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Abstract
Objective: To examine characteristics potentially associated with school lunch fruit
and vegetable waste, both overall and pre/post implementation of the Healthy,
Hunger-Free Kids Act.
Design: Multi-year (2010–2013) cross-sectional study using pre- and post-meal
digital photographs of students’ school lunch trays to estimate fruit and vegetable
availability and consumption. Fruit and vegetable items were categorized for
factors suspected to impact waste: prior farm to school years, placement (main
menu, salad bar), procurement (local, conventional), preparation (cooked, raw)
and meal component (entrée, side, topping). Analyses to assess within-category
differences in waste volume were performed using a Tobit model.
Setting:Wisconsin elementary schools participating in farm to school programmes,
USA.
Subjects: Children in third to fifth grade.
Results: Many within-factor differences were detected overall and/or across time.
Cooked fruits were wasted less than raw, while cooked vegetables were wasted
more than raw. Where identified, locally sourced items were wasted more than
conventionally sourced (+0·1 cups, P< 0·0001) and salad bar items more than
main menu items (+0·01 cups, P< 0·0001). Increasing prior farm to school years
decreased waste (−0·02 cups, P< 0·0001). Items previously tried were wasted at
the same volume whether reported as liked or not. New school lunch meal pattern
requirement implementation did not uniformly impact fruit and vegetable waste
across all categories and there was no change in waste for seven of fifteen
assessed categories.
Conclusions: Many factors impact elementary students’ school lunch waste. These
factors may be helpful for school food-service authorities to consider when
planning school menus.
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The prevalence of obesity among children and adoles-
cents has grown over the past three decades, recently
reaching 17 %(1–3), over half of the adult obesity pre-
valence rate, which stood at nearly 36 % in 2009–2010(3).
Obesity and related co-morbidities have public health as
well as economic implications(4,5). Because of this high
prevalence, public health personnel and medical profes-
sionals emphasize the importance of consuming a healthy
diet(6). Few children meet consumption recommendations
for fruit and vegetables (F&V)(7). One strategy hypothe-
sized to help achieve this is improving the quality of
school meals. These efforts include promoting increased
consumption of low-energy-density foods such as F&V
which, on the basis of high water and fibre content,

alongside their low fat content, collectively yield larger
bulk and low energy density. Although the positive effects
of low-energy-dense food have been demonstrated in
adults(8), the data are somewhat inconsistent, particularly
among children(9–11).

While many factors influence dietary preferences
and habits, encouraging children to consume recom-
mended amounts of F&V is often part of programming
conducted in schools(12–18). Schools are common inter-
vention sites for studies in children due to their large,
representative populations(19). Schools have the potential
to reach across multiple levels of the socio-ecological
model(20): individual, interpersonal, organizational and
community touchpoints are all feasible within school-based
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interventions. One specific US programme, Farm to School
(F2S), aims to increase children’s F&V consumption through
nutrition and agriculture education in the classroom and
with experiential learning activities, and simultaneously to
support local farmers by promoting local food purchasing(21).
More importantly, it is one of the specific strategies cited by
the Centers for Disease Control and Prevention as having
potential to increase healthy food access and F&V con-
sumption(22). F2S programme implementation varies by
school, generally growing out of grass-roots efforts to enhance
education by building on the strengths and resources available
to a specific community(21,23).

The potential for schools to impact children’s dietary
choices has been further enhanced through passage
of the Healthy, Hunger-Free Kids Act (HHFKA), which
requires increased F&V on students’ school lunch trays –

specifically, one-half of a cup of fruit and three-quarters
of a cup of vegetables are required for meal pattern
compliance, whereas the old school lunch programme
required students to take only one serving of a fruit or a
vegetable(24). This law does not directly address strategies
to improve consumption, however, leading to questions of
whether increased F&V availability for children translates
into increased intake or increased waste. It is possible
that increased F&V availability will lead to financial losses
for school food-service authorities due to food waste –

certainly an important consideration in the face of tight
budgets. Finding ways to serve the required F&V that will
appeal to students such that they eat them, thereby not
wasting the increased federal school meal reimbursement
amount, is important. A recent report, however, indicated
that US students generally are accepting of the new meal
standards and that there was no perceived increased
change in the amount of food being discarded, particularly
in elementary schools(25). Despite this evidence, a number
of media portray the new meal standards as leading
students to reject the meal, thus leading to greater
waste(26,27).

Few previous studies have investigated waste of F&V items
specifically; most focus instead on consumption(16,28–30).
Two groups assessed plate waste according to broad
factors (food groups) in children, finding that both fruits
and vegetables were wasted at high percentages(31,32).
Others have studied school lunch waste and asso-
ciated costs, or factors associated with children’s F&V
consumption(33,34). One study assessed the financial
implications of food waste throughout the food chain(35).
The present study aims to evaluate, at the school level,
factors, identifiable from either digital photographs or
communication with food-service staff, associated with
F&V waste from student school lunch trays in schools
involved in F2S programmes. Moreover, the study
examines whether F2S, a nutrition intervention aimed
at increasing F&V intake, can reduce F&V waste over
time and whether implementation of the HHFKA changed
waste at F2S sites.

Experimental methods

Recruitment and design
The present study was part of a larger evaluation of
Wisconsin F2S programmes’ effectiveness in improving
students’ dietary knowledge, attitudes and behaviours
with respect to F&V consumption; the complete evaluation
protocol was reviewed by the University of Wisconsin–
Madison Institutional Review Board and determined to be
exempt. This project comprised secondary analysis of
lunch trays from third, fourth and fifth graders in eleven
schools in Wisconsin, a Midwestern state with a strong
agriculture economy outside two major metropolitan
areas. Data were collected in autumn 2010 (eight schools),
spring 2011 (eight schools), autumn 2011 (six schools),
spring 2012 (three schools) and spring 2013 (seven
schools). Participation varied because grant funding
changed during this period, thus impacting which schools
participated. A total of 320 third-grade, 1028 fourth-grade
and 529 fifth-grade students were enrolled in the schools
at the times of data collection, but student identity was
not connected to tray photographs. Each period of
data collection contributed to the current multi-year cross-
sectional observational study.

Data collection
At each data collection time, digital photographs were
taken at lunchtime for four days at each school, which
were usually consecutive days, but all schools completed
this within a two-week period. Data collection (taking
photographs of lunch trays) was performed by AmeriCorps
members implementing F2S programming at the partici-
pating schools and recruited volunteers (autumn 2010
through spring 2013, eight schools) or by staff from local
coalitions working to implement F2S at the school and
recruited volunteers (spring 2013 only, three schools).
These groups varied due to differences in grant funding as
mentioned above for school participation. AmeriCorps
members received training in person (September 2010,
2011) or by telephone conference (spring 2012) and were
invited to a training webinar prepared for coalition staff
(March 2013; led by the evaluation coordinating centre
with AmeriCorps members experienced in the data col-
lection protocol). AmeriCorps members and coalition staff,
in turn, recruited and trained their respective volunteers.
In addition, all sites received a written protocol and
ongoing technical assistance by telephone and email upon
request from the evaluation coordinating centre staff.
Efforts were made to capture photographs of every lunch
tray from third, fourth and/or fifth graders (specific grades
varied by school; school lunch participation rates varied
by school). Trays were numbered to permit before- and
after-meal pairing for side-by-side comparison. Grade was
identifiable from tray numbers if multiple grades within a
school had a shared lunchtime, with the exception of three
schools in autumn 2010. Photographs and menus were
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uploaded and transmitted to the coordinating centre for
analysis by the coordinating staff. The coordinating staff
included the same evaluation director and analyst for the
duration of the project, and a rotating staff member
responsible for matching pre- and post-meal numbered
trays. The number of trays from each school (each day)
varied by the number of children in attendance and taking
school lunch, as well as by exclusions of any incomplete
data points (such as missing or blurry photographs)
applied during analysis, as further described elsewhere(36).
In total, 7117 trays were analysed.

Data analysis
The same analyst visually examined each pair of before-/
after-meal tray photographs and recorded the date, tray
number, food items, serving sizes and percentage
remaining for each item on each tray. School food-service
staff submitted typical serving sizes of F&V items via
informal questionnaire, although some items were not
served in standard sizes, such as items that were available
from the salad bar rather than those that were part of the
main lunch. Serving sizes were noted in cups based on
the provided serving sizes and visual estimations from the
photographs using the tray dimensions for reference;
percentage remaining was estimated in 25 % increments
(0, 25, 50, 75 and 100 %) of the served/selected portion.
Amounts wasted were calculated as serving size multiplied
by percentage remaining. The analyst periodically reviewed a
selection of photographs and their item amount assessments
to verify intra-rater reliability, although no formal statistics
were performed. Others have found visual assessments of
foods based on digital photographs to be reliable(37–40).

F&V items were excluded if a tray lacked either a
before- or after-meal photograph, if the photograph
quality was too poor (unfocused) to ascertain the volume
data or if the F&V item was considered ‘masked’ (e.g.
broccoli in heavy cheese sauce, dessert-style fruit, jellied
cranberry sauce or gelatin-based fruit dishes; see online
supplementary material, Supplementary Table 1 for a
fuller list of items initially included in this list as well as
those excluded from the final analysis). In total, 1132 total
F&V items were excluded from analysis. Following these
exclusions, 11 420 F&V items remained for waste analysis.
F&V item waste volume (cups) and percentage waste
were calculated from the original visual-analysis values of
serving size and percentage eaten.

Each item was categorized as fully as possible for the
following variables: (i) F2S-related variables, i.e. prior
years of programming in a school, service line placement
(main menu item or salad bar; where known) and pur-
chase source (local or conventional); and (ii) item-specific
characteristics, i.e. item type (fruit or vegetable), pre-
paration method (cooked/canned v. fresh/raw) and menu
component type (entrée, side dish or topping (e.g. tomato
slice or lettuce on a sandwich)). Items’ factor-level char-
acterizations were assigned by first using information

gleaned directly from the photographs, then verified by
examining school lunch menus; this mostly yielded factor
information for preparation and item types, service line
placement and menu component. Additional follow-up
with food-service staff or evaluation site personnel (who
had established relationships with school food-service
staff) was conducted by telephone or email to collect
information about food procurement sourcing.

Statistical analysis
All statistical analyses were performed using the statistical
software package SAS version 9·2 with a significance level
of P= 0·05. Descriptive statistics were performed to obtain
the mean and standard deviation for each factor overall
and by semester. Due to non-normal distributions, statis-
tical significance was determined using the Tobit model
within non-linear mixed modelling (in SAS, the NLMIXED
procedure), which is useful for data sets with differing
distributions, in particular data where a high proportion of
outcome data is ‘0’ (in this case, the amount of waste for a
given item, observed in approximately 55 % of item
observations)(41). In tables, sample sizes represent indivi-
dual F&V items, rather than the number of trays or stu-
dents. All models were adjusted for students’ grade to
account for presumed differences in body sizes (growing
children) and their accompanying nutritional/energy
needs because the Pearson correlation coefficient
between cups wasted and grade trended towards sig-
nificance (P= 0·11, r= 0·015). In addition, models inclu-
ded school as a random-effect term to account for
variations in school cultures and programme imple-
mentation. Relationships with waste were investigated
according to the factors described above. Grade- and
school-adjusted Tobit modelling was also used to assess
differences in F&V item waste before (spring 2011) and
after (spring 2013) implementation of the HHFKA.

Results

Table 1 shows overall student and site characteristics. For
the first academic year (autumn 2010, spring 2011), a total
of 845 students could have participated based on the
number of students in the participating grades from par-
ticipating schools. This would have yielded 6760 unique
trays had 100 % of students participated in the National
School Lunch Program (NSLP) and all photographs been
accepted. Instead, NSLP participation in the first academic
year averaged 73 %(42), which would have yielded 4959
trays; we obtained photographs of 4462 trays or 90 % of
those possible based on NSLP participation. Across all data
collection times, we obtained a total of 7117 trays from
1877 students. Based on NSLP participation we would
have expected 7508 trays and thus we obtained 95 % of
expected trays. Seventeen per cent of trays came from
third graders, 43 % from fourth graders and 21 % from fifth
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graders. Due to common lunchtimes, an additional 4 %
and 14 % were indistinguishable between third and fourth
grades and fourth and fifth grades, respectively. Overall,
54 % of students in participating grades within participat-
ing schools were male and 79 % were Caucasian; how-
ever, it is not known whether the students who ate from

the trays represented in the study exactly represent these
overall proportions. Schools’ prior years of F2S program-
ming ranged from 0 to 5 years; 18 % of trays came from
schools with no prior programming at the start of the
school year in which the data collection took place, 23 %,
27 %, 18 %, 9 % and 5 % came from schools with one, two,
three, four and five prior years, respectively.

The mean serving size as all F&V items appeared on
students’ trays was 0·38 (SD 0·26) cups (Table 2). From this,
0·27 (SD 0·23) cups disappeared (and were assumed to
have been consumed), leaving a mean of 0·11 (SD 0·19)
cups uneaten or wasted (27 % (SD 36 %)). F&V serving size
and consumption were both significantly correlated with
grade (P≤ 0·02) and F&V cups wasted weakly approached
a significant correlation with grade (P= 0·11); however, for
all three of these variables, grade explained less than 1 %
of the variance.

Farm to School-related factors
When examining F&V waste according to prior years of
F2S programming, there were no significant differences
between groups after adjusting for grade and school
(Table 3). The percentage of F&V wasted tended to be
slightly lower among students with three prior years of
programming (P= 0·06), while it tended to be slightly
higher among students with four prior programme years
(P= 0·09). The variance within each prior-year group
varied substantially (see online supplementary material,
Supplementary Fig. 1).

Two frequent components for a F2S programme
include: (i) implementation of a salad bar in the school
lunch programme; and (ii) purchasing foods from local
farmers for use in school meals. Therefore, we examined
waste outcomes (separately) according to items’ classifi-
cations as (i) appearing on the main menu v. on the salad
bar and (ii) being identified by school food-service staff as
being purchased locally v. conventionally (Table 4).
Overall, items from the salad bar were wasted at a higher
amount than items from the main menu (+0·03 cups,
P= 0·007). Following implementation of the HHFKA, there

Table 1 School-level characteristics of students in elementary
schools participating in F2S programmes, Wisconsin, USA,
2010–2013

Characteristic n or %

Items (n) 11 420
Trays (n) 7117
Third grade (%)* 17·3
Third grade + fourth grade (indistinguishable) (%)† 3·7

Fourth grade (%)* 43·3
Fourth grade + fifth grade (indistinguishable) (%)† 14·2

Fifth grade (%)* 21·4
School-level characteristics
Students (n)‡ 1877
Sex (% male)‡ 54·0

Ethnicity (%)‡
Caucasian 78·7
Native American 12·0
African-American 2·7
Asian-American 2·9
Hispanic 2·8
Other 0·9

Prior years in F2S (%)‡
0 18·0
1 22·9
2 26·8
3 18·4
4 8·9
5 5·1

Students eligible for FRPL (%)§ 49·1
Students participating in NSLP (%)§ 65·7

F2S, Farm to School; FRPL, free/reduced-price lunch; NSLP, National
School Lunch Program.
*Based on students known to have at least one tray in the data at collection
time (i.e. where tray number matched de-identified student evaluation ID).
†In autumn 2010 there were three schools, and in spring 2011 there was one
school, where two grades ate lunch at the same time and it was not possible
to separate the grades.
‡Based on total school-level data. Actual participation may have varied
slightly, but individual-level data are not reported.
§Based on information available at the district level through the Department
of Public Instruction(42).

Table 2 Waste of fruits and vegetables according to grade; elementary schools participating in F2S programmes, Wisconsin, USA,
2010–2013

Serving size (cups) Cups eaten Percentage wasted Cups wasted

Characteristic Items (n) Mean SD Mean SD Mean SD Mean SD

All 11 420 0·38 0·26 0·27 0·23 27 36 0·11 0·19
Grade
Third 2055 0·35 0·21 0·26 0·21 27 37 0·10 0·17
Third + fourth* 597 0·32 0·22 0·24 0·21 22 34 0·07 0·14
Fourth 5028 0·39 0·27 0·28 0·24 28 37 0·12 0·20
Fourth + fifth* 993 0·40 0·29 0·27 0·23 27 34 0·13 0·21
Fifth 2746 0·37 0·27 0·27 0·25 26 35 0·10 0·18

Pearson correlation coefficient, column v. grade 0·030 0·022 0·001 0·015
P (correlation) 0·001 0·02 0·91 0·11

F2S, Farm to School.
*In autumn 2010·there were three schools, and in spring 2011 there was one school, where two grades ate lunch at the same time and it was not possible to
separate the grades.
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were no changes in average waste of foods from the main
menu or from the salad bar.

Relatively few items were able to be definitively classi-
fied as locally or conventionally sourced due to incom-
plete reporting on this factor in two of the periods.
Therefore, only autumn 2010, spring 2011 and spring 2013
items were included in the analysis and the results are
considered pilot or preliminary data. Of these, an average
of 5 % of F&V items were identified as locally sourced.
Overall, locally sourced items were wasted at a much
higher amount than conventionally sourced items (+0·14
cups, P< 0·0001). Waste of both conventionally and locally
sourced FV items did not differ after implementation of the
HHFKA after adjusting for grade and school.

Item-specific characteristics
Fruits and vegetables were not wasted at different volumes
after adjusting for grade and school (P= 0·7; Table 5).
Waste volumes of fruits and vegetables did not change
after implementation of the HHFKA.

Cooked and raw F&V were wasted at different volumes
(raw, +0·02 cups, P< 0·0001) and there were no changes in

waste volume post-HHFKA implementation (Table 5).
Despite the above finding that F&V were not wasted dif-
ferently from each other overall, fresh fruits were wasted at
higher amounts than cooked fruits (+0·06 cups, P< 0·0001)
while cooked vegetables were wasted at higher amounts
than fresh ones (+0·02 cups, P= 0·0002). None of these
subgroups changed following HHFKA implementation.

Another factor of interest, termed ‘meal component,’
indicated whether F&V items appeared within a meal as
part of an entrée (such as mashed potatoes under a
chicken gravy, or a vegetable soup), as a side dish (such as
cooked or raw vegetables) or as a topping (e.g. lettuce or
tomato on a sandwich; Table 5). F&V as entrée compo-
nents were wasted at a higher amount than both side
dishes and toppings (+0·14 cups, +0·09 cups and +0·03
cups, respectively, all P<0·0001, after grade and school
adjustments). None of these changed post-HHFKA
implementation.

To provide greater detail for this cohort, we ranked
items according to cups wasted (data not shown). This
analysis included both regular menu items, which were
generally served in fixed portions, and salad bar items, for

Table 3 Waste of fruits and vegetables according to prior years of F2S*, elementary schools participating in F2S programmes, Wisconsin,
USA, 2010–2013

Amount wasted

Serving size (cups) Amount eaten (cups) Percentage Cups

Characteristic Items (n) Mean SE Mean SE Mean SE Mean SE

Prior F2S years
0 2057 0·33 0·03 0·23 0·03 26 4 0·10 0·02
1 2618 0·38 0·03 0·30 0·03 22 4 0·08 0·02
2 3057 0·45 0·02 0·34 0·02 20 2 0·10 0·01
3 2102 0·42 0·02 0·33 0·01 18† 2 0·09 0·01
4 1016 0·47 0·02 0·33 0·01 23† 2 0·14 0·01
5 578 0·50 0·37 0·43 0·03 12 4 0·07 0·02

F2S, Farm to School.
*Means with their standard errors estimated using mixed modelling, adjusting for grade and treating school as a random effect.
†Mean values within a column followed by † indicates 0·05<P< 0·10 with respect to the other groups. Significance assessed by Tobit model, adjusted for grade,
treating school as a random effect.

Table 4 Waste of fruits and vegetables according to F2S-related characteristics (service line placement, item source); elementary schools
participating in F2S programmes, Wisconsin, USA, 2010–2013

Waste (cups)

Serving size (cups) Overall
Spring 2011
(pre-HHFKA)

Spring 2013
(post-HHFKA)

Characteristic Items (n) Mean SD Mean SE Mean SE Mean SE P, pre/post HHFKA

Service line placement
Main menu 9608 0·38 0·25 0·09a 0·01 0·08 0·01 0·09 0·02 0·30
Salad bar 1284 0·37 0·34 0·12b 0·02 0·21 0·03 0·24 0·08 0·99

Item source
Conventional 6512 0·35 0·21 0·07c 0·01 −0·16 0·14 −0·06 0·51 0·52
Local 373 0·61 0·42 0·21d 0·02 0·04 0·01 0·09 0·02 0·33

F2S, Farm to School; HHFKA, Healthy, Hunger-Free Kids Act.
a,b,c,dMean values within a column (and within a factor) with unlike superscript letters were significantly different (P<0·05). Significance assessed by Tobit
model, adjusted for grade, including school as a random effect.
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which portions taken varied. Portion sizes were collected
from food-service staff for hot lunch menu items, and
volume estimation for all F&V items was conducted within
the context of comparing known portion sizes with the
salad bar items’ plated amounts. Items with the least waste
volume were hash browns, onion, green pepper, straw-
berries, tomatoes, kohlrabi, radishes, cucumbers, cauli-
flower and celery. Expressed as cups, the wasted volumes
of these items were all less than one tablespoon (0·06
cups), but the percentage wasted varied from nearly
40 % (tomatoes) to just 3 % (hash browns) because of
differences in the amounts placed on the tray. Waste of
high-waste F&V items ranged from just under one-eighth
to just over one-quarter of a cup, but when expressed as a
percentage, waste ranged from 20 % (mashed potatoes)
to just over 50 % (asparagus). Items with the highest
waste volume included mashed potatoes, steamed mixed
vegetables, lettuce, roasted potatoes, coleslaw, romaine
lettuce, asparagus, unsweetened applesauce, spinach
(raw) and canned mixed vegetables. Most low-waste-
volume items were self-serve items from the salad bar
(exception: hash browns) and many high-waste-volume
items were more fixed-portion items from the hot lunch
menu (the following items came from both hot lunch and
salad bar: lettuce, romaine lettuce, raw spinach).

Discussion

We found that a variety of characteristics used to describe
specific F&V items are associated with F&V waste volume
from students in schools participating in Wisconsin F2S
programmes. Specifically, we found that F&V waste varied

according to preparation method (raw/cooked). F&V
items appearing on the salad bar were wasted more than
items from the main menu, and entrée and side-dish F&V
items were wasted at higher volumes than toppings (e.g.
on sandwiches, burritos). F&V items sourced con-
ventionally were wasted less than items sourced locally,
although this finding is considered pilot data.

The differences in waste volume observed within fac-
tors in the present study are small, yielding further credit to
our previous/separate findings relative to minimal changes
in energy intake on the basis of F&V energy intake(36,43).
The greatest within-factor difference observed was 0·14
cups, while the smallest was 0·02 cups. For perspective,
0·0625 cups is equal to one tablespoon, estimated at
approximately two bites for a child. Again, these differ-
ences may seem nominal, but their application to the
school scale yields potential for substantial financial
meaning. It is important to note, however, that a ‘clear
your plate’ mentality is not consistent with obesity pre-
vention strategies that are based on children learning to
stop eating when sated(44–46). F2S programming focuses
on encouraging a willingness to try new foods, even the
unfamiliar, by cultivating experiential knowledge, and it
fosters healthy eating by teaching nutritional concepts. F2S
programming does not inherently focus on improving
waste, although we did observe a slight decrease in waste
commensurate with time in the programme.

If students do not consume what is served, the menu
may not be achieving the goals of improving health. The
importance of increased F&V consumption for overall
health benefits are well documented(8–10,47–49). Thus, it is
important for schools to find ways to encourage increased
F&V consumption and this is one goal of F2S programmes.

Table 5 Waste of fruits and vegetables according to item characteristics; elementary schools participating in F2S programmes, Wisconsin,
USA, 2010–2013

Waste (cups)

Serving size (cups) Overall
Spring 2011
(pre-HHFKA)

Spring 2013
(post-HHFKA)

Characteristic Items (n) Mean SD Mean SE Mean SE Mean SE P, pre/post HHFKA

Item type
Fruit 5253 0·41 0·24 0·11 0·00 0·11 0·01 0·13 0·02 0·87
Vegetable 6174 0·35 0·27 0·08 0·02 0·10 0·01 0·10 0·03 0·35

Preparation type
Cooked 5556 0·37 0·20 0·09a 0·00 0·10 0·01 0·10 0·02 0·85
Raw 5203 0·37 0·31 0·11b 0·02 0·11 0·01 0·14 0·04 0·77
Fruit, cooked 2818 0·36 0·14 0·09c 0·01 0·08 0·01 0·06 0·02 0·08
Fruit, raw 2225 0·46 0·32 0·17d 0·02 0·17 0·02 0·15 0·56 0·36
Vegetable, cooked 2739 0·38 0·24 0·07e 0·00 0·11 0·01 0·14 0·03 0·26
Vegetable, raw 2977 0·30 0·28 0·05f 0·02 0·12 0·02 0·09 0·04 0·77

Meal component
Entrée 718 0·57 0·36 0·14g 0·01 0·12 0·10 0·19 0·10 0·31
Side dish 9855 0·38 0·25 0·09h 0·01 0·12 0·01 0·09 0·02 0·89
Topping 854 0·23 0·19 0·03i 0·02 −0·00 0·02 0·08 0·04 0·18

HHFKA, Healthy, Hunger-Free Kids Act.
a,b,c,d,e,f,g,h,iMean values within a column (and within a characteristic) with unlike superscript letters were significantly different (P<0·05). Significance assessed
by Tobit model, adjusted for grade, including school as a random effect.
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In this regard, the findings that canned and other pro-
cessed fruits were wasted less than fresh, and that fresh/
raw vegetables were wasted less than cooked, are
important to consider when making choices to minimize
waste while not using a ‘clean your plate’ approach. This
factor alone could be transformative in school lunch pro-
grammes, since more fresh vegetables could potentially be
served and yield less waste; however, the short shelf-life of
fresh produce is a mitigating factor in the feasibility of such
an approach. Among the few existing F&V waste-related
studies in children, other groups have variously found that
fruits were wasted less than vegetables(32) or that both fresh
and canned fruits were wasted more than vegetables(31).

These results may help guide school food-service
directors as they make decisions about menu items and
their preparation, service line placement and sourcing.
Obviously, wasted food translates into financial loss for
the food-service authority, an important consideration in a
tight economy. As a specific example, replacing cooked
mixed vegetables (an item wasted at high volume) with
fresh tomatoes (an item with low waste volume) on just
one day in a school where 200 students took school lunch,
twenty cups (forty half-cup servings) of wasted vegetables
could be avoided. The recent HHFKA implementation
mandated that students have more F&V on their lunch
trays in order for meals to qualify as reimbursable(24). The
economic implications, although not addressed in the
present study, have the potential to warrant consideration
when applied at the national level.

Our small analysis of F&V waste according to item
sourcing, another F2S-related factor, showed higher waste
of locally sourced than conventionally sourced items. In
the context of F2S programming, this is another surprising
result. Anecdotally, it may be related to food preparation
or packaging: one food-service director reported that
many students expect their food to arrive in packages
and/or pre-cut forms, which is less likely to be the case for
locally procured produce. It also may be due to serving
size differences, as there was nearly a twofold difference
in serving size (0·35 cups conventional v. 0·61 cups local).
Again in the context of F2S and the idea of a salad bar
being an opportunity for students to apply knowledge of
healthy dietary behaviours and improved attitudes
towards eating F&V, the finding of higher F&V waste
volume for salad bar items than for main menu items was
surprising; however, it agrees with previous findings that
the presence of a salad bar is not associated with greater
F&V consumption(28). As suggested above, the presenta-
tion or preparation of salad bar items may be less familiar
than items appearing on the main menu. In this case it is
not likely due to differences in serving sizes, as main menu
and salad bar F&V items were not different.

The differences in meal-component factor F&V waste
were expected, given the differences in serving sizes. They
do, however, suggest that ‘toppings’ items could be a
valuable way to increase students’ F&V consumption,

particularly vegetables, in school lunch. Although ‘top-
pings’ in the present study largely encompassed those for
sandwiches or tacos, it could be extended to other ideas,
such as create-your-own (veggie) pizza, baked potato bars
or pasta bars.

We found neither increased nor decreased F&V waste
following HHFKA implementation. Others have found that
the HHFKA has yielded healthier school meals(50,51), but
that children’s school lunch consumption rarely meets
NSLP standards(31). To our knowledge, no other groups
have assessed factors relating to F&V waste to this degree,
particularly in a pre-/post-HHFKA comparison, nor in a
F2S setting. Importantly, however, we found no support
for reports of increased food waste following imple-
mentation of the HHFKA in the popular media(26,27).

The present study is limited by the inability to fully
characterize each F&V item according to each factor. It
was also not possible to control for the different foods
served (entrées or otherwise) due to the large number of
different items included in the current analysis. Data col-
lection times preceded the current secondary analysis
(with the exception of May 2013) and it was not feasible to
collect retrospective procurement records from schools at
the time of the present study due to limited time on the
part of school food-service and evaluation staff, and a lack
of budget to provide any sort of participation incentive.
Therefore, there were limitations to the degree to which
we could delineate our data set with the selected factors as
described above, notwithstanding the limitation of analysis
at the school, rather than individual, level. Photographs of
known F&V volumes would have improved our visual
assessments, but we believe that the analyst’s training
minimized this need and therefore we placed less burden
on school districts. Additional factors may be helpful in
further assessing F&V waste factors that were not mea-
sured here, including consumption/waste of other lunch
items, timing of the lunch period (total length of time,
average time available after obtaining lunch tray, whether
recess is before or after lunch, and what time the lunch
period begins), whether an item was preferentially selec-
ted for tray placement or if the child was served the F&V
item without choice, and an individual’s sex. Nevertheless,
the present study offers substantial information in terms of
both specific factors assessed and the time-sensitive
assessment of waste before and after HHFKA imple-
mentation, as well as waste within the context of F2S
programming.

Future studies would be strengthened by adding addi-
tional factors to the analysis, such as food factors or
student-related factors (e.g. whether a student has pre-
viously tasted and/or liked a fruit or vegetable item), or
testing the differences specifically of any of the factors in
the present study by offering both options of one fruit or
vegetable item within a factor in the same meal, such as
offering both cooked and raw broccoli, or whole and
cut apples. Additional research rigour could be added
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by weighing a sub-sample of trays. The question of eco-
nomics in a school food-service setting should also be
addressed by obtaining cost information for F&V items
assessed.
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