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Abstract

In this study, we examined if children’s food selection met the School Meals Initiative (SMI) standards and the recently

released Institute of Medicine (IOM) recommendations. Mean food selection, plate waste, and food intake were also

examined. Food intake of 2049 4th–6th grade students was measured objectively at lunch over 3 d with digital photography

in 33 schools. The percent of children whose food selection met the SMI standards and IOM recommendations for energy

(kJ), fat and saturated fat, calcium, iron, and vitamin A and C were calculated. The SMI standards provide lower limits for

most nutrients; the IOM provides a range of values, including an upper limit for energy. Seventy-seven percent of children’s

energy selectionmet the SMI lower limit, but only 16%of childrenmet the IOM’s recommended range and 74%of children

exceeded the upper limit. More than 70% of children exceeded the SMI and IOM’s saturated fat recommendations.

Children selected (mean6 SD) 31686 621 kJ, discarded 8826 581 kJ, and consumed 22866 716 kJ. Children were less

likely to discard fat than carbohydrate, resulting in proportionally more fat being consumed.Most childrenmet SMI and IOM

recommendations for protein, calcium, iron, and vitamin A. With few exceptions, energy selection was similar among

groups of children, but plate waste differed (P, 0.001), resulting in greater energy intake among boys compared with girls,

Caucasians compared with African Americans, and heavier compared with lighter children. Children’s selection was high in

saturated fat and, based on IOM criteria, included excess energy. J. Nutr. 140: 1653–1660, 2010.

Introduction

The prevalence of overweight and obesity among children has
increased in the US (1), with ~32% of children and adolescents
classified as overweight or obese (2,3). Among subgroups of
children of low socioeconomic status or who live in rural
locations, the prevalence of overweight and obesity appears
higher. For example, our group found that 45% of children
living in rural Louisiana were overweight or obese (4).

Obesity prevention efforts will likely be most effective if young
children are targeted (5,6), and the Institute of Medicine (IOM)8

notes the influential role of the school environment on food intake
and exercise behaviors (7). Children spend ~180 d/y in school
and most receive breakfast and/or lunch from school cafeterias.
The National School Lunch Program (NSLP), part of the USDA
Food and Nutrition Service, is the nation’s second largest food and
nutrition assistance program. In 2007, it operated in over 95,000
schools (grades K–12) and provided reduced-cost or free lunches to
over 30 million children/d (8). In 1995, the USDA issued the final
SchoolMeals Initiative (SMI) for Healthy Children regulations (9),
which requires that meals under the NSLP meet the Dietary
Guidelines for Americans. The SMI regulations apply to foods
offered to students and lower limits of energy, protein, calcium,
iron, and vitamins A and C were established without maximum
upper limits being recommended (upper limits were established for
fat and saturated fat). Recent recommendations by the IOM,
however, apply to the foods actually selected by students and lower
and upper limits are recommended for energy as well as percent of
energy from total fat (10). Despite the presence of these regulations
and recommendations, it is difficult to quantify adherence, because
few methods can be used to accurately and unobtrusively measure
food selection and food intake in school cafeterias.

The purpose of the study reported herein was to examine if
food selection, measured objectively in school cafeterias, met the
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SMI standards and IOM recommendations in 33 elementary
schools in Louisiana. Mean food selection, plate waste, and food
intake, as well as the percent of selected foods actually consumed
by children, were also examined. Based on previous research
(11,12), we hypothesized that most children’s food selection
would meet energy, protein, and vitamin and mineral standards,
with a minority meeting the fat and saturated fat standards. The
effects of grade level, sex, race, and weight status on the
probability of meeting the SMI standards was investigated and
compliance with the IOM recommendations was examined by
age group. To our knowledge, this is the first study examining
compliance with the SMI standards and IOM recommenda-
tions when food selection was measured objectively in school
cafeterias and the first to determine whether different groups
of children are more likely to meet these standards and
recommendations.

Methods

Ethics
The study was approved by the Pennington Biomedical Research

Center’s Institutional Review Board and a Data and Safety Monitoring

Board. Participants’ parents provided written informed consent and
children provided written assent. The study was performed following

guidelines for the ethical treatment of humans.

Participants
Participants were 4th–6th grade students enrolled in the Louisiana

Health (LA Health) study, a cluster randomized research study testing

the efficacy of strategies to prevent inappropriate weight gain (13).

Twenty-three school clusters were invited to participate and 17 enrolled,
resulting in enrollment of children from 33 public schools in small towns

and rural (14) areas of Louisiana (no children were enrolled from large

cities). All schools were in school districts encompassing large geo-
graphic areas. Data for this paper were collected from September 2006

to December 2006 during the baseline assessment for the LA Health

study. Supplemental Figure 1 includes a CONSORT diagram outlining

recruitment of participants for the current analysis, which included
baseline data from the LA Health study.

Measures
BMI percentile. Height was measured using a stadiometer and weight
was measured using a Tanita (model TBF-310) scale that uploaded data

directly into a computer. These measurements were collected at school.

Height and weight were converted to BMI (kg/m2), which was converted
to percentile scores based on sex and age using norms from the CDC

(15). Classification of BMI percentile followed the American Academy of

Pediatrics (16) criteria for childhood underweight (,5th BMI percen-

tile), overweight ($85th and ,95th percentile), and obese ($95th
percentile).

Digital photography of foods. The digital photography of foods

method (17,18) was used to objectively measure the food selection (the
food actually taken by students during lunch), plate waste (the food

discarded and not consumed by students), and food intake (the food

actually consumed during lunch) of participants in school cafeterias. At
lunch, foods selected by the students prior to eating were photographed

with digital video cameras. Plate waste was photographed with a second

camera after children ate and returned their trays. Study personnel also

captured photographs of weighed standard reference portions of the
foods served. Each food was identified and linked to the USDA nutrient

database (19) or a custom recipe.

Food intake was estimated at a later date in the laboratory using a

computer application that simultaneously displayed photographs of a
child’s food selection and plate waste as well as the reference portion.

Registered dietitians estimated the percent of the reference portion of

food selection and plate waste and entered these estimates into the

application, which quantified the amount (grams and energy) and

macro- and micronutrient information of food selection, plate waste,

and food intake. The digital photography method has been found to be

highly reliable and accurate when used to measure the food intake of
adults (17,18) and children (20,21).

Food intake was measured at lunch between 1045 and 1245 over 3

consecutive days (lunch lasted 30–40 min and 2 grades were typically

served lunch at the same time). Food was prepared onsite at all schools
and a minority of schools had morning recess that lasted 10 min. Food

service workers are expected to serve standard portion sizes, although

there was considerable variability in the size of the portions served to the

children and the children were allowed to select from a number of foods
that differed in macronutrient composition and energy density. If

participants selected second servings, their food selection and plate

waste from second servings also was quantified with the digital
photography method.

Data analytic plan
All statistical analyses were performed using SAS software, version 9.1
or 9.2 (SAS Institute). Mean food selection and intake over the 3 d of

measurement were analyzed. A pilot study that used identical methods

found that 3 d of measurement provided a reliable and representative

estimate of food selection and intake (20,21); therefore, data presented
in this paper can be interpreted as representative of 5 d of data collection.

Descriptive characteristics of the study sample are expressed as mean 6
SD.

Three series of analyses were conducted. First, a mixed model logistic

regression was used to determine whether the likelihood of meeting the

SMI standards differed by grade level, sex, race, and weight status when

adjusting for a random effect for individual school. Multiple odds ratio
comparisons were performed using Tukey-Kramer adjustments. Results

were considered significant at the 0.05 level and presented as the percent

of students whose food selection met the SMI standards.

Second, the percent of children meeting the recently released IOM
recommendations (10) was quantified. Differences in the percent of

children meeting the recommendations by age group were examined

using x2 analysis, with the significance level set at 0.01 due to multiple

comparisons.
Third, separate ANOVA models determined if food selection, plate

waste, and food intake differed by grade level, sex, race, and weight

status after adjusting for random school effects. These analyses included
the 8 components of the SMI standards and the percent of energy from

carbohydrate and protein. The results from the ANOVAwere presented

as mean 6 SD and a was set at 0.001 due to multiple comparisons.

Finally, the percent of selected food that was actually consumed was
quantified and differences among groups of children were examined

using ANOVA and t tests with the significance level set at 0.001 (these

results are expressed as mean 6 SD). Similarly, the mean percent of

selected food that was discarded was compared across food categories.
The food categories were defined using the food pyramid approach,

which is based on the Dietary Guidelines (22), and included discretion-

ary fat, total grains, dairy, added sugar, and total fruits and vegetables.
Differences among food categories of the percent of food discarded and

eaten were examined with ANOVA that included school as a random

effect and an a level set at 0.005 based on Bonferroni correction. This

3rd series of analyses determined if children selectively consumed certain
macronutrients while discarding others.

Results

Characteristics of the study sample
The age of the sample (n = 2049) was 10.5 6 1.2 y, the BMI
percentile was 69.56 29.6, and body weight was 46.86 16.5 kg.
The sample was 58% female, 68% African American (Table 1),
and 87%of children received free or reduced-cost lunch. The SMI
standards are applied at the school level and the food selection
and intake of NSLP participants (children receiving free or
reduced lunch) were very similar to children who did not receive
free or reduced-cost lunch. Therefore, the analyses included the
entire study sample.
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Compliance with the SMI standards
Total sample. All children were in the 4th through 6th grades at
the time of testing; therefore, the children’s food selection was
compared with the SMI standards for children in grades K
through 6 (the standards are provided inTable 2). Approximately
77%of children’s food selections met the SMI standard for energy
and almost all participants met the protein standard. Fewer than
30% of children met fat and saturated fat standards (Table 2),
indicating they selected more energy from fat than recommended.
More than 85% of children met calcium and iron standards
and 53 and 42% of children met vitamin A and C standards,
respectively (Table 2).

Sex and race. Boys’ food selection had greater odds of meeting
the calcium SMI standard than girls (Table 2). Due to the small
numbers of children whose race was other than Caucasian or
African American, comparisons were made only between
Caucasian and African American children. Caucasian children
had greater odds of meeting SMI standards for calcium, iron,
and vitamin A compared with African American children,
whereas African American children were more likely than

Caucasian children to meet the standard for vitamin C
(Table 2).

BMI percentile and grade level. The odds of meeting SMI
standards did not differ by BMI percentile category (Supple-

mental Table 1). Fourth graders had better odds of meeting the
standard for calcium than 5th graders, and 6th graders had
worse odds of meeting the vitamin C standard compared with
4th and 5th graders (Supplemental Table 1).

Compliance with IOM recommendations
Total sample. Only 10% of the sample’s energy selection was
below the age-specific lower limit, but 74% of children exceeded
the upper limit recommended by the IOM (Table 3, which also
includes the IOM recommendations). Hence, only 16% of
children were within the recommended range of energy selec-
tion. There were 58% of children meeting the recommended
range for percent of energy from fat and 37% exceeded the
upper limit. Over 70% of children exceeded the upper limit for
percent of energy from saturated fat (Table 3). Over one-half of
the children met or exceeded the target for protein, calcium,
iron, and vitamin A, but only 19% of children met or exceeded
the target for vitamin C (Table 3).

Age. Compared with children who are 11–13 y, a larger
proportion of children who are 5–10 y exceeded the upper limit
for energy and met or exceeded the protein, calcium, iron, and
vitamins A and C targets (Table 3).

Mean food selection, plate waste, and food intake
Total sample. Children selected 31686 621 kJ (7576 148 kcal),
discarded 882 6 581 kJ (211 6 139 kcal), and consumed
2286 6 716 kJ (546 6 171 kcal) (Table 4). Children’s mean fat
selection and intake were 33.3 and 34.3% of energy, respec-
tively. This indicates that children were less likely to discard fat
than carbohydrate, resulting in proportionally more fat in the
meals actually being consumed (Table 4; Fig. 1A). The analysis
of food categories indicated that children discarded a signifi-
cantly larger percent of fruits and vegetables compared with all
other food categories and a significantly smaller percent of
discretionary fat was discarded compared with dairy, added
sugar, and total fruits and vegetables (Table 5).

TABLE 1 Characteristics of the study sample1

Characteristic n (%)

School grade level

4th 751 (36.7)

5th 675 (32.9)

6th 623 (30.4)

Gender

Male 852 (41.6)

Female 1197 (58.4)

Race

Caucasian 617 (30.1)

African American 1398 (68.2)

Other 34 (1.7)

BMI percentile group

Underweight (,5th) 51 (2.5)

Healthy weight (5th to ,85th) 1083 (52.9)

Overweight (85th to ,95th) 350 (17.1)

Obese ($95th) 565 (27.6)

1 n = 2049.

TABLE 2 Percent of boys and girls whose food selection at lunch from school cafeterias met
the SMI standards

Food
selection1

Total sample,
n = 2049

Sex

P2

Race

P2
Boys,
n = 852

Girls,
n = 1197

Caucasian,
n = 617

African American,
n = 1398

% %

Energy 76.8 78.3 75.8 0.21 87.5 72.2 0.09

Total Fat 26.7 26.9 26.6 0.92 15.2 31.8 0.30

Saturated fat 28.8 28.6 29.0 0.65 20.6 32.3 0.26

Protein 100.0 99.9 100.0 0.96 100.0 99.9 0.97

Calcium 86.1 89.4 83.8 ,0.001 92.4 83.4 ,0.01

Iron 93.9 94.6 93.3 0.41 98.4 91.9 ,0.0001

Vitamin A 53.3 54.7 52.3 0.70 68.4 46.6 ,0.001

Vitamin C 42.3 40.5 43.6 0.35 25.8 49.7 0.02

1 The SMI lunch standards are: energy $ 2780 kJ (664 kcal)/5 d, #30% energy from fat/5 d, ,10% energy from saturated fat/5 d, $10 g

protein/5 d, $286 mg of calcium/5 d, $3.5 mg of iron/5 d, $224 mg of vitamin A/5 d, and $15 mg of vitamin C/5 d.
2 The significance level was set at 0.05 after Tukey-Kramer adjustment.
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Sex and race. Boys selected similar amounts of energy
compared with girls but discarded less plate waste, resulting in
greater energy intake (Table 4; Fig. 1B). Boys consumed
significantly more protein, calcium, iron, and vitamin A than
girls (Table 4). Compared with African American children,
Caucasian children selected more and discarded less energy,
resulting in greater energy intake (Fig. 1C), although the food
selection comparison was nonsignificant (P = 0.15) after
adjusting for the random effect of school (Table 4). Caucasian
children also consumed more calcium and vitamin A compared
with African American children.

BMI percentile and grade level. Mean energy selected did not
differ by BMI percentile category, but obese children discarded
less plate waste than healthy-weight and overweight children,
and obese children consumed more than healthy-weight and
underweight children (Table 4; Fig. 1D). Energy selection and
intake did not vary among 4th, 5th, and 6th graders (Table 4).

Percent of food selected that was consumed
Total sample. Children consumed 72 and 74% of selected
energy and protein, respectively, and they consumed no less than
63% of other nutrients and vitamins (Table 6). As noted earlier,
children discarded less discretionary fat and more dairy, added
sugar, and fruits and vegetables (Table 5).

Sex and race. Boys consumed a larger percent of selected
energy, protein, calcium, iron, and vitamin A than girls (Table 6).
Caucasian children consumed a larger percent of calcium than
African American children (Table 6).

BMI percentile and grade level. Obese children consumed a
larger percent of energy than underweight, healthy-weight, and
overweight children. The percent of selected protein, calcium,
iron, and vitamin A that was consumed differed significantly by
BMI percentile categories, with heavier children consuming
larger percentages of selected nutrients (Table 6). No significant
differences were noted among grade levels (Table 6).

Discussion

The results indicate that 77% of participants’ food selection met
the SMI standard for energy, which provides a lower limit and
therefore cannot be used to determine whether children are
being served energy in excess of a criterion, such as estimated
energy requirements (EER). The IOM recommendations (10),
however, provide an age-dependent range of energy selection
that was developed taking into consideration energy require-
ments. When the IOM recommendations were referenced, only
16% of children were within the recommended energy selection
range and 74% of children exceeded the upper limit. These
results indicate that the presence of an upper limit in the IOM
criteria provides important information that is not available
when the SMI standards are referenced.

The likelihood of meeting the SMI standard for energy was
not influenced by sex, race, grade level, or BMI percentile group.
Similarly, mean energy selection did not differ by sex, race, grade
level, or BMI percentile group, but differences in plate waste
contributed to energy intake differences among groups; e.g.
obese children discarded less and consumed more energy than
leaner children. This finding, in addition to the finding that 28%
(882 kJ) of selected energy was discarded, suggests that the
amount of food being provided to, or being selected by, children
might contribute to food waste and higher levels of energy
intake. The mean BMI percentile of this sample was 69.5 and the
most frequent BMI percentiles were 98 and 99 (4); hence, it is
possible that many children were consuming energy in excess of
their age-appropriate EER. This possibility is consistent with
another study that found that elementary school children, but
not middle and high school children, reported energy intake that
exceeded their EER (11).

Unlike energy, the SMI standards provide an upper limit for
percent of energy from fat (#30%) and saturated fat (,10%). A
range for total dietary fat (25–35% of energy) with a higher
upper limit is recommended by the IOM and the saturated fat
recommendation is the same as the SMI standards. The results
indicate that ,30% of children met the SMI fat standard,
suggesting overselection of fat. This is consistent with another
study that found that ,33% of schools met the fat standards
(12). Over one-half of children met the IOM recommendations
for total fat, however. When both standards are referenced,
,30% of children meet the saturated fat recommendations,
indicating that children are selecting excess saturated fat.

TABLE 3 Percent of children whose food selection at
lunch from school cafeterias met or failed to
meet the recommended targets from the IOM
recommendations (10)

Food
selection1

Total
sample 5–10 y 11–13 y P2

n 2049 1055 974

Energy

,Lower limit 10.0 8.4 10.8 0.07

Met recommendation 16.2 14.4 18.3 0.02

.Upper limit 73.8 77.2 70.9 0.001

Total fat

,Lower limit 4.8 4.6 4.8 0.85

Met recommendation 59.0 57.9 60.6 0.22

.Upper limit 36.2 37.4 34.6 0.18

Saturated fat

Met recommendation 28.8 28.0 29.9 0.34

.Upper limit 71.2 72.0 70.1

Protein

,Target 29.4 0.4 60.2 ,0.001

$Target 70.6 96.6 39.8

Calcium

,Target 37.4 18.4 57.2 ,0.001

$Target 62.6 81.6 42.8

Iron

,Target 29.7 6.6 53.5 ,0.001

$Target 70.3 93.4 46.5

Vitamin A

,Target 42.4 34.8 50.6 ,0.001

$Target 57.6 65.2 49.4

Vitamin C

,Target 81.1 78.1 84.1 ,0.001

$Target 18.9 21.9 15.9

1 Many of the IOM recommendations (10) differ by age group (5–10, 11–13, and 14–

18 y). The sample included only 20 children in the 14–18 y old category; therefore,

these data are not reported. The IOM recommendations for percent of energy from

total fat (25–35% energy/5 d) and saturated fat (,10% energy/5 d) are the same for 5-

to 10- and 11- to 13-y-old children. The IOM recommendations for 5- to 10-y-old

children are: energy, 2302–2721 kJ/5 d; protein, 15.2 g/5 d; calcium, 332 mg/5 d; iron,

3.4 mg/5 d; vitamin A, 192 mg/5 d; and vitamin C, 24 mg/5 d. The IOM

recommendations for 11- to 13-y-old children are: energy, 2511–2930 kJ/5 d; protein,

32.2 g/5 d; calcium, 440mg/5 d; iron, 5.2mg/5 d; vitaminA, 241mg/5 d; and vitaminC, 30

mg/5 d. P-values indicate if the proportion of children who failed to meet or met the

recommendations differed by age group, P, 0.01.
2 P-values indicate if the proportion of children who failed to meet or met the

recommendations differed by age group, P, 0.01.
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Furthermore, 11.6% of energy consumed was from saturated
fat, a finding that is consistent with another study that found that
80% of students consumed diets high in saturated fat based on
24-h food recall (11). The present study also found that children
were less likely to discard fat than carbohydrate, resulting in
proportionally more fat in the meals actually being consumed.

More than 86%of childrenmet the SMI standards for protein,
calcium, and iron, with 53 and 42% of children meeting the
vitamins A and C standards, respectively. Similar results were
obtained when the IOM recommendations were referenced, with
a smaller percent of children meeting or exceeding the protein
(71%) and vitamin C (19%) targets. Different SMI standards
apply to children in kindergarten through 6th grade and 7th
through 12th grade, while the IOM recommendations are specific
to children in 3 age ranges: 5–10 y, 11–13 y, and 14–18 y. In this
study, all children were in grades 4–6, but their ages spanned all
3 IOM age categories. The IOM’s target for most nutrients
increases with age, which helps explain differences between
results when SMI and IOM recommendations were utilized.

Results from this study indicate that the nutritional quality of
children’s meals could be improved, particularly concerning
saturated fat and vitamin C. Nutrition could be improved by
systemically changing the types and amounts of certain foods

offered to children, such as serving foods higher in nutrient
density and lower in energy density. This can be accomplished by
adding vegetables into the foods provided to children (23) and
by increasing the variety of fruits and vegetables offered. These
suggestions and the conclusions from this study are consistent
with the IOM (10), which recommends increasing the amount
and variety of fruits, vegetables, and whole grains. It is unclear,
however, if children will consume a larger amount of nutritious
foods when these foods are offered in greater abundance unless
foods of poorer nutritional value are served in smaller portions,
because children in this study discarded a smaller percent of
discretionary fats and a larger percent of fruits and vegetables.

The results of the study must be interpreted in the context
of it limitations. First, the SMI and IOM standards apply to
food selection over 5 d and food intake was measured for 3 d in
the present study. Nevertheless, we previously found that
measuring food intake over 3 d in school cafeterias produces
reliable and representative estimates of food intake (20,21).
Second, the IOM recommendations were developed to guide
mean food selection; therefore, the recommendations can be met
even if many individual children do not meet the criteria. Third,
all 33 schools were located in rural (14) areas of Louisiana,
limiting generalizability of the results. Fourth, there are pro-

FIGURE 1 Percentages of energy se-

lected, discarded, and consumed by chil-

dren in school cafeterias from carbohydrate,

protein, and fat (A), and the amounts of

energy selected, discarded, and consumed

by sex (B), race (C), and BMI percentile

category (D). Bars represent means 6 SD,

n = 1998–2049. *Means differed, P ,
0.001.

TABLE 5 Number of food pyramid servings at lunch in school cafeterias that were selected, discarded,
and consumed1

Selected
(servings)

Plate waste
(servings)

%
discarded

Consumed
(servings)

%
consumed

Discretionary fat2 22.8 5.9 26.5a 16.9 73.5d

Total grains3 2.7 0.7 27.0ab 2.0 73.0dc

Dairy4 1.0 0.3 30.0bc 0.7 70.0cb

Added sugar5 3.6 1.1 31.1c 2.5 68.9b

Total fruit and vegetables4 1.1 0.4 37.1d 0.7 63.0a

1 Servings were defined following the Dietary Guidelines for Americans (22). Within the percent discarded and percent consumed columns,

percents with superscripts without a common letter differ, P , 0.005.
2 Discretionary fats are in grams.
3 Total grains are in ounce equivalents (1 ounce = 1/2 to 1 cup or 1 slice of bread, depending on the food).
4 Dairy and total fruit and vegetables are in cups.
5 Added sugar is in teaspoon equivalents of table sugar. Metric equivalents are: 1 teaspoon of sugar = 4.2 g, 1 ounce = 28.4 g, and 1 cup =

237 mL.
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duction and administrative costs to changing school menu policy
and practices, and these costs must be considered when
implementing changes. Finally, the IOM recommendations
were recently released and it is unlikely that food service
managers know of or have had a chance to modify menus to
meet the recommendations.

In summary, ,30% of children met the saturated fat
recommendations and children discarded a smaller percent of
fat and a larger percent of foods high in carbohydrates, such as
fruits and vegetables. On average, children consumed 72% of
food selected, resulting in 882 6 581 kJ (211 6 139 kcal)
being discarded per student per lunch. The IOM recommen-
dations include upper and lower limits for energy, which
provides important information that is not available when
only minimum values are suggested.
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