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Abstract: Packed school lunch consumption remains a sparsely studied aspect of childhood nutrition.
Most American research focuses on in-school meals provided through the National School Lunch
Program (NSLP). The wide variety of available in-home packed lunches are usually nutritionally
inferior compared to the highly regulated in-school meals. The purpose of this study was to examine
the consumption of home-packed lunches in a sample of elementary-grade children. Through
weighing packed school lunches in a 3rd grade class, mean caloric intake was recorded at 67.3%
(32.7% plate waste) of solid foods, while sugar-sweetened beverage intake reported a 94.6% intake.
This study reported no significant consumption change in the macronutrient ratio. Intake showed
significantly reduced levels of calories, sodium, cholesterol, and fiber from the home-packed lunches
(p < 0.05). The packed school lunch consumption rates for this class were similar to those reported for
the regulated in-school (hot) lunches. Calories, sodium, and cholesterol intake are within childhood
meal recommendations. What is encouraging is that the children were not “filling up” on more
processed foods at the expense of nutrient dense foods. Of concern is that these meals still fall short
on several parameters, especially low fruit/vegetable intake and high simple sugar consumption.
Overall, intake moved in a healthier direction compared to the meals packed from home.

Keywords: packed school lunch; NSLP; plate waste; nutrient intake; elementary school; New York;
sugar sweetened beverage; sodium; fiber; cholesterol

1. Introduction

Health and nutrition studies on packed school lunches typically split their focus
on either preschool, elementary, or high school intake, each requiring its own research
focus. The purpose of this study was to examine the consumption of home-packed lunches
in a group of 3rd grade elementary children. Few studies have empirically examined
home-packed school lunches for nutritional content. However, a multitude of researchers
have examined the caloric/nutritional content of hot meals provided in schools [1-3]. The
National School Lunch Program (NSLP) dominates most research on school lunches. NSLP
focuses on delivering nutritious food at reduced or no cost to families in need [4]. Over 90%
of schools accept this federal program, which typically provides an estimated 30 million
meals a day in the United States [5]. That leaves tens of millions of meals provided to
children by their families every school day. Estimates place the number of home-packed
lunches at U.S. schools at around 40% of all school meals, with their packed content found
to have a higher caloric value and a lesser nutritional value than in-school lunches [6]. All
NSLP-participating schools are obligated to make all their lunch offerings meet minimum
nutrition/caloric standards and be healthy in nature [7]. Because schools meet these strict
NSLP nutrition parameters, parent-packed lunches have been called inferior on many
levels [8-10].

The selection and preparation of these home meals are complex issues. With no
guiding regulations on what to pack, home meals provide all the food and calories a child
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consumes during a typical lunch period, which should result in 25 to 30 percent of their
daily food intake [11]. Multiple food choices exist for packed school lunch preparation but
are absent from the in-school meals because that food is provided by the school on a cycle
menu. Prominent variables influencing the packing of a child’s lunch include parent/child
communication [12], geographic region, economic status of the school/region/family,
ethnic makeup of the school, and school administrative policies [13].

Because parent-packed lunches are tailored towards a student’s likes, consumption
is thought to be greater than in school lunches [14]. One area of concern with home-
packed meals is their high energy density, especially sugar-sweetened beverages, chips,
and baked goods [15]. Childhood obesity research occasionally discusses using both in-
school and packed school lunches to help understand/control body weight. Historically,
lunchtime dietary intake has become secondary to physical activity [16]. A 2018 review
found 18 weight-focused studies used physical activity interventions, and only 3 contained
dietary means to control childhood obesity [17].

1.1. Weighing Lunch Plate Waste (New Sub Section)

It is a challenge to assess dietary intake among children since information for school
food intake is often derived from self-reported questionnaires, collected by memory, dietary
recall, or from food photograph/visual analysis [18]; none of these are direct measurements.
The recall error in some dietary intake methods has been estimated at more than 30 per-
cent [19]. Therefore, most articles on intake rely on large subject numbers to normalize the
data and stress the training of data collection personnel to help reduce this large potential
error. Visual interpretation of school plate waste, though validated, was found inferior to
the more laborious scale weighing of leftovers [20]. Plate waste measurement is the direct
weighing of food. It is considered the most accurate method of nutrient intake because
no memory or portion estimates are used [21]. While there are advantages to memory
recalls, questionnaires, and the visual interpretation of school lunches, weighing provides
the most specific information by overcoming estimations that depend on student memory
or observation [22].

1.2. Parenting

The primary responsibility for home-packed lunch content is with the parent/adult.
The amount of time and effort put into meal preparation is often limited, resulting in
processed and prepackaged food items being the easy choice. This is especially true for
working families that have both parents employed and those with multiple children. The
primary role of in-school NSLP lunches is to meet minimum nutritional standards. The
main reason for packing lunches, according to parents, is not nutritional but to meet the
child’s taste preferences [23].

Parents may well be concerned about nutrition, but they do not have to abide by federal
or school guidelines. Most often, the main concerns are for their children to maintain a
healthy body weight and to eat what they pack [24]. Estimates place the number of home-
packed lunches at U.S. schools at around 40% of all school meals, and they have determined
their total content, as packed, to have a higher caloric value and lesser nutritional value
than in-school lunches [25,26]. However, what is packed and what is eaten are two very
different things. Because of their wide variety, home meals present extra challenges to
research. The lack of rigorous examination of consumption leaves the actual nutritional
intake of packed lunches in doubt [27].

Preparation of school lunches must fit into the family schedule and work with family
dynamics both inside and outside the home. Some parent food preparation behavior is
best described as unconcerned when it comes to constructing school lunches. This minimal
effort is associated with higher calorie, sodium, and fat content [28]. Other parents show
coercive control practices by pressuring their children to eat healthy at both home and
school. Some parents address their meal preparation efforts as simply providing access to
healthy foods at home and in school lunches [29].
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In 2017, preschooler home-packed lunches were reported not to provide consistently
adequate nutrients [30]. After nursery school and the first couple of years of elemen-
tary school, parents become accustomed to the general eating likes and dislikes of their
children [31], and they buy food accordingly. Regardless of the age of the child, lunch
leftovers/waste returning home is viewed as a negative reinforcing factor for parents
buying food and packing meals [32]. It influences future lunch preparation. Finding food
returned from school sends the message not to buy more of that food in the future. It is
noteworthy that one study on children and eating habits said that up to 30% of children
throw away food to avoid conflict with their parents [33].

1.3. School Policies and Plate Waste

Intrusive school policy and poor food quality have been shown to be the two biggest
contributors to plate waste for in-school lunches [34]. These same policies also influence
plate waste for home-packed lunches. Poor communication among administrators, food
service staff, health educators, and teachers reduces healthy eating behavior for all school
children [35]. A longer scheduled lunchtime at school increases the amount of food con-
sumed [36]. The later in the afternoon schools serve lunch, the greater the consumption
of both in-school and packed lunches because the kids are hungrier [37,38]. Rules such as
having lunch before recess (exercise), not having enough time to eat, not sharing unopen
foods, and not talking among peers all lead to increased food waste [38—41].

2. Materials and Methods

This research followed a group of 3rd grade children from a suburban Long Island,
New York, parochial school for 5 consecutive days (1 = 118). Recruitment was complete
and consistent for all student-packed lunches brought from home. Lunches were collected
as the children entered the classroom over a one-week period. These meals were taken,
labeled with individual identification stickers, and weighed in grams for each individual
food item (pre-weight). All packed lunches were then returned to the classroom before
lunch. During lunch, children were observed from a distance to ensure no sharing of
foods occurred. Children were informed to throw nothing out after eating lunch but to
take everything left over to the nearby research table. A lunchroom table was established,
with trash cans placed behind the researchers. All home-packing third graders handed
the entire lunch bag, including all wrapping and food waste, to the researchers. Using the
identification numbers, the leftover items were reweighed (post-weight), and the lunch
containers were returned to the classroom. This direct weighing avoided misreporting
eaten food. Weights outside of three standard deviations were considered outliers; no
outliers were detected in the sample weights.

Water and calorie-free liquids were weighed but categorized individually from caloric
liquids for separate statistical analysis (non-caloric). Any child who purchased prepackaged
food from the school cafeteria, such as prepackaged chips, snacks, candy, or cookies,
had that food included in the study by weighing individual leftovers against an unused
representative package weight. Children with both a packed lunch and supplemented
in-school food entrees were not used in this study with the goal of avoiding in-school lunch
influence. A Nutritionist Pro (Axxya systems) dietary analysis module software was used
to convert individual food pre/post weights into nutrient intake information.

Data Analysis

Percentages of consumption were calculated from the total food items pre-weighed
minus the weight of each leftover food item, including all wrapping material. Sandwiches
and other combination items were reported as single-entry items for analysis. All weights
were obtained directly by the authors of this study. Descriptive statistics of frequency,
mean, standard deviation, and confidence intervals were calculated for all variables. A one-
tailed paired t-test was performed to compare consumption within home-packed lunches.
Pre/post mean differences were considered to be statistically significant at p < 0.05. The
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mean decrease in food weight was determined for energy, macronutrients, water, sugar-
sweetened beverages, sodium, fiber, and cholesterol.

3. Results

A total of 118 meals were weighed. Not all students were present or consistently
packed a daily lunch, resulting in a mean of 23.6 meals/day analyzed. Baseline character-
istics of the sample were male students that represented 39.1%, with 60.9% being female.
Ages ranged from 8 to 9 years old. Measurements were calculated for the percentage of
foods eaten and various nutritional content consumed. The average packed meal arrived
with 639.6 kcal; when consumed, the meal averaged 209.1 kcal less, a 32.7% decrease, at
430.6 kcal (p = 0.00001) (Table 1). Using a 1550 kcal daily intake as a reference, the children
averaged 27.8% of their daily energy requirement with lunch [42].

Table 1. Packed lunch content vs. actual energy and liquid intake (n = 118).

Kilocalories o Sugar-Sweetened
M + SD CI95% Water Beverage
3] 0, 1 o,
Packed lunch 639.6 + 142 613.98-665.22 Found in 44% of Found in 61% of
lunches lunches
. . 94.6%
Actual intake 430.6 + 88.2 414.69-446.51 92% consumed
consumed
Consumption —209.1 kilocalories
difference —32.7% decrease *

* Indicates a significant paired t-test difference: t (118) = 14.34, p < 0.00001.

3.1. Fluid Intake and Sugar Sweetened Beverages

A fluid intake analysis showed bottled water was packed with 44% of the lunches,
and 92% of that water was consumed with lunch. Sugar-sweetened beverages (usually
fruit-based juices) were present in 61% of the lunches (94.6% consumption) (Table 1).

3.2. Macronutrient Intake

The macronutrients of carbohydrates, lipids, and proteins all showed no significant
percentage difference between what was packed and what was eaten. Carbohydrates
changed from 58.1% to 59.5%, lipids from 28.9% to 27.0%, and proteins from 13.3% to
13.4% (Table 2). Packed versus consumed lunches showed an overall 1.4% increase in
carbohydrates, a 1.9% decrease in lipids, and a 0.1% increase in proteins.

Table 2. Packed lunch macronutrient content vs. actual consumption (n = 118).

Carbohydrate % o Lipids % o Protein % o
M 4 SD CI95% M + SD CI95% M -+ SD CI95%
Packed lunch 58.1 &+ 14.6% 55.46-60.73 28.9 + 11.0% 26.92-30.88 13.3 + 7.8% 11.89-14.71
Actual intake 59.5 + 14.7% 56.45-61.75 27.0 + 11.5% 24.92-29.07 13.4 + 7.6% 12.03-14.77
Cor}sumptlon . 14% 1.9% decrease 0.1% increase
Difference increase

3.3. Sodium Intake

Sodium in packed lunches recorded a mean of 1112.3 & 1480.3 mg per lunch and was
significantly reduced through packed lunch consumption to 635.8 £ 284.2 mg (—57.2%)
(p < 0.05). Using the Institute of Medicine’s current guideline of 1200 mg sodium intake
(aged 4-8) from lunches, students met 53.0% of their USDA daily recommendation from
lunch intake (Table 3).
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Table 3. Packed school lunch content versus actual intake of select health-related nutrients (1 = 118).

Sodium Fiber Cholesterol

Sodium cosw PP crosw holester CI95%
facked 111234 14803mg T2 3341795 300364 317+274mg  2676-36.64
sl 577 12842mg  ere 216+089g 199232 27+29mg 19572783

Cé’i“;;fr{’io“ £ (ﬁg}?.gi ¢ (1_118)1 g.§67 ¢ (1_1%?12%38

p <005 p <005 p <005

3.4. Fiber Intake

The fiber in packed lunches averaged 3.32 + 1.79 g. Actual fiber consumption was
2.16 £ 0.89 g, with a 65.1% consumption rate (p < 0.05). Based on an averaged fiber
recommendation for male and female children aged 6-11 of 12.85 g of fiber/day [43], these
children ate an average of 16.8% of their daily fiber recommendation at lunch.

3.5. Cholesterol Intake

Cholesterol in packed lunches averaged 31.7 & 27.4 mg cholesterol. The actual con-
sumed cholesterol in lunches was 23.7 &= 22.9 mg. This 83.4% consumption rate was a
significant decrease in cholesterol (p < 0.05). Conway et al. reported a similar middle
school cholesterol intake average of 32.6 mg of cholesterol and a significant difference with
seventh graders eating more than 6th graders [44].

3.6. Sugar Sweetened Beverage Intake

Daily recommendations call for no more than 10% of total calories from sugar-
sweetened beverages, such as fruit drinks [45]. Based on the previous 1550 kcal per
day energy recommendation, the lunches” weighed intake represented a mean of 13.2% of
daily total simple sugar calories across the entire sample of students (Table 4). A better
representation of intake from sugary fruit-based juice liquids was to exclude the students
that only consumed water from this calculation. The 66% of sugary fruit-juice beverage
drinkers increased their calorie intake from simple sugar drinks to 19.7% of their total
lunch calories.

Table 4. Packed school lunches meeting nutrient recommendations (1 = 118).

Sugar-Sweetened Sugar-Sweetened

Childhood USDA . Beverages. Limit 10%  Beverages. Limit 10%

Sodium . .
Recommended 1800 me (Aged 9-13) Total Calories Total Calories

Intakes 8148 (Including Water (Excluding Water
Drinkers) (n = 118) Drinkers) (n = 66)

Actual intake 35.3% of 13.2% of total calories 19.7% of total calories

recommended

4. Discussion
4.1. Plate Waste Weighing and Calories

Approximately 186,000 children in New York attend private schools outside of New
York City [46]. This research examined home-packed lunches at one of those private schools
in a third-grade elementary class on Long Island. It did not estimate intake; it weighed
plate waste to better understand childhood dietary intake and to make comparisons to
national childhood dietary references on select parameters. There are important nutritional
disparities in intake recorded between estimated and weighed childhood lunches. One
study revealed that when estimating food intake, the children reported eating 17% of
non-observed food items but only reported 67% of the observed items [47]. All forms of
estimated dietary assessment have been criticized with respect to accuracy [48,49]. The
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direct weighing of the food ensures accurate reporting of all consumed foods and serves
as an important methodological consideration for future research on school lunch food
intake. Through weighing, an average of 67.3% of the packed lunch food was eaten by the
children. This rate of consumption is comparable to that found for in-school hot lunches,
at approximately 70% [50-52]. Regardless of whether packed or purchased, school lunch
intake has implications for total daily energy intake and childhood obesity [53]. Using age-
specific USDA calorie recommendation ranges, an appropriate caloric intake of 1150 kcal
was selected for a reference daily energy intake [54]. Packed meals as they arrived at school
met 41.3% of the daily energy intake and would be considered high in calories. The actual
consumption of these lunches recorded a lower mean of 27.8% daily energy intake. Packed
lunches, as eaten, presented a moderate range of calories for a typical child’s lunch.

4.2. Macronutrient Distribution

Although the caloric reduction of packed meals was evident, nutrient distribution
remained constant. Parent-packed meals arrived at school with 58% carbohydrate, 29%
lipid, and 13% protein. Lunches as eaten by the students demonstrated a similar distribution
of 60%, 27%, and 13% (carbohydrate, lipid, and protein). These results represent a typical
energy distribution of nutrients for a healthy child’s diet. A meal analysis on preschool
daycare children by Romo-Palafox et al. found similar child macronutrient intakes in this
study at 56, 31, and 15% carbohydrates, lipids, and proteins, respectively [30].

This packed lunch macronutrient distribution falls within basic childhood nutrition
recommendations [55]. Importantly, no significant macronutrient composition difference
was detected, indicating the children were eating a portion of each food item packed
instead of consuming all of select foods and nothing of others. A scenario that did not
happen was that the children entirely ate the higher-calorie processed foods and left large
amounts of the nutrient-dense foods as waste. This study showed the food waste was
evenly distributed among all packed food items, excluding liquids, which were consistently
consumed in the 90th plus percentile.

Previous behavioral research on parental food choices in preschool lunch packing
supports this recorded “grazing” consumption of food items [56]. It has its basis in the
parent/child communication of a home-packed meal [57]. The parental role in preparing
a packed lunch for an elementary school child cannot be underestimated. Parent/child
communication will always be an important factor in the contents of a child’s packed
lunch [58,59]. As food waste returns home each school day, that negative feedback contin-
ually informs the parents of the child’s food likes and dislikes. In-school or “hot” lunch
children have limited food choices and throw away their food leftovers before reaching
home. In packed school lunches, independent of nutrition content, if the child has shown
a past tendency to eat specific foods, that behavior will continue in the future [59]. If the
child likes everything in the lunch, they avoid nothing. It also explains the observation
of very few fruits and vegetables in the packed lunches. Other than prepackaged, single
serving containers of apple sauce and mixed-type fruit cups, no fresh fruit other than an
occasional banana was recorded. Reasons for low fruit and vegetable intake are beyond
the scope of this study but would likely include parent/child communication of likes and
dislikes as well as parents seeing uneaten foods returned home, resulting in a negative
reinforcement to exclude these types of foods.

4.3. Fluid Intake and Sugar Sweetened Beverages

The liquid portion of the packed school lunches revealed relatively higher consump-
tion rates than for solid foods. Bottled water was present in 44% of the packed lunches.
The same children brought water consistently throughout the study. Packed lunch bottled
water consumption averaged 92%. Bottled water size varied from 8 to 16 ounces, and
regardless of size, it was usually completely consumed by the children. For the in-school
lunches, the federal government requires access to water at lunchtime for all students and
not to restrict the sale of milk to children [60]. No children with packed lunches took water
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or milk provided by the school in jugs/cups/cartons on the front tables. Because water
lacks calories, its weight was excluded from calorie and macronutrient calculations. The
presence of bottled water in a packed school lunch was considered a healthy eating choice.

Sugar-sweetened beverages have been a negative factor in school lunches and related
to weight gain in children [61]. The added simple sugar intake recommendation is set
by the Dietary Guidelines for Americans at less than 10% of total calories [54]. Although
simple sugars were not analyzed for all individual food items, liquid simple sugar content
in the form of sugary sweetened beverages was recorded as part of the packed lunch
pre- and post-weighing. These sugar-sweetened beverages were recorded in 61% of the
packed lunches, with a 94.6% consumption rate (Table 2). Normally, carbonated sweetened
sodas are included as a simple sugar source in the analysis of a packed school lunch.
However, a school policy prevented families from packing carbonated sodas for lunch,
and none were recorded for this home-packed lunch sample group. Overall, average
sugar-sweetened beverages contributed 13.2% of total packed lunch calories and slightly
exceeded the recommendation of less than 10%. For a more applicable analysis, water
drinkers were removed from the analysis. For the results of only those children consuming
sugar-sweetened beverages, 19.7% of calories came from those liquids (Table 3). The
sugar-sweetened beverage lunches were found to contain almost double the amount of
recommended simple sugar upon the removal of the water-containing lunches. This simple
sugar intake is a minimum representation, as only liquids were analyzed for sugar content.
The solid foods were not individualized for simple sugar calories and data should be
interpreted only as sugar-sweetened beverages and sugar calories. This 94.6% consumption
rate for 61% of the lunches relates this sample’s high sugar-sweetened beverage intake to
the risk variable of childhood obesity [62].

4.4. Sodium Intake

This study examined children ages 8 to 9. The current transitional regulation standard
for in-school lunch sodium intake, as issued by the National School Lunch Program, for
the 2023 to 2024 school year is 1225 mg for 6- to 8-year-olds [63]. The recorded average
sodium intake from packed school lunches for this group of children was below the “final
rule” target amount of sodium intake. The 635.8 £ 284.2 mg average sodium intake of
these children meets the strictest federal standards and would be described as a healthy
lunchtime intake of sodium.

The sodium targets require in-school lunch programs to meet ever stricter sodium
limitations and give schools several years to meet those standards. The most restrictive
sodium school lunch reduction mandate for lunches is less than 640 mg [64]. The recorded
average sodium intake from the packed school lunch for this group of children was below
the amount of sodium intake imposed on the NSLP in-school lunches. Cohen, Richard-
son, Roberto, and Rim suggest that a lower sodium intake, as seen in their research on
elementary and middle school lunches, may have a negative relationship with simple sugar
intake [65]. Although complete simple sugar content was not calculated for this study, the
sugar-sweetened beverage calories were excessive and would support such a relationship.

A State of Washington parent-packed school lunch study in 2014 used photography
with plate waste weight validation and reported school lunch sodium content was 931.8 mg,
with consumed sodium at 746.4 mg [66]. This study’s packed lunch sodium intake of
635.8 mg was similar. One caveat of the Washington State study was that these schools were
all participating in the Healthier U.S. School Challenge, which provided and encouraged
healthy food choices for all the children. This presents a potential confounding variable for
their packed lunch intake.

4.5. Fiber Intake

Most research on fiber intake focuses on adults and not children. National intake data
show most U.S. children do not meet fiber recommendations [67]. This lack of child-specific
fiber research is demonstrated by the existence of several different fiber recommendations
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for children. The FDA'’s label guide for childhood fiber is 12 g /1000 kcal consumed. Current
research shows children and adolescents only consume approximately half of the suggested
25 g of fiber per day [68]. Consistent with earlier school lunch studies, the fiber intake for
this study was low at 2.16 £ 0.89 g. These findings provided 8.6% toward meeting that daily
fiber recommendation. Although there was a significant numerical reduction in fiber intake
of —1.6 g (p < 0.05), the amount of food containing this amount of fiber was small. The
starting fiber content of these meals met 13.3% of the fiber recommendations. This is not
unexpected because some of the best fiber sources, such as fruits and vegetables, were very
low in the packed lunches. A Canadian study on packed lunch content for 7-10 year-old
students reported 9.5 g fiber intake through visual food intake observation [69].

4.6. Cholesterol Intake

Cholesterol intake from the packed lunches is in agreement with several previous
childhood lunch studies, as reported at 23.7 mg of cholesterol [70,71]. The 2015-2020
Dietary Guidelines for Americans removed the cholesterol recommendation of 300 mg/day
and replaced it with the guidance of eating as little as possible. For comparison, the old
300 mg/day level was used in percentage calculations. Home-packed lunches were within
this recommendation [72]. The “as packed” lunch value for cholesterol was 31.7 mg, and
the eaten value was 23.7 mg of cholesterol, with a 74.8% consumption rate, meeting 10.6%
of the old daily cholesterol recommendation.

5. Summary

This research on packed school lunches, conducted on Long Island in New York,
counters several common misrepresentations that home-packed school lunch construction
and consumption are of a consistently lesser nutritional value than their in-school alter-
natives. Regardless of in-school or packed meals, the direct intake of food needs to be
considered. Through direct plate waste measurement, the children who ate packed school
lunches fell well within calorie recommendations and presented a healthy macronutrient
distribution of carbohydrate, lipid, and protein consumption. The macronutrient pre-post
consistency showed the children evenly consumed each item packed and did not eat one or
two select foods, leaving others untouched. These lunches were reported as being within
range for sodium and cholesterol but high in simple sugar and low in fiber. Plate waste
weight measurement remains an integral component for determining actual dietary intake.
More research on the American and global nutritional quality of home-packed school
foods at various ages is important for gaining a better understanding of how to improve
childhood nutrition.

6. Limitations

Data from this study were obtained from a small sample of 3rd grade children enrolled
in a northeastern (New York) suburban parochial school on Long Island and should not be
generalized beyond that specific environment to different demographic, socioeconomic, or
ethnic population compositions in the United States or globally. The itemized weighing
of the after-lunch plate waste required immediate measurement. Any weight recording
error or missed plate waste would alter the dataset. The food collection logistics at the
end of the lunch period (signal) prevented researchers from individually observing each
student’s complete handling of the waste collection. Some paper or food plate waste may
have inadvertently avoided researcher collection through outside trash receptacles.
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