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1 Introduction  
The future situation for food production and consumption poses significant challenges. More efficient 
production systems, which contribute to less environmental impact as well as with fairer distribution of 
food and less food waste will be increasingly important. About one third of the produced food in the 
world ends up as waste [1]. About 20-30% of the purchased food in industrialised countries is wasted 
by consumers [2]. This is a cause for concern, since the embodied environmental impact is at its 
highest at this stage.  

For decades, packaging has mainly been discussed in the media and also by governments in 
legislation, because of its direct environmental impact, the production of packaging materials and end-
of-life treatment. Less consideration has been given regarding the indirect environmental impacts, for 
example, the packaging functions which may assist in reducing food waste. The food often represents 
a much higher environmental impact than the packaging itself and, therefore, the most important 
environmental task is for the packaging to protect the contents and minimise food waste [3]. 

A wide range of measures are required to tackle the global food waste problem. Innovative packaging 
which helps to reduce food waste is one important measure. The data for food waste is often 
presented in a summarised way. However, different food products are wasted in households for 
different reasons [4]. Previous research shows that packaging attributes influence food waste [5; 6]. In 
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This study showed that consumers wasted the products to a much higher extent than the waste which 
occurred during filling, transport and retail. Waste levels among consumers varied from 0-75%, which 
is notably high, given that consumers tend to underestimate or not admit to wasting food. The mixed 
lettuce and rice pudding are both intended to be packaged in appropriate serving sizes; however, only 
27% of the mixed lettuce and 50% of the rice pudding was consumed in one sitting. Respondents 
mentioned some material features and several handling functions of packaging, but very few 
commented on the protection that the packaging provides. Few, if any, expressed any recognition of 
packaging attributes, which helped to avoid food waste. 

The respondents mentioned that wasting food was a waste of money and that it can have a negative 
effect on conscience; despite that, respondents also said that they wanted a variety of meals and to 
not have the same food several days during the same week.  
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different ways, national and international actors want to reduce the amount of food waste. In the 
Sustainable development Goal from 2015, food waste goals have been included: “Goal 12.3; By 2030, 
halve per capita global food waste at the retail and consumer levels and reduce food losses along 
production and supply chains, including post-harvest losses” [7]. 
 
In the development process of new packaging solutions which aim to reduce food waste, it is 
important to investigate the food waste in supply chains for the specific packaging and define what 
problems need to be addressed.  
 
In a Swedish project, actors along the entire value chain collaborated to develop new packaging 
solutions to reduce food waste throughout the value chain, from food producers to consumers, of three 
products: salsa in glass jars (230 g), mixed lettuce in plastic packaging (65 g) and rice pudding in 
plastic packaging (500 g).  
 
Aims: The intention of this paper is to learn more about why food gets wasted in the supply chains of 
three different packaged products, and examine how much of the food waste that is related to the 
packaging design. 

2 Methods & Materials 
In this project, a variety of methods have been used in order to receive more insights about food waste 
in the supply chain and by the consumers.  

”Food loss is the decrease in quantity or quality of food. Food waste is an important part of food loss 
and refers to the removal from the food supply chain of food which is fit for consumption, or which has 
spoiled or expired, mainly caused by economic behaviour, poor stock management or neglect ” [8].  

2.1 Waste audits of the businesses 
Three different questionnaires were developed: one for fillers, one for distributers and storage and one 
for retail. At all of these stakeholders the different operations were considered and if waste had 
occurred and if the waste was measured or estimated. The questionnaires were sent to key personnel 
in the supply chain of the products.  

The questionnaires consisted of fixed questions relating to:  

• amount of goods handled; 
• time from delivery in delivery out 
• the shelf life of the product after packing;  
• fill-rate in secondary packaging and during transport; 
• the food waste in one year, from September 2015 to August 2016  

The questionnaires also included the following open-ended questions and requests:  
• Describe how the product is handled from filling until it is sent out from your business.  
• Describe the packaging system with its primary, secondary and tertiary packaging.  
• How do you measure food waste and what are its causes? 
• How much waste can be related to the packaging and is that measured or estimated? 
• For chilled products, describe the cold chain, temperatures and effect of packaging.  
• Do you have any suggestions for how food waste can be decreased?  

Table 1 Facts about the studied products 
Product Size studied 

(g) 
Packaging used 

today 
Shelf life 

(days) 

Salsa/Taco 
sauce 

230 Glass jar with metal 
lid 

545 

Mixed salad 65 Plastic bag in OPP 9 

Rice pudding 500 Plastic role pack with 
metal clip 

50 



 

 

2.2  Ethnographic study 
The purpose of the ethnographic study was to gain insights about the respondent’s general 
relationship with and experiences of food waste for the three specific products. In depth interviews and 
observation methodology were used.   

2.2.1 The sample 
The sample consisted of 10 respondents living in big cities in Sweden: three respondents came from 
Malmö, in southern Sweden, and seven respondents from Stockholm. The interviews were conducted 
with seven women and three men, aging from 26 to 47. Two of the respondents had two household 
members, three had three members and five had four members.  

2.2.2 Interviews 
The interviews took place in the homes of the respondents and were conducted by a skilled 
interviewer. Photos were taken to facilitate the analysis of the information collected during the 
interviews. 

2.2.3 Analysis  
Three questions were used to guide the analysis:  

• What attitudes do the respondents have towards food waste? 
• What practices do they mention when food waste is discussed? 
• How much food do the respondents estimate to be wasted? 

2.3 Interviews with consumers at retail stores 
The interviews were conducted in three grocery stores: one in Karlstad and two in Stockholm, 
Sweden. The stores belong to the same retailer chain: Axfood. Qualitative data was obtained as well 
as estimates of quantitative data [9]. 

2.3.1 The interview sample 
The interview sample consisted of 186 respondents shopping in the three stores. For salsa there were 
66 respondents (60% women), for mixed lettuce there were 69 respondents (80% women) and for rice 
pudding there were 56 respondents (67% women). The interviews lasted an average of 4 minutes. 
The majority of respondents gave answers in one interview for one of the products, although five 
respondents gave answers in interviews for two products.  

2.3.2 Data collection 
Only consumers choosing the specific products inside the store were included in the study. After they 
had taken the products from the shelf and put them in their trolley, they where approached and asked 
to participate in a research study about the product.  

Questions in the questionnaire: 
• Why have you chosen this product? 
• What do you think about the packaging? 
• When you open this packaging is it something you consider to be easy or difficult?  
• Will you eat all of the content on one occasion? 
• Do you sometimes waste the content? 
• When you decide to waste the content, how much do you estimate is still in the packaging? 
• How do you decide when the product should be discarded? 

 
2.3.3. Analysis  
The interview responses were transferred to and analysed in Excel. The respondents’ answers were 
categorised after material features and had three main functions: protection, facilitation of handling 
and communication [10].   

The material was analysed for statistical differences in the samples regarding place of interview. No 
statistical differences were found in the samples among respondents from Karlstad and Stockholm.  



 

 

3 Results 
3.1 Results from waste audit 
The results from waste audits of salsa in glass jars, mixed lettuce in plastic packaging and rice 
pudding in plastic packaging showed that food waste in general was low in the supply chain, from 
filling to retail. See figure 1.  

 

 
Figure 1. Waste levels in the different steps of the supply chain for the three studied products: salsa, 

mixed lettuce and rice pudding. 

For rice pudding, measurable waste amounts in the filling step were 2.4%; for mixed lettuce, the waste 
in retail was an average of 2.4%. The reasons for rice pudding waste in filling were due to the batch 
process itself and the corrections which are needed before the filling machine can run properly. Rice 
pudding is consumed more in Sweden at certain times of the year and, therefore, supply and demand 
can sometimes be mismatched. However, over the course of the year an average waste in retail of 
0.15% was reported.  

For mixed lettuce, the main reason for wastage in retail was due to discolouration of the product as a 
result of length of storage time. The explanations given for this wastage were that retail ordered too 
much or the employees in retail did not display the oldest packaging properly.  

For salsa in glass jars, some crushed packaging was reported in retail (0.05%) and in storage the 
waste was estimated at 0.1%. Also, crushed packaging through human error was the main reason 
here. 

3.2 Results from ethnographic study 
In the ethnographic study, the respondents gave some general answers about their food waste:   

• Important to save natural resources. 
• Time and economy were two of the main reasons given for food waste. 
• A variety of meals are preferred- one quote was “What am I hungry for today?” 
• It is unethical to waste food and respondents mentioned that this played on their conscience. 
• Confusion about best-before dating, especially after the packaging has been opened.  

The respondents estimated the waste level for salsa in glass jars to range between 25-75 % of the 
product. The main reason for this waste was that the product was forgotten and was considered as 
old. For mixed lettuce in plastic packaging, the respondents estimated the waste level to range 
between 0-25% of the product. The main reason for the waste was that they experienced that 
moisture inside the packaging damaged the product. The respondents for rice pudding in plastic 
packaging reported no direct waste; however, it was stated that a significant amount of product was 
left in the packaging after emptying. 
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3.3 Results from interviews in retail  
In the interviews, the respondents gave positive and negative replies about the glass jars in general 
and also replied more specifically about how the packaging opened. Examples of the respondents 
answers are presented in table 2.  

Table 2. Positive and negative answers about packaging properties and functions of salsa in glass 
jars from respondents interviewed in retail stores. 

Salsa in glass 
jars 

Properties 
of material 

Protection Facilitation of handling Communication 

Positive 
answers: 

example of 
comments 

Glass is 
nice; good 
when it is 
not plastic 

 Easy to recycle; easy to 
grip; appropriate size; 

easy to open; the click-
sound; re-closable 

Visible 
packaging; easy 

to find 

Negative 
answers: 

example of 
comments 

Heavy Can break if 
dropped 

Opening is too small; 
difficult to open; difficult 

to empty; sticky lid; 
difficult to use with 

spoon; lots of work to 
recycle 

 

Several consumers like glass packaging because the contents can be seen; however, many found it 
difficult to open and they also said that the opening is too small and that the packaging is heavy. 19% 
of the respondents said that they eat the entire amount in one sitting. 77% said that they sometimes 
waste the contents.  

In the interviews for mixed lettuce in plastic packaging, the respondents gave positive and negative 
replies about the packaging in general and also replied more specifically about positive and negative 
experiences of opening the packaging. See table 3.  

Table 3. Positive and negative answers about packaging properties and functions of mixed lettuce in 
plastic packaging from respondents interviewed in retail stores 

Mixed lettuce 
in plastic 

packaging 

Properties 
of material 

Protection Facilitation of 
handling 

Communication 

Positive 
answers: 

example of 
comments 

  Nice size; perfect for 
two; easy to open; easy 

to use 

Can see the 
content; bright 

colours 

Negative 
answers: 

example of 
comments 

Not good for 
the 

environment 

Can be moist; 
can smell 

Difficult to reclose; can 
not store after opening; 
difficult to open; have to 

use a pair of scissors 

Boring 

Several respondents liked that the product is visible and that it is easy to use; however, negative 
attitudes towards plastic were noticed. The packaging was considered to be difficult to reclose and 
several respondents said that the product loses freshness at a fast rate. 27% of the respondents said 
that they consume an entire package in one sitting, which means that 73% store the packaging after 
opening. 73% said that they sometimes waste the contents.  

For rice pudding the respondents gave positive and negative replies about the packaging in general 
and also replied more specifically about how the packaging opened. See examples of answers in table 
4.  

Table 4. Positive and negative answers about packaging properties and functions of rice pudding in 
plastic packaging from respondents interviewed in retail stores 

Rice pudding Properties Protection Facilitation of Communication 



 

 

in plastic 
packaging 

of material handling 

Positive 
answers: 

example of 
comments 

Little 
material; 

light 

 Practical; minimal 
packaging; nice tactile 
feeling; easy to open 

Slightly 
humourous; 
special; nice 

Negative 
answers: 

example of 
comments 

Not good for 
the 

environment 

Fragile Difficult to empty; 
difficult to reclose; 

difficult to recycle; very 
sticky when emptying; 

often messy 

 

Respondents liked that there is minimal material and said that it is practical; however, they dislike 
plastics and also that it is difficult to empty, and find it messy to open and empty. 47% of the 
respondents said that they consume an entire package in one sitting. 50% said that they sometimes 
waste the contents. They also said that some product can be left in the packaging since it is difficult to 
empty. Of the 50% of respondents sometimes wasting the product, 33% estimate wasting more than 
25% of it.  

The respondents gave some answers as to why they decide to waste the product: the product looks or 
smells bad; passed best before dates; mouldy product; uncertainty about how safe it is to consume. 
For salsa, the respondents decided by the look of the product and more specifically if the product 
looked mouldy. The respondents for mixed lettuce mainly looked at the product and, if there were any 
changes in colour or consistency or changes in smell, the product was discarded. In the case of the 
rice pudding, the date labelling played the largest role in the decision for the respondents and 58% 
answered that they decided to discard because the product had passed its best before date. Date 
labelling played a less significant role for mixed lettuce. For salsa, 18% of the respondents said that 
they had decided to discard due to passed best before dates. 25% said that they were uncertain if the 
rice pudding was safe to consume or not. For mixed salad, only 4% were uncertain, and for salsa, 18 
% answered that they were uncertain about how safe the product was to consume. 

4 Conclusions 
This study showed that consumers wasted the products to a much higher extent than the waste which 
occurred during filling, transport and retail. Waste levels among consumers varied from 0-75%, which 
is notably high given that consumers tend to underestimate or not admit to wasting food [11]. 77% of 
the respondents for salsa wasted the product, while for mixed lettuce the number was 73% and for 
rice pudding it was 50% of the respondents.  
 
The packaged quantity of mixed lettuce and rice pudding are both intended to be appropriate serving 
sizes. However, for mixed lettuce only 27% consumed all of the lettuce on one occasion and for rice 
pudding the share was 50%. This means that the products are stored between usages, but neither of 
these packages is resealable. To reduce food waste for these two products, packaging attributes to 
consider are the quantity offered, improved opening and reclosing possibilities and enhanced shelf-
life.  
 
Consumers stored the salsa product in the refrigerator after opening, but it was often forgotten and 
wasted after a while. Although the product can easily be used in stews and different meals, it is 
associated with the “Taco-dinner”.  Packaging attributes to consider are the quantity offered and 
information about alternative culinary uses. 
 
Few, if any, consumers expressed any recognition of packaging attributes that helped to avoid food 
waste. The comments about packaging were mainly about how it facilitated handling. 
 
Some respondents mentioned that wasting food was a waste of money and that it can negatively 
affect conscience. However, they also expressed that they wanted a variety of meals and not to have 
the same food several days during a week. The best before dating was perceived as confusing, 
especially after that the packaging had been opened.  
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