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Objective: To determine the preliminary impact of the Brighter Bites nutrition intervention on decreasing
fruit and vegetable (F&V) waste at school lunches among fourth- and fifth-grade children.
Method: This was a nonrandomized pre−post-controlled study in Houston and Dallas, TX. Two schools
received the Brighter Bites intervention (n= 76), and 1 comparison school (n = 39), during the 2017-2018

school year. Brighter Bites is a 16-week school-based nutrition intervention providing weekly distribution of

fresh F&V plus nutrition education. Main outcome measures were direct observation and weights to mea-

sure the number of F&V dishes selected at school lunches, amount of F&V wasted (gm), and related nutri-

ent waste (4 time points/child). Mixed-effects linear regression analysis was used to determine change in

F&V selection and waste over time.
Results: There was a significant decrease over time in proportion of F&V selected among those in the com-
parison school, but not the intervention schools (P < .001). Compared with children in the comparison

group, those receiving Brighter Bites showed a significant decrease in the amount of F&V wasted at each meal

(P < .001) and per item (P < .05) at the end of both 8 and 16 weeks of intervention. There were significant

decreases in waste of energy (kcal); dietary fiber (gm); vitamins B1, B3, and B6 (mg); total folate (mg); and B12

(mg) among those receiving Brighter Bites (P < .05).
Conclusions and Implications: Although absolute food or nutrient changes were small even when
significant, programs such as Brighter Bites may contribute to a healthy intake. Future studies are warranted

that include a larger sample size with a stringent, cluster-randomized control trial design and consideration

for other covariates.

Key Words: child dietary intake, fruit and vegetable consumption, nutrient waste, plate waste, school
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INTRODUCTION

Despite widespread national and inter-
national efforts to increase fruit and
vegetable (F&V) consumption, chil-
dren of all ages consume less F&V
than recommended.1,2 Children from
lower income households are more
likely to consume inadequate amounts
of F&V compared with their higher-
income counterparts,3 which exacer-
bates health disparities through the
life course. Sufficient F&V consump-
tion is critical for healthy physical and
psychosocial development and func-
tioning, especially during periods of
rapid growth in childhood and ado-
lescence.1 In children, higher F&V
intake is associated with reduced risks
for chronic diseases and risk factors
such as obesity, diabetes, hyperten-
sion, high cholesterol, and nutrient
1
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deficiency.4 Thus, promoting ade-
quate intake of F&V among children,
especially those from lower-income
families, remains important.3,4

Over 30 million children rely on
the National School Lunch Program
(NSLP) for nutrient and energy intake
during the school day, 20 million
meals of which are free lunches to
low-income children.5 Students are
required to select at least 1 fruit or veg-
etable per lunch meal under current
regulations.6 Unfortunately, previous
plate waste studies demonstrated that
children often do not consume the
F&V selected from the lunch lines.7−11

Plate waste during school lunch results
in nutrient loss and unnecessary costs
for schools and the NSLP.8,10,12 Brighter
Bites is an evidence-based school
health promotion program that com-
bines access to fresh F&V with nutri-
tion education in school and at home
to increase preference and intake of
F&V among children. The current
study tested the preliminary impact of
Brighter Bites on (1) increasing the
number of F&V dishes selected by chil-
dren at school lunch, (2) decreasing
the amount of F&V wasted during
school lunch by weight and percent-
age (proportion of F&V wasted), and
(3) decreasing F&V-related nutrient
waste per lunch meal among elemen-
tary schoolchildren in Houston and
Dallas, TX.
METHODS

Plate Waste Study Design

A nonrandomized pre−post-controlled
trial design was employed for this
study. Trained data collectors mea-
sured participating students’ school
lunch in the cafeteria at 4 1-week
time points per child (Monday
through Friday) during the 2017−2018
school year. A convenience sample of
3 schools participated in the study:
2 schools receiving the Brighter Bites
program and 1 comparison school
(not participating in Brighter Bites). At
each time point, data were collected
every day of the week (Monday
through Friday). The Brighter Bites pro-
gram is implemented over 16 weeks
in the school year: 8 weeks in the
fall semester and 8 in the spring,
respectively. The 4 time points of data
collection included the start of the
school year before the beginning of
Brighter Bites programming (baseline,
wave 1), the midpoint of the program
(end of 8 weeks in the fall, wave 2),
before the beginning of the spring
programming (wave 3), and the end
of the 16 weeks of the Brighter Bites
program (end of spring, wave 4). All
fourth- and fifth-grade children in
participating intervention schools
were exposed to Brighter Bites, but
only those who consented to partici-
pate in the study were measured. This
study was approved by the University
of Texas Health Science Center Com-
mittee for the Protection of Human
Subjects.

Description of Brighter Bites

Intervention

Brighter Bites is an evidence-based pro-
gram13 currently being disseminated
nationwide through the Brighter
Bites 501c3 nonprofit organization. A
detailed description of the program is
available elsewhere;13 briefly, Brighter
Bites is a 16-week school-based nutri-
tion program grounded in Social Cog-
nitive Theory constructs.14 It consists
of 3 main components: (1) weekly dis-
tributions of 50 servings of fresh
donated F&V sourced from local food
banks sent home with parents; (2)
nutrition education, which includes
the evidence-based Coordinated
Approach to Child Health program in
schools,15,16 and parent education
through bilingual nutrition hand-
books and recipe cards; and (3) weekly
recipe demonstrations at produce
pickup time. Results of Brighter Bites
evaluation demonstrated significant
improvements in the intake of F&V
among participating children and
parents and improvements in the
home nutrition environment.13

Recruitment and Participants

A convenience sample of 3 schools
from 2 public school districts, 1 in
Dallas, TX (district A) and another in
Houston, TX (district B), was recruited
to participate in the study. The
schools were selected based on com-
parable racial and ethnic composition
and the percentage of the student
population eligible for the free or
reduced-priced lunch program. Two
elementary schools (1 in district A
and 1 in district B) received Brighter
Bites programming for the first time
in the 2017−2018 school year; con-
currently, the comparison school (in
district B) was not receiving Brighter
Bites and had never participated in
it. Inclusion criteria for students
included (1) being enrolled in Brighter
Bites in the 2017−2018 school year
for the first time (for intervention
schools), (2) participating in the
NSLP at the school, and (3) being
enrolled in fourth or fifth grade in
the 2017−2018 school year.

A total of 115 students were
recruited and provided consent at
the 3 schools (intervention school 1:
n = 44; intervention school 2: n = 32;
comparison school: n = 39). Two
classrooms per grade were targeted
for recruitment. Recruitment strate-
gies consisted of presentation to
school leadership and a parent invi-
tation letter sent home for participa-
tion in the study. Of those in the
participating grades, recruitment
rates were 19.1%, 17.5%, and 39% in
intervention schools 1 and 2 and the
comparison school, respectively.
Written informed consent was
obtained from parents, and verbal
assent obtained from children. At
each time point, all children were
measured for 5 days (the entire
school week). Children who had
<3 days of school lunch measure-
ments at baseline were excluded
from subsequent measurements.
Finally, parent−child attendance to
Brighter Bites distributions was
obtained from Brighter Bites.

Data Collection Measures

A total of 15 data collectors, who
were university graduate students,
were trained by study investigators
to conduct plate waste measures for
the study. Before lunch, cafeteria
staff provided data collectors with
samples of all available choices of
F&V options for that day. Across all
3 schools, 30 minutes was allocated
for the lunch period. For each day of
measurement, before the lunch period,
trained data collectors recorded the
type and number of F&V items
offered, as indicated in production
records provided by the school food
and nutrition service staff, obtained 3
sample portions of each selection,
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and averaged the weights for each
offering to generate standard weights.
Across all schools, children chose
F&V items from individual containers
preserved by cafeteria staff. Before the
lunch period, on each day of measure-
ment, data collectors also provided
tags with identifier numbers to partic-
ipating children in their respective
classrooms. Children wore these tags
throughout the lunch period, and as
they came through the lunch line
with their trays after having selected
foods, their trays were labeled with
same identifier numbers. During
lunch, data collectors recorded the
type and number of F&V items
selected by each participating child.
After lunch, data collectors calculated
the amount consumed by the student
by weighing the total amount of each
F&V food item wasted on participat-
ing students’ plates using Schuler
Scientific digital scales (SSP-1502,
Englewood, CO). The F&V were
weighed to the nearest 0.01 g. Inter-
rater reliability was high (100%
agreement) and an average weight
difference of 0.012 g was found
between raters (r = .99). Prior field-
based studies showed that mobile
electronic data systems have greater
accuracy compared with secondary
manual data entry.17 Hence, for this
study, a mobile data collection
application in AppSheet (version
10.0, AppSheet, Inc, Seattle, WA,
2017) was developed and used in
real time by trained data collectors
to record all F&V selections and the
amount of F&V waste data electroni-
cally.

Data Analysis

Descriptive statistics includingmeans,
SDs, and frequency distributions
were computed at baseline. One-way
ANOVA was used to assess for base-
line differences in F&V waste among
the 3 schools. All plate waste data
and recipes for the F&V provided by
school districts were entered into
Nutrition Data System for Research
software (Nutrition Data System for
Research, University of Minnesota,
Minneapolis, MN, 2016). For foods
such as whole fruit (eg, whole
bananas, whole uncut apples) or
unopened packaged fruits or vegeta-
bles (eg, fruit cups), if the entire
serving of fruit or vegetable was
unconsumed, it was assumed that its
weight was equal to that of the stan-
dardized sample plate. Plate waste
percentage was calculated using the
equation: ([1� weight of food
remaining � weight of standardized
sample plate]£ 100). Nutrient loss
estimations for each specific nutri-
ent were calculated using plate waste
percentage and were adjusted to the
standardized sample serving size.
Mixed-effects linear regression mod-
els were used with group£ time
interaction terms to test for
between-group changes over time.
Children were tracked individually;
analysis was at the child level. Plate
waste measures were clustered
within the child, and change in F&V
plate waste measures and related
nutrients wasted at the child level
were assessed over time.18,19

Although a cluster analysis adjusting
for school as a random effect would
have been the preferred analysis
technique, given the small sample
size at the school level, this was not
performed; instead, school was
adjusted for as a covariate in the anal-
ysis. All analyses were performed
using Stata software (version 14.2 (Sta-
taCorp, College Station, TX, 2016).
The level of significance was defined
as P < .05. Goodness of fit tests were
used to determine model fit.

RESULTS

All 3 participating schools had ≥90%
of children participating in the free
and reduced-price lunch program,
which indicated that a majority of
the children were from low-income
families. At the school level, on aver-
age, 77.3% and 13.7% of children in
the intervention schools and 81.5%
and 12.6% of those in the compari-
son school were Hispanic or African
American, respectively. The overall
retention rate of participating chil-
dren in the study was 79% (data not
shown). After the initial measure-
ment week (wave 1, baseline), 24 stu-
dents were removed who did not
meet the initial requirement of ≤3
school lunch measurements owing
to absences or home lunches. Reten-
tion rates at waves 2, 3, and 4 were
84.1% for the intervention school 1
and 81.3% at intervention school 2.
Furthermore, overall attendance at
Brighter Bitesweekly produce distribu-
tions was 64% (77% attendance rate
in intervention school 1 and 50% in
intervention school 2).

Table 1 shows the baseline
descriptive statistics for F&V plate
waste measurements, overall and
stratified by schools and school dis-
tricts. Overall, on average, 4.7 § 1.51
unique varieties of F&V were avail-
able to children at the school lunches
each day. Of these, each day, chil-
dren chose an average of 1.2 § 0.6
varieties and tried 0.9 § 0.7 different
F&V. Stratified analysis shows signifi-
cant differences in the variety of F&V
offered, selected, and tried among
the 3 schools (P < .001).

At baseline, children wasted an
average 59.5% of the F&V that they
chose for school lunch. At baseline,
although there were significant differ-
ences among schools for the average
amount of F&V selected (P < .001) and
the amount of F&V wasted (P < .001),
there were no significant differences
among schools in the average propor-
tion of F&V wasted (P = .91). Table 1
also shows the baseline descriptive sta-
tistics for the percent F&Vwasted strat-
ified by various foods. The F&V most
wasted were legumes and deep yellow
and dark green leafy vegetables,
whereas the least wasted foods were
baked par-fried potatoes; 9% to 45% of
foods were 100% wasted (ie, uneaten).

Table 2 shows the results of
mixed-effects linear regression analy-
sis. Whereas there was no change
among those in the intervention
group, there was a significant decrease
in the proportion of F&V dishes
selected by children in the comparison
group at all waves of measurement (P
< .001). Results also showed that, mea-
sured against those in the comparison
school, at the end of the intervention
(wave 4), children in the intervention
schools had a significant decrease in
the amount of F&V wasted at each
meal (b =�32.06; 95% confidence
interval, �48.9 to �15.2; P < .001) and
per item (b =�28.03; 95% confidence
interval, �39.7 to �18.4; P < .001).
Total amount of energy regarding kcal,
carbohydrate (gm), and protein (gm)
wasted also decreased significantly
among those participating in Brighter
Bites measured against those in the
comparison school at the end of 8



Table 1. Baseline Data on F&V Selection and Waste at School Lunches, Brighter Bites Plate Waste Study, 2017−2018

Variable
Average F&Va Items

Available
Average F&Va Items

Selected Average F&Va Items Tried
Percentage wasted

([B / A]£ 100)
100%

Wasted

Overall (for all schools) 4.7 § 1.5 1.2 § 0.6 0.9 § 0.7
Intervention school 1 6.1 § 1.1 1.0 § 0.6 0.8 § 0.7

Intervention school 2 4.4 § 0.8 1.3 § 0.5 1.0 § 0.6
Control school 3.2 § 0.4 1.4 § 0.5 1.0 § 0.7
Pa <.001b <.001b .01b

Average F&V Amount
Selected (g) (A)

Average F&V Amount
Wasted (g) (B)

Average Amount Consumed
(g) (A − B)

Overall (for all schools) 103.2 § 87.7 82.5 § 68.7 55.1 § 54.7 59.5 § 35.5 15.0
Intervention school 1 143. 9 § 105.1 101.0 § 84.0 64.3 § 65.9 59.5 § 33.7 15.0

Intervention school 2 91.9 § 64.5 71.5 § 53.9 47.7 § 44.0 60.5 § 37.1 16.0
Control school 72.8 § 67.9 67.9 § 50.4 49.7 § 44.9 58.5 § 36.5 14.0
Pa <.001b <.001b .01b .91 .90

Stratified by type of fruit and vegetable
Citrus fruit 88.4 § 9.7 52.0 § 32.8 37.8 § 33.9 58.5 20
Fruit (excluding citrus) 99.4 § 27.2 56.4 § 40.4 43.5 § 35.3 55.2 27
Avocados and similar

(Includes avocado in
guacamole)

90.7 § 0.0 83.1 § 6.1 7.7 § 6.1 91.6 14

Dark green vegetables (eg,

broccoli, collards, romaine,
spinach)

63.0 § 16.9 43.2 § 25.9 19.5 § 16.3 64.8 18

Deep yellow vegetables (eg,

carrots, winter squash,
sweet potatoes, pumpkin)

77.7 § 11.4 60.8 § 17.1 16.0 § 12.8 78.8 34

Tomato 74.0 § 16.1 50.5 § 28.6 23.2 § 20.6 66.2 12

White potatoes 203.8 § 57.0 110.6 § 73.1 96.0 § 85.2 58.0 13
Baked par-fried potatoes 70.1 § 9.00 32.2 § 28.8 39.4 § 24.8 43.3 9
Other starchy vegetablesd 137.9 § 81.3 87.9 § 68.3 71.4 § 76.4 58.7 23
Legumes (cooked dried

beans)

102.2 § 10.4 78.8 § 21.8 19.7 § 25.3 81.2 45

Other vegetablesd 53.1 § 27.6 35.4 § 33.1 19.0 § 23.4 59.9 33

F&V indicates fruits and vegetables.
aMean differences were analyzed by 1-way ANOVA; bSignificance at P < .05; cIncludes vegetables in salads, soups, stews, stir-fry, and similar mixed dishes (eg, corn,
immature lima beans, lentil sprouts, peas); dIncludes vegetables in salads, soups, stews, stir-fry, and similar mixed dishes (eg, beets, cabbage, mung bean sprouts, sum-
mer squash).
Notes: Data are shown as n§ SD. Study population was fourth- to fifth-grade students enrolled across 3 schools. Two schools receiving the Brighter Bites intervention and
1 was the usual care comparison school (intervention school 1: n = 44 children; intervention school 2: n = 32 children; comparison school: n = 39 children).
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Table 2. Changes in F&V Selection, Waste and Related Nutrients Waste, Brighter Bites Plate Waste Study, 2017

−2018

Wave 1 Wave 2 Wave 3 Wave 4
Observations, n (Baseline) (End of Fall) (Start of Spring) (End of Spring)

Intervention group, n 295 308 263 310
Control group, n 130 121 96 102

Proportion of F&V sides
selected per meala

Intervention group, mean

(SD)

0.2 (0.1) 0.2 (0.2) 0.2 (0.2) 0.2 (0.2)

Control group, mean (SD) 0.4 (0.2) 0.3 (0.1) 0.3 (0.2) 0.4 (0.1)
Net changes in proportion of

F&V side dishes selec-
ted,b b (95% CI)

Reference 0.1 (0.1 to 0.1) 0.1 (0.1 to 0.2) 0.1 (0.0−0.1)

P <.001c <.001c .001c

Amount of F&V wasted per
meal, g
Intervention group, mean
(SD)

88.9 (74.5) 79.7 (62.2) 78.2 (57.6) 63.0 (51.2)

Control group, mean (SD) 67.9 (50.4) 68.1 (53.7) 55.8 (43.3) 74.6 (54.1)
Net changes in weight of
food wasted,b b (95% CI)

Reference �8.1 (−24.3 to 8.2) 1.4 (−15.9 to 18.6) �32.1 (�48.9,�15.2)

P .33 .88 <.001c

Amount wasted per F&V
item, g

Intervention group, mean
(SD)

60.6 (51.7) 50.7 (40.4) 50.9 (45.7) 43.0 (40.6)

Control group, mean (SD) 46.0 (38.3) 48.8 (37.5) 40.3 (34.3) 58.1 (42.3)
Net changes in weight of

food wasted,b b (95% CI)

Reference �11.5 (�21.5 to �1.50) �3.3 (−14.0 to 7.4) �28.0 (�39.7 to �18.4)

P .02c .55 <.001c

Total energy wasted, kcal

Intervention group, mean
(SD)

58.9 (61.3) 46.0 (45.8) 49.3 (48.5) 37.5 (38.2)

Control group, mean (SD) 46.6 (42.3) 48.7 (43.0) 32.6 (41.0) 45.6 (45.4)

Net changes in energy
wasted,b b (95% CI)

Reference �14.1 (�27.4 to �0.9) 4.6 (−9.5 to 18.6) �19.6 (�33.3 to �5.9)

P .04c .52 .005c

Total carbohydrates wasted, g
Intervention group, mean
(SD)

12.6 (11.2) 10.2 (9.7) 11.0 (9.7) 8.7 (8.0)

Control group, mean (SD) 10.0 (8.8) 10.0 (8.3) 7.4 (9.1) 10.6 (10.4)

Net changes in total carbo-
hydrates wasted,b b (95%
CI)

Reference �2.28 (−5.0 to 0.4) 1.1 (�1.7 to 4.0) �4.3 (�7.0 to �1.5)

P .09 .44 .002
Total protein wasted, g
Intervention group, mean

(SD)

1.0 (1.5) 0.8 (1.4) 0.7 (1.0) 0.5 (0.7)

Control group, mean (SD) 1.0 (1.6) 1.2 (1.9) 0.9 (1.8) 1.2 (1.8)
Net changes in protein
wasted,b b (95% CI)

Reference �0.4 (�0.8 to �0.0) �0.2 (�0.6 to 0.2) �0.6 (�1.0 to �0.2)

P .05c .31 .003c

Total fat wasted, g
Intervention group, mean

(SD)

1.0 (2.2) 0.6 (1.1) 0.7 (1.8) 0.4 (1.4)

Control group, mean (SD) 0.7 (1.1) 0.8 (1.3) 0.2 (0.3) 0.2 (0.5)
Reference �0.6 (�1.0 to �0.2) 0.1(�0.3 to 0.6) �0.1(�0.6 to 0.3)

(continued)
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Table 2. (Continued)

Wave 1 Wave 2 Wave 3 Wave 4
Observations, n (Baseline) (End of Fall) (Start of Spring) (End of Spring)

Net changes in total fat
wasted,b b (95% CI)

P .006c 0.63 .52
Total dietary fiber wasted, g

Intervention group, mean

(SD)

1.8 (2.0) 1.5 (1.8) 1.7 (1.8) 1.3 (1.4)

Control group, mean (SD) 1.5 (1.5) 1.5 (1.5) 1.5 (2.4) 1.8 (2.4)
Net changes in fiber
wasted,b b (95% CI)

Reference �0.2 (�0.8 to 0.3) �0.1 (�0.6 to 0.5) �0.7 (�1.2 to �0.2)

P .35 .75 .009c

Vitamin B1 (thiamine) wasted,
mg

Intervention group, mean
(SD)

0.045 (0.05) 0.042 (0.05) 0.035 (0.04) 0.025 (0.03)

Control group, mean (SD) 0.041 (0.03) 0.043 (0.04) 0.034 (0.05) 0.048 (0.07)

Net changes in vitamin B1

(thiamine) wasted,b b
(95% CI)

Reference �0.003 (�0.02 to 0.010) �0.002 (�0.02 to 0.01) �0.03 (�0.04 to �0.01)

P .63 .77 .001c

Vitamin B2 (riboflavine)
wasted, mg
Intervention group, mean

(SD)

0.036 (0.03) 0.026 (0.02) 0.026 (0.02) 0.022 (0.02)

Control group, mean (SD) 0.034 (0.04) 0.038 (0.04) 0.028 (0.03) 0.029 (0.03)
Net changes in vitamin B2

(riboflavine) wasted,b b
(95% CI)

Reference �0.01 (�0.02 to �0.005) �0.003 (�0.01 to 0.005) �0.008 (�0.02 to .001)

P .001c .41 .06

Vitamin B3 (niacin) wasted, mg
Intervention group, mean
(SD)

0.47 (0.52) 0.35 (0.35) 0.37 (0.40) 0.27 (0.32)

Control group, mean (SD) 0.37 (0.35) 0.35 (0.33) 0.25 (0.30) 0.43 (0.40)

Net changes in vitamin B3

(niacin) wasted,b b (95%
CI)

Reference �0.09 (�0.19 to 0.02) 0.03 (�0.09 to 0.14) �0.26 (�0.37 to �0.15)

P .11 .70 .001c

Vitamin B6 (pyridoxine, pyri-
doxyl, and pyridoxamine)

wasted, mg
Intervention group, mean
(SD)

0.07 (0.08) 0.06 (0.06) 0.06 (0.07) 0.05 (0.06)

Control group, mean (SD) 0.09 (0.12) 0.08 (0.10) 0.07 (0.12) 0.10 (0.15)
Net changes in vitamin B6

wasted,b b (95% CI)
Reference �0.0007 (�0.03 to 0.02) 0.009 (�0.02 to 0.04) �0.03 (�0.06 to �0.005)

P .95 .57 .02c

Total folate wasted, mg
Intervention group, mean
(SD)

13.3 (21.6) 14.9 (27.1) 12.3 (17.2) 9.5 (14.1)

Control group, mean (SD) 12.9 (17.2) 15.1 (23.1) 17.1 (30.4) 16.3 (30.8)
Net changes in total folate
wasted,b b (95% CI)

Reference �0.33 (-6.7,6.0) �5.1 (−11.8 to 1.7) �6.9 (�13.5 to �0.4)

P .93 .14 .04c

(continued)
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Table 2. (Continued)

Wave 1 Wave 2 Wave 3 Wave 4
Observations, n (Baseline) (End of Fall) (Start of Spring) (End of Spring)

Vitamin B12 (cobalamin)
wasted, mg

Intervention group, mean
(SD)

0.007 (0.03) 0.006 (0.02) 0.004 (0.02) 0.0002 (0.002)

Control group, mean (SD) 0.0001 (0.0005) 0.0001 (0.0005) 0.00004 (0.0003) 0.00009 (0.0005)

Net changes in vitamin B12

(cobalamin) wasted,b b
(95% CI)

Reference �0.0009 (−0.006 to 0.004)�0.002 (−0.008 to 0.003)�0.006 (�0.01 to �0.001)

P .71 .34 .01c

Vitamin C (ascorbic acid)
wasted,d mg
Intervention group, mean

(SD)

5.6 (5.9) 6.6 (9.2) 6.8 (9.1) 6.1 (10.8)

Control group, mean (SD) 6.9 (7.3) 6.1 (6.2) 3.0 (4.4) 4.1 (4.8)
Net changes in vitamin C

wasted,b b (95% CI)

Reference 1.7 (�0.6 to 4.0) 4.9 (2.5 to 7.4) 3.0 (0.7 to 5.4)

P .15 <.001c .01c

Vitamin E (total a-tocopherol)
wasted, mg

Intervention group, mean
(SD)

0.33 (0.32) 0.33 (0.39) 0.38 (0.41) 0.26 (0.32)

Control group, mean (SD) 0.25 (0.32) 0.23 (0.31) 0.09 (0.12) 0.18 (0.19)

Net changes in vitamin E
(total a-tocopherol)
wasted,b b (95% CI)

Reference 0.02 (�0.07 to 0.12) 0.20 (0.10 to 0.29) �0.008 (�0.10 to 0.09)

P .60 <.01c .83
Vitamin K (phylloquinone)
wasted, mg

Intervention group, mean
(SD)

7.3 (13.3) 7.1 (12.8) 6.9 (9.5) 5.6 (11.5)

Control group, mean (SD) 8.1 (15.9) 7.4 (22.5) 3.8 (6.8) 4.2 (7.0)
Net changes in vitamin K

(phylloquinone) wasted,b

b (95% CI)

Reference 0.8 (−2.9 to 4.5) 4.1 (0.2 to 8.1) 2.5 (−1.3 to 6.3)

P .67 .04c .20

Calcium wasted, mg
Intervention group, mean
(SD)

14.3 (21.6) 13.7 (14.3) 13.7 (14.7) 8.9 (10.2)

Control group, mean (SD) 16.1 (19.5) 12.9 (13.4) 9.9 (14.9) 12.0 (15.4)
Net changes in calcium
wasted,b b (95% CI)

Reference 2.5 (−1.9 to 6.8) 4.6 (�0.06 to 9.2) �1.7 (−6.2 to 2.8)

P .27 .05 .45
Iron wasted, mg
Intervention group, mean
(SD)

0.30 (0.33) 0.29 (0.39) 0.25 (0.27) 0.19 (0.25)

Control group, mean (SD) 0.40 (0.47) 0.39 (0.50) 0.27 (0.51) 0.38 (0.54)
Net changes in iron
wasted,b b (95% CI)

Reference 0.01 (�0.10 to 0.12) 0.08 (�0.03 to 0.20) �0.07 (�0.18 to 0.03)

P .85 .15 .18

CI indicates confidence interval; F&V, fruits and vegetables.
aProportion of F&V side dishes selected per meal is F&V side dishes selected per meal divided by F&V side dishes available
per meal; bCoefficient from interaction term wave £ intervention in mixed-effect linear regression models with plate waste
measures clustered within child, adjusted for school as a covariate in the analysis; cSignificance at P < .05; dSummation of
weight of food wasted per meal, assuming weight of food wasted equals weight of sample food item if it was totally unconsumed.
Notes: Study population was fourth- to fifth-grade students enrolled across 3 schools. Two schools receiving the Brighter Bites
intervention and 1 was the usual care comparison school (final sample size for pre−post analysis = 91 students).
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weeks (P < .01) and the end of the
intervention (P < .01). With regard to
micronutrients, there was a significant
decrease in waste in the amount of die-
tary fiber (gm) at wave 4; vitamins B1,
B3, and B6 (mg), total folate (mg), and
vitamin B12 (mg) (P < .05). Conversely,
there were greater decreases in vita-
mins C and K (mg) wasted among chil-
dren in the comparison school
measured against those participating
in Brighter Bites (P < .05).

DISCUSSION

Overall, the results of this pilot plate
waste study demonstrated a signifi-
cant, although small, decrease from
baseline to the end of the intervention
in the amount of F&V wasted among
children participating in Brighter Bites,
compared with those not participating
in the program. Moreover, the
decrease in the amount of F&V
wasted at school lunches was signifi-
cant at the end of the 16-week inter-
vention, but not at the midpoint
(8 weeks); this potentially indicates
the need for longer-term exposure to
F&V to promote behavior change.

This study adds to the current
body of literature on measuring F&V
waste among children participating
in the NSLP20 by using objective
measures and measuring the type
and amount of F&V wasted. These
results concur with those of other
studies that assessed the impact of
school-based interventions and pol-
icy change on plate waste at school
meals and found that modifying the
availability and accessibility of F&V
in schools improved consumption
and decreased waste at school
meals.21−23 The results of this study
also demonstrated significant,
although small, reductions in waste
of nutrients such as dietary fiber and
vitamins among children participat-
ing in Brighter Bites, measured
against those in the comparison
group. Nutrient waste because of
food waste is a major issue in the US.
A study by Spiker et al24 using
national data reported a significant
amount of F&V and related nutrient
waste at the retail and consumer lev-
els in the US amounting to dietary
fiber waste equivalent to 23% of the
recommended dietary allowance for
Americans. Nutrients such as dietary
fiber, vitamins, and folate are the
building blocks of life and are critical
for preventing chronic disease25−27;
strategies to promote consumption
and reduce waste of these key
nutrients should be employed.
Recent systematic reviews of the lit-
erature also indicated that school-
based interventions that involve
parents and improve the home envi-
ronment can support child energy-
balance behaviors and health.28

Baseline data from the current
study found that regardless of the
number of F&V selections offered,
children selected a small number of
F&V at school lunches and wasted a
substantial proportion of those
selected. These results concur with
those of Gase et al11: in an effort to
characterize student receptivity to
new menu offerings at school lunch
in Los Angeles, CA, those authors
reported that a significant propor-
tion of children did not consume
F&V offered at school lunch because
they either did not select F&V or
threw away all of the F&V without
taking a bite.

Limitations

Limitations of the study include a
small sample size with 1 comparison
and 2 intervention schools that was
not powered for outcomes or cluster
effects. This was a pilot study and was
not statistically powered to detect
changes in the outcomes measured.
Furthermore, sociodemographic data
were not collected at the individual
child or family level, which could be
potential covariates in the analysis.
Also, because students were clustered
within schools, a 3-level multilevel
model adjusting for within- and
between-school variance would have
been the preferred method of analysis.
However, because of the small sample
size at the school level, a multilevel
model adjusting for school-level vari-
ance was not performed, which might
have resulted in an underestimation of
the SEs of regression coefficients and a
subsequent potential overstatement of
statistically significant findings. More-
over, factors such as the timing of
school recess (before or after lunch)
may vary among schools and influence
findings. However, these data were not
collected in the current study. The
retention rate with regard to plate
waste measurement was lower in the
comparison school; more children
brought lunches from home, com-
pared with the 2 intervention schools.
This differential attrition could have
biased the overall findings, likely away
from the null. Despite multiple
reminders regarding the purpose of the
study, children bringing home lunches
continued to be a challenge. This
needs to be considered in longitudinal
plate waste assessments. Also, the
attendance rate for Brighter Bites distri-
butions was lower in intervention
school 2 compared with intervention
school 1, which could have attenuated
the findings of the current study.
Finally, a limitation is that changes in
F&V waste and nutrients lost might
have resulted from changes in con-
sumption of other components of the
meal and not from the intervention
itself.
IMPLICATIONS FOR

RESEARCH AND PRACTICE

School-based nutrition interventions
may improve F&V intake among
children during school lunch. Strate-
gies such as those used by Brighter
Bites to engage parents in a F&V co-
op, teaching them how to use the
produce provided, and how to
improve the home nutrition environ-
ment, may hold promise in improv-
ing healthy dietary intake among
children from low-income popula-
tions. However, future studies includ-
ing a larger sample size with a more
stringent, fully powered, 3-level,
cluster-randomized, controlled trial
design are needed. Future studies
might also assess the whole meal (vs
only F&V), consider other covariates
such as school recess time, and assess
dose−response relations between fre-
quency of exposure to F&V and food
waste. By collaborating with commu-
nity partners and nutrition educators
in implementing school-based nutri-
tion programs that include provision
of healthy foods such as F&V plus
nutrition education, school districts
may effectively reduce F&V waste in
school lunches and improve the die-
tary intakes of children, especially
those from lower socioeconomic
populations.
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