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Abstract Irregular diets and nutrient imbalances that result from a lack of interest in food have become more
common among not only adults but also children. Snacks are a category of food that most children like and can
select for themselves. This study validated the effects of snack-centered dietary education for children on the ability
of snack selection and duration of these effects. Twenty-three types of snacks, including drinks, were lined up on a
table and presented to 103 Japanese first grade elementary students (intervention group) in a snack selection test in
which children were allowed to freely select the snacks they would eat in one day. The ability of children to select
the proper quality and quantity of snacks was evaluated on the basis of the energy and nutrient content of the
selected snacks. Subsequently, snack-centered dietary education intervention lessons were provided to the children,
and the same test conducted at baseline was immediately reconducted after the intervention and seven months after
the end of the intervention. The control group comprised 118 children who were in the first grade during the
subsequent school year. In the intervention group, the snacks selected in the baseline test had excessive energy
content; post-intervention, the energy content approached a more appropriate level and the nutrient density of
vitamins, iron, and dietary fiber increased. Moreover, these improvements were observed even seven months after
the intervention ended. However, in the control group, there were no significant changes. These findings suggested
that snack-centered dietary education for first grade elementary students contributed to improving the quality and
quantity of snack selection, and these effects persisted for more than half a year.
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1. Introduction

Because excessive amounts of food have been available
since a long time in developed countries, irregular diets
and nutrient imbalances that result from a lack of interest
in food have become highly prevalent. As a result, obesity
[1] and an excessive desire to be slim [2,3], which are risk
factors for lifestyle-related diseases have become more
common among not only adults but also children in recent
years. Moreover, dietary habits strongly contribute to
these problems. Dietary habits and preferences during
childhood majorly contribute to the mental and physical
growth as well as personality development and are said to
affect a person throughout their lifetime [4,5].
Furthermore, because it is difficult to change dietary
habits in adulthood, the importance of forming good
dietary habits during childhood has been noted [6].
Therefore, in Japan, the Basic Act on Food Education was
passed in 2005, and many elementary schools began
providing dietary education at that time. However, even if
young children receive dietary education that is focused
on foods for meals, they often eat what is given to them at

home or school for their daily meals and have few
opportunities to select foods for themselves. Therefore, it
is difficult for them to apply what they have learned in
dietary education to real life. However, children may have
a certain amount of opportunity to select snacks for
themselves [7]. Furthermore, as young children are highly
interested in snacks [8], dietary education that is designed
around snacks can be effective in raising the interest of
children in the lessons.

For young children, snacks serve to supplement the
energy and nutrients that are not sufficiently provided by
the three daily meals, and they serve emotional roles, such
as those in mood shifts [9]. However, many problems,
such as obesity, have arisen from the excessive
consumption of junk food or soft drinks by elementary-
aged children [10].

These kinds of snacks have a large impact on the health
of the children. Therefore, the objective of this study was
to conduct a dietary education intervention that was
designed around snacks for children and provide them the
ability to consider and select the appropriate quantity and
quality of snacks to eat in one day.
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Previous studies that assessed the effects of dietary
education on children have used several questionnaires or
recalls of dietary intake [11,12]. However, these abilities
of children limit the accuracy of food surveys [13,14]. In
addition, the dietary intake of young children has been
previously evaluated with answers provided by parents or
guardians, issues with these methods have also been
reported [15]. This is because parents do not have a
sufficient grasp of the types and quantities of food that
their children consume [16].

Therefore, the method used in this study to evaluate the
effects of snack-centered dietary education for children
did not rely on the memory of children or answers of
parents. Another objective of this study was to study the
duration of the effects of dietary education.

2. Materials and Methods

2.1. Subjects

The study subjects were first grade students from a
private elementary school in Nara Prefecture, western
Japan. Because of educational considerations, the
elementary school students were not divided into the
intervention and control groups during the same school
year; rather, 103 children in the first grade during the 2009
school year (55 boys, 48 girls) were assigned to the
intervention group, and 118 children in the first grade
during the 2010 school year (64 boys, 54 girls) were
assigned to the control group. A follow-up study was
conducted when the children of the intervention group
were in the second grade. A complete data set of study
items was ultimately collected for 98 children (51 boys, 47
girls) in the intervention group and 106 children (58 boys,
48 girls) in the control group. Data from these children
were used in the analysis. This study was conducted with
the approval of the Life Ethics Committee of Kinki
University Faculty of Agriculture. Consent was obtained
from all children and guardians before commencing the
study.

2.2. Study Design

The study design was as follows. A baseline test was
conducted with children in the first grade during the 2009
school year (intervention group) in late June, and dietary
education intervention lessons were conducted between
July and November (45 min x 3 lessons). Then, in early
December, a post-intervention test with the same items as
the baseline test was conducted. One year later during the
same months, Baseline 1 and Baseline 2 tests containing
the same items as the intervention group, but without the
dietary education lessons, were conducted with children in
the first grade during the 2010 school year (control group).
In addition, a seven-month follow-up test with the same
items as the baseline test was conducted in the
intervention group in late June when they were in the
second grade during the 2010 school year.

2.3. Dietary Education Goals and Overview of
the Intervention Lessons

The two goals of the dietary education intervention in
the intervention group were as follows:

1) To increase the percentage of children who select
daily snacks containing 200 kcal of energy or less because
a new food guide in Japan [17] recommends that the daily
energy intake from snacks should be approximately 200
kcal.

2) To increase the frequency with which children select
snacks with a low percentage of energy from fat and a
high nutrient density of vitamins, fiber, and calcium.

To achieve these two goals, three dietary education
intervention lessons were provided. An overview of these
lessons is as follows. In Lesson 1, children were taught
that snacks can be classified into the following groups on
the basis of their main components: (1) shacks, such as
candy that taste sweet and have a lot of sugar, (2) snacks,
such as potato chips that feel greasy and have a lot of fat,
and (3) snacks, such as roasted sweet potatoes and milk
that have a lot of vitamins, dietary fiber, and calcium and
are good for the body. The children were then instructed
to sort actual snack items into these groups. In Lesson 2,
to help the children visualize the appropriate amount of
snacks to eat in one day (<200 kcal), they were told that
the appropriate energy content was approximately the
same as that of a bowl of rice that they would normally eat
(approximately 200 kcal). They were also asked how
much rice would have the same energy content of typical
snacks in a quiz format. In addition, they were instructed
to practice combining actual snacks for one day so that the
energy content would be less than or equal to that of a
bowl of rice. The theme of Lesson 3 was that the children
would teach their family the correct way of selecting
snacks so that their family could be healthy together. They
summarized what they learned at school about selecting
snacks in a letter, took the letter home with them, gave it
to their parents, and explained it to them. The purpose of
this exercise was to have children get their family to
understand the facts about snacks and increase the
awareness of the child by having them personally explain
how to select snacks to their family.

2.4. Snack Selection Test with the Children

A snack selection test was conducted with the children
with 23 types (17 foods and six drinks) of real snacks. The
types of snacks used in the test were as follows: (1) sugary
snacks (hard candy, fizzing candy, orange jelly without
fruit juice, caramels, cola, sweetened drinks, and sports
drinks); (2) fatty snacks (potato chips, chocolate, cookies,
and ice cream); and (3) snacks with a lot of vitamins,
dietary fiber, or calcium [pancakes, roasted sweet potatoes,
dorayaki (sponge cake with red bean jam sandwiched in
between), custard, yogurt, fruit, 100% fruit juice, milk,
and green tea]. Further, snacks in categories (1) and (2)
were assigned to a low nutritional value food group,
whereas snacks in category (3) were assigned to a high
nutritional value food group. Typical portion sizes of the
snacks were used. The serving sizes, energy content, and
main nutrient compositions of these foods are listed in
Table 1. The energy and nutrient composition of the
snacks were calculated using the ingredient list of
processed foods in the market (The 8" Edition) or the
Standard Tables of Food Composition in Japan (Fifth
revised and enlarged edition) [18]. These shacks were
placed on the top of a short table in a standardized
position. The test administrators gave each child a basket
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for the snacks and told them to “Please take a look at all
the snacks on the table, then pick up as many snacks as
you would want to eat in one day and put them in the
basket.” Once they had finished selecting the snacks, they
returned the basket to the test administrator. The test
administrator then recorded the types and number of
snacks in the basket and returned the shacks to their
original position on the table. Two servings or more of

each type of snack were placed on the table so that the
children could select multiple items of the same snack.
The tests were conducted in the morning, and the children
were tested one at a time to avoid any influence from the
other children. This method did not rely on the memory of
the children or a survey of their parents, and it was used to
directly evaluate the ability of the children to select snacks.

Table 1. Names, Serving Sizes, and Main Nutritional Components of the Snacks Used in the Snack Selection Test

Snacks Energy Protein Fat Calcium Iron Vitamin A Vitamin B; Vitamin B, Vitamin C Dietary fiber Salt
includin Gram per servin
geverageg P O (keal) (@) (Wenergy) (mg) (mg) (iRE) (mg) (Mg  (mg) @ @
Candy 72 28 00 0.0 01 00 00 0.00 0.00 0.0 0.0 0.0
Fizzing candy 29 111 00 0.0 03 00 00 0.00 0.00 03 0.0 0.0
No fjré‘l'lt y’“'ce 100 70 23 0.0 30 01 10 0.02 0.00 7.0 0.1 0.0
Caramel 48 21 02 24.3 91 00 53 0.00 0.01 0.0 0.0 0.0
Potato chips 28 155 13 57.2 48 05 00 0.07 0.02 42 12 03
Chocolate 55 31 04 54.9 132 01 36 0.01 0.02 0.0 0.2 0.0
Cookie 17 89 10 476 34 01 255 0.01 0.01 0.0 0.2 0.1
Ice cream 120 255 3.7 546 1140 01 120 0.04 0.18 0.0 0.0 02
Pancake 70 183 53 19.0 770 04 294 0.06 0.13 0.0 08 05
Rogztt;’geet 70 114 10 11 238 05 07 0.08 0.04 16.1 25 0.0
Dorayaki* 90 256 56 8.2 198 08 252 0.07 0.09 0.0 3.2 03
Custard 75 95 41 35.7 608 05 585 0.04 0.20 0.0 0.0 02
Yogurt 80 50 29 435 960 00 264 0.03 0.11 08 0.0 0.1
Orange 50 23 05 2.0 120 01 55 0.04 0.02 30.0 05 0.0
Kiwi 65 34 07 17 215 02 39 0.01 0.01 44.9 16 0.0
Banana 50 43 06 2.1 30 02 25 0.03 0.02 8.0 06 0.0
Apple 75 4 02 17 23 00 15 0.02 0.01 3.0 11 0.0
Cola 250 115 03 0.0 50 00 00 0.00 0.00 0.0 0.0 0.0
Sweetened drink 300 132 08 0.0 00 00 00 0.00 0.00 0.0 0.0 0.0
Sports drink 300 54 00 0.0 30 00 00 0.00 0.00 9.0 0.0 03
100% Orange juice 200 84 16 0.0 180 02 60 0.14 0.02 44.0 06 0.0
Milk 200 134 66 510 2200 00  76.0 0.08 0.30 2.0 0.0 02
Green tea 250 13 33 0.0 100 05 00 0.05 0.28 475 0.0 0.0

*Dorayaki; sponge cake with red bean jam sandwiched in between

2.5. Reference Values for the Energy and
Nutrient Content of the Snacks

Table 2. Reference values of selected snacks for the energy and
nutrients per 100 kcal in the snack selection test”

Over Proper Deficiency

Energy (kcal) >200 <200
Protein (g/100 kcal) >2.0 <2.0

Fat (percent energy) >30 <30
Vitamin A (ugRE/100 kcal) >28.3 <28.3
Vitamin B; (mg/100 kcal) >0.05 <0.05
Vitamin B, (mg/100 kcal) >0.05 <0.05
Vitamin C (mg/100 kcal) >3.7 <3.7
Calcium (mg/100 kcal) >38.3 <38.3
Iron (mg/100 kcal) >0.4 <0.4
Dietary fiber (g/100 kcal) >0.8 <0.8

Salt (9/100 kcal) >0.4 <0.4

“Subjects selected as many snacks as they would want to eat in one day
in the snack selection test. A new food guide in Japan recommends that
the daily energy intake from snacks should be approximately <200 kcal.
In accordance with the Dietary Reference Intakes for Japanese that was
issued in 2010, the appropriate percentage of energy from fat was
considered to be <30%, and for other nutrients, the appropriate ranges of
nutrient density per 100 kcal were calculated using the RDA or Al.

Table 2 shows reference values for the energy and
nutrient content of the snacks. The appropriate energy
content for the snacks in the snack selection test was
considered to be <200 kcal. Because the children selected
the snacks by sight, a standard of <260 kcal was also
included in the evaluation to account for error. In addition,
in accordance with the Dietary Reference Intakes for
Japanese that was issued in 2010, the appropriate

percentage of energy from fat (%) was considered to be
<30%, and for other nutrients, the reference values
(appropriate ranges) of nutrient density per 100 kcal were
calculated wusing the average recommended dietary
allowances (RDA) or adequate intakes (Al) for boys and
girls with the following equation (1):

Reference values of nutrient density

(RDA or Al)
= . - x 100 kcal
(Estimated energy requirement)

(1

2.6. Statistical Analysis

All statistical analyses were performed using the SPSS
statistical software package version 20.0 and p values of
<0.05 were considered statistically significant. The results
were pooled for the boys and girls because there were no
gender differences. The changes in the average energy and
nutrient content of the snacks selected by the intervention
or control groups were assessed with a within-participant
analysis of variance (ANOVA). Changes in the
percentages of children in the intervention or control
groups who selected snacks with energy and nutrient
contents within appropriate ranges were assessed using the
Cochran’s Q test. The baseline averages were compared
between the intervention and control groups using
unpaired t-tests, and the baseline percentages were
compared between the groups using chi-squared tests.
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3. Results

The average (absolute) amounts of energy and nutrients
in the day’s worth of snacks that were selected by the
children are shown in Table 3.

Table 3. Energy and Nutrients (Absolute Amount) in the Day’s Worth of Snacks Selected by the Children

Absolute amount Intervention group(n = 98)

Control group (n = 106)

per day Baseline End of intervention 7-month follow-up Baseline 1 Baseline 2

Energy (kcal) 5119 + 4179 3624 + 34237 3889 + 42917 6329 + 41617 5845 + 4782

Protein (g) 93 = 77 86 % 7.2 78 = 70 114 = 79 107 = 94
Fat (% energy) 300 =+ 146 219 = 1507 262 + 163 298 + 125 284 + 146
Vitamin A (ugRE) 745 + 624 63.6 58.3 61.0 + 605 881 * 672 797 o+ 741
Vitamin B;(mg) 015 + 014 015 0.12 014 + 013 021 + 016 019 + 0.16
Vitamin B, (mg) 031 + 028 033 0.27 030 + 026 040 =+ 028 036 + 032
Vitamin C (mg) 241 = 364 454 + 4357 360 =+ 363 396 =+ 451¢ 373 + 438
Calcium (mg) 1744 = 160.6 1529 = 1451 1536 + 1384 2121 + 1577 1906 + 186.0
Iron (mg) 082 + 080 088 0.77 073 + 082 120 = 0.84¢ 108 = 088
Dietary fiber (g) 20 + 25 24 % 23 18 + 25 30 = 26" 26+ 26
Salt (g) 051 + 046 042 + 0.42 040 + 044 064 + 049 058 + 054

Values are means + SDs.

*P < 0.05, **P < 0.01, ***P < 0.001: Baseline vs. End of intervention (Within-participant ANOVA)

*P < 0.05: Baseline vs. 7-month follow-up (Within-participant ANOVA)

Baseline 1 vs. Baseline 2 (Within-participant ANOVA) was not a significant difference.
*P < 0.05, ™P < 0.01: Baseline at intervention group vs. Baselinel at control group (Unpaired t test)

Table 4. Average Number of Each Type of Snack Selected per Child during the Snack Selection Test

Intervention group (n = 98)

Control group (n = 106)

Foods Baseline End of intervention 7-month follow-up Baseline 1 Baseline 2

Each® Group sum’ Each®  Group sum’ Each® Groupsum” Each® Group sum® Each® Group sum’
a Candy 0.16 0.11 0.11 0.21 0.25
= Fizzing candy 0.30 0.11 0.12 0.32 0.32
S  No fruit juice jelly  0.15 0.24 0.12 0.24 0.28
é Caramel 0.45 0.16 0.14 0.69 0.75
L Cola 0.15 0.05 0.13 0.17 0.20

E  Sweetened drink  0.36  3.36+3.28 009 1.91+2.16™ 0.16 1.86+1.88" 038 4.34+3.45" 026 4.29+3.88
2 Sports drink 0.18 0.26 0.16 0.18 0.18
=] Potato chips 0.37 0.19 0.21 0.53 0.43
; Chocolate 0.46 0.32 0.23 0.85 0.85
5 Cookie 0.39 0.27 0.23 0.41 0.40
Ice cream 0.39 0.10 0.21 0.38 0.37
Pancake 0.13 0.15 0.09 0.23 0.21
§' Roast sweet potato  0.16 0.24 0.11 0.23 0.24
5 Dorayaki 0.10 0.15 0.09 0.15 0.12
8 Custard 0.43 0.24 0.22 0.43 0.39
§ Yogurt 0.15 0.27 0.15 0.21 0.10

T range 019 1ssx215 055 249x186 04 1s0x143 T 2ssx256% 0D 234x23
S Banana 0.11 0.19 0.22 0.36 0.21
3 Apple 0.16 0.15 0.08 0.28 0.17
=y Orange juice 0.13 0.06 0.13 0.20 0.17
T Milk 0.24 0.27 0.28 0.28 0.26
Green tea 0.02 0.30 0.15 0.13 0.10

The snacks were divided into low and high nutritional foods groups.

Values for “Each” are the average number of each type of snack that was selected per child.
®Values for “Group sum” are means * SDs of the total number of snacks that were selected per child within each group.
*P < 0.05, ***P < 0.001; Baseline vs. End of intervention (Within-participant ANOVA)

##p < 0.001; Baseline vs. 7-month follow-up (Within-participant ANOVA)
YP < 0.05; Baseline 1 vs. Baseline 2 (Within-participant ANOVA)

*P < 0.05, P < 0.01; Baseline at intervention group vs. Baselinel at control group (Unpaired t test)

In the intervention group, the energy content was
significantly lower immediately after the intervention
(early December) relative to the baseline (late June) (p <
0.001), and it remained significantly low seven months
after the intervention ended (p < 0.05). Although the
energy contents in the snacks were lower immediately
after the intervention relative to the baseline, vitamin C
was significantly higher (p < 0.001), and it remained
significantly high seven months after the intervention
ended (p < 0.05). Furthermore, fat was significantly lower
immediately after the intervention relative to the baseline
(p < 0.001), and it remained low seven months after the
intervention ended, although not significantly. No

significant differences compared with baseline were
observed for any other nutrient. In the control group, there
were no significant changes in the energy or nutrient
contents of the snacks between Baseline 1 (late June) and
Baseline 2 (early December). When the intervention and
control groups were compared at baseline, energy, vitamin
B,, vitamin C, iron, and dietary fiber were significantly
higher in the control group.

The average number of each type of snack that was
selected perchild is shown in Table 4. The snacks were
divided into low and high nutritional value groups, and the
total number of snacks that were selected was calculated
within each group. The number of snacks with low
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nutritional value was calculated by adding the number of
items selected among the candy, fizzing candy, jelly
without fruit juice, caramel, cola, sweetened drinks, sports
drinks, potato chips, chocolate, cookies, and ice cream; the
number of snacks with high nutritional value was
calculated by adding the number of items selected among
pancakes, roasted sweet potatoes, dorayaki, custard,
yogurt, oranges, kiwi fruit, bananas, apples, orange juice,
milk, and green tea. In the intervention group, the number
of selected snacks in the low nutritional value group was
significantly lower, and the number of selected snacks in
the high nutritional value group was significantly higher
relative to the baseline. In contrast, in the control group,
there was no difference in the number of selected snacks

in the low nutritional value group between Baseline 1 and
Baseline 2, and the number of selected snacks in the high
nutritional value group was significantly lower at Baseline
2. In addition, when the intervention group was tested
again seven months after the intervention ended, the
number of selected snacks in the low nutritional value
group remained significantly lower than the baseline
number, but there was no difference in the number of
selected snacks in the high nutritional value group. In the
baseline comparison between the intervention and control
groups, the numbers of selected shacks in the low and
high nutritional value groups were both significantly
higher in the control group.

Table 5. Nutrients per 100 kcal in the Day’s Worth of Snacks Selected by the Children

Nutrient density

Intervention group(n = 98)

Control group (n = 106)

per 100 kcal Baseline End of intervention 7-month follow-up Baseline 1 Baseline 2
Protein (g) 19 + 11 25 + 167 24 1.6™ 20 1.0 19 =+ 12
Vitamin A (ugRE) ~ 17.1 = 150 185 = 145 184 16.2 153 + 105 143 + 114
Vitamin B;(mg) 003 + 002 005 + 0.037 004 + 003* 004 =+ 002¢ 004 + 003
Vitamin B, (mg) 007 + 005 011 + 0107 010 + 010 008 =+ 007 007 + 007
Vitamin C (mg) 42 + 58 201 + 2867 193 + 338" 85 + 13.3¢ 92 + 150
Calcium (mg) 369 + 348 465 = 44.4 492 £ 440 3.7 + 284 329 + 265
Iron (mg) 015 + 011 026 + 0217 022 + 022 021 =+ 0.12¢ 021 + 014
Dietary fiber (g) 034 + 037 073 + 063" 059 + 079" 049 = 037 047 + 038
Salt (g) 010 + 0.06 011 # 0.07 009 + 007 010 +  0.05 009 + 005

Values are means + SDs.

*P < 0.05, **P < 0.01, ***P < 0.001; Baseline vs. End of intervention (Within-participant ANOVA)
*P < 0.05, #P < 0.01, **P < 0.001; Baseline vs. 7-month follow-up (Within-participant ANOVA)
Baseline 1 vs. Baseline 2 (Within-participant ANOVA) was not a significant difference.

*P < 0.05, P < 0.01; Baseline at intervention group vs. Baselinel at control group (Unpaired t test)

The average amounts of nutrients per 100 kcal in the
day’s worth of snacks selected by the children are shown
in Table 5. In the intervention group, the amounts of
protein, vitamins B,/B,/C, iron, and dietary fiber per 100
kcal were significantly higher immediately after the
intervention relative to the baseline, and they were still
significantly high seven months after the intervention. No
significant differences from baseline were observed for
any of the other nutrients. In contrast, in the control group,

there was no significant difference between Baseline 1 and
Baseline 2. In the baseline comparison between the
intervention and control groups, the intakes of vitamin By,
vitamin C, iron, and dietary fiber per 100 kcal were
significantly higher in the control group.

The percentages of children who selected a day’s worth
of snacks that had energy and nutrient contents per 100
kcal within appropriate ranges are shown in Table 6.

Table 6. Percent of Children within an Appropriate Range of Energy and Nutrient per 100 kcal

Intervention group(n = 98)

Control group (n = 106)

0,

(%) Baseline End of intervention 7-month follow-up Baseline 1 Baseline 2

Energy (< 200 kcal) 21.4 33.7 2.7 13.2 17.9
Energy (< 260 kcal) 27.6 49.0™ 41.8% 19.8 20.8
Protein 27.6 51.0™" 48.0% 34.9 30.2
Fat 40.8 69.4™" 53.1%# 51.9 52.8
Vitamin A 19.4 22.4 22.4 10.4 11.3
Vitamin By 12.2 3477 34.7%# 19.8 18.9
Vitamin B, 51.0 64.3" 63.3" 65.1% 51.9
Vitamin C 36.7 69.4™" 60.2 49.1 51.9
Calcium 327 45.9 45.9* 34.0 27.4

Iron 41 21.4™ 15.3% 4.7 6.6

Dietary fiber 8.2 3577 21.4* 15.1 17.0
Salt 100.0 100.0 100.0 100.0 100.0

For energy, the percentage of children who selected a day’s worth of snacks with values of <200 kcal or <260 kcal.
For nutrients, the appropriate rangesof nutrient density per 100 kcal were calculated using the RDA or Al,

and the percentage indicates the percentage of children whose choices fit within the appropriate ranges.

*P < 0.05, ***P < 0.001; Baseline vs. End of intervention (Cochran’s Q test)

*P < 0.05, #P < 0.01, **P < 0.001; Baseline vs. 7-month follow-up (Cochran’s Q test)

P < 0.05; Baseline 1 vs. Baseline 2 (Cochran’s Q test)

*P < 0.05; Baseline at intervention group vs. Baselinel at control group (Chi square test)

In the intervention group, the percentage of children
whose choices fit within the appropriate energy limit
(<200 kcal) significantly increased immediately after the
intervention relative to the baseline, and it remained
significantly high seven months after the intervention. In

addition, a similar increase was observed when the
appropriate limit was raised to <260 kcal. The percentages
of children whose choices fit within the appropriate ranges
also significantly increased immediately after the
intervention relative to the baseline for protein, fat,
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vitamins B./B,/C, calcium, iron, and dietary fiber, and
these percentages remained significantly high seven
months after the intervention. No significant differences
from baseline were observed for any of the other nutrients.
In contrast, in the control group, the percentage of
children whose choices fit within the appropriate range of
Vitamin B, per 100 kcal decreased from Baseline 1 to
Baseline 2. There was no difference between Baseline 1
and Baseline 2 for energy or any other nutrient. In the
baseline comparison between the intervention and control
groups, the percentage of children with a vitamin B,
intake within the appropriate range was significantly
higher in the control group.

4. Discussion

Previous studies have used dietary surveys that rely on
the memories of children and their parents as a method of
validating the effects of dietary education, but several
issues have been suggested with these methods, including
that the abilities of children limit the accuracy of dietary
surveys [13,14] and parents do not have a sufficient grasp
of the types and quantities of food that their children
consume [16]. The method used in this study of actually
having children select real snacks was useful in avoiding
these issues.

Few studies have evaluated the effects of snack-
centered dietary education interventions for children.
Matvienko et al [15]. administered snack-centered dietary
education lessons to children aged 6 and 7, asked the
children to select two food items and one drink from seven
food items and three drink options (items with high and
low nutritional values), and evaluated the snack quality on
the basis of the number of items with high nutritional
value. Although the quality of the selected snacks was

evaluated in this study, the quantity could not be evaluated.

Furthermore, only a few types of foods and drinks were
offered, and the children were only allowed to select two
foods and one drink. This design may differ from how
children freely select snacks.

In the present study, children were offered 23 types of
snacks that are familiar to Japanese children, and they
were allowed to freely select one day’s worth of snacks
without any limitations on the number or combination of
items. The ability of children to select the proper quality
and quantity of snacks was evaluated by adding the energy
and nutrient contents of the selected snacks. A large
percentage of children in both the intervention and control
groups selected too many snacks in the baseline test.
However, the amount of snacks selected by the children in
the intervention group decreased after the intervention.
Furthermore, this improvement was still observed seven
months after the intervention ended. In contrast, there was
no difference in the energy contents of the snacks selected
by the control group. This indicated that the decrease in
the energy of the snacks that was observed in the
intervention group was not because of seasonal variation
or the growth of the children, but rather was an effect of
dietary education. Moreover, in the dietary education
lessons in this study, the appropriate amount of snacks
was compared with a bowl of rice. A bowl of rice contains
approximately 200 kcal of energy [18], which matched the
intervention goal of 200 kcal for one day’s worth of

snacks. Rice is a staple food for the Japanese, and even
children eat it regularly and are familiar with it; therefore,
it was easy for them to understand snack portions
compared with rice portions. In addition, the decrease in
the energy contents that were observed after the
intervention was because of a decrease in the number of
foods that were selected from the low nutritional value
food group that mainly comprised sugary and fatty foods.
Meanwhile, the number of some foods in the high
nutritional value food group increased. In the dietary
education lessons, children learned that snacks that taste
sweet have a lot of sugar; snacks that feel greasy have a
lot of fat; and snacks, such as fruit, sweet potatoes, and
milk, have a high nutritional value. They were explained
that they would be healthier if they ate more healthy
snacks than snacks with low nutritional value. Children
considered quality when selecting snacks because they
learned these things. The nutrient densities of vitamins,
iron, and dietary fiber per 100 kcal of snacks increased
after the intervention, and the selections were still high
seven months after the intervention. This suggested that
the effects of this dietary education program were not
temporary but rather persisted for at least half a year.

In the intervention group, the number of fruits, such as
oranges and bananas that were selected increased after the
intervention despite the decreased energy content of the
snacks. Other intervention studies have also reported that
it is easier to increase fruit intake than vegetable intake in
children [19]. Taste preferences have been reported to be
the most influential factor in the food selections of
children aged 6-12 [20], and it can be inferred that
compared with vegetables, the taste of fruits and other
foods with high nutritional value that were included in the
snacks used in this study was more acceptable to children.
Self-efficacy skills have been shown to be important in the
modification of food selection behaviors in humans [21].
Because many children do not like the taste of vegetables,
it is important to not center dietary education for young
children on vegetables and instead build self-efficacy
skills by first using foods, such as snacks that have an
acceptable taste to children. Once this foundation has been
laid, the next steps can be taken.

Our study has some limitations. The first is that it was
not randomized. It would have been difficult to divide the
subjects into the groups during the same school year
because of educational considerations. Therefore, some
items differed between the intervention and control groups
at baseline. Second, although children selected snacks
during the snack selection test, they did not actually eat
them. In the future, a study should be conducted to
determine the snacks that children select and eat at home.
In addition, studies have shown that the snack purchases
of children are influenced by television commercials [22],
price, and friends [23], but this was not confirmed in the
present study. These limitations should be considered
when interpreting the results. However, this study
uncovered that dietary education that uses snacks may
possibly be effective. Furthermore, one strong point of
this study was that the quality and quantity of the snacks
was directly evaluated by having children select snacks
rather than by questionnaires for parents or dietary surveys
that rely on the memories of children.
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5. Conclusion

Snacks are a category of food that young children like
and can select for themselves. This study validated the
hypothesis that taking advantage of the characteristics of
snacks to educate young children about food is effective in
improving the ability of children to select snacks,
suggesting that snack-centered dietary education is
effective in improving the ability of young children to
select snacks. Additional works should be conducted to
determine the snacks that children select and eat at home.
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