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hildren in the United States are
drinking less milk because they are
drinking more of other beverages

The nutritional consequences of
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■ A listserv offers a practical and inno-
vative way to teach, learn, and communi-
cate for dietetic interns who are partici-
pating in supervised practice rotations at
remote sites. A listserv may provide the
same advantages regardless of location.
■ Future research should compare re-
sponses between interns in the Coordi-
nated Program and the Dietetic Intern-
ship Program, evaluate student-led dis-
cussions in a classroom setting vs those
on the listserv, and compare intern reac-
tions to increased faculty time on the
listserv vs increased faculty time visiting
sites.
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(4,5). Milk and dairy products provide
the most important source of calcium in
children’s diets and account for 75% of
the calcium in the US food supply (6).
According to the US Department of Agri-
culture (USDA), 90% of teenage girls
and 70% of teenage boys do not meet

current calcium recommendations of
1,300 mg per day (7). The changes in
children’s milk consumption patterns
have been attributed to a number of
phenomena. Massive marketing of soft
drinks as “fun” food (8) and increased
competition for milk in schools from bev-
erages that can generate greater profit
(9) have undoubtedly contributed to the
changes.

Flavored milk has the potential to in-
crease children’s milk consumption in
school and at home. In a large school
district in Georgia, a 15% gain in milk
consumption resulted from the intro-
duction of nonfat strawberry and vanilla
milk (personal communication, G. Schulz,
MEd, RD, Gwinett County School Nutri-
tion Program, June 2, 2000). Some school
nutrition personnel and parents are re-
luctant to offer children flavored milk,
however, based on the perception that it
will have a negative impact on the overall
quality of children’s diets. Specifically,
concern is expressed that flavored milk
increases added sugar consumption and
could lead to lower total milk consump-
tion resulting from children developing a
taste preference or dependence for the
flavored milk. Previous research con-
ducted among Pennsylvania elementary
school children demonstrated that in-
cluding chocolate milk in school meals
was well justified from the standpoint of
nutrient intake (10). This research is
now more than 20 years old, however,
and was conducted using a relatively
small sample of children in a limited
geographic area. There is a need for con-
temporary research using a large, na-
tionally representative sample of chil-
dren in the United States to determine
the nutritional consequences of flavored-
milk consumption.

METHODS

Research Sample
The research sample was selected from
all children aged 5 to 17 years participat-
ing in the 1994-96 and 1998 USDA Con-
tinuing Survey of Food Intakes of Indi-
viduals (CSFII) and for whom 2 complete
days of dietary intake data were available
(11). The surveys used a multistage, area
probability sample designed to reflect the
racial, geographic, and sociodemographic
diversity of the US population. Sample
weights developed by the USDA to com-
pensate for variable probabilities of selec-
tion, differential nonresponse rates, and
sampling frame considerations were used.
This allowed for the generalization of the

C
such as soft drinks and fruit drinks (1-3).
This decline in milk consumption may
have serious, long-term, detrimental ef-
fects on the bone health of today’s youth
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study results to all children in the United
States aged 5 to 17 years.

The dietary intake data were collected
as 2 in-person, 24-hour multiple-pass
recalls. This dietary intake method has
been demonstrated to provide valid mea-
sures of dietary intake for groups of chil-
dren (12). For purposes of analysis, the
sample was divided into 2 groups: school-
children 5 to 11 years of age and adoles-
cents aged 12 to 17 years.

Study Variables
The independent variable was 2-day
mean flavored-milk intake. All food
codes in the CSFII database where the
primary ingredient was flavored fluid
cows’ milk in beverage form were in-
cluded. Nonbeverage forms of flavored
milk (eg, strawberry yogurt, vanilla pud-
ding, and chocolate ice cream) were
excluded. The total intake in grams per
sample child was calculated, and from
this a 2-day mean intake was deter-
mined. For each age group, 3 categories
of flavored-milk intakes were estab-
lished: nonconsumers, >0 and ≤240 g,
and >240 g.

The dependent variables in the study
were 2-day mean intakes of total milk,
soft drinks, sugar-sweetened fruit
drinks and ades (<10% fruit juice), and
fruit juices. Table 1 provides defini-
tions of the beverage categories. In-
takes of vitamins A and C, folate, iron,
calcium, and phosphorus were exam-
ined. Cholesterol, fiber, and added sug-
ars intakes, as well as percent energy
from total and saturated fat, were ex-
amined.

Statistical Analysis
The Statistical Export and Tabulation
System (SETS) software was used to
convert the CSFII data contained in a
CD-ROM to a usable format. The Statis-
tical Analysis System was used to recode
and format the data for statistical analy-
sis. The Survey Data Analysis System
(SUDAAN, release 6.40, 1995, Research
Triangle Institute, Research Triangle
Park, NC) was used to weight the sample,
compute variances, and perform the sta-
tistical procedures. Analysis of covari-
ance was used to determine the net ef-
fect of flavored-milk consumption on the
dependant variables. Child age, sex, race,
and total energy intake were entered as
control variables to account for varia-
tions in the dependent variables that
might otherwise be attributable to the
control variables. Statistical significance
for all analyses was set at P<.05.

Table 1
Mean total milka, soft drinkb, fruit drinkc, and fruit juiced consumption in grams by level of fla-
vored-milke consumption by school-aged children (aged 5 to 11 years, n�2,763) and ado-
lescents (aged 12 to 17 years, n�1,125), adjusted for total energy intake, age, sex, and
race

Flavored-milk consumption of Flavored-milk consumption of
childred aged 5 to 11 years adolescents aged 12 to 17 years

Nonconsumer �0 and �240 g Nonconsumer �0 and �240 g
(n�2,001) �240 g (n�200) (n�883) �240 g (n�87)

(n�562) (n�155)

Total milk (g) 325x 404y 517z 262x 382y 539z

Soft drink (g) 174x 139y 147y 470x 346y 343y

Fruit drink (g) 154x 116y 102y 165x 154x 107y

Fruit juice (g) 49x 37x 47x 33x 24x 40x

aTotal milk includes all beverages with fluid cows’ milk as the primary ingredient. Items such as evapo-
rated milk and dry, reconstituted milk were included. Items such as canned meal replacements and in-
fant formulas were excluded, as well as nonbeverage forms of milk such as yogurt, pudding, and ice
cream.
bSoft drink includes all regular-calorie carbonated beverages, such as cola, fruit-flavored soft drink, and
cream sodas.
cFruit drink includes punch, ade, and drinks that include �10% fruit juice.
dJuice includes fruit juice, nectar, citrus fruit, and mixture of citrus juice with noncitrus juice.
eFlavored milk includes milk with powder or syrup flavoring, milkshake, malted milk, milk drink, eggnog,
and Carnation instant breakfast (not specific to flavor or milk type) (Nestlés, North Brunswick, NJ).
x,y,zMeans in a row with different superscripts are significantly different (P�.05).

Table 2
Mean nutrient intakes by level of flavored-milk consumption for school-aged children (aged
5 to 11 years, n�2,763) and adolescents (aged 12 to 17 years, n�1,125), adjusted for to-
tal energy intake, age, sex, and race

Flavored-milk consumption by Flavored-milk consumption by
school-aged children adolescents

Nonconsumer �0 and �240 g Nonconsumer �0 and �240 g
(n�2,001) �240 g (n�200) (n�883) �240 g (n�87)

(n�562) (n�155)

Vitamin A (REa) 910.9x 886.7x 871.3x 898.4x 892.5x 735.4y

Vitamin C (mg) 99.3x 85.7y 89.1y 103.0x 104.2x 93.2x

Folate (mg) 270.0x 264.0x 239.2y 260.6x 275.9x 261.4x

Calcium (mg) 877.1x 932.0y 997.1z 924.7x 1,000.1y 1,067.1z

Phosphorus 
(mg) 1,157.2x 1,190.2y 1,244.6z 1,331.5x 1,380.0x 1,446.9y

Cholesterol 
(mg) 204.8x 213.6x 206.3x 262.0x 238.6x 212.6y

Figer (g) 12.6x 12.5x 13.1x 14.2x 14.9x 17.4y

Added sugars
(g) 84.8x 86.2x 90.2x 117.6x 115.1x 109.9x

% kcal total fat 32.3x 33.1x 32.1x 32.7x 33.3x 31.7x

% kcal 
saturated fat 11.8x 12.2y 12.2y 11.5x 11.8x 11.6x

aRE�retinol equivalents. 
x,y,zMeans in a row with different superscripts are significantly different (P�.05).
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cents. There was no association between
flavored-milk consumption and percent
energy from total fat and energy-adjusted
added sugars intakes in either age group
(Table 2).

This study was the first to our knowl-
edge that examined the nutritional con-
sequences of flavored milk in a represen-
tative sample of school-aged children
and adolescents in the United States.
The major findings were:
■ Children who consumed flavored milk
had higher total milk intake and lower
soft drink and fruit drink intake but simi-
lar fruit juice intake compared with chil-
dren who were nonconsumers of flavored
milk; and

RESULTS AND DISCUSSION

Description of the Sample
The total sample size was 3,888 (n=2,763
school-aged children and n=1,125 ado-
lescents), and it was distributed approxi-
mately evenly between boys and girls
(51.6% boys). By design, the sample was
representative of the US population of
children and adolescents aged 5 to 17
years.

Total Intakes of Milk, Soft Drink,
Fruit Drink, and Fruit Juice
On average, the school-aged children
consumed 358 g total milk per day, and
the adolescents consumed 301 g per day.
These averages included 174 school-aged
children and 269 adolescents who did
not consume any milk (total milk in-
take=0) over the 2-day survey period. In
contrast, on average, the school-aged
children consumed 53 g flavored milk
per day, and the adolescents consumed
47 g per day. These averages included
935 school-aged children and 508 ado-
lescents who did not consume any fla-
vored milk (flavored-milk intake=0),
which skewed the mean toward zero.

Flavored-milk intake was significantly
(P<.05) and positively associated with
total milk intake in both age groups (Table
1). On average, those children who con-
sumed more than 1 cup of flavored milk
per day had a total milk intake that was
192 g higher for children 5 to 11 years of
age and 277 g higher for adolescents 12
to 17 years of age than the children in the
respective age groups who were non-
consumers of flavored milk. Among the
school-aged children and adolescents,
flavored-milk intake was not associated
with fruit juice intake and was signifi-
cantly (P<.05) and negatively associated
with soft drink and fruit drink consump-
tion (Table 1).

Nutrient Intakes
Flavored-milk intake was positively as-
sociated with energy-adjusted calcium,
phosphorus, and percent energy from
saturated fat intakes and negatively as-
sociated with energy-adjusted vitamin C
and folate intakes in the children aged 5
to 11 years (Table 2). Flavored-milk in-
take was positively associated with en-
ergy-adjusted calcium, phosphorus, and
fiber intakes and negatively associated
with energy-adjusted vitamin A intakes
in the adolescents aged 12 to 17 years.
There was no association between fla-
vored milk intake and percent kilocalo-
ries from saturated fat among adoles-

There are a number of studies demon-
strating the important role that beverage
choices play in the adequacy of children’s
diets. We previously demonstrated that
only those children who include milk at
the noontime meal achieve their recom-
mended calcium intake (3). Harnack and
colleagues (1) studied the nutritional
consequences of soft drinks consump-
tion and found that children and adoles-
cents who were high consumers of soft
drinks had lower intakes of riboflavin,
folate, vitamins A and C, calcium, and
phosphorus. Lastly, researchers who
examined changes in children’s eating
patterns and food choices in a longitudi-
nal, cohort study of Minnesota children
found that as children moved from el-
ementary school to junior high, the pro-
portion of beverage coming from soft
drinks more than tripled with concomi-
tant reductions in milk and fruit juice
consumption (13).

Tests of school vending machines con-
ducted in 2001 demonstrate that low-fat
and nonfat, flavored milks are a popular
and feasible alternative to soft drinks
and fruit drinks (7). Initial trials where
milk vending machines were installed in
middle and high schools have shown
promising results with machines selling
out on a daily basis (14). Chocolate was
the preferred flavor, and although
unflavored milk was available, it was typi-
cally the least popular.

Flavored milks can play a role in chang-
ing recent trends in children’s sugar-
sweetened beverage consumption pat-
terns that have a negative impact on
their diet quality. Flavored milks offer a
well-accepted, nutritious alternative in
the wide array of beverages available to
children in the United States.
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hildren in the United States con-
sume excess fat (1) despite recom-
mendations by nutrition experts to

dict those of adulthood (8). Thus, posi-
tive food habits formed early may help to
prevent or delay chronic diseases (9).

Children are predisposed to accept
and consume the diet specified by their
culture (10), and responses to sensory
characteristics help determine food pref-
erences and eating habits (11).
Children’s favorite foods are tradition-
ally high-fat items (12), and desserts/
sweets are a typical source of extra fat in
the diet (13). Among adults, the amount
of fat in the habitual diet influences pref-
erences for high-fat foods (14).

Theoretically, consumption of fat-
modified foods is an easily adopted and
maintained dietary strategy. However,
fats determine many sensory attributes
of foods, including flavor.

Among children, flavor is a major de-
terminant of food selection and prefer-
ence (9,13). Changes may occur in taste
and/or smell preferences throughout the
lifespan (15-16). Therefore, participa-
tion of children—who are increasingly
making purchasing and/or selection de-

cisions (9)—as sensory panelists may
facilitate the development and increased
acceptance of more healthful, reformu-
lated foods. In a 1996 study by Borja and
colleagues (17), lower-fat desserts were
accepted by children aged 10 to 11 years.

Brownies—a moist, soft bar cookie—
are a popular, high-fat dessert/snack item
(18). They are baked in continuous sheets
and cut into pieces during or after cool-
ing (19). Polydextrose, a glucose deriva-
tive that is resistant to digestive enzymes,
provides about 1 kcal per g and can be
used as a fat replacer. When hydrated,
polydextrose forms a gel that mimics
some of the functional characteristics of
fat. In baked products, its hygroscopic
properties help maintain moisture and
produce a tender crumb. Lecithin, an
emulsifier, enhances its functionality (20-
21), and helps to mitigate flavor defects
associated with fat reduction (20).

Objectives of this study were to assess
the quality of fat-modified brownies us-
ing instrumental texture analysis and to
determine acceptability by children with
sensory techniques.

MATERIALS AND METHODS
Formulas, mixing procedures, and ingre-
dient sources are presented in Table 1.
The US Department of Agriculture Com-
modity Foods brownie recipe (22) was
the control. Polydextrose, water, and leci-
thin replaced either 35% or 50% of the
shortening in the modified brownies.
According to computerized nutrient
analyses (Food Processor, version 7.21,
ESHA Research, Inc., Salem, Ore, 1998/
99),

Thirty-seven percent of the 152 kcal in
the control brownie were from fat, and
each 1.4 oz serving contained 6.2 g fat.
Reducing shortening by 35% resulted in
138 kcal per serving; 132 kcal were in a
1.4 oz serving when the modified brown-
ies contained 50% less shortening. Thus,
fat was reduced by 27.4% and 40.3%
with 35% and 50% shortening reduction,
respectively.

Texture profile analysis (23) was con-
ducted (50-kg TAXT.2 Texture Analyzer,
Texture Technologies, Inc., Scarsdale,
NY) on the brownies: 3 treatments × 3
samples × 3 replications.

Samples (3.8 cm) were compressed
twice to 70% of their original height at a
cross-arm speed of 5.0 mm/sec.

Sensory Evaluation
In a classroom setting, 29 middle-class
children (13 boys, 16 girls) aged 6 to 9
years evaluated 3 brownies for appear-

C
limit dietary fat to 30% of energy intake
and saturated fat to <10% of energy in-
take (2-4).

Positive effects of dietary fat reduc-
tion on serum cholesterol levels (5) and
micronutrient profiles
(5-7) have been reported. Furthermore,
childhood blood lipid levels tend to pre-


