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ABSTRACT 

This study tackles the quantification of in-store food waste, with a specific focus on the distinction between the edible and inedible 

fraction. A meta-analysis of the studies dealing with retail food waste quantification is provided to identify the results obtained so 

far. Then, the mass and value of food waste produced in 2015 at one retail store in Italy is analysed, basing on the store's food waste 

records and on the reports of a redistribution initiative involving the edible fraction of the food waste produced. In one year, 70.6 tons 

of food (for a value of nearly 170,000 €) are wasted, mostly bread and fresh fruit and vegetables. The edible fraction accounts for 35% 

of the tota! food waste, mostly from fresh meat and bakery departments. Results also disclose a significant amount of unrecorded 

food waste, confirming that many gaps exist in the food waste recording procedure at retail stores. 

1. Introduction

Food waste is a major socia!, nutritional and environmental issue 

affecting the sustainability of the food chain (Parfitt et al., 2010; 

Kummu et al., 2012; Abeliotis et al., 2015; Scherhaufer et al., 2015; De 

Laurentiis et al., 2016). It is caused by climate and biologica! factors as 

well as by the behaviours of food chain actors, which are linked to 

different socio-economie factors (Buzby and Hyman, 2012; Aschemann

Witzel et al., 2015; Setti et al., 2016; Canali et al., 2016). 

Food waste is generated in ali stages of the supply chain, with dif

ferent features and motivations. According to a comprehensive study 

conducted in 2012, retail food waste is estimated as 4.6 million tons in 

2012, i.e. about 5% of the tota! food wasted along the supply chain 

(Stenmarck et al., 2016), much less than the other stages of the supply 

chain. However, there are severa! reasons why the study of retail food 

waste is particularly important ( Gru ber et al., 2016 ): (i) retailers have a 

great influence in shaping both the features of food production and the 

preferences of consumers; (ii) the absolute quantities of food waste 

generated at retail stores are very significant with respect to the much 

more scattered food waste production at other stages of the food chain, 

e.g. at households; (iii) retail stores are the piace where severa! dif

ferent food chain actors intersect. Moreover, the public opinion is

recently pushing for a greater consideration of the retail food waste 

issue. Movements against food waste are emerging, asking the food 

chain actors, particularly those operating at retail stage, for specific 

interventions to face this phenomenon. In Denmark, the activity of the 

Stop Wasting Food movement (Stop Spild Af Mad; www. 

stopspildafmad.dk) led to the adoption by ali Danish retailers of a 

food waste reduction strategy. In France, it is worth mentioning the 

awareness campaign of Intermarché "Inglorious fruits and vegetables", 

and the recent regulation that compels ali supermarkets with a sales 

area exceeding 400 m2 to establish agreements with charities with the 

purpose of donating them the unsold food.1 In Italy as well, a law

dealing with food waste redistribution initiatives at different stages of 

the chain has been released in 2016.2 

Nonetheless, the study of food waste in the retail has long been 

neglected. In the retail management disciplines, the issue of retail food 

waste has only been touched in connection with the rate of "shrinkage", 

which represents the gap between inventories and sales and is com

monly used as an indicator of performance of retail stores (Avery et al., 

2012; Buzby et al., 2015; Buzby et al., 2016). In other papers, the issue 

of retail food waste is tackled in connection to food security concerns 

(Parfitt et al., 2010) or environmental issues linked to waste manage

ment as well as resources consumption for food production (Gustavsson 
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and Stage, 2011; Beretta et al., 2013). It is only very recently that the 

literature dealing with the actual quantification of food waste at the 

retail stage have started flourishing. 

The first studies dealing with the quantification of food waste at 

retail stores have been conducted in Sweden (Gustavsson and Stage, 

2011; Eriksson et al., 2012). The interest on retail food waste has ra

pidly increased as some studies suggested that, contrarily to what 

happens in other steps of the chain, a significant share of the products 

considered unsalable by the retailers (e.g. products approaching the 

expirations date or bearing minor packaging defects) is stili perfectly 

suitable for human consumption. Such products can be re-used, e.g. by 

redistribution initiatives targeting to the people in need (Segrè et al., 

2009; Lebersorger and Schneider, 2014; Cicatiello et al., 2016; Garrone 

et al., 2014b; Aiello et al., 2014), or offered to customers at a reduced 

price, with interesting and stili under-investigated implications on the 

amount of food waste produced (Aschemann-Witzel et al., 2015). The 

incidence of edible items over the tota! food waste produced in the 

retail is stili unknown, although some redistribution initiatives oper

ating in Italy suggest that it can reach up to 60 tons of food per store 

each year (Segrè et al., 2009). This means that at the retail stage the 

real extent of "food waste", i.e. the amount of products discarded from 

the chain that become unfit for human consumption (Papargyropoulou 

et al., 2014), may be much lower than expected. 

Moving from this state of the art, in this paper we aim to investigate 

the quantity and quality of food waste in retail stores, with a specific 

focus on the distinction between the edible and inedible fraction. To 

this purpose, we first examine, through a meta-analysis, the studies 

dealing with retail food waste quantification published so far; then, we 

analyse in-store food waste data retrieved for one year in one Italian 

outlet. 

2. Meta-analysis of studies on retail food waste quantification

The generation of food waste in the retail is linked to food stocks 

management practices as well as to the purchasing behaviour of the 

customers (Gustavsson et al., 2011; Gunders, 2012). Food items can be 

discarded due to damaged packaging linked to improper stock man

agement (Parfitt et al., 2010) or to technical malfunctions during the 

storage (Ziegler and Floros, 2011; Choudhury, 2006). Overstocking 

linked to the difficulty in predicting the number of products purchased 

by the customers is also reported as a possible cause of food waste in the 

retail (Stuart, 2009; Gunders, 2012), although take-back agreements 

with suppliers may hide part of such waste (Eriksson et al., 2017). 

Customer behaviours and preferences at the store are a strong driver of 

food waste generation (Gunders, 2012; Gustavsson et al., 2011; Parfitt 

et al., 2010; Stuart, 2009): sub-standard products are often rejected by 

consumers, therefore they are very likely to remain unsold and be 

wasted; the waste of holyday foods is also very common, as their pur

chase is concentrated in a limited period. In generai, ali these beha

viours depend on a range of persona! and socia! factors, which may also 

include the features of the shopping environment, i.e. the experience 

that the store is able to provide to customers (Cicatiello et al., 2015). 

Investigating the extent of food waste in the retail is a complex task, 

as the way discarded food is registered depends on the retailers' internal 

organization and on the influences of local policies (Parfitt et al., 2010). 

With the aim of providing a synthesis of the methodologies and main 

results of the empirica! studies tackling retail food waste quantification, 

we carried out a meta-analysis of the available papers indexed in 

Scopus. Namely, we selected ali the documents where the keywords 

"food waste" OR "food loss" appeared in the title, abstract or keywords 

in combination with "retail" OR "supermarket". Out of 121 resulting 

documents, only the 86 journal articles were considered. Their abstracts 

were screened to check whether in each paper an actual quantification 

of retail food waste was performed, as this is the focus of our research. 

Table 1 reports the list of the 16 papers selected according to this cri

teria, as well as the following information for each of them: main focus 

of the paper, country where the food waste quantification was carried 

out, type of case study, type and source of data used in the study, food 

categories concerned, main results on the assessment of retail food 

waste. 

Seven articles refer to studies conducted in Sweden. Indeed, the 

Nordic countries are those where the knowledge on retail food waste is 

most developed, also thanks to some reports of projects and national 

initiatives published in grey literature (e.g. Stenmark et al., 2011; 

Hanssen and M0ller, 2013). 

Some of these studies have a very broad objective (e.g. to study the 

tota! extent of food waste along the food chain), so that the data re

ported on retail food waste only represent a minor part of the results. 

Secondary data at the country leve! was used in Ju et al. (2017), Buzby 

and Hyman (2012) and Love et al. (2015), while qualitative data were 

collected in Mena et al. (2011). Twelve studies involved quantitative 

data retrieval on food waste at stores (although five of them refer to the 

same project, developed in Sweden on 6 stores), mostly relying on data 

collected through the regular waste recording process of the stores. This 

process, which has a key role in providing data on the extent of food 

waste at stores, typically entails a daily collection of the unsaleable food 

items, whose bar code is electronically recorded by the staff, thus 

generating a database by item. 

Among the severa! product categories analysed in the literature, 

fruit and vegetables, dairy products, meat and bread show a higher 

waste. Namely, the waste of bread has an incidence of up to 6-7% with 

respect to the quantity delivered by suppliers (Mena et al., 2011; 

Gustavsson and Stage, 2011; Lebersorger and Schneider, 2014), and 

represents the largest fraction of the tota! food waste (Brancoli et al., 

2017; Cicatiello et al., 2016), although this data may be biased by the 

extent of returns to supplier, which are not accounted in the stores' food 

waste records (Eriksson et al., 2017). For fruit and vegetables, different 

figures are reported in the literature (3--7% in Mena et al., 2011; up to 

6%, depending on the type of vegetables, in Gustavsson and Stage, 

2011; 4.3% in Eriksson et al., 2012; 8--9% in Beretta et al., 2013), but 

most studies do not consider take-back agreements, so these figures 

may be underestimated (Eriksson et al., 2017). 

Eriksson et al. (2014) demonstrated that waste is higher for organic 

than for conventional products, suggesting that the rate of waste is 

closely linked to the sales and turnover of the different retail depart

ments. In the few studies where the extent of waste was studied in 

stores of different dimension, small stores were found to produce more 

food waste than large stores (Gustavsson and Stage, 2011; Beretta et al., 

2013). 

Concerning the characteristics of retail food waste and its potential 

uses, severa! studies suggest that some of the food discarded at the retail 

stage may stili be fit for human consumption. Indeed, most causes of 

food waste do not imply that food is no longer edible, e.g. when food 

items are discarded because they are approaching the expiration date, 

have little damages on the packaging, or are visually imperfect 

(Cicatiello et al., 2016). Aschemann-Witzel et al. (2015) refers at these 

products as "suboptimal". Such items may be reused for human con

sumption, by sale at a reduced price (Aschemann-Witzel et al., 2015) or 

redistribution for socia! purposes (Falasconi et al., 2015; Segrè et al., 

2009; Alexander and Smaje, 2008; Cicatiello et al., 2016). This means 

that only part of the tota! food products discarded at the retail stage -

the "food surplus", according to the framework provided by 

Papargyropoulou et al. (2014) - can be considered a waste, because it 

becomes unfit for human consumption (Papargyropoulou et al., 2014). 



Table 1 
Meta-analysis of articles dealing with retail food waste assessment. 

Artide Focus of the paper Country Case study Type of data on retail Source of data on retail Food categorie, Retail food waste Notes 

1 smkt 410 m2 Brancoli et al. Life cycle assessment of Sweden Mass of food waste Waste records based on bar- Bread, vegetables, fruit, 22.5 ton per year (30% bread, 
(2017) supermarket food waste fractions code and manual recording pastry, meat, ready meals, 15% vegetables) 

dairy 
Eriksson et al. Raie of take-back Sweden 6 smkt, same chain, Mass of unsold and Store waste records; data Bread, fruit & vegetables, 3.6% of fruit & vegetables was 

(2017) agreements in the 2300 to 4900 sqm retumed products from suppliers; interviews milk retumed; 1. 1 % wasted in store. 
generation of food waste Retums of bread vary among 

stores, may be over 50% 
Ju et al. (2017) To calculate food loss Japan Food supply cbain Breakdown of Japanese Food Balance Ali Out of tota! retail food waste, Food loss rates only refer to the 

rated at the different step domestic net food Sheet; data from Japanese 23% is of dairy products, 15% edible parts of products. 
of the food chain supply for steps of the Ministry of Agriculture vegetables; 15% grains lnedible parts are estimated 

food chain and subtracted. 
Cicatiello et al. Environmental, socia! and Italy 1 smkt 5300 sqm Weight and value of Transport records on edible 12 food categories including 23.5 ton (70% bread), 46,000 € Results are an underestimation 

(2016) economie impact of retail edible fraction of food food waste donated to fruit, vegetables, bread, per year, in one smkt of the tota! food waste, as they 
food waste waste charity within a food dairy, meat, groceries only concem the edible fraction 

redistribution initiative donated to a charity 
Eriksson et al. Potential reduction in Sweden 6 smkt, same chain, Mass and cast of Waste records based on bar- Dairy, cheese, deli and meat 16-30% food waste reduction The paper only reports% of 

(2016) food waste with reduced 2300 to 4900 sqm unsold food products code departments when storage temperature is food waste reduction with 
storage temperature decreased to 2 °C decreased storage temperature 

Scholz et al. GHG emissions linked to Sweden 6 smkt, same chain, Data of food products Waste records based on bar- Meat, deli, cheese, dairy and 1570 ton in 3 years, in 6 smkt, 
(2015) retail food waste 2300 to 4900 sqm sold or wasted at retail code fruit & vegetable corresponding to 2500 ton CO2e 

leve! departments 
Buzby et al. Estimate of food losses of USA 2900 stores Weekly shipment and Data on Nielsen Perishables 24 fresh fruits and 31 fresh A verage shrinks 12-13% of fresh -

(2015) US supermarkets basing belonging to 5 cbains sales of each food item Group vegetables fruits; 11 % of fresh vegetables 
on shrink data 

"' Love et al. Estimate seafood losses USA National seafood 5-year data on seafood Review of national and Fresh and frozen, canned, 0.15 million metric tons of The study does not provide 
(2015) along the supply chain supply chain supply and loss intemational reports cured seafood seafood in 5 years more specific data for the retail 

stage of the supply cbain 
Eriksson et al. Waste of organic vs. Sweden 6 smkt, same chain, Pre-store (rejections) Waste records based on bar- Fresh meat, deli, dairy and Average waste 0.56% for 

(2014) conventional anima! 2300 to 4900 sqm and in-stare food code cbeese departments conventional and O. 70% for 
products waste organic products 

Lanfranchi et al. To investigate the extent Italy 13 smkt 5-year data on sales, Sales records 7 dept. including 0.31--0.52% incidence of food The paper also reports the 
(2014) of retail food waste and to broken down by fruit & vegetables, dairy, waste on tumover absolute values (kg) of waste 

propose corrective department meat, frozen foods for some dept., but no tota! 
actions 

Lebersorger and To quantify food loss Austria 612 retail outlets 3-year data on food Waste records provided by Fruit & vegetables, Food loss rates (with respect to 
Schnei-der rates in the retail and waste records one retailer bread & pastry, dairy sales): 1.14% for dairy products, 
(2014) analyse reasons products 3.99% for bread&pastry, 4.19% 

for fruit & vegetables 
Beretta et al. To quantify food loss in Switzer- 3 smkt chains, 1 Quota of food loss as Data provided by the 22 food categories including Average 2.2% losses, higher in 

(2013) Switzerland across the land logistic centre, 5 declared by retailers retailers fruii & vegetables, cereals, small shops, for rare and 
entire food value chain bakeries dairy, meat, fish perishable products 

Buzby and Extent of food loss and USA Whole country Loss estimates for each Loss-Adjusted Food 200 individuai food 47,000 million $, accounting for 
Hyman waste in developed single food products, Availability data for loss products 9% of tota! losses, mostly 
(2012) countries compared with retail estimates; retail sales to vegetables, dairy products, meat 

sales evaluate food consumption 
Eriksson et al. Analysis of fresh fruit and Sweden 6 smkt, same chain, Mass data on pre-store Waste records based on bar- Fruit and vegetables 4.3% of food delivered by the -

(2012) vegetables flows, 2300-4900 sqm and in-store food code; 2 weeks test to detect supplier, mostly 
including food waste waste, unrecorded unrecorded food waste; data fruit & vegetables 

food waste and tota! on sales mass 
sales 

Gustavsson and To study stare-leve! waste Sweden 9 retail stores of the Annua! quantities of Survey questionnaire to store Fruit and vegetables 0.42%-6.25% of waste, -
Stage, of horticultural products same chain waste and sales for managers, who based their depending on type of produci; 
(2011) each type of food item answers on the data waste is higher in small stores 

included in the study retrieved in the daily 
(continued on next page) 



Table 2 

Timing of products discard according their best-before and use-by date. 

Type of product Shelf !ife" Timing of product discardb 

Fresh milk 6days 2 days 

Yogurt 3 weeks 3 days 

Eggs 4 weeks 6days 

Wtirstel 1-2 months 3 days 

Butter 2 months 3 days 

Soft cheese 2 months 3 days 

• Approximate shelf !ife period from production to expiration date. 
b Before expiration date, according to the procedure applied at the case study store. 

3. Methodology: analysing in-store food waste data

In this study we analysed the food waste stream of one retail store in 

Italy, belonging to a major Italian retailer. The store is one of the 378 

Italian hypennarkets (sales area > 4500 m2); this channel currently 

represents about 15% of total food purchases in retail stores, with 12 

billion € of sales volume3 (Federdistribuzione, 2015). 

Within the store, we focused on the food departments, which cov

ered about 55% of the total sales area. Data on the waste produced by 

these departments was collected during the year 2015 by the store's 

staff following the usual waste recording routine, which was established 

severa! years before the study period. Every morning the staff screened 

the shelves and withdrew ali the products that had passed or were dose 

to their "best-before" or "use-by" date. Table 2 resumes the schedule 

followed by the staff to remove from the shelves the products with 

shorter shelf life, with respect to the indicated expiration date. 

Products assumed by the staff to be unsaleable for other reasons, 

e.g. damaged packaging or blemished fruit and vegetables, were also

removed from the shelves. The bar-code of the culled products was then

recorded with a scanner before discarding. It should be noted that,

despite this study was based on the analysis of a single retail store, the

food waste recording process, as well as the schedule of discard of

products approaching best-before and use-by dates, is a standard pro

cedure of the over 1000 stores managed by the same retailer.

The information recorded during the daily process of products re

moval from the shelves made up a comprehensive database, where, for 

each item discarded at least once along the year, the following in

formation were reported: 

• store department (11 departments);

• food group;

• code of the item;

• brief description of the item;

• quantity discarded along the year (number of items for packaged

products, kilograms for unpacked products);

• retail cost associated with the quantity discarded (calculated as the

multiplication between the unit cost and the quantity).

For ali packed items, the net weight was deduced from the de

scription and noted in a further column. This allowed to conduct ela

borations on the mass of the food waste. 

In accordance with Eriksson et al. (2012), this waste was defined as 

"recorded in-store waste". 

At the time of the data collection, the same store was involved in a 

food redistribution initiative, established several years before the study, 

in partnership with a locai charity. Data on the food collected for re

distribution was also gathered during the study period. The redis

tribution process was daily based: every morning, during the regular 

3 In ltaly, out of 115.2 billion € of tota! sales volume, the market share of modem retail 

channels (hypermarkets, supermarkets, small retail stores, discount) is 73.1 %. The re

maining 26. 9% of food sales is shared among traditional grocery stores and street vendors 

(Federdistribuzione, 2015). 
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food waste recording routine, the edible food items were isolated from 

the rest of the culled products, recorded as donations and then picked 

up by volunteers of the charity. Tue data retrieval on the redistribution 

process resulted in a second database, organized just as the first one, 

except that the records referred to the items donated. The items re

corded in the second database constitute what we defined the "edible 

food waste". Indeed, before picking up the food donated, the volunteers 

of the charity were in charge of verifying that ali the items donated 

were perfectly fit for human consumption; only those deemed edible 

were then picked up and recorded as donations. The remaining items, 

that we called "inedible food waste", correspond to the food waste 

disposed by the store. 

In tota!, the database on recorded in-store food waste counted 

10,662 items, whilst 1688 items were reported in the database focused 

on edible items. 

Fig. 1 provides an overview of the data considered in this study. 

Being A + B + C + D the tota! food waste generated in the store (re

ferred as "food surplus" in Papargyropoulou et al., 2014), through the 

database of "recorded in-store waste" we gathered data on the A + B 

fraction, while the records on donations provided an assessment on ali 

edible items discarded from the store, marked as A + C in the figure. By 

crossing these information, we were able to recognize the mass and 

value of products falling under A, B and C food waste categories, for 

each department of the store. 

Namely, many edible items were recorded both in the first and in 

the second database: the first record occurred when they were con

sidered unsaleable and thus removed from the shelf, the second when 

they were deemed edible and thus donated for the sake of the redis

tribution initiative. Tue overlapping among these two information 

therefore allowed to calculate the incidence of edible items on the re-

corded food waste, therefore assessing the extent of the A section in 
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Fig. 2. Value and weight of food waste by store department (year 2015). 

Source: autbors' elaboration 

Fig. 1. However, part of the items recorded as edible were not found in 

the in-store waste records; that is, some items were actually removed 

from sale without recording. This is because, as Eriksson et al. (2012) 

pointed out, the food waste recording routine may show gaps, espe

cially in the departments offering unpacked products. Such items, dis

carded without being recorded as waste, are commonly referred as 

"unrecorded in-store waste" (C + D in Fig. 1). Comparing the two da

tabases used in this study, we detected some donated (thus edible) 

items that had not been previously recorded as food waste. Therefore, 

we were able to assess the quantity and value of the unrecorded food 

waste fraction which was stili fit for human consumption (section C in 

Fig. 1). Instead, we could not gather any information about unrecorded 

items which were no longer fit for human consumption, thus not being 

suitable for donation (1). 

4. Results 

The food waste recorded at the store in the year 2015 accounted for 

49 tons, corresponding to about 148,000 € in value.4 Additional 21.6

tons of unrecorded food waste were detected through the analysis of the 

data on the edible food collected for redistribution. The tota! in-store 

waste concemed by this study was thus of 70.6 tons, for a value of 

nearly 170,000 €. 

In terms of weight, fruit and vegetables together with bakery pro

ducts represented about two-thirds ofthe tota! food wasted (Fig. 2). The 

share of food waste value among the store departments was much more 

balanced, as the most wasted products were often those of lower value. 

Dairy products and groceries, despite the limited weight ofthe products 

discarded, represented a large quota of the value of the food waste. 

The waste of fresh seafood was also found to be a huge cost for the 

store, especially compared with the very limited quantity discarded. On 

the contrary, most of the waste produced in the bakery department was 

made up of bread baked at the store; as the retail cost of this type of 

product was very low, the huge quantity wasted only accounted for the 

13% of the tota! value of waste. It should be noted that the bakery 

department was the one where the highest quantity of unrecorded food 

waste was detected, namely concerning bread and pizza baked at the 

store. These items were usually not recorded as waste due to the ac

counting system of the store which considered them a discard of raw 

materials rather than of finished products. 

Looking at the data of the redistribution initiative, 24.6 tons of food 

waste were collected and reused for human consumption. Therefore, 

despite being no longer acceptable to the market, these products had 

neither lost their function nor their nutritional value. 

Table 3 reports the extent of edible food recorded in each depart

ment in terms of mass, together with the correspondent data on tota! 

food waste (recorded + unrecorded). 

The grocery department included packed pasta and rice, biscuits 

and other industriai bakery products. Liquids mainly referred to canned 

products, such as tornato sauce, canned vegetables, tuna and so on. In 

these two departments, the quantity of food waste produced was quite 

low with respect to other departments, and the incidence of the edible 

fraction was negligible. Instead, in the fruit and vegetables department, 

despite the waste was very relevant - 65 kg per day on average - the 

rate of redistribution was very low, as only 114 kg of fruit and vege

tables were donated in 2015. 

In the fresh meat department, packed products were deemed un

saleable two days before the use-by date, following the standard pro

cedure of discard applied at the store. This helped to reach a high rate 

of redistribution, very dose to 100%. This was instead not the case of 

other refrigerated items, such as those on sale at the prepared meat and 

dairy departments. In these departments, although the same timing of 

4 Tue value of tbe food waste is calculated as the surn of tbe retail cost of tbe culled 

food items. Therefore, tbe market value of tbe same products is higher tban tbis figure. 



Table 3 

Extent of edible food by department ( data in kg) and occurrence. 

Department Food waste 

Groceries 3667 

Liquids 4912 

Fruit and 24,035 

vegetables 

Fresh meat 2771 

Deli 2475 

Fresh seafood 2493 

Bakery 21,599 

Confectionery 81 

Prepared meat 1367 

Dairy 6627 

Frozen 583 

TOTAL 70,609 

Table 4 

Value of waste and edible fraction by store department. 

Department Waste 

Groceries € 16,287 

Liquids € 9032 

Fruit and vegetables € 36,372 

Fresh meat € 14,740 

Deli € 17,413 

Fresh seafood € 16,770 

Bakery € 21,854 

Confectionery € 197 

Prepared meat € 11,466 

Dairy € 23,736 

Frozen € 2027 

TOTAL € 169,893 

discard applied, the collection of edible items concerned a tiny fraction 

of the whole waste. 

It was already mentioned that most of the waste of the bakery and 

confectionery departments had not been recorded as waste, although 

collected for redistribution purposes. Besides the accounting issues 

causing this misalignment of data, it emerged very clearly that in this 

departments nearly ali the waste was still fit for human consumption. 

The very low rates of edible products in the deli and frozen de

partments were largely expected. For what concerns the deli, most of 

waste is generated from the trimming of prepared meat and cheese 

served by the weight, or form leftovers too little to be sold, i.e. scraps 

that cannot be considered edible. 

In tenns of weight, 35% of the tota! food waste was redistributed. 

This food was thus perfectly edible and it could easily be reused for 

human consumption. In tenns of mass, the extent of the disposed food 

waste was reduced by one-third in one year as a consequence of the 

activation of the redistribution initiative. In economie tenns, the re

distribution allowed to save 22.2% of food waste value (Table 4), 

mainly in the fresh meat and bakery departments. With the exception of 

fresh meat, the incidence of the edible fraction of waste was higher in 

weight than in value. Namely, the edible fraction of food waste from the 

bakery department represented more than a half of the tota! value of 

edible food waste. Such saving of money, however, had no impact on 

the business of the store, as the items were actually donated free of 

charge for redistribution purposes. 

Redistributed edible 

fraction 

164 

o 

114 

2758 

o 

2 

21,511 

59 

8 

21 

3 

24,639 

Redistributed edible 

fraction 

€ 1144 

€2 

€ 101 

€ 14,652 

€0 

€ 34 

€ 21,511 

€ 59 

€ 60 

€ 70 

€ 11 

€ 37,644 

5. Discussion

Occurrence of edible 

fraction 

4.5% 

0% 

0.5% 

99.5% 

0% 

0.1% 

99.6% 

73% 

0.6% 

0.3% 

0.5% 

34.9% 

Incidence of edible 

fraction 

7,0% 

0,0% 

0,3% 

99,4% 

0,0% 

0,2% 

98,4% 

30,0% 

0,5% 

0,3% 

0,5% 

22.2% 

Results on the amount of in-store food waste broken down by de

partment were somehow consistent with previous literature (Brancoli 

et al., 2017; Eriksson et al., 2012; Cicatiello et al., 2016; Beretta et al., 

2013), where fruit and vegetables are usually accounted as the largest 

quota of food waste, representing between 60% and 70% of the tota! 

weight and about 20% of the total value of discarded products (34% 

and 21 %, respectively, in our study). 

For what concerns the dairy products, which are sometimes re

ported among the items with the highest rate of waste (Lebersorger and 

Schneider, 2014), it should be noted that many culled dairy products 

were not reported in the store's records because their discard was 

treated through take-back agreements with suppliers; in this case, the 

waste of these foods was realized anyway, but moving it back to an

other step of the food supply chain (Eriksson et al., 2017). 

In the grocery and liquids departments, the generation of waste was 

mainly due to packaging defects (e.g. packaging misshapen or broken, 

soiling due to breaking or incorrect handling of products) and, more 

rarely, to the approaching of the best-before date. This is the reason 

why most of the products discarded in these departments were unfit for 

human consumption. 

Results for the fruit and vegetables department showed a notable 

amount of waste. The main reason why these products were discarded 

was the decay which made them no longer acceptable for consumers 

(Loebnitz et al., 2015). Such suboptimal products were often considered 
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not acceptable for redistribution neither: although part of them were 

probably still edible, there were significant safety concerns from the 

beneficiaries; therefore, only 114 kg of fruit and vegetables were do

nated in 2015. 

The difference in redistribution rates between fresh meat products 

and other refrigerated items (e.g. prepared meat and dairy products) 

may be explained with a different level of attention by the store's staff 

in the selection of edible products for redistribution. This suggests that 

the quota of edible items could be underestimated in prepared meat and 

dairy departments, as some edible products (e.g. discarded two days 

before the use-by date) may have not been recorded as such in the data 

provided by the store management. 

Nearly all the waste fonn the bakery and confectionery departments 

was still fit for human consumption. This result may be explained with 

the quality standards required by the customers, who expected to find, 

at any time of the day, freshly baked products. Another reason may be 

linked to the low cost of these products - processed and baked at the 

store - for the store management, compared to similar products deliv

ered by suppliers, which makes more "acceptable" their waste for the 

store's management. 

Therefore, the redistribution was concentrated in the departments 

of fresh meat and bakery, where the discard of food items was, in most 

cases, not linked to alteration of the products themselves. Where this 

was the case, e.g. in the fruit and vegetables department, the incidence 

of edible items in food waste was very low. 

Results show that the edible fraction of this store's food waste ac

counted for 35% of the total mass. In the redistribution practiee, al

though the store's staff was responsible for the selection of the items to 

be redistributed, it was a duty of the collectors to check the quality of 

the food they were about to piek up; as it can be imagined, they were 

likely to be very demanding about safety and quality issues, in order to 

avoid hauling food that could possibly be disregarded by the final users 

or unsuitable for their needs. As a consequence, some edible food se

lected for redistribution by the store's staff could have been refused by 

the collectors, and therefore not recorded as "edible". It follows that the 

figures of edible food records we presented might be slightly under

estimated, the edible fraction being "at least" 35%. 

Through the redistribution initiative, the nutritional value of the 

donated items was recovered, by making them available for the people 

in need. An ethieal function was also accomplished: bread is an ieon of 

the Italian culture as well as an evocative symbol of the food needed for 

survival; meat is a main protein source and its consumption is com

monly considered as a sign of opulence. Limiting the waste of these 

types of food is therefore an ethieal issue, besides being a business 

imperative. However, redistribution initiatives are not able to reduce 

retailers' economie loss linked to food waste disposal. Our results 
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B. RECORDED & INEDIBLE
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showed that the value of the edible fraction of food waste was not 

negligible, especially if compared to the profit margins of retail busi

nesses, whieh are typically very low; estimates by the Food Marketing 

Institute report 1.7% of net profit after taxes for US supermarkets in 

2015 (www.fmi.org). However, some studies suggest that a careful 

management of redistribution practices may produce economie savings 

for retailers (Aiello et al., 2014). 

To this respect, it is interesting to note that, in this store, no reduced 

pricing strategies for suboptimal foods was implemented. Some studies 

to this regard suggest that selling the food items at a reduced price 

when they are approaching the expiration date may help retailers to 

find a compromise between satisfying consumers' desire of an optimal 

priee-quality relation and reducing food waste (Aschemann-Witzel 

et al., 2015). However, the implications of these strategies on over

purchasing, and therefore on the extent of household food waste, are 

still underexplored (Aschemann-Witzel et al., 2017). 

Fig. 3 recaps the overall results with respect to the food waste ca

tegories defined in the methodology (see Fig. 1). 

The 70.6 tons of food waste reported in the store data were divided 

among the three food waste categories concerned by this study. In 

generai, the extent of unrecorded food waste was higher than expected, 

the edible fraction of unrecorded food waste alone accounting for 30% 

of the tota! food waste. Unrecording especially occurred in the bakery 

department, where less than 1 % of the wasted bread was recorded. We 

may attempt a comparison with Eriksson et al. (2012), where figures of 

unrecorded food waste were reported for fruit and vegetables in six 

Swedish retail outlets: 0.3% of deliveries was wasted without recording, 

against 0.99% whieh was wasted with recording; therefore, in Eriksson 

et al. (2012) unrecorded food waste was estimated as a + 30% over 

recorded food waste. In this study, this ratio was quite higher, as the 

detected unrecorded food waste represented a + 44% over the recorded 

quantity of food waste. This suggests that a thorough recording of waste 

is necessary to gather reliable data, especially in the departments 

dealing with fresh products, whieh are more likely to remain un

recorded. It should also be noted that, if unrecorded food waste was 

taken into account, the contribution of retailers to the generation of the 

tota! food waste along the chain, whieh is now estimated in 5% 

(Stenmarck et al., 2016), may be reconsidered. 

The grey areas in Fig. 3 (named X and Y respectively) represent 

possible bias in the results herein discussed. X refers to edible items in 

recorded food waste that might have not been registered as such be

cause of refusal by the collectors in charge of pieking up the products of 

the redistribution initiative, or due to inefficiencies in the separation of 

edible and inedible items by the store staff. However, since the redis

tribution routine was well established at the store at the time of data 

collection, we may assume this bias to be very low. A possibly more 



significant error in the data presented (Y in Fig. 3) refers to the ex

istence of more edible items in unrecorded food waste, which were not 

tracked in the data. This might have been due to difficulties in the 

collection of edible products in some store departments. Just to make 

an example, in the deli department, most of the ready-to-eat foods 

cooked at the store and unsold at the end of the day were not collected 

for redistribution nor recorded as food waste. 

In evaluating the findings of the study, the limitations of the ana

lysis should be kept in mind. First, the results are likely to be strongly 

influenced by the features of the store selected in the case study, namely 

the supply management practices and the marketing strategies. 

However, in large retailers the stock managing practices are well 

standardized, therefore it can be assumed that the evidences of this 

study can be carefully generalized. Second, the food waste data re

corded may be slightly biased as a consequence of possible missing data 

and/or unrecorded food waste which was not detected (Eriksson et al., 

2012). 

6. Conclusions

Unlike most of the other stakeholders of the food chain, retailers are 

likely to be very keen to implement actions aimed at reducing food 

waste, as it represents a loss in their business, and a risk for their - 

already very narrow - margins. Moreover, previous studies support the 

assumption that a significant part of retail food waste may still be 

suitable for human consumption, therefore having a higher degree of 

"recoverability" (Garrone et al., 2014a) with respect to other stages of 

the supply chain. 

In this study we analysed two complementary sets of detailed food 

waste records provided by one large retail store in Italy. We in

vestigated the quantity and value of different fractions of the store's 

food waste, broken down by department. Namely, we were able to 

assess the quota of edible food waste with respect to the inedible 

fraction, as well as to detect relevant amounts ofwasted products which 

had not been recorded. 

Results disclosed that during one year 70.6 tons of food (nearly 

170,000 € in terms of value) were wasted, out of which only 49.0 tons 

were recorded. Consistently with previous studies dealing with retail 

food waste quantification, most of food waste was represented by ba

kery products and fresh fruit and vegetables. Out of the total food 

waste, we found that nearly 25 tons of food were still perfectly suit for 

human consumption, and could therefore be collected and donated for 

human consumption purposes. This means that at least 35% of the total 

food waste produced at the store did not lose its origina! function and 

could be actually saved from wasting. The extent of the edible fraction 

was particularly relevant in the fresh meat and bakery departments, 

where the discard of products was typically not linked to deterioration, 

rather it was a consequence of the standard procedure of products 

handling with respect to expiration dates. This procedure is largely 

shared by retail stores, and can be considered non-specific for the store 

analysed. 

Results also showed a very significant amount of unrecorded food 

waste, confirming the intuition of Eriksson et al. (2012) that significant 

gaps exist in the food waste recording procedure at retail stores, and 

that they are likely to be more frequent for fresh products. 

The evidences provided by this study suggest that a comprehensive 

strategy against food waste at the store level may develop along two 

trajectories. On the one hand, the internal management ofthe offer may 

be revised in order to reduce to any possible extent the quantity of food 

discarded, and the consequent business loss. This can be very relevant, 

as we have seen, for goods produced within the store, e.g. bread and 

freshly baked products. Reduced price strategies for products ap

proaching the expiration date may be considered to this respect, al

though the claim associated with such offers, as well as the effect of 

these strategies on the tota! extent of food waste along the supply chain 

(especially at households) should be further investigated (Aschemann-

Witzel et al., 2017). On the other hand, retailers should be aware that 

much of the food waste produced at store is still edible. Setting stra

tegies to allow its reuse for human consumption purposes appears to be, 

besides an ethical concern, a huge opportunity to improve their image 

in front of consumers, under a Corporate Social Responsibility per

spective (Garrone et al., 2014b). Indeed, environmental savings as well 

as social benefits for the community can be produced when redis

tribution initiatives are put in piace (Eriksson and Spangberg, 2017; 

Eriksson et al., 2015; Cicatiello et al., 2016). However, even when re

distribution practices are implemented, there are no direct economie 

savings for retailers, although significant economie benefits for the 

charities involved can be accounted. 

Many questions remain unanswered in the study of retail food waste 

dynamics. With respect to the issues raised by this study, the main to

pics of prospective research may be outlined as follows: (i) quantifying 

unrecorded food waste in a larger sample of stores, as its extent may be 

very significant with respect to the amount of retail food waste cur

rently considered for national and global estimates; (ii) studying the 

underpinning causes of food waste at stores in relation to different 

products management practices, following Eriksson et al. (2017); (iii) 

assessing the effectiveness of strategies against food waste, in terms of 

benefits for the retailers and/or for the community as a whole. 
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