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ABSTRACT
Background: The Dietary Guidelines for Americans 2010 recommend that Americans age two years and older consume seafood, especially fish high in omega-3 polyunsaturated fatty acids, at least twice a week. Although fish is of
particular importance during childhood to support proper brain and eye development, it is under-consumed in the US
pediatric population. This study examined if substituting salmon for chicken would increase preschooler’s fish consumption. Methods: Two-to-five years old children (n = 45) were served eight lunches (four pairs of comparable chicken
versus salmon dishes) twice, totaling sixteen lunches over a period of three months to test the hypothesis that children
will consume fish at least once a week, thus increasing docosahexaenoic acid (DHA) intake. The plate waste method
was used to collect intake data and consumption of total energy and DHA intake in the chicken and the fish dishes were
compared using contrasts within a mixed effect ANOVA (significance at P < 0.05). Results: Dietary intake estimates
showed that there were no significant differences in energy intake when the chicken and fish dishes looked similar
(macaroni-and-cheese and wraps), but when the fish dishes looked new (nuggets and dumplings), energy intake on fish
days was lower than on the chicken day. DHA intake increased significantly on all days the fish was served. Conclusions: This pilot study indicates that fish intake can meet recommendations if salmon is incorporated into familiar
dishes such as salad wraps or macaroni-and-cheese, in the childcare setting. Although fish is more expensive, childcare
centers may serve this highly nutritious protein once a week without experiencing undue amounts of food wastes if incorporated into well-accepted main dishes. Further studies in larger and more diverse samples of children, different experimental dishes, and longer exposure periods may elucidate additional venues to increase children’s diet quality by
increasing consumption of fatty fish.
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1. Introduction
The polyunsaturated fatty acid (PUFA) known to be
critical for brain and eye development, docosahexaenoic
acid (DHA, 22:6n-3), supports nervous tissue growth and
function, such as learning and memory [1,2]. The parent
18-carbon fatty acid, α-linolenic acid (ALA), can be
converted to various long-chain omega-3 PUFAs, including eicosapentaenoic acid (EPA) and DHA. ALA is
found in plant-based foods, with higher levels in soybean,
canola, and flax seed oils. Another PUFA, the 18-carbon
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omega-6 fatty acid linoleic acid (LA) is the precursor of
omega-6 fatty acids and is abundant in modern food supplies, as it contributes more than 50% of all the fatty acids in soybean, corn, safflower, and sunflower oils.
The conversion of ALA to DHA is very inefficient.
Using compartment models, the conversion rate has been
estimated to be less than 1% [3,4]. Also, measurement of
peak or area-under-the-curve plasma contents of previously labeled fatty acids showed that less than 8% of
ALA is converted into EPA and less than 4% to DHA in
men [5-8]; in women, less than 21% of ALA is converted
to EPA and less than 9% to DHA [9]. Thus, consumption
of dietary sources of DHA during the years of brain deFNS
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velopment (up to age 25) [10] is critical for children’s
cognitive functioning.
Once obtained from the diet, ALA can be metabolized
to EPA, while LA is metabolized using the same enzymes to the 20-carbon chain omega-6 fatty acid, arachidonic acid [11]. The pathway generally accepted for
metabolism of EPA to DHA involves elongation of the
fatty acid carbon chain to yield DHA [12]. In animals, an
intake of 1% energy from LA, with an LA to ALA ratio
of 2:1 or lower, supports high levels of DHA in the developing brain [13,14]. However, high intakes of LA
inhibit desaturation of ALA to EPA and DHA and reduce
accretion of DHA in the brain, retina, and other organs
[13-17]. This means that dietary omega-3 PUFAs, the
amount and type of omega-3 PUFA (ALA and DHA),
and high LA determine DHA accretion in the developing
brain and retina. When omega-3 PUFA intake is inadequate, DHA decreases and omega-6 fatty acids increase
in the brain. Human milk and infant formulas now provide more than 3% energy from LA, which suggests circulating levels and tissue levels of DHA will be low
unless DHA is provided [2].
DHA is only found in animal tissue lipids, with fatty
fish being the best dietary source. It is not present in
plant sources (such as vegetable fats and oils, grains, nuts,
and seeds), although those may provide other omega-3
PUFAs [2]. Because humans lack specific desaturases,
they are unable to form omega-3 or omega-6 PUFAs de
novo and must obtain these fatty acids from their diet
[11]. DHA is the major omega-3 PUFA esterified in the
glycerophospholipids that form the structural matrix of
brain grey matter and retinal membranes [18,19]. Therefore, DHA accumulation in the brain and retina as well as
in other organs depends on the amount and types of
omega-3 PUFAs consumed in the diet. In addition, dietary intake of omega-6 fatty acids plays a role, as omega-6
PUFA interact and compete with omega-3 PUFAs in the
fatty acid metabolic pathway [13,15,20-24].
The in vivo conversion of ALA to DHA is not very efficient, and the Dietary Guidelines for Americans 2010
recommend consuming more foods rich in EPA and
DHA by eating seafood at least twice a week. Healthconscious parents strive to offer food sources of DHA to
incorporate into their children’s diets but in most US
regions fish consumption, especially intake of fatty fish,
are very low and children may not accept fish into their
diet easily.
Prenatal DHA availability is determined by maternal
dietary DHA intake during pregnancy and has been
shown to have a significant effect on quality of movement in seven-year-old children [25]. Prenatal DHA
availability is critical for brain development in utero but
also later in life. For that reason, DHA supplementation
in infant formula is recommended as it has been shown
Copyright © 2013 SciRes.
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to lead to visual acuity and IQ maturation similar to that
of breast-fed infants [26]. Even past the usual age of
weaning, the brain is not fully developed. The frontal
lobes of the brain, which are responsible for executive
functions, develop in spurts between birth-to-two years
of age, from seven-to-nine years of age, and in the midteenage years—up to the age of 25 years old [10]. Hence,
adequate intake of DHA prior to adulthood is imperative
to support healthy brain development and consumption
of DHA-rich foods, such as fatty fish, is recommended
for all Americans.
According to the Institute of Medicine report [27], it is
recommended that 2 - 5 years old children consume two
age-appropriate servings (1-to 2-ounce) of seafood per
week. However, previous research has shown that fish
consumption is less than adequate, especially when compared to pasta, a dish that is common in the Western diet.
In a previous study [28], when pasta was served to 23
two-to-five year old children, intake was 81% greater
than when fish was served. This is the case even for immigrants from Asia that would normally have a high fish
intake [29], but have been submersed into Western culture. When assessing the dietary patterns of Korean adolescents, fish dishes such as kimchi, fish cake soup, and
fish cutlets comprised the majority of meals, whereas
Korean-American adolescents consumed a more typical
American diet of milk, soda, hamburgers, etc. [29].
Despite the benefits of DHA in the diet, Western diets
are low in omega-3 PUFAs, especially ALA found in
plant oils and DHA found in fish [2]. According to the
Institute of Medicine and National Academy of Sciences
[30], the median intake of EPA and DHA in adults is
0.05% of dietary energy. Contrary to popular belief, even
an individual meeting the estimated intake recommendations for omega-3 PUFA intake may consume less than
optimal amounts of DHA, if the majority of the omega-3
PUFAs are from plants. Consequently, this becomes an
issue for the developing brain. Western diets low in
omega-3 PUFAs and high in omega-6 fatty acids contribute to poor brain development and function [2]. By
adding fatty fish to children’s diets, DHA intake would
increase, and aid in the prevention of poor brain development. Dalton et al. [10] showed that when seven-tonine year old children’s diets were supplemented with a
fish-flour spread rich in omega-3 PUFAs, verbal learning
ability and memory were improved. Thus, effective ways
to encourage habitual consumption of a diet high in DHA
are warranted.
For children, the general requirements of total fat and
fatty acids have not yet been adequately established [31].
Currently, recommended DHA intake levels are based on
values calculated on a per kilogram (kg) body weight
basis. However, according to Koletzko et al. [32], EPA
and DHA intake recommendations using the estimation
FNS
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based on body weight may result in suboptimal DHA
amounts in 2 - 12 years old children because their DHA
needs are higher relative to their body weight. In adulthood, DHA needs are lower compared to the time from
birth to age 25.
Once the importance of EPA and DHA was established, numerous alternative sources of omega-3 PUFAs
were developed. The only natural sources of DHA are
marine food sources, such as fish and seaweed, and their
products, such as fish and algal oil. However, food companies have taken the initiative to incorporate DHA and
other omega-3 PUFAs into foods such as breads, pastas,
milk, eggs, processed meats, salad dressings, margarines,
mayonnaise, peanut butters, pizzas, nutrition bars, cereals,
yogurts, and juices [33]. Although the fortification with
DHA for these processed foods is based on marine
sources, such as fish or algal oils, there are many issues
that should be considered. The bioavailability of the
omega-3 PUFAs in synthetic form is understudied. Furthermore, foods with added DHA usually only contain 12
- 50 mg EPA and DHA combined. The average DHA
amount consumed per one serving of these foods is 32
mg, which is equivalent to less than a teaspoon of salmon.
With product claims such as “good source of DHA,”
parents may become misled and confused. While the
population seems to have accepted these synthetic sources
of DHA and other omega-3 PUFAs, skepticism remains
in the field of nutrition.
The Dietary Guidelines for Americans 2010 recommend consuming seafood at least twice a week. Based on
the estimated intake of DHA in Americans, especially
American children, the development of venues to increase fish consumption by offering child-friendly fish
dishes is a critical public health concern. The present
pilot study was designed to explore two modes of offering fatty fish to 2 - 5 years old children—by incorporating it in well-accepted dishes and by offering novel
dishes. The specific aims of this research were to 1) substitute salmon for chicken without significantly affecting
2 - 5 years old children’s energy intake; and 2) increase
children’s intake of DHA by offering salmon for lunch.
We hypothesized that offering canned or cooked salmon
to preschoolers during lunch at the childcare center
would lead to children’s consumption of fish at least
once a week.

2. Methods
2.1. Study Participants
Recruitment of participants was based upon attendance at
the Ben and Maxine Miller Child Development Laboratory School, a childcare center located at Purdue University (West Lafayette, Indiana). As the unit of analysis
was group-level average consumption, no individual
Copyright © 2013 SciRes.

child was identified and all data were recorded and analyzed for the group of participating children. Eligibility
was restricted to children between the ages of 2 - 5 years;
exclusion criteria included the presence of food restrictions, food allergies, or digestive diseases, such as Crohn’s
Disease or Cystic Fibrosis. Forty-five children from three
different classrooms participated in the study. This study
was approved by the Institutional Review Board of Purdue University. As no individual data was collected,
consent procedures consisted of approval by the director
and teachers of the childcare in addition to verbal assent
by each participating child prior to collecting data on
each study day. Children’s refusal to participate in the
study, such as not wanting to rate the foods, was honored.

2.2. Study Design
This study functioned as a pilot study with one withinsubject factor (meal). Over a period of three months,
children were twice served the four regularly scheduled
chicken main dishes and the study foods: salmon nuggets,
salmon dumplings, salmon salad wraps, and salmon macaroni and cheese. The chicken main dishes were regularly scheduled once a week, and each main dish was
served once a month. The salmon main dishes substituted
for regularly scheduled items over the duration of the
study, with a salmon main dish served once a week and
each salmon main dish served once a month. During each
study lunch, children rated the liking of the dish (appearance, taste, texture, smell, and overall liking). To
calculate food intake and total energy consumption (in
kilocalories), the plate waste method was employed. The
plate waste method and scale to rate liking of foods are
described below.

2.3. Dietary Assessment Methods
Children’s liking of the chicken or fish dish was measured using a three-point Likert-type scale using smiley
faces. First, the main dish was presented to the child on
his or her plate with the rest of the lunch items and the
child was asked to take a bite to taste the dish and then
categorize the food as “yummy”, “yucky” or “just okay”.
The children were asked to provide five ratings for each
main dish in regards to the appearance, taste, texture,
smell and the overall liking of each main dish. The children’s responses were recorded by the researcher and
entered into excel sheets for analysis.
The plate-waste method was used to measure children’s consumption of lunch and to determine percent
waste, macronutrient consumption, and actual weight and
caloric density of foods consumed and discarded. In each
classroom, each food served at lunch was weighed in
their respective serving bowls prior to being distributed
FNS
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to the children’s lunch plates. The weight (in grams) of
each food was recorded. Once lunchtime was over, the
waste of each food was collected, combined with the
respective leftover food, and weighed to determine how
much of that particular food was not consumed. From
there, the waste was subtracted from the initial weight to
determine how much food the children consumed in
grams to calculate energy consumption in kilocalories.
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ture was prepared in two different ways: 1) lightly coated
in breadcrumbs and baked to form salmon nuggets and 2)
portioned into Wonton wrappers and steamed to form
salmon dumplings. The four experimental dishes were
developed and taste-tested in a preschool-age population.
Based on the taste-test responses, the recipes were modified until at least 80% of the children liked the test foods.

2.5. Procedures
2.4. Experimental Meals
The four novel fish main dishes were designed to be
similar to the regularly served chicken main dishes,
which were already incorporated into the childcare center’s 8-week menu rotation (Tables A1-A8). The portion
sizes of the meals were based on the United States Department of Agriculture (USDA) Food and Nutrition
Service Child and Adult Care Food Program (CACFP)
Child Meal Pattern for Lunch for 1 - 2 years old and 3 - 5
years old [34]. The comparison of total energy (kcal/
100g) and DHA (mg/100g) content provided by each
main dish is reflected in Table 1. The fish-based dishes
were designed to be of equivalent energy density as the
chicken-based dishes.
The chicken-based dishes and the comparable fishbased dishes were a chicken patty versus salmon nuggets,
chicken macaroni and cheese versus salmon macaroni
and cheese, chicken salad wrap versus salmon salad wrap,
and chicken stir-fry versus salmon dumplings. Due to the
texture of salmon, a fish stir-fry would not have been
acceptable to most children, thus, pot-sticker dumplings
were served instead. Although canned pink salmon was
directly substituted for canned chicken in the salad wrap
and macaroni and cheese recipes, the other recipes required further development. To develop the salmon nuggets and salmon dumplings, cooked Atlantic salmon was
pureed with canned Great Northern Beans to help provide a soft and smooth textured protein base for the
salmon nuggets and dumplings. The salmon-bean mix-

On each study day, teachers in participating classrooms
were instructed to follow standard mealtime procedures
for lunch. In each classroom the children would sit at a
table together and were served lunch by a research assistant. Children were not encouraged to eat more or less
than usual and were instructed not to share food. All food
liking results and plate-waste measurements were entered
into excel sheets for additional analysis. Children’s intake was entered into the Nutrition Data System for Research (NDSR) 2012. Food intake was recorded as grams
of food consumed and total energy for each food component at lunch and for the whole meal (kcal) was calculated as well as intake of DHA (mg). For a more accurate
analysis of how much DHA was provided by the two
types of salmon used in the study (canned and cooked),
gas chromatography with a flame ionization detector was
used.
The brand of canned salmon (3 lots) and cooked Atlantic salmon (1 fillet) were purchased from local stores
around Lafayette, Indiana in 2013. From each lot, the
total contents were combined and ground in a food processor to obtain a composite sample. The following
methods have been replicated from a previous study by
Shim, Dorworth, Lasrado, and Santerre [35]. For determination of total fat, two composite samples were randomly chosen from each lot, thawed, and mixed well. A
modified Folch method [36] was used to determine total
fat concentration. Five grams of composite tissue was
mixed with 100 mL of chloroform/methanol (2:1, v/v,

Table 1. Energy density of each main dish (kcal/100g) and DHA provided (mg/100g).
Main dish

Energy density (kcal/100g)

DHA (mg/100g)

Chicken stir-fry, fresh boneless chicken thighs, stir-fried

236.3

38.8

Chicken macaroni & cheese, fully cooked, diced, dark and white blend

205.0

1.5

Chicken breast patty, breaded, baked

263.2

18.4

Chicken salad wrap, fully cooked, diced, dark and white blend

280.4

3.6

Salmon dumplings, cooked Atlantic salmon pureed with Great Northern Beans, steamed

197.1

584.5

Salmon macaroni & cheese, canned pink salmon

198.3

453.9

Salmon nuggets, cooked Atlantic salmon pureed with Great Northern Beans, baked

215.4

584.5

Salmon salad wrap, canned pink salmon

229.5

453.9

Copyright © 2013 SciRes.
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HPLC grade for chloroform, pesticide grade for methanol, Fisher Scientific, Fair Lawn, NJ, USA) for 2 h to
extract the fat. The mixture was filtered (Whatman filter
paper nr 1, 150-mm dia, Whatman Intl. Ltd. Maidstone,
England) and 50 mL of 0.88% potassium chloride (ACS
reagent, Sigma, St. Louis, Mo., USA) was added to the
filtrate. After removing the aqueous layer (upper), the
solvent (lower) was reduced by evaporation using a
Turbo Vap® (Zymark Corp., Hopkinton, Mass, USA).
The extract was transferred to a pre-weighed flask and
placed in a desiccator overnight. Duplicated blanks were
included in each run during the fat extraction. Ninetyfive percent recovery of total fat was determined using a
Standard Reference Material (SRM) (Lake Superior fish
tissue 1946, Natl. Inst. of Standards and Technology,
Gaithersburg, Md., USA). Determination of fatty acids
was carried out using the AOAC method 991.39 (AOAC
2000). Polyunsaturated fatty acids, including LA, ALA,
stearidonic acid (SDA), ARA, EPA, docosapentaenoic
acid (DPA), and DHA were quantified by gas chromatography with a flame ionization detector (GC/FID, Varian 3900 GC, CP-8400 auto sampler, CP-8410 auto injector, Varian Analytical Instruments, Walnut Creek,
Calif., USA). Operating conditions were as follows: injection port temperature, 240˚C; detector temperature,
300˚C; oven programmed from 175˚C for 4 min to final
hold temperature of 240˚C for 5 min with an increase of
3˚C /min; helium carrier gas (99.999% pure, Inweld, Inc.,
Lafayette, Ind., USA); and wall coated open tubular
(WCOT) fused silica capillary column, 30 m × 0.32 mm,
coated with Chrompack (CP) wax 52CB, DF 0.25 mm
(CP 8843, Varian).

2.6. Statistical Analysis
All statistical analyses were conducted using the Statistical Analysis Software (version 9.3, 2010, SAS Institute
Inc., Cary, NC). For the three-point Likert scale ratings,

participants’ responses were recorded and coded: “−1”
for “yucky”, “0” for “okay”, and “+1” for “yummy”. The
values were entered for each participant, for each main
dish (chicken and salmon), and for each category (appearance, taste, texture, smell, and overall liking). Average responses were calculated. A two independent sample t-test was conducted to determine statistical differences between each of the food categories. Kilocalorie
consumption per child and DHA consumption per child
were analyzed using a mixed model analysis of variance.
Factors included in the model were classroom (3 levels),
main dish type (4 levels), food type (chicken and salmon),
and the interaction between food type and main dish type.
Contrasts were then used to compare food types for each
main dish. Statistical significance was defined as P <
0.05.

3. Results
Complete intake data were obtained for 45 children. Data
were aggregated by classroom, and a total of 48 eating
occasions (3 classrooms × 16 meals) were collected. The
analysis of variance indicated that the interaction between main dish and food type was statistically significant (P < 0.0001). To investigate this, contrasts were
used to compare food types for each main dish. Means
and standard deviations of energy and DHA intake of the
main dishes at lunchtime are provided in Table 2. Energy intake decreased by 83% for salmon nuggets compared to the intake of the chicken patty (43 versus 256
kcal, P < 0.0001). However, DHA intake increased by
550% (117 versus 18 mg, P = 0.0024). Energy intake
decreased by 54% for the salmon dumplings compared to
the chicken stir-fry (50 versus 108 kcal, P = 0.0120) but
DHA intake increased by 722% (148 versus 18 mg, P =
0.0001). No significant difference for energy intake was
observed for the substitution of chicken in the wrap as
energy intake decreased by 28% when the salmon salad

Table 2. Comparison of children’s energy and DHA intake of main dish (chicken versus salmon) (mean ± SD).
Meal

Main dish energy (kcal)

Chicken Patty

256 ± 40

Salmon Nuggets

43 ± 30

Chicken Macaroni & Cheese

152 ± 58

Salmon Macaroni & Cheese

148 ± 50

Chicken Stir Fry

108 ± 26

Salmon Dumplings

50 ± 16

Chicken Salad Wrap

108 ± 40

Salmon Salad Wrap

78 ± 32

P-value
<0.0001*

DHA (mg)
18 ± 3

P-value
0.0024*

117 ± 83
0.8640

0.0120*

0.1916

1±0
339 ± 115
18 ± 4
148 ± 46
1±1
155 ± 62

<0.0001*

<0.0001*

0.0001*

*

Statistical significance at P < 0.05.

Copyright © 2013 SciRes.
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wrap was served instead of the chicken salad wrap (78
versus 108 kcal, P = 0.1916) but DHA intake increased
by 15400% (155 versus 1 mg, P < 0.0001). Likewise
energy intake only decreased by 3% when the main
course was salmon macaroni and cheese as compared to
chicken macaroni and cheese (152 versus 148 kcal, P =
0.8640) and DHA intake increased by 33800% (339 versus 1 mg, P < 0.0001). Thus, in two of the substitutions,
total energy intake decreased significantly but DHA intake increased despite the reduction in total food intake.
The results of the Likert scale ratings used to determine liking of the main dishes are provided in Table 3.
No significant differences were observed between the
chicken and salmon macaroni and cheeses, the chicken
and salmon salad wraps, or the chicken patty and salmon
nuggets. As for the difference between the chicken stirfry and salmon dumplings, only overall liking of the
dumplings was significantly lower (P = 0.001). Overall,
the Likert scale ratings corresponded to energy consumed
by participants. There were no significant differences in
the ratings of the chicken and salmon macaroni and
cheeses or the chicken and salmon salad wraps, and both
of these pairs of main dishes did not have significant
differences in energy intake. Conversely, there was a
significant difference in overall liking and energy intake
for the chicken stir-fry in comparison to the salmon
dumplings.

4. Discussion
DHA supports healthy brain and eye development and
certain fish are the best dietary sources of DHA. Therefore, changing children’s consumption patterns to include
fatty fish is a critical public health issue. This study was
designed to explore the feasibility of increasing preschooler’s fish consumption to help meet the dietary
guideline for seafood consumption and to increase DHA
intake. Results showed that although children’s intake of
the main dish decreased when some of the salmon-based
foods were served, DHA intake was significantly higher
than when the regularly scheduled chicken-based dishes
were served.
In the two instances where the salmon main dishes
consisted of a mixture of cooked beans and Atlantic
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salmon and did not resemble the chicken main dishes in
appearance (and were unfamiliar to the children), main
dish intake significantly decreased (salmon nuggets and
salmon dumplings) (Table 2). This finding was expected
as it is well documented that young children are resistant
to accepting new foods into the diet and consumption of
novel foods only increases with repeated exposure. In
this particular study, only two exposures were provided
and it is probable that consumption would have increased
if the children had increased exposures to the two novel
fish dishes.
However, in the two instances where the salmon main
dishes incorporated canned pink salmon and did resemble the chicken main dishes in appearance (and were
therefore familiar to the children), main dish intake did
not significantly decrease (salmon salad wrap and salmon
macaroni and cheese) (Table 2). In addition, there were
no significant differences between the children’s ratings
on appearance, taste, texture, smell, and overall liking of
the chicken and salmon versions of the salad wraps and
macaroni and cheese main dishes (Table 3). Since fatty
fish is the best dietary source of DHA [2], our results
indicate that modifying main dishes to incorporate
salmon can prove to be an effective approach to increase
DHA intake at meals.
With the exception of the overall liking of the dumplings, children did not report any difference in the liking
of the five characteristics of the four different salmon
main dishes versus the chicken main dishes studied (Table 3). Therefore, the results of this study support our
hypothesis that 2 - 5 years old children will consume fish
at least once a week and therefore increase DHA intake.
It must be noted that these four fish dishes were created
to be similar to the regularly served chicken main dishes.
By children rating the salmon and chicken dishes similarly on the itemized list of food characteristics, this
study demonstrates that it is possible to improve young
children’s diet quality by serving fish in childcare centers.
Study results support the premise that parents and
caretakers of children should introduce children to fish at
a young age. Through repeated exposure to certain foods,
children develop a liking for the food’s characteristics

Table 3. Differences between chicken main dish scores and salmon main dish scores.
Appearance

Taste

Texture

Smell

Overall

Chicken Patty versus Salmon Nuggets

0.187

0.006

0.038

0.180

0.015

Chicken versus Salmon Macaroni and Cheese

0.671

0.291

0.162

0.331

0.345

Chicken Stir-Fry versus Salmon Dumplings

0.051

0.128

0.141

0.196

0.001*

Chicken versus Salmon Salad Wrap

0.708

0.865

0.115

0.155

0.305

*

Statistical significance at P < 0.0025 when using the Bonferroni adjustment.
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(appearance, smell, taste, and texture) [37]. If fatty-fish
were offered to children as a protein source at least twice
a week, children would predictably choose to eat more
fish, thereby increasing their DHA intake. Although the
main dishes tested in this study were only representative
of a small portion of the main dishes children usually
consume, providing fish at least once a week can have an
additive effect on children’s average fish consumption
and DHA intake. Whether fish is served on its own (such
as a salmon filet) or incorporated into mixed dishes (such
as salmon macaroni and cheese or a salmon salad wrap),
children’s average daily intake of DHA will increase.
The present study had several strengths and limitations.
This study was highly innovative as we are not aware of
any other studies on the development of child-friendly
fish dishes in an effort to increase children’s fatty fish
consumption. Due to the results of this study, especially
the high acceptance of the salmon macaroni and cheese
and the salmon salad wrap, the daycare menu was revised to incorporate these two dishes into the childcare
center’s 8-week menu rotation (Tables A1-A8). Since
data were collected on the group level, individual changes
in intake or liking of the foods were not identified. The
study was based on a university population (higher parent education, more international diversity, less domestic
ethnic diversity, etc.) and was therefore not representative
of the US pediatric population. The results of this study
indicate that children’s intake in a childcare setting can
be modified to improve overall diet quality and support
children’s growth and development.
Future research on this topic should be based on larger
and more diverse samples of children and include individual data, provide more exposures, and a larger variety
of fish-based foods. Despite the limitations of this study,
the findings strongly indicate that it is feasible and advisable for childcare centers to include offering high-fat
fish once a week. Although some children may not consume as much of the fish-based lunch initially, this
change in the menu may help children adopt a healthier
diet for life as well as provide essential omega-3 PUFAs,
specifically DHA, which are critical in the development
of the nervous system.

tions to this research project.
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Appendix
See Tables A1-A8.
Table A1. Week 1 menu rotation.
Monday

Tuesday

Wednesday

Thursday

Friday

Main dish

Chicken patty on whole
wheat bun

Teriyaki chicken
w/rice

Turkey meatloaf
w/biscuits

Salmon macaroni
& cheese

Cheese
ravioli

Veggie

Salad w/tomatoes

Steamed veggies

Carrots

Zucchini

Green beans

Fruit

Apples

Peaches

Grapes

Orange wedges

Pears

Dairy

Milk

Milk

Milk

Milk

Milk
Cookie

Dessert

Table A2. Week 2 menu rotation.
DAY

Monday

Tuesday

Wednesday

Thursday

Friday

Main dish

Sloppy Joe on whole
wheat bun

Chicken enchiladas

Pancakes and
turkey sausage

Salmon nuggets

Chicken salad
wrap

Veggie

Steamed peas

Green beans

Tater tots

Broccoli & Cauliflower

Carrots

Fruit

Watermelon

Grapes

Oranges

Apples

Pineapple

Dairy

Milk

Milk

Milk

Milk

Milk
Cookie

Dessert

Table A3. Week 3 menu rotation.
DAY

Monday

Tuesday

Wednesday

Thursday

Friday

Salmon Dumplings
w/Wild Rice

Spaghetti and
Meatballs

Main dish

Chicken Pot Pie

Turkey Tacos

Chicken Macaroni
& Cheese

Veggie

Carrots

Lettuce/Tomatoes/Olives

Tomato/Cucumber

Cauliflower Blend

Zucchini/Squash

Fruit

Fresh Fruit

Fresh Fruit

Grapes

Fresh Fruit

Mandarin Oranges

Dairy

Milk

Milk

Milk

Milk

Milk

Dessert
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Table A4. Week 4 menu rotation.
DAY

Monday

Tuesday

Wednesday

Thursday

Friday

Main dish

4 × 6 Tony’s pizza

Chicken stir-fry w/rice

Turkey sandwiches

Salmon salad wrap

Toasted cheese sandwich

Veggie

Salad w/carrot and cucumber

Stir-fry veggies

Peas & corn

Sweet potato wedges

Cherry tomatoes

Fruit

Diced pears

Fresh fruit

Fresh fruit

Blueberries

Canned fruit

Dairy

Milk

Milk

Milk

Milk

Milk
Cookie

Dessert

Table A5. Week 5 menu rotation.
DAY

Monday

Tuesday

Wednesday

Thursday

Friday

Main dish

Chicken and noodles
w/dinner roll

Pasta primavera

Turkey meatloaf
w/biscuits

Salmon macaroni
& Cheese

Cheese pizza

Veggie

Diced carrots

Italian blend
vegetables

Carrots

Steamed veggies

Peas

Fruit

Apple wedges

Fresh fruit

Grapes

Fresh fruit

Blueberries

Dairy

Milk

Milk

Milk

Milk

Milk
Cookie

Dessert

Table A6. Week 6 menu rotation.
DAY

Monday

Tuesday

Wednesday

Thursday

Friday

Main dish

Grilled chicken
w/breadstick

Salmon salad wrap

Turkey sausage
& Pancakes

Fish nuggets
w/wheat roll

Tofu & Rice

Veggie

Salad

Salad

Cucumbers

Green beans

Stir-fry veggies

Fruit

Watermelon

Strawberries

Oranges

Fresh fruits

Pineapple

Dairy

Milk

Milk

Milk

Milk

Milk
Cookie

Dessert

Table A7. Week 7 menu rotation.
DAY

Monday

Tuesday

Wednesday

Thursday

Friday

Main dish

Beef & Vegetable
stroganoff

Salmon dumplings
w/white rice

Chicken macaroni
& Cheese

Pork loin
w/wheat roll

Chicken fajitas

Veggie

Stroganoff vegetables

Salad

Cucumbers

Mashed potatoes

Zucchini & squash

Fruit

Strawberries

Fresh fruit

Grapes

Orange wedges

Watermelon

Dairy

Milk

Milk

Milk

Milk

Milk
Cookie

Dessert

Table A8. Week 8 menu rotation.
DAY

Monday

Tuesday

Wednesday

Thursday

Friday

Main dish

Chicken pot pie

Ham & Cheese
sandwich

Turkey w/whole
wheat bread

Salmon nuggets
w/wheat roll

Toasted cheese
sandwich

Veggie

Peas & carrots

Mixed green salad

Corn

Spinach & corn

Tomato soup

Fruit

Diced pineapple

Fresh fruit

Fresh fruit

Apple wedges

Fresh fruit

Dairy

Milk

Milk

Milk

Milk

Milk

Dessert
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