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Abstract
Objective: To determine and compare the effect of two interventions in reducing
the plate waste of school lunches.
Design: A between-group analysis was conducted among children from three
primary schools: (i) a group receiving intervention A, designed for children and
focusing on nutrition education and food waste; (ii) a group receiving intervention B,
intended for teachers and focusing on the causes and consequences of food waste;
and (iii) a control group with no intervention. For each child, physical weighing
of individual meals and leftovers was performed on three non-consecutive weeks
at baseline (T0), 1 week (T1, short term) and 3 months (T2, medium term)
following the intervention. Plate waste was recorded for a total of 1742 lunches
during 14 d over eight different menus.
Setting: Portuguese public primary schools in the city of Porto.
Subjects: All fourth-grade children (n 212) attending the three preselected schools.
Results: After intervention A focusing on nutrition education designed for children,
a decrease in soup waste was observed compared with the control group. The
effect was greater at T1 (−11·9 (SE 2·8) %; P< 0·001) than at T2 (−5·8 (SE 4·4) %;
P= 0·103). The plate waste of identical main dishes decreased strongly at
T1 (−33·9 (SE 4·8) %; P< 0·001). However, this effect was not found at T2 (−13·7
(SE 3·2) %; P< 0·001). After intervention B involving teachers, plate waste
decreased at T2 (−5·5 (SE 1·9) % for soup; −5·4 (SE 2·4) % for identical main dishes).
Conclusions: Nutrition education designed for children was more effective in the
short than the medium term. Thus, this kind of intervention was not effective in
reducing food waste in the medium term. In contrast, an intervention focusing on
teachers revealed better results in the medium term than in the short term.
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Meals offered at school canteens are generally nutritionally
adequate and consistent with dietary guidelines(1,2). The
school lunch plays an important role in the diet of school-
children and may provide several benefits in terms of
children’s health, well-being, academic achievement and the
reduction of risk factors for some chronic diseases in later
life(3). The school setting provides a valuable opportunity to
influence health through policy measures, education on
healthy eating habits and food provision. As part of a
whole-school approach, the meals provided at lunchtime can
reinforce messages on the importance of a healthy varied diet
and promote a willingness to try foods that are not familiar(4).
However, simply planning and providing adequate nutritious
food may be ineffective if this is not fully consumed(5).

Researchers have reported high plate waste values
at school canteens(6–9). In Portugal, studies developed in
this setting found waste values higher than 30 %(10,11) and

significantly higher than the acceptable limit of 10 %(12).
Excessive plate waste may indicate that children are not
fully benefiting from the nutrients offered by school meals
and may be an indicator that meals are not adapted to
children’s appetite or preferences(13).

Reductions in plate waste can lower costs and ensure that
school meals meet nutritional objectives(14). Many factors can
influence food rejection at school lunch, including anxiety
about eating, lack of appetite, peer pressure, familiarity with
foods, appearance and taste of foods, attention on free time
to socialize and insufficient time to eat. Other potential fac-
tors include portions’ inadequacy to children’s nutritional
needs, unsuitability to food preferences and the availability
of competitive foods from other more appealing sources
than the school lunch(6). The research on school-based
interventions in school canteens is vast. In spite of assessing
food behaviour changes by school lunch plate waste
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determination(15–18), these interventions aimed to promote
healthy eating habits among children, namely increasing
fruit and vegetable consumption at the school canteen, but
were not focused on plate waste reduction in itself (17–21).

Most of the different strategies proposed to reduce plate
waste at school canteens have acted on the determinants.
The main strategies have focused on nutrition education,
adequacy of food provision at school, adjustment of the
portion sizes to children’s nutritional needs, meal time
adequacy, improvement of the canteen environment
and also the foods’ sensory characteristics(4,6,13,22–25).
Nevertheless, the effectiveness of the majority of these
strategies was not evaluated.

Some evidence has suggested that nutrition education
may reduce plate waste, particularly when the education is
strongly linked to foods served at the school canteen(13).
Additionally, it has been suggested that schools can reduce
40–60 % of waste by implementing policies that reduce the
amount of uneaten food(26).

Children’s nutrition education and the role of teachers
as models have been also investigated as possible strate-
gies to influence children’s behaviour in the school setting,
having a positive effect on children’s consumption(27).
There is a lack of research on the food waste behaviours of
children, as well as on monitoring the effect of interven-
tions aimed at food waste reduction. The published
studies focusing on interventions on plate waste reduction
failed to evaluate their effectiveness in the medium
or long term, limiting their results to a short-term
evaluation(6,23–25). Moreover, in the majority of these
studies the reduction of plate waste at school lunch was
accomplished only by observational methods(6,24), which
is less accurate than physical measurement.

The aim of the present study was to determine and
compare the effect of two different interventions, related
to nutrition education of children and teaching staff, in
reducing lunch plate waste in the short and medium term.

Methods

Design and participants
The city of Porto, Portugal, was chosen for the present
study following ease of access criteria. In a first stage, from
the fifty-one public primary schools of the municipality,
twenty-one were randomly selected following a multistage
cluster sampling.

For the present study, data collection involved all
fourth-grade children attending three public primary
schools from the municipality of Porto that were chosen
according to preliminary plate waste data, corresponding
to the three out of twenty-one schools previously
evaluated that presented the highest average plate
waste(28).

The selected primary schools were involved after
registering our trial at the Portuguese Ministry of Education
(institutional board) and after obtaining informed written
consents from the Municipality and the School Councils.
Since our study did not directly involve children, ethics
committee consent was not necessary. Nevertheless,
written consents for the study were also obtained from
children’s parents. Children whose consents were not
granted and children with a special diet or presenting
food allergies were excluded from the study. Children,
teachers and all assessors involved in the data collection
were blinded to the study objective and expected
effects.

The flow of participants during the study is presented
on Fig. 1. All 212 fourth-grade children were eligible but
only those having lunch at the school canteen were
involved. A between-group analysis was conducted
among the three groups of children participating in
the study’s planned interventions: (i) one designed for
children (n 28), intervention A (children); (ii) another
intended for teachers (n 58), intervention B (teachers);
and (iii) a control group randomly selected (n 65) who did

T2: 3 months after
intervention

(n 28)

T2: 3 months after
intervention

(n 63)

T2: 3 months after
intervention

(n 53)

Intervention B – school 3
(one school; n 58)

Control – school 1
(one school; n 65)

Intervention A – school 2
(one school; n 28)

Not having
lunch at school

canteen

Eligible (n 212)

T0: Baseline assessments (n 151)

(n 61)

(n 4)(n 1) Lost to follow-up:
not having at least

one lunch at T1

Lost to follow-
up: not having at

least one lunch at T1
T1: 1 week after

intervention (n 54)
T1: 1 week after

intervention (n 64)
T1: 1 week after

intervention (n 28)

(n 1)
Lost to follow-up:

not having at least
one lunch at T2

Lost to follow-up: 
not having at least
one lunch at T2 

(n 1)

Fig. 1 Flow of participants through each stage of the study; fourth-grade children from Porto primary schools, Portugal
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not receive any intervention. The schools were selected
for each intervention on a random basis. For evaluation of
the impact of the interventions on plate waste reduction at
school lunch, plate waste was assessed at baseline, 1 week
before the intervention (T0); 1 week after the intervention
(T1, short term); and 3 months after the intervention
(T2, medium term). Seven children were excluded as they
did not have lunch at school at least one day of T1 or T2,
impairing comparisons between different moments of
plate waste assessment. The final sample at 3-month
follow-up included 144 children.

Intervention
Intervention A (children) was designed for children and
was performed during 3 d (a total of 6 h) by implementing
nutrition education sessions in classrooms developed
always by the main researcher. The sessions were
performed by an oral presentation and included the
following topics: basic concepts of nutrition, food and
health; explaining the main concepts expressed by the
Portuguese food guide; the relevance of breakfast and
snacking; nutritional benefits of school lunch; and social,
economic and nutritional consequences of the food waste.
During the sessions, together with the oral presentation,
different activities were conducted. Children were invited
to point out on a colourful paper the reasons for rejecting
school lunch and also to identify the most frequently
wasted foods. Children were also involved in planning of a
school week menu that could help to reduce food waste.
Finally, posters were elaborated by children to display at
the school canteen with messages related to food waste
reduction. All children and teachers participated in the
activities proposed. Furthermore, a ‘No Plate Waste Day’
was implemented and children who did not waste food at
school lunch were rewarded with a gold star sticker.

Intervention B (teachers) took place at another school,
where five teachers and the school coordinator partici-
pated in a 1 h debate session about the causes and
consequences of food waste. This session was also per-
formed by the main researcher. Waste data from previous
research was presented, showing that this school belongs
to the group with higher waste values. The teachers were
warned about their important role in the development of
children’s eating habits and also about the importance of
their presence during mealtime in order to promote waste
reduction. Whenever possible, teachers were requested to
be present during school lunchtime and also to play an
active role encouraging children to eat their lunch.
Moreover, a flyer about the importance of food waste
reduction and also strategies to achieve this goal was
distributed to the teachers.

It was expected that both the intervention focusing on
nutrition education and the intervention focusing on
school lunch monitoring by teachers would lead to plate
waste reduction at school lunch.

A third school was taken as a control where no inter-
vention occurred.

Meal environment
All schools were leased to the same catering company.
The daily menus were the same in all the Municipality’s
schools and were developed following the official guide-
lines for school meals. No other menu choices were
available apart from the main menu. In Portugal, the
school lunch includes: (i) a vegetable soup that may or
may not contain pulses or whole vegetables; (ii) a main
dish that has a main protein source (fish or meat), a main
carbohydrate source (rice, pasta or potato) and a
component of vegetables; and (iii) fresh fruit. Tap water is
the only beverage available for lunch. The meals served
were composed by either mixed or non-mixed dishes.
Mixed dishes are those that present the main protein
source in small fractions mixed with other ingredients
(e.g. ‘Pasta with codfish’, ‘Rice tomato with shredded
chicken’). Non-mixed dishes have the main protein source
separate from the carbohydrate source (e.g. ‘Hamburger
with pasta’, ‘Hake fillets with rice’).

At each canteen, the dishes arrived ready from ‘kitchen
to kids’, the canteen staff being responsible for serving
and distributing meals to the children, collecting the plates
and washing dishes after the meals. At each school,
there was equipment to ensure control of the meal
temperature. Moreover, the meal temperature was
measured to guarantee the temperature standardization
and meal safety. All children had an hour for lunch. During
the data collection the canteen staff were informed that
the research team members would be responsible for
distributing plated dishes and for collecting the leftovers
at end of the meal for weighing procedures. During
lunchtime, children usually seat at rectangular tables
with friends. Each canteen accommodates approximately
fifteen classes simultaneously, each one with about
fifteen to twenty students. Adult supervision during
lunch was provided by school staff and sometimes by class
teachers.

During the study development, no changes were
implemented on school practices relating to canteens,
namely school lunchtime, menus available and school staff
daily attending at the canteen, in order to avoid inter-
ference with food consumption.

Data collection
Data collection was performed by ten trained researchers,
including the main researcher, guided by a manual
developed as a reference tool to standardize all collection
procedures.

For each child, weighing of individual meals and left-
overs was performed on three non-consecutive weeks,
between February and May 2013: for five days at baseline
(T0), for five days at 1 week after the intervention (T1) and
for four days at 3 months after the intervention (T2), since
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in the last period of data collection one of the days
was a public bank holiday. The plate waste was recorded
for a total of 1742 lunches during 14 d and over eight
different menus.

The same procedure was employed in both the inter-
vention and control schools at each study phase and
measures were recorded across consecutive days in each
school and at the same time.

The effect of the interventions was evaluated by
measuring plate waste of the soup and the main dish. The
school canteens had a 12-week menu cycle allowing data
collection at times T0 and T2 when the same menu was
offered in order to avoid menu differences influencing
plate waste. However, in T1 only two main dishes were
identical to T0 and T2. These dishes have been identified
in our study as ‘identical main dishes’.

The plate waste at lunch was assessed using the
weighing method(29). Aggregated waste across food items
was collected for each child when mixed dishes were
served, while individual plate waste was collected for non-
mixed dishes. Servings and leftovers of each edible food
item were weighed by using a digital scale accurate to the
nearest gram (SECA® model 851, Germany).

Stickers with unique codes were placed under each
plate for identification purposes. At each school, a max-
imum of two researchers were responsible for weighing
meals after plating, while another two distributed meals to
children according to the number codes previously
assigned.

All plates were weighed empty and after plating, and
serving size was determined by the weight difference. At
the end of the meal, plates were collected, non-edible
items were removed, plates were weighed and the
amount of food waste was determined by the weight
difference. Percentage of plate waste was calculated as the
ratio of edible food discarded per edible food served to
children(9).

The research team monitored the children during the
lunch period to ensure that children did not throw away
any uneaten food.

Sociodemographic data (children’s age, sex and socio-
economic status, i.e. students on free- or reduced-price
school lunches) were obtained from school administration.

Data analysis
Means and standard errors were used to provide an indi-
cation of average daily plate waste and initial serving at
school lunch. Mean/SE in grams is used for meals’ initial
servings and mean/SE in percentage is presented for plate
waste since it better represents the magnitude of plate
waste. Statistical analyses were performed separately for
soup, all main dishes and only the two identical main
dishes.

Mann–Whitney U and Kruskall–Wallis tests were used to
compare variables grouped by intervention and control
groups. A 0·05 level of significance was considered.

The effect of the interventions was evaluated based on
changes in plate waste between baseline (T0), 1 week
after the intervention (T1) and 3 months after the
intervention (T2), comparing intervention with control
schools. Generalized linear models were used to test these
differences, taking into account the nested nature of the
data. The different scores for plate waste were used as the
dependent variable, and adjustment was made for
children’s social support group and mean initial servings
during T0, T1 and T2 in order to maximize precision and
minimize differences observed for children’s social
support and initial servings. The differences in plate waste
(%) between baseline and 1 week and/or 3 months post-
intervention among intervention and control groups were
included as dependent variables. Children’s social support
group, mean initial servings during T0 and mean initial
servings during T1 were included as other variables in the
generalized linear models.

The statistical software package IBM SPSS Statistics
version 21·0 was used for data analysis.

Results

Table 1 shows the sociodemographic characteristics of the
participants in the control and intervention groups.

Overall food waste at baseline was 34·8 (SE 2·0) % for
soup and 43·2 (SE 1·6) % for main dish, with significant
differences between intervention groups. Table 2 displays
school lunch plate waste for soup and main dish in the
intervention and control groups. The mean plate waste
varied between 34·4 % and 63·5 % for the main dish and
between 19·0 % and 52·6 % for soup (Table 2).

After implementation of intervention A (children), a
decrease in soup waste was observed in comparison to the
control group. Furthermore, the effect was greater at T1
(−11·9 (SE 2·8) %) than at T2 (−5·8 (SE 4·4) %). The plate
waste of identical main dishes decreased strongly at T1
(−33·9 (SE 4·8) %); however, this effect was not found at T2
(−13·7 (SE 3·2) %; Tables 3 and 4).

Table 1 Sociodemographic characteristics of control and intervention
groups; fourth-grade children from Porto primary schools, Portugal

Control
(n 64)

Intervention
A (n 28)

Intervention
B (n 55)

Mean SD Mean SD Mean SD

Age (years) 9·2 0·5 9·4 0·5 9·2 0·4

n % n % n %

Sex
Boys 33 51·6 14 50·0 31 56·4
Girls 31 48·4 14 50·0 24 43·6

Social support
Free school lunch 29 45·3 14 50·0 8 14·5
Partial financial support 7 10·9 6 21·4 8 14·5
No financial support 28 43·8 8 28·6 39 70·9
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Table 2 Mean initial serving and mean plate waste in intervention and control schools; fourth-grade children from Porto primary schools, Portugal

T0 (baseline) T1 (1 week post-intervention) T2 (3 months post-intervention)

Control
Intervention

A
Intervention

B Control
Intervention

A
Intervention

B Control
Intervention

A
Intervention

B

Mean SE Mean SE Mean SE P Mean SE Mean SE Mean SE P Mean SE Mean SE Mean SE P

Initial serving (g)
Soup 184·5a 0·9 197·8b 1·8 174·7c 1·3 <0·001 192·4a 1·2 197·7b 2·2 162·3c 1·2 <0·001 211·9a 0·7 209·8b 3·5 149·9c 1·2 <0·001
Main dish 217·0a 1·8 210·5b 2·5 154·5c 2·3 <0·001 253·2a 2·2 183·7b 2·1 141·4c 1·9 <0·001 265·6a 1·9 179·4b 2·4 138·2c 2·4 <0·001
Main dish (only the two identical menus) 215·2a 3·1 204·8b 3·3 138·8c 3·0 <0·001 223·8a 2·8 157·2b 1·8 121·1c 2·9 <0·001 280·2a 2·1 182·4b 3·3 140·2c 2·8 <0·001

Mean plate waste (%)
Soup 34·4a 2·7 52·6b 5·0 26·2c 3·1 <0·001 39·8a 2·9 40·9a 5·2 19·0b 2·1 <0·001 36·3a 2·9 46·8b 4·3 20·3c 2·2 <0·001
Main dish 39·8a 2·4 63·5b 2·9 36·8a 1·9 <0·001 50·3a 2·3 50·5a 3·2 39·2b 2·3 0·003 53·0a 1·9 64·1b 2·5 34·4c 2·2 <0·001
Main dish (only the two identical menus) 46·2a 2·8 76·6b 3·1 38·6c 2·4 <0·001 51·2a 2·7 42·7a,b 4·1 40·5b 2·9 <0·001 59·7a 2·4 78·3b 2·5 43·3c 2·7 <0·001

P values from the non-parametric Kruskal–Wallis test at a 95% CI.
a,b,cMean values within a row with unlike superscript letters at each time point were significantly different (non-parametric Mann–Whitney test) at a 95% CI.

Table 3 Differences in plate waste (%) between baseline (T0) and 1 week post-intervention (T1) among intervention and control groups; fourth-grade children from Porto primary schools, Portugal

Control Intervention A Intervention B Intervention A v. control Intervention B v. control

Mean* SE Mean* SE Mean* SE P Adjusted difference† 95% CI P Adjusted difference† 95% CI P

Soup 5·1a 2·0 −11·9b 2·8 −6·8b 1·6 <0·001 −16·1 −23·7, −8·5 <0·001 −14·0 −24·1, −3·8 0·007
n 63 n 28 n 54

Main dish 10·5a 2·2 −13·0c 3·0 3·0b 1·6 <0·001 −28·2 −41·1, 15·3 <0·001 −15·1 −35·3, 5·2 0·145
n 64 n 28 n 54

Main dish (only the two identical) 5·0a 2·4 −33·9b 4·8 3·7a 2·6 <0·001 −39·2 −55·3, −23·0 <0·001 −7·2 −37·1, 22·7 0·639
n 61 n 28 n 48

P values from the non-parametric Kruskal–Wallis test at a 95% CI.
a,b,cMean values within a row were significantly different (non-parametric Mann–Whitney test) at a 95% CI.
*Unadjusted mean.
†Differences were adjusted for children’s social support group; mean initial servings during T0 and mean initial servings during T1.
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Intervention B (teachers) did not have a significant
effect in reducing plate waste at 1 week post-intervention
compared with the control group. At T1 it was observed
that soup waste decreased (−6·8 (SE 1·6) %) and the waste
of identical main dishes increased (3·7 (SE 2·6) %). At T2, a
positive effect of the intervention was observed since plate
waste decreased slightly (−5·5 (SE 1·9) % for soup and
−5·4 (SE 2·4) % for identical main dishes; Tables 3 and 4).

In generalized linear models there was a greater
significant reduction in plate waste for main dish, identical
main dishes and soup at T1 in the group receiving inter-
vention A (children) compared with the control group.
With intervention A (children), a higher reduction in plate
waste than in the control group was also observed for
identical main dishes at T2. When results for intervention
B (teachers) were analysed, a greater reduction in plate
waste than in the control group was observed for identical
main dishes at T2 and for soup at T1 (Tables 3 and 4).

Discussion

In the present study the effect of interventions on plate
waste was analysed, hypothesizing that intervention
would result in a reduction of plate waste. The study
results demonstrated that the nutrition intervention
designed for children was more effective at reducing plate
waste than the intervention focusing on teachers.

The food waste reduction decreased between the short
and the medium term in the group of children who
received nutrition education focusing on food waste. This
fact could be an indicator that continuous interventions are
needed for plate waste reduction over time.

Our results also showed high values of plate waste,
considering the acceptable limit of 10 % proposed by
the Brazilian Federal Council of Nutritionists for food
services(12). These recommendations were considered
since no reference values are known for the Portuguese
reality. In all study periods, the plate waste of main dish
was higher than 34 % and soup waste was higher than
19 %. These results are far above those found by other
authors in primary-school canteens, which varied between
10 % and 45 % according to the food item evaluated(8–10),
and are extremely worrying since the nutritional benefits
of food are being wasted.

In the published scientific literature, different strategies
are found aiming to achieve plate waste reduction at
primary schools(4,6,13,22–25,30,31). However, effective results
of these interventions are scarce. Furthermore, the
majority of studies developed in school canteens are
focused on fruit and vegetable consumption and not on
plate waste reduction(15,27,30). For this reason, our results
will only be compared with those focusing on food waste.

Our results were in line with results obtained by
Engstrom and Carlsson-Kanyamain in Swedish primary
schools (children aged 6 to 10 years) that implemented aTa
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strategy of ‘Zero waste lunch’ to reduce food waste. These
researchers suggested that encouraging friendly competi-
tions between classes to achieve reduction in waste could
be a successful strategy; they observed a decrease in plate
waste of 35 % when involving students in weighing waste
and posting the results on the canteen wall(25). These
results were better than the ones obtained in our study.

Other researchers demonstrated that nutrient intake at
lunch in Korean schools was significantly higher in groups
receiving nutrition education related to food waste than in
the control group(31), which was in line with our results.
The school intervention developed by these authors was
similar to ours and included tasting foods, education by a
class teacher about the environmental consequences of
food waste and a ‘No plate waste day’ organized by the
school(31).

Another successful strategy applied in a Swedish school
canteen consisted of daily evaluation of plate waste by
students. This intervention had better values than those
obtained in our study, exhibiting a reduction of 49 % in
food waste(32). Whitehair et al. showed that simple post-
ings about awareness of food waste triggered a significant
decrease in waste behaviours(33).

Recent results found by Upton et al. showed limited
support for both the short- and long-term effectiveness of
nutrition education interventions promoting fruit and
vegetable consumption in children’s school lunch(15).
Other authors observed a positive result of a reward-based
intervention in increasing fruit and vegetable consumption
at school lunch(30).

Regarding the intervention involving teachers, our
results indicated that awareness of teaching staff had a
better effect on plate waste reduction in the medium term
than in the short term.

Despite comparisons made with other published
studies, it is important to note that the majority of inter-
ventions that involved teaching staff did not have as the
main purpose the evaluation of plate waste at school
canteens.

Auld et al. evaluated a school-based nutrition education
programme in the USA focusing on teaching staff and
observed that a reduction in fruit and vegetable waste was
associated with more positive teachers’ attitudes towards
school lunches(16).

Inayama et al. evaluated teacher’s perspectives associated
with health education and the role of school lunch in
Japanese primary schools. They observed that for teachers,
school lunch was regarded as an opportunity for providing
daily supply of nutrients, teaching of table manners, building
up nutrition education and developing food preferences
through eating lunch together with classmates(34).

Teachers eating together with students is mandatory in
Finland(35). They are supposed to instruct basic table
manners and to promote healthy eating habits among
children. Additionally, many municipalities have included
school meals and their possibilities for cross-subject

learning in their curriculum(35). Moreover, in Sweden, a
programme named ‘pedagogic meals’ was implemented as
a result of a government report. This included teachers
having lunch together with children. This recommenda-
tion appeared to help and encourage children to eat and
try new foods served as well as to stimulate teachers to act
as a role model and teach children about how to behave
in the canteen and discuss food and nutrition during
mealtimes. It was also observed that schools with
pedagogic lunches hardly had plate waste(21,25). In
Portugal, school practices are quite different. The lunch
period is usually a leisure time for teachers and most of
them leave the school during this period. Moreover,
monitoring children at the school canteen is not an activity
of their responsibility. The lack of effect verified at short
term in the group submitted to the intervention designed
for teachers may be due to teachers’ low interest in this
particular subject. According to other authors, the efficacy
of health promotion interventions depends on the adher-
ence and completeness of teaching staff (36). Furthermore,
other researchers have identified the lack of support from
school teachers as a barrier to implement or improve
existing nutrition policies(37).

It may be possible that during the period of the present
study, teachers became more aware about plate waste
issues, encouraging their students to school lunch
consumption. This fact could explain the results found at
3 months post-intervention.

Teachers are critical school stakeholders and may have
an important influence on the consumption of healthy
food by children(38). For instance, in a school-based
programme developed in Mississippi, the main objective
of which was to increase fruit and vegetable consumption,
involving teachers and school staff eating food items
and being a role model resulted in a positive effect on
children’s intake(27).

Reducing plate waste depends on many factors and will
require action by school administrators as well as teachers,
school lunch managers and other staff.

Successful interventions performed by research teams
frequently fail to continue after the research ends, which
could explain the lower effect on plate waste found at
3 months after the interventions. In a review of nutrition
education programmes, the authors concluded that
interventions must use behaviour change strategies and be
implemented with sufficient longevity and intensity(39).
Thus, a continuous programme focusing on plate waste
reduction may obtain better results.

While the specific findings in the present study are limited
to these particular schools, our results can be useful for
setting policies concerning plate waste at lunch in primary
schools.

In spite of the results found in our study, the high levels
of plate waste observed at all phases highlight the need to
look for complementary strategies to reduce plate waste at
school canteens. Recent research suggests that offering
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smaller portion sizes and giving children a choice of
varying portion sizes may support better children’s intake
of food in school lunch settings, resulting in plate waste
reduction(22). Other authors have shown that food waste
is significantly lower when recess is scheduled before
compared with after lunch, with plate waste reduction
ranging from 10 % to 13 %(24). The influence of the length
of the lunch period on food waste has been also explored
by other researchers, who discussed that children spend
little time eating their lunch and that a longer lunch period
leads to a plate waste reduction(37,40).

Inviting students to participate in menu planning and
meal preparation, and improvement of sensory char-
acteristics of school meals are other potential strategies
suggested in the literature for achieving waste reduc-
tion(9,35). Potential reasons for the high level of plate waste
identified in our study could be related to children’s pre-
ferences and dissatisfaction with the sensory character-
istics of school lunch and to a high level of noise that can
adversely affect the environment of the canteen and
would impact children’s lunch consumption.

Several limitations of the present study were identified.
Firstly, evaluation was done only at short and medium
term. According to other authors it is essential to have
measures at least 6 months after the intervention to be able
to study retention of behaviour change and to draw con-
clusions about the effectiveness of an intervention(41). It is
also important to highlight that the schools involved in our
study were selected based on a previous study of plate
waste evaluation and all fourth-grade children from these
schools were involved. Considering the characteristics of
schools and students involved, our results could be
generalized for this particular municipality and are also
important findings to plan strategies to reduce plate waste at
schools. Our results showed that both the intervention
focusing on children and implementation of nutrition edu-
cation sessions in classrooms and the intervention focusing
on teachers and their presence during mealtime in order to
promote waste reduction could be used by other research-
ers who are investigating plate waste and also looking for
ways to reduce food waste at school canteens.

Other limitations arose from the fact that a child with an
empty lunch tray did not necessarily mean consumption of
all food items served, since there was a possibility of trading
food during school lunch among schoolchildren(42). At T1 it
was not possible to evaluate the same menu as T0 and T2
through the whole week since the food service employs a
12-week cycle menu and changes of this could have intro-
duced a bias in our results. However, to reduce this bias, a
separate analysis was performed only for those dishes that
were identical between the three periods of data collection.

A particular strength of the present study is that the
effect of interventions was measured at two different
moments by weighing food discarded, which is the most
accurate method for measuring plate waste, with both
original servings and plate waste being weighed for each

participant(9). Furthermore, all individual servings were
weighed and not just a random sample of initial servings,
as performed by other authors(14). Moreover, analysing the
same menus in different periods allowed us to obtain
information about the outcome of the intervention,
excluding the effect associated by the menu type.

Conclusions

In general, nutrition education sessions designed for
children were more effective in the short term than the
medium term. This kind of intervention was not effective
in reducing food waste in the medium term. In contrast, an
intervention focusing on teachers showed better results in
the medium term of 3 months after the intervention than in
the short term of 1 week after the intervention.

Children’s eating behaviour at school lunch is extremely
complex and influenced by several factors, either inherent
to the canteen environment or related to children’s food
preferences. This can be particularly difficult to change in
short-term interventions. Given this complexity, the lack of
effect on consumption could be expected. In addition, our
results suggested that teachers should be encouraged to
have their lunch with their students since they have an
important role in modelling food habits in the long term.

Acknowledgements

Financial support: This work was supported by Fundação
para a Ciência e a Tecnologia for the Strategic Project PEst-
C/EQB/LA0006/2013. The funder had no role in the
design, analysis or writing of this article. Conflict of
interest: None. Authorship: M.L.M. was responsible for
study design, data collection, data analysis and article
writing. S.S.P.R. was responsible for study design and
reviewing the manuscript. L.M.C. was responsible for
study design and data analysis. A.R. was responsible for
study design and reviewing the article. Ethics of human
subject participation: Ethical approval was not required.

References

1. Rocha A, Afonso C, Santos MC et al. (2014) System of
planning and evaluation of school meals. Public Health
Nutr 17, 1264–1270.

2. Nicklas TA, Liu Y, Stuff JE et al. (2013) Characterizing lunch
meals served and consumed by pre-school children in
Head Start. Public Health Nutr 16, 2169–2177.

3. Briggs M, Mueller CG & Fleischhacker S (2010) Position of
the American Dietetic Association, School Nutrition Asso-
ciation, and Society for Nutrition Education: comprehensive
school nutrition services. J Am Diet Assoc 110, 1738–1749.

4. Jones M, Dailami N, Weitkamp E et al. (2012) Food
sustainability education as a route to healthier eating: eva-
luation of a multi-component school programme in English
primary schools. Health Educ Res 27, 448–458.

1524 M Liz Martins et al.

https://doi.org/10.1017/S1368980015002797 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980015002797


5. Wells L & Nelson M (2005) The National School Fruit
Scheme produces short-term but not longer-term increases
in fruit consumption in primary school children. Br J Nutr
93, 537–542.

6. Cordingley F, Reeve S & Stephenson J (2011) Food Waste in
Schools – Final Report. Banbury: Waste & Resources
Action Programme; available at http://www.wrap.org.uk/
sites/files/wrap/Food%20waste%20in%20schools%20full%
20report%20.pdf

7. Haroun D, Harper C, Wood L et al. (2011) The impact of the
food-based and nutrient-based standards on lunchtime food
and drink provision and consumption in primary schools in
England. Public Health Nutr 14, 209–218.

8. Smith SL & Cunningham-Sabo L (2014) Food choice, plate
waste and nutrient intake of elementary- and middle-school
students participating in the US National School Lunch
Program. Public Health Nutr 17, 1255–1263.

9. Buzby J & Guthrie J (2002) Plate Waste in School Nutrition
Programs: Final Report to Congress. Washington, DC:
Economic Research Service, US Department of Agriculture.

10. Campos V, Viana I & Rocha A (2011) Estudo dos desper-
dícios alimentares em meio escolar (Food waste in public
schools). Nutrição em Pauta Jul/Aug issue, 60–64.

11. Liz Martins M, Cunha LM, Rodrigues SSP et al. (2013) Plate
waste at lunch in public primary schools. In Proceedings of
8th International Conference on Culinary Arts and
Sciences (ICCAS 2013), Porto, Portugal, 21 June 2013,
pp. 219–224. Porto: Association of Portuguese Nutritionists.

12. Conselho Federal de Nutricionistas (2005) Resolução
CFN n° 380/2005. Brasília: Conselho Federal de
Nutricionistas.

13. Guthrie J & Buzby JC (2002) Several strategies may lower
plate waste in schoool feeding programs. FoodReview 25,
issue 2, 36–42.

14. Cohen JF, Richardson S, Austin SB et al. (2013) School lunch
waste among middle school students: nutrients consumed
and costs. Am J Prev Med 44, 114–121.

15. Upton D, Upton P & Taylor C (2013) Increasing children’s
lunchtime consumption of fruit and vegetables: an evalua-
tion of the Food Dudes programme. Public Health Nutr 16,
1066–1072.

16. Auld GW, Romaniello C, Heimendinger J et al. (1999)
Outcomes from a school-based nutrition education program
alternating special resource teachers and classroom tea-
chers. J Sch Health 69, 403–408.

17. Cohen JF, Smit LA, Parker E et al. (2012) Long-term impact
of a chef on school lunch consumption: findings from a
2-year pilot study in Boston middle schools. J Acad Nutr
Diet 112, 927–933.

18. Wansink B, Just DR, Hanks AS et al. (2013) Pre-sliced fruit in
school cafeterias: children’s selection and intake. Am J Prev
Med 44, 477–480.

19. Liquori T, Koch PD, Contento IR et al. (1998) The cookshop
program: outcome evaluation of a nutrition education
program linking lunchroom food experiences with class-
room cooking experiences. J Nutr Educ 30, 302–313.

20. Wansink B, Just DR, Payne CR et al. (2012) Attractive names
sustain increased vegetable intake in schools. Prev Med 55,
330–332.

21. Persson Osowski C, Goranzon H & Fjellstrom C (2013)
Teachers’ interaction with children in the school meal
situation: the example of pedagogic meals in Sweden. J Nutr
Educ Behav 45, 420–427.

22. Ramsay S, Safaii S, Croschere T et al. (2013) Kindergarteners’
entree intake increases when served a larger entree
portion in school lunch: a quasi-experiment. J Sch Health
83, 239–242.

23. Templeton SB, Marlette MA & Panemangalore M (2005)
Competitive foods increase the intake of energy and

decrease the intake of certain nutrients by adolescents
consuming school lunch. J Am Diet Assoc 105, 215–220.

24. Getlinger M, Laughlin C, Bell E et al. (1996) Food waste is
reduced when elementary-school children have recess
before lunch. J Am Diet Assoc 96, 906–908.

25. Engstrom R & Carlsson-Kanyama A (2004) Food losses in
food service institutions – examples from Sweden. Food
Policy 29, 203–213.

26. Northeast Recycling Council (2011) Food Service/Cafeteria
Waste Reduction – Suggestions & Guidance. New Jersey:
Northeast Recycling Council.

27. Potter SC, Schneider D, Coyle KK et al. (2011) What works?
Process evaluation of a school-based fruit and vegetable
distribution program in Mississippi. J Sch Health 81,
202–211.

28. Liz Martins M, Cunha LM, Rodrigues SSP et al. (2014)
Determination of plate waste in primary school lunches by
weighing and visual estimation methods: a validation study.
Waste Manag 34, 1362–1368.

29. Comstock EM St, Pierre RG & Mackiernan YD (1981)
Measuring individual plate waste in school lunches. Visual
estimation and children’s ratings vs. actual weighing of
plate waste. J Am Diet Assoc 79, 290–296.

30. Lowe CF, Horne PJ, Tapper K et al. (2004) Effects of a peer
modelling and rewards-based intervention to increase fruit
and vegetable consumption in children. Eur J Clin Nutr 58,
510–522.

31. Kim MS, Jeon ER, Hwang KH et al. (2011) Perception and
attitudes to leftover food at school food service – the
elementary school students in Gwangju area. J Korean Soc
Food Sci Nutr 40, 137–147.

32. Sverige A (2011) EWWR Good Practices and Case Studies –
49% Less Food Wasted in Bjurhovda School Restaurant.
Vasteras, Sweden: European Commission.

33. Whitehair KJ, Shanklin CW & Brannon LA (2013) Written
messages improve edible food waste behaviors in a
university dining facility. J Acad Nutr Diet 113, 63–69.

34. Inayama T, Kashiwazaki H & Sakamoto M (1998) Role of
school lunch in primary school education: a trial analysis of
school teachers’ views using an open-ended questionnaire.
Nihon Koshu Eisei Zasshi 45, 1115–1126.

35. Tikkanen I (2011) Nutritionally balanced school meal model
for a comprehensive school. Br Food J 113, 222–233.

36. Derzon JH, Sale E, Springer JF et al. (2005) Estimating
intervention effectiveness: synthetic projection of field
evaluation results. J Prim Prev 26, 321–343.

37. Barratt RD, Cross NA, Mattfeldt-Beman MK et al. (2004)
School policies that promote healthy eating: a survey of
foodservice directors in North Carolina public schools.
J Child Nutr Manage, 1.

38. Rosario R, Araujo A, Oliveira B et al. (2012) The impact of
an intervention taught by trained teachers on childhood fruit
and vegetable intake: a randomized trial. J Obes 2012,
342138.

39. Contento I, Balch GI, Bronner YL et al. (1995) The
effectiveness of nutrition education and implications for
nutrition education policy, programs, and research: a review
of research. J Nutr Educ 27, 284–418.

40. Zandian M, Ioakimidis I, Bergstrom J et al. (2012) Children
eat their school lunch too quickly: an exploratory study of
the effect on food intake. BMC Public Health 12, 351.

41. Van Cauwenberghe E, Maes L, Spittaels H et al. (2010)
Effectiveness of school-based interventions in Europe to
promote healthy nutrition in children and adolescents:
systematic review of published and ‘grey’ literature. Br J
Nutr 103, 781–797.

42. Baxter SD, Thompson WO & Davis HC (2001) Trading of
food during school lunch by first- and fourth-grade children.
Nutr Res 21, 499–503.

Strategies to reduce plate waste in schools 1525

https://doi.org/10.1017/S1368980015002797 Published online by Cambridge University Press

http://www.wrap.org.uk/sites/files/wrap/Food%20waste%20in%20schools%20full%20report%20.pdf
http://www.wrap.org.uk/sites/files/wrap/Food%20waste%20in%20schools%20full%20report%20.pdf
http://www.wrap.org.uk/sites/files/wrap/Food%20waste%20in%20schools%20full%20report%20.pdf
https://doi.org/10.1017/S1368980015002797

	Strategies to reduce plate waste in primary schools &#x2013; experimental evaluation
	Methods
	Design and participants

	Fig. 1Flow of participants through each stage of the study; fourth-grade children from Porto primary schools, Portugal
	Intervention
	Meal environment
	Data collection
	Data analysis

	Results
	Table 1Sociodemographic characteristics of control and intervention groups; fourth-grade children from Porto primary schools, Portugal
	Table 2Mean initial serving and mean plate waste in intervention and control schools; fourth-grade children from Porto primary schools, Portugal
	Table 3Differences in plate waste (&#x0025;) between baseline (T0) and 1�week post-intervention (T1) among intervention and control groups; fourth-grade children from Porto primary schools, Portugal
	Discussion
	Table 4Differences in plate waste (&#x0025;) between baseline (T0) and 3�months post-intervention (T2) among intervention and control groups;  fourth-grade children from Porto primary schools, Portugal
	Conclusions
	Acknowledgements
	ACKNOWLEDGEMENTS
	References


