruits or vegetables in their shelves. Sometimes it even where only 

temporary campaigns. But also for processing, donating initiative, farmer markets or in the 

hospitality sector. After some time, these initiatives expanded. Therefore the suggestion is to 

start relative small with a few products. Since the retailer has such an important position, any 

project to sell suboptimal fruits and vegetables on regular basis has to involve the retailer to 

be successful and to reach an effective amount of consumers.  

Education and information are crucial so the customers of the retailer need to be informed 

about the products and food waste. This can maybe be on local scale, maybe even with 

local products from farmers in the region, or more global information.  

After some time, such an initiative can be scaled up on more places or a typical project at a 

certain place can be expanded. 

The recommendation is to start downstream the supply chain with the consumer and retailer 

and then work upstream the farmer. But, the communication between the retailer and the 

farmer is essential. The current big gap between them must be reduced to set up efficient 

collaboration and selling of suboptimal fruits and vegetables.  
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To place a solution in the theoretical framework, it will mostly lay in the part of consumer 

appreciation and structure and rules because this are the most developed subjects in 

research and experiments are already done (Fig 10). 

 Recovery can contribute a bit for maybe the most abnormal shaped fruits and vegetables 

which not suite direct selling.  

When consumer appreciation expands, the other fields will probably also develop, because 

they are all related. To stimulate the process, structure and rules can be important to 

discourage the actors to waste the suboptimal fruits and vegetables. Maybe, after some 

time, structure and rules become less important when suboptimal fruits and vegetables are 

in a routine.  

Process enhancement and interface management is crucial, but more a consequence when 

suboptimal fruits and vegetables are actually going through the supply chain instead of 

ending up in the field at the farmer and will be a very dynamic topic. The supply chain will 

need to adjust to make selling of suboptimal fruits and vegetables possible and efficient.  

 
Figure 10. View of placing of the possible solution to reduce the amount of suboptimal fruit and 

vegetable food waste.  

 

.   

Solution 
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Chapter 9 Discussion 

 

This overview is mainly based on literature studies, reviews of case studies and a few 

reports of institutions. Therefore the reliability of this research depends largely on the use of 

the literature. 

 

Suboptimal fruits and vegetables is a very specific and quite new topic. To gain information 

about suboptimal fruits and vegetables in the supply chain, mainly literature is studied from 

Aschemann-Witzel, Göbel, De Hooge, Oostindjer and Loebnitz. These authors wrote articles 

specifically about deviating fruits and vegetables. The content was specifically on consumer 

appreciation and initiatives to make use of these fruits and vegetables. In other literature, 

suboptimal fruits and vegetables were a small part of the content, but important information 

was mentioned. 

 

In general, the foundation of this overview is therefore based on the articles of these authors 

and it has been supplemented with information about edible food waste or food waste in 

general which is corresponding with suboptimal fruits and vegetables food waste.  

Additionally, maybe not all information about suboptimal fruits and vegetables waste is 

found, because there is not an unambiguous term for deviating fruits and vegetables. For 

this overview, the term suboptimal is used because this corresponds with the literature of 

Göbel et al., (2015) where this whole research started with. However, words like misshapen, 

deviating, ugly, nonstandard, rejected and more are also used in literature about suboptimal 

fruits and vegetables. Therefore it would be very helpful for further research if a list of terms 

is being drawn up for this fruits and vegetables.  

 

The same problem counts for the term food waste. There are multiple definitions for the 

terms food loss and food waste, whereby it is not always sure if one article can be compared 

with another article.  

 

The analysis started with the model of Göbel’ et al., (2015). No other models according food 

waste of suboptimal products are used. Despite this, at least one of the four fields of action 

from Göbel et al., (2015) returns in almost every article about suboptimal fruits and 

vegetables.  

Information about consumer appreciation was in comparison with the other topics widely 

available. About recovery is a part of the information about suboptimal fruits and vegetables 

and another part is derived from recovery of regular food waste.  

The topic structure and rules is focused on the EU marketing standards. Information about 

these standards is gained from governmental resources and also from scientific articles. All 

used information about these standards is comparable with each other, which make the 

resources valid.  

About the process enhancement and interface management part, literature is the most 

scarce. This is related with the gap in literature about the farmer and the processor actors. 

For the retailer it is more known how he had to adjust his process and activities when selling 

suboptimal fruits and vegetables, but for the more upstream actors not. Therefore limitations 

for starting with selling suboptimal fruits and vegetables are used as  topics which need to be 

considered when looking for solutions according process enhancement and interface 

management.  
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Besides that, overproduction is considered as one of the consequences of suboptimal fruits 

and vegetable waste and possible process enhancements and interface management 

solutions are mentioned to solve this.  

Overproduction is not always related to suboptimal fruits and vegetables, also to uncertainty 

and therefore literature about reducing overproduction is widely available and used to 

answer the question about process enhancement and interface management.  

 

Suggestions for further research are to gather more data about the perception of the farmer 

towards suboptimal fruits and vegetables. Research about suboptimal fruits and vegetables 

is still very new and limited, but most of the existing research focuses on the consumer and 

the retailer. However the farmer is also crucial in the process of selling suboptimal fruits and 

vegetables. 

Second, it would contribute in the mission to reduce food waste of suboptimal fruits and 

vegetables if more information about the influence of selling suboptimal fruits and vegetables 

on the current prices is known. It is suggested to sell suboptimal fruits and vegetables 

towards a lower price, but there is not yet research about the consequences. Who is going to 

pay for the lower prices, is a lower price valid for the farmer and what is going to happen with 

the sales of the optimal fruits and vegetables if suboptimal ones are also sold.  

Furthermore, there are economic reasons as standardized logistics with high volumes and 

low unit prices, why food wastage takes place in the supply chains of fruits and vegetables in 

developed countries. Stakeholders might think that making use of suboptimal fruits and 

vegetables lowers their efficiency and profit. 

 

In the literature, the following questions emerged for further research on suboptimal fruits 

and vegetables: 

- What is the actual amount of suboptimal fruits or vegetables which is thrown away 

- Where lies the economic argument in work against food waste? 

- What is the impact on both profitability and effectiveness in terms of food waste 

reduction? 

-  

Information about the farmer is scarce and recommendations for further research concerning 

suboptimal fruits and vegetables are not mentioned. An interesting research question would 

be: 

- What is the cost-benefit analysis for the farmer for making use of suboptimal fruits 

and vegetables or not 
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