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Abstract
Background: The 2010 Healthy, Hunger-Free Kids Act required the USDA to update the nutrition standards of the National
School Lunch Program. New policies were implemented in the 2012–2013 school year. These changes were followed by anecdotal
reports of increased food waste. Empirical research is needed to reliably measure student intake and plate waste before and after this
policy change.
Methods: Food consumption and waste was collected annually from a cohort of middle school students in 12 schools in an urban,
low-income school district before (spring 2012) and after (spring 2013 and 2014) policy changes. Generalized linear regression was
used to compare pre- versus postpolicy selection and consumption of entrées, fruits, vegetables, and milk.
Results: Comparing 2012 to 2014, the percentage of students choosing fruit significantly increased from 54% to 66% and
fruit consumption remained high at 74%. Student selection of fruit increased by 9% for each additional type of fruit offered with the
meal. The proportion of students who chose a vegetable dropped from 68% to 52%, but students selecting vegetables ate nearly 20%
more of them, effectively lowering vegetable waste. Entrée consumption increased significantly from 71% to 84%, thereby also
decreasing waste.
Conclusions: Students responded positively to the new lunches. They consumed more fruit, threw away less of the entrees and
vegetables, and consumed the same amount of milk. Overall, the revised meal standards and policies appear to have significantly
lowered plate waste in school cafeterias.

action to update the nutrition requirements of school meals.
The Healthy, Hunger-Free Kids Act of 2010 required the
USDA to issue regulations to align school meal standards
with the 2010 Dietary Guidelines for Americans.
The USDA released the proposed rule in January 2011.5
Recommended changes included an increase in whole
grains, new calorie limits by age group, and a reduction in
sodium. Another change was to consider fruits and vegetables two different food categories, require different
types of vegetables to be served each week, and increase
produce serving sizes. These changes are consistent with
research documenting that people consume more when

Introduction
he National School Lunch Program (NSLP) provides subsidized meals to more than 30 million children every day.1 Established in 1946, the NSLP has
always required all lunches to meet minimum researchbased nutritional requirements.2 In recent years, studies of
the diets of American children and adolescents have consistently demonstrated the need for an increase in consumption of fruit, vegetables, and whole grains and a
decrease in sodium and empty calories from solid fats and
added sugars.3,4 In response, the federal government took
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presented with variety and larger portions.6–8 The 1981
policy called ‘‘Offer vs. Serve’’9 was updated to address
the problem that students do not consume recommended
levels of fruits and vegetables. Instead of requiring students to take any three of the five meal components
available, the policy was updated to require that one of
the three components is a fruit or vegetable serving, thus
making the inclusion of a fruit or vegetable with each
lunch normative.10
The proposed new rules received approximately 130,000
comment letters and the comments were generally supportive; however, one frequently cited concern was the
potential increase in plate waste.11,12 Specifically, commenters noted that larger portion sizes for fruits and vegetables and requiring students to take a fruit or vegetable
would not necessarily lead to increased consumption.
Commenters suggested that students may not want the
additional food; they do not have enough time to eat a
larger quantity of food; and younger students may be
overwhelmed by the amount of food. Further, some argued
that changing the regulations may lead to lower participation in the program, given that students (particularly
older students) may rebel against mandates.12
The final rule was released in 2012, and the first phase of
changes was implemented in the 2012–2013 school year.11
Subsequent to initial implementation of the new regulations, there were anecdotal media reports of an increase in
food waste.13 Paradoxically, there were also media reports
of students saying that there was not enough food served in
the new lunches.14 To date, there are few empirical studies
on student consumption of the new lunches. One study
measured plate waste after the new standards went into
effect and found that 45% of the food was being thrown
away; however, they did not have any prepolicy baseline
measures for comparison.15 Cohen and colleagues reported
prepolicy plate waste rates of 38–43% among middle
school students.16 In a follow-up study, these researchers
compared plate waste data pre- and postregulation change
among 1030 school children in four schools in an urban,
low-income school district.17 They documented postpolicy
improvements in both the nutritional quality of the lunch
consumed and decreased waste of fruits and vegetables.
Methodologically rigorous studies are needed to evaluate the impact of the Healthy, Hunger-Free Kids Act on
food waste in schools over the first 2 years of policy implementation. The aim of this study is to examine food
component selection and consumption data from students
participating in the NSLP in a low-income, urban district
from spring 2012 (preregulation) to spring 2013 and 2014
(postregulation) and measure changes over time.

Methods
Participants
Data were collected in 2012, 2013, and 2014 as part of a
larger study of student health and academic achievement in
an urban school district.18 In this district, over 70% of
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children qualify for free lunch and 13% qualify for
reduced-price lunch. The student population is 47% African
American, 38% Hispanic, and 15% white. Several years
before this study, this school district removed all vending
machines and competitive foods from their schools.
Twelve K to eighth-grade schools were randomly selected from the 27 in the district and all agreed to participate. The larger study followed an entire one-grade cohort
of approximately 680 students from fifth to seventh grade
across the 12 schools. Student BMI was assessed in fifth
grade and there was a high prevalence of overweight
(19.3%) and obesity (29.9%). The percentage of the cohort
who took a lunch during data collection was 80% (n = 545)
in 2012, 75% (n = 508) in 2013, and 63% (n = 430) in 2014.
The 10% of students who selected an alternative lunch
were excluded from analyses owing to our inability to
obtain reliable preweights for all of the alternative choices.
The final sample included all students who selected the
featured school lunch in 2012 (n = 502), 2013 (n = 465),
and 2014 (n = 373).
The week before data collection each year, passive
consent letters were sent home to all parents describing the
protocol and providing the researchers’ contact information. The letters explained, ‘‘During lunch, we will take a
picture of your child’s meal tray. This picture will not
include your child, only the food and drink items on the
tray.’’ No parents contacted the researchers with questions
or to deny consent to this observation study. The school
district and the Yale University Institutional Review Board
(New Haven, CT) approved all procedures.

Measures and Procedure
There were a total of 36 data collection days (i.e., once
a year for 3 years for 12 schools). To control for seasonal effects, data were collected each year in April, May,
or June.
Before the start of the lunch period, three servings of all
available food and beverage items were weighed on a food
scale and the average was calculated to serve as the preweight value. After the students swiped their cards with the
lunchroom staff, researchers verbally asked the students
for permission to take a picture of their trays. None of the
children refused. The procedure took only a few seconds
and did not disrupt the flow of the line. Trays were numbered sequentially, student gender was recorded, and the
trays were photographed. At the conclusion of the meal,
research staff collected all lunch trays and weighed and
recorded each remaining meal component. Tray photographs were referenced to identify any items that were
consumed entirely and left no waste.
Meal components were classified as follows: entrée,
fruit, vegetable, and milk. The entrée contained both
the grain and meat/meat alternate components. There
were 17 different entrées served during the study. No
entrée appeared in more than three schools each year of
data collection or more than twice in the same school
across the years. Juice was separated from the fruit
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category, so that fruit represented whole fruit or fruit
cups. The vegetable component consisted of all vegetables, including potatoes and corn. The milk component
included only plain 1% or 2% milk. Flavored milks were
not offered during meal times in the district during the
3 years of the study.

Statistical Analysis
Differences in meal component selection and consumption associated with the change in school meal standards
were analyzed using one period of preimplementation
data (2012) and two periods of postimplementation data
(2013 and 2104). A generalized linear regression model
(GLM) was used to analyze differences in both selection
and consumption of each meal component: entrée, fruit,
vegetable, and milk. Meal component selection was coded
as a binary outcome, equal to 1 if one or more servings
of the meal component were selected. Meal component
consumption was coded as a ratio between 0 and 1, indicating the proportion of the meal component consumed.
To analyze differences in both selection and consumption of each meal component, a GLM was used with a
binomial family specification and a logit link function.
This method was used to overcome non-normal error distribution and nonlinear effects resulting from the dependent variables being binary or a ratio bounded within the
[0, 1] interval. The models control for gender, and cluster
robust standard errors were calculated to account for
nonindependent observations as a result of repeated measures within schools. A multilevel modeling approach
was not used owing to the limited number of schools in
the analysis. Average marginal predictions, presented in
Tables 1 and 2, were obtained by predicting the average
outcome (selection or consumption) for school meal i at
time t and averaging the predictions over all observations
for which the model was fitted.

Results
Selection
Table 1 shows the percentage of students who selected
each meal component by year, before and after the implementation of the new school meal standards. The percentage of students selecting a fruit significantly increased
after the new standards took effect, from 54% in 2012 to
71% in 2013 and 66% in 2014 ( p < 0.05, for comparisons
of both postimplementation periods to baseline). The percentage of students selecting vegetables significantly decreased from 68% in 2012 to 62% in 2013 ( p < 0.05);
however, the difference between the 2012 and 2014 means
is not statistically significant owing to the degree of variation in the 2014 data. Over half of the students selected
milk with their lunches, and this level remained consistent
over all 3 years. Whereas nearly all students selected an
entrée as one of the three required components all three
years, there was a significant rise from 91% in 2012 to 98%
in 2014 ( p < 0.05).

Consumption
Table 2 shows the percentage consumed of each meal
component among the students who selected the meal
component. The percentage of the vegetable serving consumed did not change significantly the first year of the new
standards, but did increase significantly from 45% in 2012
to 64% in the second year, 2014 (p < 0.05). Consumption of
the entrée meal component followed a similar pattern:
Levels remained consistent from 2012 to 2013, followed
by a significant increase from 71% in 2012 to 84% in 2014
( p < 0.05). Milk consumption remained consistent over
all 3 years, with students consuming approximately half
their milk. There were no significant differences in the
percentage of fruit consumed; consumption levels ranged
from 61% to 74% over the 3 years.

Table 1. Meal Component Selection Before and After Implementation of the Updated
USDA Standards for School Meals: Marginal Predictions

Meal component
Fruit

Before implementation
2012
N5502
53.7
[45.1, 62.2]

Percentage of students selecting item
After implementation
2013
2014
N5465
N5373
70.6*
66.0*
[63.3, 78.0]
[54.8, 77.2]

Vegetable

68.4
[5S9.4, 77.4]

61.6*
[52.4, 70.7]

51.9
[23.4, 80.4]

Entrée

91.4
[86.7, 96.2]

95.5
[91.5, 99.5]

98.3*
[96.3, 100.0]

Milk

53.7
[46.8, 60.6]

56.6
[51.0, 62.1]

53.0
[42.2, 63.9]

Asterisks (*) indicate significant differences with 2012 at the 5% level. Means calculated using a generalized linear regression model; cluster
robust standard errors calculated to account for nonindependent observations. Data in brackets indicate confidence intervals.

CHI-2015-0019-ver9-Schwartz_2P.3d

03/03/15

3:30am

Page 4

4

SCHWARTZ ET AL.

Table 2. Meal Component Consumption
Before and After Implementation
of the Updated USDA Standards
for School Meals: Estimated Marginal
Mean Percentages
Meal
component
Fruit

Mean percentage consumed
Before
After
implementation
implementation
2012
2013
2014
74.3
60.7
72.3
[69.4, 79.2]
[50.9, 70.6]
[60.5, 84.1]
(n = 246)
(n = 327)
(n = 269)

Vegetable

45.6
[40.5, 50.7]
(n = 344)

38.9
[28.8, 50.0]
(n = 286)

63.6*
[53.6, 73.5]
(n = 193)

Entrée

70.9
[59.6, 82.2]
(n = 459)

67.9
[59.3, 76.5]
(n = 443)

83.6*
[77.4, 89.8]
(n = 367)

Milk

53.8
[48.5, 59.1]
(n = 268)

53.6
[46.5, 60.8]
(n = 263)

56.7
[48.2, 65.2]
(n = 200)

Asterisks (*) indicate significance differences with 2012 at the 5%
level. Means calculated using a generalized linear regression model;
cluster robust standard errors calculated to account for
nonindependent observations. Data in brackets indicate confidence
intervals.

Variety and Preferences
Over the 3 years, there were a variety of fruits offered to
the students. Some schools would offer only one type of
fruit per meal, whereas others offered multiple options. An
ordinary least squares regression was used to test whether
the number of fruit options presented each day influenced
the percentage of children who selected fruit at that meal.
Holding school and year constant, this test revealed a
significant positive relationship between the number of
choices and frequency of selection; specifically, increasing

Table 3. Percentage of Meal Component
Consumed by Most Popular Fruit
and Vegetable Type, Across All Schools
and Years
% consumed

Vegetable
type

% consumed

Fruit cup

88

Potatoesa

72

Banana

78

Corn

65

Orange

70

Beans

46

Pear

56

Salad

42

Apple

48

Broccoli

38

Fruit type

a

Potatoes served were not fried.

the number of fruit options by one is associated with a
9.3% increase in fruit servings selected by students. Further, students exhibited preferences for some produce over
others. Table 3 lists the average percent consumed for the
most popular fruit and vegetable types, combining the data
from all schools and all years.

Discussion
Our results indicate that the revised NSLP nutrition
standards and policies have led to more nutritious meals and
less overall plate waste. The increase in fruit selection
combined with consistent rates of fruit consumption means
that more students are consuming fruit and the percentage
of fruit students throw away has not increased as a result of
the policy change. There has also been a decrease in vegetable plate waste. Although fewer students are selecting
vegetables, those who do choose vegetables eat more of the
serving and throw away less. Despite concerns that students
do not like the new entrées that meet the whole grain and
meat/meat alternate regulations, our data show that more
students are selecting the entrée and they are wasting significantly less because consumption is up to 84%.
The increase in fruit selection may, in part, be attributed
to an increase in the number of fruit options offered to
students postimplementation of the new standards. We
found that students enjoy variety and are more likely to
choose fruit with each additional option. Interestingly, the
fruit cup (which includes different types of fruit, such as
pineapple, peaches, and grapes in water, 100% juice, or
light syrup) was among the most consumed items.
The findings from our study are consistent with those
from Cohen and colleagues.17 It is notable that both studies
examined children in a low-income, urban district. It is
possible that the new school lunches have been accepted
more readily in districts where the majority of the students
are eligible for free/reduced lunch because the lunch program is viewed as an integral part of the school. It is also
possible that low-income students are used to eating the
school lunch each day and feel comfortable with the food
service in their schools, making them more willing to trust
them and try new options. Turner and Chaloupka19 recently did a national survey of administrators and food
service staff in elementary schools after the USDA regulations went into effect and most reported that students
were eating the new lunches, especially those from urban
and low-income districts.
A distinctive characteristic of the district in the current
study is that it does not offer competitive foods in the
cafeteria. It is possible that other districts have seen students switch from the school lunch to competitive foods
since 2012. Importantly, the new ‘‘Smart Snacks’’ standards for competitive foods will ensure that all à la carte
snack and vending options also meet nutrition standards.
This will improve the overall nutrition environment of
schools and reduce the problem of school meals having to
compete with unhealthy snacks within the building.
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The present study has some limitations. Whereas data
collection took place over 3 years in the same schools with
the same group of children, the design would have been
stronger if we had been able to match individual children
from one year to the next. This cohort design also introduces the possibility that participants changed their eating
behavior as they aged from fifth to seventh grade. It is
conceivable that, as students grew older, they also ate more
and wasted less. However, if older children consumed
more overall, one would expect an increase in milk consumption because it was the meal component that did not
change. This did not occur; the selection and consumption
of milk was remarkably steady over time. Another possibility is that social desirability influenced student eating
because they knew they were being observed. If this were
the case, one would expect the effect to be consistent over
the years and therefore not influence the primary research
questions.
Another limitation of this study is that we collected
data only once a year from each school. This creates the
possibility that an extremely popular entrée such as pizza
could disproportionately influence our findings. Fortunately,
this concern is reduced because there were 17 different
entrées served across the 36 days and no single option was
systematically present in a particular school or year.
An additional limitation is that we do not know why our
sample size decreased each year. Unfortunately, we were
not able to collect data on the students from our cohort who
did not choose the school lunch. We do not know whether
they were absent that day, eating a lunch from home or
outside of school, or not eating at all. One reason for the
decrease may be that, as the students grew older, they are
less likely to participate in the school lunch. Other research
from Connecticut comparing elementary, middle, and high
school lunch participation rates found that participation
decreases from one school level to the next.20
Another explanation may be that fewer students chose
the school lunch each year because they did not like the
new options. To explore this possibility, we examined
state-wide data and found that participation in the NSLP
decreased overall from 2012 to 2014; however, this was
preceded by consistent annual decreases from 2010 and
2011 as well, suggesting that the recent decrease cannot be
attributed to the new regulations alone.21

Conclusions
This study adds evidence to the scientific literature on
student selection and consumption of different components
of the school lunch. We had the opportunity to examine
selection and consumption before and after USDA regulation updates were implemented. Encouragingly, there
was nearly universal acceptance of the new entrée selections, and entrée plate waste dropped significantly after the
new standards were implemented. Milk consumption remained the same. The new requirement for students to
select a fruit or vegetable with each lunch is an effective
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strategy to improve the nutritional quality of school meals.
There was no evidence of an increase in the percentage of
fruit thrown away, and vegetable waste significantly decreased. Overall, this study suggests that the new standards
have led to a decrease in school lunch plate waste.
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