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Abstract

Food waste reduction is increasingly seen as a main way to improve sustainability of food systems
and efficiency of resource use. The provision of reliable data is a prior element to provide proper
intervention strategies. Numerous studies carried out to date did not allow to a generalization of
results obtained and the lack of standard methods limited data comparability. The most appropriate
method for quantifying food waste in large-scale studies has not yet been established for this
specific sector. The aim of the present study is to devise a reference methodology for quantifying
food waste in school canteens suitable for large-scale studies, time-saving and able to provide
reliable and comparable data. Initial servings, plate waste and non-served food are weighed with an
electronic scale. Data are separated by dish type and aggregated at school level, whereas results are
adjusted to provide comparable data. The data collection process (weighing and data recording) is
directly performed by food service personnel, teachers and students. A pre-test in a primary school
and a pilot study in four primary schools were conducted con the external support is limited to a
single researcher, which coordinated different schools at the same time. Results demonstrated that
data accuracy is not necessarily associated with an increase in time and costs.



1. Introduction

According to the FAO’s estimates, one third of the global food production is lost or wasted along
the food supply chain (Gustavsson et al., 2011). In September 2015, the General Assembly of the
United Nations approved the new “Sustainable Development Goals”, which include a significant
reduction of global food losses and waste by 2030 (UN, 2015). In the advanced economies, most of
the food waste occurs at the later stages of the food supply chain (Parfitt et al., 2010), generating a
greater impact on the environment, due to the additional resources employed compared to previous
phases of the value-added chain (Betz et al., 2014). Within this context, school food service
represents a sector of major interest for intervention. As first reason, because plate waste threatens
the primary goal of school meals, which is to provide students with an appropriate and balanced
meal daily (Byker et al., 2014). Furthermore, since students eat at least one meal at school, a huge
amount of food is handled everyday by the food service, which may represent a significant source
of food wastage (Boschini et a., 2016). Only in Italy, approximately 300 million meals were served
in 2014 (Oricon, 2015). As a third reason, school meals serve also an educational purpose
(Silvennoinen et al., 2012). Taking action at school level gives therefore the opportunity to raise
awareness among young generations with regards to more sustainable food choices.

The development of methodologies able to provide reliable and comparable data is a purpose of
prior interest to undertake intervention strategies for food waste reduction and assess their efficacy
overtime (Monier et al., 2010; Ostergren et al., 2014; HLPE, 2014; Hanson et al., 2016). However,
most of the studies conducted in this sector were carried out in few schools or during a limited
number of days, affecting the generalization of findings (Betz et al., 2014; Eriksson et al., 2017),
whereas the lack of standard protocols limited the comparability of results. In some cases, data refer
to dish types instead of food items (Ferreira et al., 2012), different food categories (e.g. meat and
fish) have been considered as one (Engstrom and Carlsson-Kanyama, 2004; Betz et al., 2014;
Derqui and Fernandez, 2017), or different choices have been adopted whether including or not the
possibly avoidable and unavoidable food waste fractions (Cordingley et al., 2011; Berretta et al.,
2012; Silvennoinen et al., 2012; Betz et al., 2014).

According to the existing literature, food waste in school canteens can be measured by weighing
with an electronic scale (direct method), or estimated by visual estimation or questionnaires
submitted to participants (indirect methods). Depending on the aim of the study and the available
resources, data on food waste can be either collected at individual or aggregate level (e.g. schools or
classrooms), and results can be presented as separated (selective) or not (nonselective) across food
items. Lastly, in case the results refer to specific food categories, the weighing process can be
performed either before or after the food is mixed. The direct methods represent the gold standard,
although the visual estimations are considered a valid, reliable and time-saving alternative (Buzby
and Guthrie, 2002; Martins et al., 2014; Hanks et al., 2014; Hanson et al., 2016). Nevertheless,
since the measurement consists in the estimation of single plates, an individual-based approach
might not be suitable for large-scale studies, which are more interested in providing a global
overview and major causes of the phenomenon than analysing the plate waste of single students.
Furthermore, the single-plate approach does not allow the quantification of food remaining in the
serving bowls, leading to a partial analysis of food waste generated at school lunch, and it
necessarily require the external support of trained observers (Hanks et al., 2014; Martins et al.,
2014), which cause an increase of costs.

At the moment, the most appropriate methodology to conduct a large-scale study on food waste
generated in school canteens has not yet been determined. The aim of the present study is to
develop a reference methodology for quantifying food waste in school canteens, suitable for large-
scale studies, time-saving, and able to provide reliable and comparable data. To validate the
methodology, a pre-test in one school and a pilot study in four schools monitored at the same time
were conducted. Despite the different dimension of the samples, both phases were coordinated by a
single researcher. Furthermore, in a third ongoing phase of the experiment, the methodology
enabled to provide data up to 19 schools simultaneously, with the same external support of one



researcher. In the present study, methodological results are discussed and quantitative data from the
pre-test and pilot study are summarily reported to offer some more insight into the feasibility of the
methodology.

2. Materials and methods

2.1. Methodology design

The methodology is based on a direct method and food is weighed with an electronic scale. Data are
aggregated at school level and measured separately across dish types (aggregate selective food
waste). The quantification includes three main food groups: prepared food (P), plate waste (PW),
which is the amount of food rejected by diners and left on their plates, and non-served food (NS),
which is the amount of food not distributed to diners and remaining in the serving bowls (see Fig.
1). The sum of plate waste and non-served food determines the food non-consumed at lunch (NCL
= NS + PW), whereas the different between the prepared food and the food non-consumed at lunch
determines the food consumed at lunch (CL = P — NCL). As already proposed by previous authors
(Engstrom and Carlsson-Kanyama, 2004; Betz et al., 2014; Eriksson et al., 2017), beverages are not
included.

The food served to diners with special diets (e.g. dietary needs, religious or ethical reasons) and
adults consuming their lunch with students (e.g. teachers) are also monitored. Results of non-served
food and plate waste quantities are expressed both in terms of weight and as percentages of the
initial servings. In case the meals are provided in individual servings and the quantification of
prepared food cannot be performed before portioning, the amount of prepared food can also be
determined by multiplying the weight of a random sample of individual servings for the total
number of servings (Cohen et al., 2013).

Prepared food
|
| |
Food consumed at Food non-consumed
lunch at lunch
|
| |
Non-served food Plate waste

Fig. 1. Data collection system of food stream within the school food service (shown in bold food groups directly
weighed and in italic those derived from sum or fraction).

2.2. Study design and materials

To validate the theoretical framework of the methodology, five primary schools were recruited
within the Bologna province. In April 2016, a pre-test was conducted in a primary school,
monitored over a period of two weeks. The pre-test phase included also semi-structured interviews
to teachers and food service personnel to clarify meal routines and lunch school habits. In October
2016, a pilot study was performed in four primary schools during a period of one week each.

The schools and the food catering companies involved are provided with specific handbooks
covering the instructions for the quantification procedures and diaries where results are daily
recorded. The kitchen diary records the amount of prepared food, including the name of dish types
and the number of diners expected, distinguishing students from other people present at lunch (i.e.



teachers assisting students or food service personnel). Moreover, the diary includes specific fields
for the quantification of special diets and it also enables to separately record condiments in order to
facilitate the conversion of mixed dishes into food items. The school diary records the total amount
of plate waste and non-served food by dish type, with no distinctions for special diets or dressing.
School name, date, and people in charge of weighing are also recorded in both diaries. Each school
is also provided with an electronic scale, trash bags, bins for the food waste collection and drawings
to stick over the bins depicting the different servings, in order to guide students during the disposal
of plate waste. An envelope for the shipping of the diaries to the University is also included. In the
dining room, bins are grouped in stations. The number of bins composing a bin-station depends on
the number of dishes served, whereas the number of bin-stations sent to the school varies according
to the number of students and school facilities. The only material not provided by researchers are
the scales already available within the kitchens and daily used by cooks to weigh the amount of
food prepared.

2.3 Data collection

The data collection process is performed by the involved actors (food service personnel, teacher and
students), whereas a single researcher coordinates the study. The involvement of the project
coordinator is limited to a preliminary meeting, a daily remote supervision through a constant
interaction via smartphone with teachers and food service personnel, and the data entry process. For
each school, a teacher representative and a kitchen representative are appointed and respective
responsibilities are determined. In order to limit the risk of a change in dietary intake of participants
actively involved in the study, students are not made aware of the real reasons for the study and
teachers are instructed to respond general answers to students inquiring about the newly introduced
procedures (Hanks et al. 2014; Just and Price, 2013), with no reference to food waste. Prior to the
study, the project coordinator visit the school and provide the teacher and the kitchen representative
of all materials required. During the meeting, the project coordinator trains the teacher
representative on the quantification procedures and advice on the best location for the bin-stations
in the dining room.

The data collection process is composed of three phases (see Fig. 2). In the first phase, the food
service personnel weigh the prepared food and data are daily recorded in the kitchen diary. When
diners complete their meal, the second phase takes place. The food left in the plates is discarded in
separated bins corresponding to the number of dish types provided by the daily menus (e.g. main
course, side dish, etc.). In case the meals are provided in individual servings, the packaging is sorted
with the rest of the non-food waste items (e.g. napkins) into the ordinary garbage bins, already
available in the schools.

The collection is executed either by each diner or by a limited group of trained students. In the first
case, the presence of a teacher in proximity of the bin-station is highly recommended to ensure a
proper sorting. The last phase occurs once the diners leave the canteen and consists in weighing the
plate waste and the non-served food. The procedure can be executed either by a single class or by
the food service personnel, depending on previous agreements. In order to facilitate the weighing
process, the standard procedure considers placing the single bin on the scale. As an alternative,
teachers can opt for weighing of net waste only, provided that the choice is specified in the diary.
Data are therefore recorded into the school diary.



Phase 1 - Quantification of prepared food

Food service personnel Kitchen

Phase 2 - Plate waste collection

Each diner or a limited group of students School canteen

A 4

Phase 3 - Quantification of plate waste and non-served food

A single class or food service personnel School canteen

Fig. 2. Overview on the data collection process. In phase 1, the amount prepared food is weighed by the food service
personnel and data are reported in the kitchen diary. In phase 2, plate waste is discarded in separated bins by each diner
or a limited group of trained students. In phase the amount of non-consumed food (consisting of non-served food, plate
waste, and portions of bread and fruit left in the dining room) is weighed either by a single class or by the food service
personnel, and data are reported in the school diary.

During the monitoring period, both the teacher and the kitchen representatives of each school are
daily requested to provide pictures of the diaries via smartphone (see Fig. 3). In case some teacher
of kitchen representatives forgets to send the pictures to the project coordinator, they are promptly
contacted. The connection between the project coordinator, and both teacher and kitchen
representatives is provided through the desktop version of a text messaging application.

Kitchen representative

|
Kitchen
i diary m E
Y

School representative

- -
School .m
4
i o = Project coordinator

Fig. 3. Overview on the process of data sharing. The teacher and the kitchen representatives provide daily to the project
coordinator pictures of the diaries via smartphone.

Kitchen School
diary diary




2.4 Monitoring duration, study period and sample design

The methodology provides information on the total amount of non-consumed food remaining in the
school canteen at the end of the lunch. Therefore, the meal daily served at school is the statistical
unit adopted for the present study. To increase the efficiency of data gathering, the detection of
statistical units can be organized at school level by monitoring a determined number of lunches for
each school. In this case, the schools can be therefore considered as single observation units and the
statistical units necessary to produce reliable data are directly related to the number of schools
engaged and the length of monitoring duration. When planning the data collection, it should be
considered that a limited number of days generate results significantly dependent on the type of
dishes served (Eriksson et al., 2017). Otherwise, care should be taken when considering too long
monitoring duration, due to commitments required to the involved actors. In regards to the study
period, menu rotations and menu changes related to seasonality (e.g. summer and winter menus)
should be considered. For instance, in Italian school meal guidelines (Anelli et al., 2010) it is
required a seasonal rotation twice a year (i.e. summer menu and winter menu) and set menu
rotations based on four weeks. In this case, both rotations should be included in the study, covering
as many menu combinations as possible.

Lastly, to achieve a representative sample of statistical units, it is necessary to take into account all
the factors which can potentially lead to food waste generation at school level. The sample should
be therefore stratified considering variables such as school dimension, location (urban or rural area)
type of catering provider (private or public food service), kitchen location (internal or external to
school facilities), students access to free mid-morning snacks brought from home, or school recess
preceding or following lunch time.

2.5 Dataset management

At the end of the data entry, results are adjusted in order to provide comparable data: dish types are
therefore converted into food categories and the avoidable and unavoidable food waste fractions are
determined. Moreover, analyses on final destination food are performed.

2.5.1 Food categories
The conversion of dishes into food categories is not required for servings composed of single food
items (e.g. bread and fruit). Otherwise, mixed dishes (i.e. dishes composed of more than one
relevant component or a relevant component and a dressing) can be converted by weighing
separately the components and dressings before mixing. As an alternative, it can be obtained by
asking the cooks to provide proportions of the different main ingredients used to later apply a
correction factor during the data analysis. The single food items are grouped in the following food
categories:

e Vegetables and legumes (1);

e Fruit and processed fruit products (2);

e Meat and meat products (3);
Fish and fish products (4);
Eggs and egg products (5);
Dairy products (6);
Starch products (e.g. bread, pasta, rice and potatoes) (7);
Desserts (e.g. sweet pastries, yoghurt and ice-creams (8);
Confectionary and snacks (9);
Condiments, sauces, herbs and spices (10).

2.5.2 Avoidable and unavoidable food fractions

Quested and Johnson (2009) defines avoidable food waste as “food and drink thrown away that
was, at some point prior to disposal, edible”, possibly avoidable food waste as “food and drink that
some people eat and others do not (e.g. bread crusts), or that can be eaten when a food is prepared



in one way but not in another” (e.g. potato skins)”, and unavoidable food waste as “waste arising
from food or drink preparation that is not, and has not been, edible under normal circumstances
(e.g. meat bones, egg shells, pineapple skin, tea bags)”. The present methodology distinguishes
between edible and inedible food parts. Therefore, since the previous definition considers possibly
avoidable food waste as edible, only avoidable and unavoidable sub-categories are considered. The
corresponding edible and inedible fractions can be obtained from the national food composition
tables. In case the data are not available, they can be determined by weighing the inedible fraction
of each food item, averaging, and subtracting from the mean item weight (Byker et al., 2014). Since
the prepared food and the non-served food are composed of entire and untouched portions, the
edible and inedible fractions remain constant, ensuring the distinction in their corresponding
avoidable and unavoidable parts. On the contrary, the ratio is not maintained for plate waste. In this
case, the edible fraction might vary, whereas the unavoidable fraction of food served to diners is
assumed to be totally wasted. Therefore, the unavoidable fraction of plate waste corresponds to the
unavoidable fraction of prepared food, subtracted from the unavoidable fraction of non-served food
(unavoidable PW = unavoidable P — unavoidable NS food), whereas the difference between plate
waste and the unavoidable fraction of plate waste determines the avoidable fraction of plate waste
(avoidable PW = PW — unavoidable PW). Finally, since the food consumed at lunch is assumed to
be entirely edible, it does not include an unavoidable fraction.

2.5.3 Final destination of prepared food

As reported by Derqui and Fernandez (2017), analysing the final destination of food can be useful
to evaluate the environmental impact of food waste. Initial servings can be consumed at lunch,
redistributed (R) for human consumption or animal feeding or, as last option, managed as waste
(FW) (see Fig. 4). The sum between the food consumed at lunch and the redistributed food
determines the total consumed food (7C = CL + R).

Food consumed at
( ) lunch
Total consumed \ J
food ( )
Prepared food : : Redistributed food
Food waste g

Fig. 4. Final destinations of prepared food within the school food service.

3. Results
3.1 Methodological results

3.1.1 Methodology design

As already observed by previous studies (Iapello et al., 2011; Saccares et al., 2014; Vezzosi et al.,
2014; Falasconi et al., 2015), the lunch provided in the Italian school food service is composed by
three main processed servings, a portion of bread and a portion of fruit, occasionally replaced by a
dessert (e.g. cake, yoghurt, ice-cream). The main servings include a first course consisting of a
carbohydrate-rich component (e.g. pasta or rice), a second course mainly based on a protein-rich
component (meat, fish, eggs, cheese, legumes), and a side dish of vegetables. With the exception of



one school were fruit was not served at lunch, the data collection system was based on five dishes.
Therefore, each bin-station was composed of five units, each one labelled with a different
illustration (see Fig. 5).

PRIM OECoNDL  CNTeRN|
o o0
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Lid
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Fig 5. Drawings attached over the bins provided to the Italian schools (illustration by Giorgia Arcella).

3.1.2 Study design, materials and costs

The teachers and the food service personnel declared that the data collection process did not create
significant disruptions to the normal flow of lunch and the commitment required could be sustained
as the division of labours was distributed among all the involved actors. Both the pre-test and the
pilot study were coordinated by a single researcher, which performed also the data entry. At the end
of the study, data were imported into R for analysis. The pre-test included one school monitored
during 10 days, whereas the pilot study included four schools monitored during 5 days, with the
exception of one school involved four days only, because of impediments occurred during one day
of the scheduled week. Therefore, 29 observations were collected: 10 from the pre-test (1 school *
10 days) and 19 from the pilot study [(3 schools * 5 days) + (1 school * 4 days)]. During the pilot
study, meals from 2738 participants were monitored, with an average of 144 diners per day in each
school (2738 meals / 19 observations = 144.1). Considering that data from the pilot study were
collected during the same week, an average of 576 participants were monitored everyday (/44.1
diners * 4 schools = 576.4), with a maximum peak of 670 diners in the third day of the scheduled
period. The overall cost of materials required to conduct the study in a school of average dimension
(two bin-stations, two weeks of monitoring) was 65.75 euros (6.6 euros per day) (see Table 1). The
costs of materials required do not include the scale for weighing the prepared food, as it is already
available in the kitchens. Moreover, travel costs (fuel, motorway tolls) incurred for delivering the
required materials are excluded, as they can vary considerably depending on school distance and
fuel price.

Table 1. Overall costs of materials required to conduct the study in a school of average dimension (two bin-stations, two
weeks of monitoring).

Materials Unit cost (euro)  Number of items required  Final cost per each material (euro)
Scale 20.0 1 20.0
Trash bags 0.23 130 29.9
Bins 0.9 10 9.0
A4-papers 0.01 50 0.50

Printing 0,06 50 3.0



Envelope 0.5 1 0.5
Stamps 0.95 3 2.85

Total costs 65.75

During the study period, teacher and kitchen representatives from the pilot study were asked to
estimate the time required to conduct the monitoring process (plate waste separation and weighing
of both plate waste and non-served food). Depending on school dimension, the time required ranged
between 10 and 30 minutes, with an average of 22 minutes (1320 seconds) each day. Considering
an average of 144 diners per day in each school, 9.2 seconds per person occurred (/320 seconds /
144 diners) to conduct the two phases.

3.1.3 Data collection

The application of the methodology in the Italian context required an adjustment to the data
collection process, due to a common routine related to the final destination of untouched portions of
bread and fruit. Since they do not need to be stored at a controlled temperature, they are frequently
taken into classrooms by teachers and redistribute to the students during the afternoon break.
Therefore, as these food items leave the canteen before the weighing of non-served food and plate
waste (third phase), another phase had to be added to the general procedure (see Fig. 6). In this
phase, bread and fruit items brought to classroom are quantified in a specific diary filled out by
each class before leaving. In order to make this quantification phase less time-consuming, the items
are counted and the conversion of numbers in weight is performed during data analysis. In case
uncountable fruits (e.g. cherries) are served, they are deliberately excluded from the measurement.
The bread and fruit portions brought into classrooms are considered as redistributed food, whereas
portions left in the dining room are considered as wasted. The only exception might be for schools
with internal kitchen, where fruit portions are generally recovered to be served the day after.

Phase 1 - Quantification of Prepared food

Food service personnel Kitchen

Phase 2 - Plate waste collection

Each diner or a limited group of students School canteen

Phase 3a - Quantification of bread and fruit portions brought to classroom

“

Each class School canteen

A 4

Phase 3b - Quantification of plate waste and remaining non-served food

A single class or food service personnel School canteen

Fig. 6. Overview on the data collection process of the Italian case-study. In phase 1, the amount prepared food is
weighed by the food service personnel and data are reported in the kitchen diary. In phase 2, plate waste is discarded in
separated bins by each diner or a limited group of trained students. In phase 3a, portions of bread and fruit brought to
classroom are counted by each class before living the dining room and data reported in a specific diary. In phase 3b, the



amount of non-consumed food (consisting of non-served food, plate waste, and portions of bread and fruit left in the
dining room) is weighed either by a single class or by the food service personnel, and data are reported in the school
diary.

3.1.4 Data management

At the end of the study, data were imported into R to perform the statistical analyses. After
subtracting the tare weight (0.525 g per bin), dishes were converted into single food items. The
conversion was required for the first course, the second course and the side dish, which are
generally composed of a main component and a sauce (e.g. tomato sauce for pasta) or a dressing
(olive oil for vegetables). In the present study, a separate weighing of components in the kitchen
before cooking was practicable for a limited number of first courses, whereas for the rest of the
mixed dishes the proportion of ingredients was provided by cooks or obtained from Italian school
meal guidelines (Anelli et al., 2010). The only unavoidable food waste founded within the Italian
school canteens were fruit peels and cores and chicken bones (Boschini et al., 2016) and their
inedible fraction were therefore obtained from the Italian Food Composition Table (INRAN, 1993).
During the monitoring period, neither catering company provided desserts, confectionary or snack
for lunch. Therefore, no items from these food categories (groups 8 and 9) were recorded.

3.1.5 Progressive exposition bias

Although students are not made aware of the real aims of the experiment, a hypothetical influence
on the amount of plate waste generated by participants was evaluated. The bias effect of the
progressive exposition to the data collection process may be due to an increase of awareness on the
amount of food waste daily produced. Therefore, to detect the presence of a significant variation in
the amount of avoidable plate waste generated at school, a Kruskal-Wallis test was conducted and
median values of avoidable plate waste in different days of the monitored week were compared.
The school involved in the pre-test was the only one monitored during two weeks. Since a time of
seventeen days occurred between the first and the second monitoring period, both the weeks were
included. The results from the statistical test (chi-squared = 3.53, df = 4, p-values = 0.47) allowed to
state that no significant differences emerged in the daily waste share and the initial was refused.

3.2 Quantitative results

Results from the pre-test and the pilot study are uniquely presented, as the information were
collected using the same procedure. A confirmation of their homogeneity was provided by the
Mann-Whitney test, from which no substantial discrepancies emerged. The food service was
provided to the five schools by three different catering companies. With the exception of the school
of the pre-test phase, meals were provided from external kitchens. In total, 4364 meals were
monitored: 3999 meals were served to the students and 365 to other diners, which accounted for
8.4% of the total. The total amount of prepared food was 2189.6 kg; the avoidable fraction was
2122.2 kg and the unavoidable fraction was 67.4 kg, accounting for the 3.1% of initial servings. The
total amount of plate waste (PW) was 499.2 kg; the avoidable fraction was 467 kg and the
unavoidable fraction was of 35.1 kg. The total amount of non-served (NS) food was 433.5 kg; the
avoidable fraction was 408.3 kg, whereas the unavoidable fraction was of 35.1 kg. Previous results
refer to the avoidable fraction of food, unless otherwise specified. The PW and NS food accounted
for respectively of 22.0% and 19.2% of prepared food (see Table 2). Two main trends for the five
servings within the food stream emerged: the three main processed servings (first course, second
course and side dish) present high percentages of food consumed at lunch and PW, but low
percentages of NS food, whereas bread and fruit portions present low percentages of food
consumed at lunch and PW, but high percentages of NS food, meaning that the major part of these
portions are entirely rejected by diners.

Table 2. Percentages of the avoidable fraction within the food stream (CL food, NS food, PW) for the five servings.

Prepared food Food consumed Non-served food Plate waste




at lunch

First course 100 66.7 7.6 25.7
Second course 100 66.9 6.0 27.1
Side dish 100 554 9.3 353
Bread 100 46.2 45.5 8.3
Fruit 100 44.5 47.5 8.0
TOTAL 100 58.8 19.2 22.0

Regarding the final destination of prepared food, the amount of redistributed food accounted to
332.9 kg, entirely destined to human consumption. The avoidable fraction was 302.1 kg and the
unavoidable fraction was 30.8 kg. The total amount of food waste (FW) was 609.8 kg; the
avoidable fraction 573.2 kg and the unavoidable fraction was 36.6 kg. The same trends for the five
servings emerged in reference to the final destination of food: the three main processed servings are
the most wasted and less re-used, whereas bread and fruit portions are the less wasted and the most
reused (see Table 3). The school with the internal kitchen was the only case where a fraction of the
non-served food of the three main processed servings were redistributed and consumed, specifically
by the kitchen staff.

Table 3. Percentages of the final destination of the avoidable fraction of prepared food (CL, R, FW) for the five
servings.

Food consumed

Prepared food at lunch Redistributed food Food waste
First course 100 66.7 2.7 30.6
Second course 100 66.9 3.1 30.0
Side dish 100 55.4 4.7 39.9
Bread 100 46.2 38.7 15.1
Fruit 100 44.5 41.1 14.3
TOTAL 100 58.8 14.2 27.0

On a per capita basis, 531.0 g of food were daily prepared for each diner; the edible fraction was
486.3 g and the inedible fraction was 17.8 g, accounting for x % of initial servings. The amount of
plate waste per person was 114.4 g; the edible fraction was 107.0 g and the inedible fraction 7.4 g,
which accounted for 6.5% of initial servings. Regarding the final destination of food, 69,6 g were
redistributed, whereas 131.3 g were wasted.

The Fig. 8 shows the contribution of food categories to plate waste, whereas the Fig. 8 shows the
contribution of food categories to the final destination of the prepared food, distinguishing the total
consumed food (7C = CL food + R food) from food waste.
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Fig. 8. Final destination of the avoidable fraction of prepared food (TC, FW) in terms of food items.

4. Discussion

The adoption of a direct method for weighing food waste ensures the provision of accurate and
reliable data, whereas the conversion of dishes in food items, the adjustments in terms of edibility,
and the analysis on the final destination of food, allow their comparability at international level.
Since the weighing process is performed before the food is mixed, while the unavoidable fraction is
not physically separated at all, the overall commitment is contained. The adoption of a self-
reporting technique and the materials used, allowed to develop a methodology for large-scale study
and significantly contributed to contain costs. Buzby and Guthrie (2002) reported that Comstock et
al. (1980) considered as impractical the implementation of direct methods for samples of more than
50-100 diners, whereas the present methodology enabled monitoring up to 674 participants
simultaneously. Therefore, the direct involvement of participants in the data collection process



allows its potential application to larger studies. The collection of data aggregated at school level
ensures a restriction of timing. In the study conducted by Hanks et al. (2014), 30 seconds occurred
to weigh the tray waste of a single person, and 4 to 5 seconds when adopting the visual estimation
methods. In the present study, where food waste was directly weighed and data collected at an
aggregate level, an average of 9 seconds occurred for gathering data from each person.
Furthermore, results from the present study include also the time required to perform the plate
collection process and the weighing of non-served food, which were not included in the study
conducted by Hanks et al. (2014). In conclusion, considering the time required for the single plate
approach and the lower accuracy of indirect methods, the present methodology results to be more
appropriate for large scale studies. Finally, a cost-effectiveness comparison of the present approach
with those of previous studies has not been conducted, since no other cost-analyses were found in
existing literature.

The methodology presents also some limitations. It does not include the waste of food generated in
the other stages of the school food service sector (e.g. food storage and food preparation) the
quantification process is limited to food consumed at lunch. Nevertheless, previous studies
analysing the whole production process agreed that the main amount of food waste occurs in the
school canteens (Engstrdom and Carlsson-Kanyama; 2004; Silvennoinen et al., 2012; Derqui and
Fernandez, 2017), whereas Cordingley et al. (2011), which monitored also classrooms and
playgrounds, noted that school canteens percentages of food waste production were lower for these
areas. One of the main bias of self-reporting techniques is the change in participants’ behaviours.
However, the absence of researchers during the quantification process contributed to limit the risk
of bias related to the presence of external observers. Furthermore, in order to limit the risk of a
change in students’ dietary habits, only teachers and food service personnel were fully informed of
the real reasons for this study. Finally, the test of a hypothetical progressive reduction of plate waste
due to the awareness on the amount of waste daily produced did not provide relevant results.
Participants with special diets are included in the data collection, even if their plate leftovers are
collected in the same bins provided for standard menus. Another potential source of error might
occur when food is mistakenly sorted in the wrong bin, although the procedure foresees the
presence of an adult to support the students during the separation phase. The proportion of
ingredients composing plate waste is assumed to be the same of initial servings. However, students
might selectively eat one of the ingredients composing the dish. The conversion of dish types into
food items and adjustments in terms of edibility are estimated during the data analysis. Moreover,
food redistributed for human consumption or animal feeding is assumed to be totally consumed, as
the methodology is not able to evaluate its finale use.

Although the current study tested the methodology on primary schools only, no relevant factor
suggests hindering its application to secondary schools or university cafeterias. Otherwise, since the
involvement of younger children might not be feasible, it is suggested that both plate waste sorting
and weighing might be directly managed by teachers and the food service personnel in case of
studies conducted in nursery schools. Finally, it is important to recall that the aim of the present
study was not to provide quantitative results and the data summarily reported do not intend to be
statistically significant.

5. Conclusions

The present study provided a methodology for quantifying food waste in school canteens suitable
for large-scale studies and demonstrated that data accuracy, reliability and comparability are not
necessarily associated with an increase in time and costs. The quantification of food waste within
school food service presents a broad field of interest, since it allows to collect information of
relevant interest for all the stakeholders. It can be a tool for food catering companies to assess meal
acceptance and a useful instrument for local authorities and national institutions committed in
developing strategies to prevent food waste and promoting more sustainable food services.



Moreover, since plate waste is considered an indicator of nutritional adequacy, it can be adopted by
public health authorities to assess the efficacy of school meal policies. Furthermore, since the plate
waste is also related to home dietary habits, it gives the opportunity to raise awareness on food
waste among families providing useful insights on food consumption habits of their children at
school. Lastly, since the school meal presents also a pedagogical purpose, the quantification process
might also be used by school teachers as an instrument of active learning: once students are made
aware of the real reasons of the study, the sorting and weighing phases create the opportunity to
promote more sustainable food habits among the incoming generations.
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ACCEPTED MANUSCRIPT

Large-sample studies are crucial to provide national and comparable data on food waste
A methodology to quantify FW in school canteens in large-scale studies is presented
An average of 576 students were daily monitored under the supervision of a researcher

An average of 107 g of avoidable plate waste was produced daily by each participant



