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Abstract: Fortified beverages and instant drinks are the most frequently consumed fortified productsin children
and adolescents in Germany. However, little is known about the contribution of these products to micronutrient
intake. Between 1986 and 2000, consumption of fortified food (total and the subgroup of fortified beverages)
and time trends in energy and micronutrient intake were assessed on the basis of 3 day-weighed dietary records
(n = 4358) of males and females between the ages of 2 and 14 years (n = 398/408) enrolled in the DONALD
Study (Dortmund Nutritional and Anthropometric Longitudinally Designed Study). As percentage of recent ref-
erences for micronutrient intake, a significant increase in intake from fortified beverages was observed for cal-
cium (from 1 to 3%), iron (3 to 4%), vitamin A (5 to 15%), and vitamin C (5 to 60%). Significant increasesin
intakes were only observed from 1995-1997 for vitamin E, folate, and niacin (all 5 to 15-25%), vitamin B; and
B> (both 10-15 to 25-30%) and vitamin Bs (20 to 55%). Thereafter significant decreases were found. Among
the fortified beverages, juice was the most important for micronutrient intake, followed by soft drinks (calcium,
vitamin A, E, C, folate, niacin) or by instant beverages (energy, iron, vitamin B1, B», Bs). Significant linear and
nonlinear time trends in micronutrient intakes from fortified food and fortified beverages were observed in Ger-
man children and adolescents.

Key words:. Fortified food, fortified beverages, children, adolescents, vitamin intake, mineral intake, dietary
records

Introduction or brands. Fortified milk productswereintroduced in Ger-

many early asfortified beverages, but in diversity they re-
In Germany, the fortification of food started with multivi- ~ mained comparatively small. Although fortified products
tamin juices in the early 1980s. Fortified beverages are  play animportant rolein food marketing in Germany, data
still the food group with the greatest variety of products  as to the consumption of fortified food is not available.
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Furthermore, long-termdataon changesinfortified food sup-
ply or consumption patterns are available for neither adults
nor children and adolescents. In two previous eval uations of
the DONALD Study (Dortmund Nutritional and Anthropo-
metricL ongitudinally Designed Study), wereported that for-
tified beverages and instant drinks were the most frequently
consumed fortified products in children and adolescentsin
Germany [1] and that vitamin and mineral intake from for-
tified food has increased over aten-year period [2].

In the present paper we compare data on energy and
micronutrient intake from total food and from subgroups
of fortified food and fortified beveragesin 2- to 14-year-
old participants from the DONALD Study, with the new
German, Austrian and Swiss references (DACH) for
micronutrient intake [3] and on 15-year time trends be-
tween 1986 and 2000.

Subjects and methods

The sample was taken from the DONALD Study; details
have been described el sewhere[2]. The study ispurely ob-
servational and noninvasive as approved by the Interna-
tional Scientific Committee of the Research Institute of
Child Nutrition. In short, the DONALD Study is acohort
study collecting detailed dataon diet, metabolism, growth
and development from healthy subjects between infancy
and adulthood (onceayear for subjectsolder than 2 years).
The study started in the middle of 1985 with children and
adolescentsof different ages participating until thenin ex-
clusively anthropometric studies at our institute. Since
then, yearly cohorts of about 40 to 50 healthy infants have
been enrolled. Mothers are recruited in maternity wards
or areinformed by other study participants. In the DON-
ALD Study, sample upper-social-class families are over-
represented. About 35 (45)% of the mothers (fathers) have
agrammar school education and 21 (39)% hold a univer-
sity degree or a professional qualification [4].

Food consumption was assessed with 3 day-weighed
dietary records as described elsewhere [2, 4]. Parents of
the children or the older subjects themselves weighed and
recorded all foods and fluids consumed, as well as un-
consumed leftovers, using electronic food scales (+ 1 g).
Product information from wrappers, cartons, etc. were
kept and evaluated by our dieticians. Semi-quantitative
recording (e.g. numbers of cups, spoons) was allowed if
weighing was not possible. However, in 75% of the com-
pleted records, more than 90% of the food items were
weighed. Weekdays (68%) and weekend days (32%) were
proportionally distributed in the sample. To validate diet-
ary recording, the ratio of reported energy intake (El) and
predicted basal metabolic rate (BMR) was calculated [5].

Nutrient contents of common foods were taken from
standard nutrient tables. Those of commercial food prod-
ucts were determined either by using the product labels or
by simulating recipes from theingredients listed. Nutrient
and water contents of all recorded food itemswere entered
in a nutrient data base “LEBTAB” (about 4000 different
items). Food products were defined asfortified if enriched
with at least one of the following micronutrients: vitamin
A or provitaminA carotenoids (summarized asvitaminA),
vitamins E, B1, B>, Bg, C, niacin, folate, calcium or iron.
Fortified beverages were grouped into juice (100% fruit),
soft drinks (juice < 100% fruit, carbonated and others), in-
stant drinks, and milk (as a beverage). Nutrient supple-
ments and medicine containing nutrients were excluded.

SAS, procedures (Version 6.12) were used for data
analysis. Energy and micronutrient intakes were cal cul at-
ed asindividual means of the 3 recorded days. Resultsare
presented as mean values £ SD. To analyse the influence
of effects(year, year x year, age, sex) onthe outcome vari-
ables, amixed linear model was used, in which the means
of the data and the covariance structure (children of the
family, repeated measurements) were modelled (PROC
MIXED). An exponentia structure of covariance was
specified to consider correlation of repeated measure-
ments dependent on the absolute time interval of repeat-
ed measurements within the same subject.

Fixed effects were noted (see 31 and 2 in Table I11):
increase (+), decrease (-).

Results

Between 1986 and 2000 a total of 4358 dietary records
from 806 subjects (398 males, 408 females) aged 2 to 14
yearswere collected and evaluated. On average, 5 records
per participant were available and 290 subjects partici-
pated per year with amean age of 7.2 + 3.5 years (Table
). Overall energy intakewas 1517 + 425 kcal/d. Themean
El:BMR-ratio of the sample of 1.43 £ 0.25 (Table ) was
within the recommended range of plausible dietary infor-
mation [6]. Overall total intake of minerals and vitamins
studied here are summarised in Table 1.

Overall mineral and vitamin intakeas% of references

Compared with the references[3], seven out of 10 micro-
nutrients showed total intake levels of about 90% and
more, but folate, and to some extent vitamin E and iron,
had |ower intakelevelsin our study (Fig. 1). Micronutrient
intake datafrom fortified food reveal four clusters: @) 70%
of the references for vit. Be; b) about 40% for vitamin C,
B1, B2, E, and niacin; c¢) about 20% for vitamin A and fo-
late; d) under 10% for iron and calcium respectively.
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Table I: Age, energy and micronutrient intakes (total, as % of
references) in 2-14 year-old participants of the DONALD Study
between 1986 and 2000 (n = 4358 records, mean * sd)

Mean +Sd Mean +Sd
Age, years 7.2 35
Energy, kcal/d 1517 452
Energy, 61.1 16.9
kcal/kg Body Weight/d
Energy/BMR* 1.43 0.25

Micronutrient as % of
intake references
Calcium, mg/d 741 284 91 32.2
Iron, mg/d 8.2 2.8 84 24.0
Vit. A, mg/d 0.67 0.43 88 54.5
Vit. E, mg/d 7.1 4.7 80 48.8
Vit. C, mg/d 97 66 128 84.2
Vit. By, mg/d 0.92 0.55 103 55.3
Vit. B,, mg/d 1.3 0.7 130 61.9
Vit. Bs, mg/d 12 0.7 191 1055
Niacin, mg/d 20 8 179 60.3
Folate, mg/d 145 101 48 31.2
* BMR = Basic Metabolic Rate
4 7% of References
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Figure 1: Micronutrient intake as % of references [3] in 2-14
year-old participants of the DONALD Study (n= 4358 records).

Fortified beverages aone accounted for about 40% of
referencesfor vitamins Bg and C; about 20% for vitamins
B1, B2, E, and niacin; about 10% for vitamin A and folate;
and lessthan 5% for iron and cal cium respectively. Rank-
ing the overall contributions of different types of fortified
beveragesreveal sthe dominance of fortified juice, where-
as the other types of fortified beverages (with added sug-
ars) showed two clusters: @) soft drinks were more im-
portant than instant products and milk for vitamin A, E,
C, folate, niacin, and calcium intake, and b) instant prod-
uctswere more important than soft drinks and milk for vi-
tamin B, By, Be, iron, and energy intake (Table I1).

Table 11: Mean contributions of fortified beverages to total mi-
cronutrient intakes as % of references[3] (energy: as % of total
energy) in 2-14 year-old participants of the DONALD Study
ranked in subgroups by total

Juice  Soft Drinks Instant  Milk Total
% % % % %

Vit. C 24.2 10.0 41 0.1 38.4
Niacin 11.4 3.9 2.6 0.5 18.4
Vit. E 9.2 4.0 21 0.5 15.8
Vit. A 7.3 20 0.2 15 11.0
Folate 6.9 2.3 1.0 0.2 10.4
Cacium 0.8 0.6 0.4 0.3 21
Vit. Bs 239 7.8 10.3 14 43.4
Vit. B, 129 25 3.2 1.0 19.6
Vit. B1 12.3 41 5.8 0.7 22.9
Iron 1.8 0.5 0.9 0.1 33
Energy 14 0.7 0.9 0.1 31

Timetrendsin energy and micronutrient intake

During the entire 15-year period of the DONALD Study,
there was no significant time trend in total energy intake.
There was a significant time trend in total micronutrient
intake only for iron and vitamin A expressed as percent-
age of references. However, a significant linear increase
for vitamin C and significant nonlinear intakes for calci-
um, vitamin E, B4, B2, B, niacin, and folate as percent-
age of references were found (Table [11).

Inthe 15-year study period, energy intakefromfortified
beverages as percentage of total energy intake increased
significantly (from 2 to 3%; Fig. 2). Micronutrient intake
from fortified beverages as percentage of references in-
creased significantly for calcium (from 1 to 3%; Fig. 3),
for iron (from 3 to 4%; Fig. 4), for vitamin A (from 5 to

10 7Energy intake: fortified food % of total
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Figure 2: Energy intake with fortified food as % of total energy
intake in 2-14 year-old participants of the DONALD Study
(n = 4358 records).
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Table l1l: 15-year-time-trend analysis (B1, B2, p-values) for energy and micronutrient intakes with total food and fortified beverages in 2—14 year-old participants of the DON-

ALD Study (as % of references, except energy)

Effects Energy Iron Calcium Vit. A Vit.C

B p B p B p B p B p
Total food
Year (B1)2 034 0.82 0.02 0.89 3.18 0.0001 0.16 0.51 2.18 0.0001
Year xYear ($2)P - - - - -0.16 0.0001 - - - -
Sex 0.0001 0.0001 0.0001 0.06 0.40
Age 0.0001 0.0008 0.0001 0.003 0.02
Fortified beverages
Year (B1)2 211 0.0001 0.15 0.0001 0.19 0.0001 0.65 0.0001 257 0.0001
Year x Year (2)° - - - - - - - - - -
Sex 0.09 0.39 0.31 0.74 0.47
Age 0.06 0.0001 0.0003 0.28 0.0001
Effects Vit. E Vit. By Vit. B, Vit. Bs Niacin Folate

B p B p B p B p B p B p
Total food
Year (B1)2 55 0.0001 5.33 0.0001 6.73 0.0001 11.78 0.0001 5.76 0.0001 1.96 0.0001
Year x Year (2)P -0.30 0.0001 -0.27 0.0001 -0.38 0.0001 -0.55 0.0001 -0.24 0.0001 -0.12 0.0002
Sex 0.26 0.02 0.0005 0.0001 0.0001 0.02
Age 0.02 0.25 0.0001 0.0001 0.0001 0.36
Fortified beverages
Year (B1)a 312 0.0001 4.38 0.0001 479 0.0001 8.23 0.0001 4.08 0.0001 2.62 0.0001
Year x Year (32)P -0.14 0.0004 -0.21 0.0001 -0.25 0.0001 -0.37 0.0001 -0.17 0.0001 -0.15 0.0001
Sex 0.24 0.97 0.75 0.60 091 0.79
Age 0.22 0.42 0.49 0.0001 0.14 0.92

Bold type: Significant effects; p: p-values
af31: linear time trend weighted least square estimates; Example Vit. C (B1 = 2.18): a (significant) increase of 2.18% (vit. C intake as % of references) per year.
b 32: quadratic time trend weighted least square estimates; Example Calcium (1 = 3.18 and 32 = —0.16): a (significant) increase of 3.18% (calcium intake as % of references)

per year minus 0.16% multiplied by year2.

p: p-values.
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tified food. However, the contribution of singletypesof for-
tified beveragestototal intakeremained quitesmall. Asper-
centage of references, fortified juice was the most impor-
tant beverage with a maximum of 24% (vitamin C, Be) to
total micronutrientintake (Tablel 1) followed by soft drinks
with a maximum of 10% (vitamin C) and instant drinks
with a maximum of 10% (vitamin Be). Fortified milk nev-
er hadintakelevelsover 3% of thereferencesinsingleyears.

Discussion

The DONALD Study is alongitudinal, non-intervening
study. Uniform methodology, including 3-day dietary

Figure 3: Calcium intake with fortified and total food as % of
references [3] in 2-14 year-old participants of the DONALD
Study (n = 4358 records).
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Figure 4: Iron intake with fortified and total food as % of refer-
ences [3] in 2-14 year-old participants of the DONALD Study
(n = 4358 records).

15%; Fig. 5), and for vitamin C (from 15 to 60%; Fig. 6;
Table I11). However, significant increases in intakes were
only observed from 1995-1997 for vitamin E (Fig. 7),
folate (Fig. 8), and niacin (all 5 to 15-25%), vitamin By
(Fig. 9) and B, (both 10-15% to 25-30%) and vitamin Be
(2010 55%). After 1997, significant decreaseswerefound
(TableI1l). Figuresfor vitamin By, Bs and niacin, all sim-
ilar to vitamin B; (cf. Fig. 9), are not shown.

Importance of fortified beverageswithin total
fortified food consumption

With the exception of vitamin E and iron, fortified bever-
ages accounted for more than 50%, and in the case of vit-
amin C up to 90%, of micronutrient intake from total for-
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Figure 5: Vitamin A intake with fortified and total food as % of
references [3] in 214 year-old participants of the DONALD
Study (n = 4358 records).
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Figure 6: Vitamin C intake with fortified and total food as % of
references [3] in 2-14 year-old participants of the DONALD
Study (n = 4358 records).
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Figure 7: Vitamin E intake with fortified and total food as % of
references [3] in 2-14 year-old participants of the DONALD
Study (n = 4358 records).
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Total nutrient intake

Total nutrient intakes in the DONALD Study are almost
as high as those found in other representative cross-sec-
tional European studies using dietary records, e.g. in the
Netherlands [15], in Greece [16], in Spain [11], and in
England [17]. Compared to the new DACH references|[3],
micronutrient intakes in our popul ation were almost ade-
quate, with the exception of low intakes for folate and vi-
tamin E.

Micronutrient intake from fortified food

Our data show awide range of micronutrient intake from
fortified food. In general fortified foods arelessimportant
sources for minerals than for vitamins. The situation for
fortified vitaminsdiffered considerably. Somefoods(e.g.,
in the case of vitamin A and folate) showed only minor
contributions to micronutrient intake while most others
(e.g. vitamin E, By, Bz, Bs, niacin) were more important.
For some micronutrients, fortification was unnecessary
(vitamin By, B, niacin) or inefficient (calcium, iron). In
the case of vitamin A, E and folate (and to some extent vi-
tamin By), fortification was necessary to improve mi-
cronutrient supply in our sample.

Timetrends

The most striking results of our study are signs of chang-
ing food consumption patterns, pointing to an almost uni-
form increase of micronutrient intake between 1986 and
1996 followed by a decrease thereafter [18]. With the ex-
ception of vitamin A and iron — without any time trend at
all —we found a significant increase of + 1.4%/year for
vitamin C, but asignificant decreasefor total intakein cal-
cium and 6 vitamins ( E, B1, B, Be, niacin, and folate).
Moreover, our evaluation of the contribution of fortified

Figure 8: Folate intake with fortified and total food as % of ref-
erences[3] in 2-14 year-old participants of the DONALD Study
(n = 4358 records).

records and a nutrient database containing fortified food
items, was used throughout the study. This offers a dif-
ferentiated insight into micronutrient intake and con-
sumption patterns of fortified food — especially the role
of fortified beverages —in German children and adoles-
cents.

Intheliterature, only afew studies are concerned with
the consumption of fortified food. Some are confined to
single food groups such as breakfast cereals[7—11] while
othersfocus on nutrient intake from fortification in adults
[12-14]. Long-term data on fortified food consumption
patternsin German children and adol escentshas also been
reported [1, 2].

50 _Fortified Food, % Total Food, %

r 110
100

40 // Vit Bl Intake in % =] [T — leo
of References
i — |_feo
— — - 70 —Total
801 — DiFortified Others
— = e 60 mMilk
l Cinstant
— - 50
20 — O ISoft Drinks
i L - 40 EJuice
m [ || e { N
O —i— 30
107 =S = 20
10

0

UL UL LA A N R

1986 1988 1990 1992 1994 1996 1998 2000
Year of DONALD Study

Figure 9: Vitamin B1 intake with fortified and total food as %
of references[3] in 2-14 year-old participants of the DONALD
Study (n = 4358 records).
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beveragesshowed asignificant decreaseinthesame6 vita-
mins since 1994/96. Together with the observed increase
of added sugars from fortified food [2] this points to a
slight but unfavorable tendency to eat energy-dense, nu-
trient-poor foods (EDNP) in our study population — re-
ported recently in an evaluation of NHANES 11 too [19].
Possibleexplanationsfor thetimetrendfound areasimilar
nonlinear trend in the number of simultaneously fortified
micronutrients per product, atrend to lower mean dosages
of fortified micronutrients, changing product preferences
of the study participants, and an almost stable level of en-
ergy intake from total fortified food as well as fortified
beverages after 1995 (cf. Fig. 2). The only roughly com-
parable longitudinal study in children and adolescents
originates from the Netherlands [15], where total mi-
cronutrient intake (calcium, iron, vitamins A and C) was
assessed at 3 time points in 1987/88, 1992 and 1997/98.
Compared with the new references [3], these intake data
confirm our findings reported here.

Our evaluation underlines the dominance of fortified
beveragesasapart of fortified foodinmicronutrient intake
in children and adolescents. Except in the case of vitamin
E andiron, fortified beverages account for more than 50%
of micronutrient intake from total fortified food. Further-
more, fortified beverages improve micronutrient supply
for vitamins A, E, and folate in our sample. However, for
vitamins By, B, and niacin, and to some extent for vita-
mins B1 and C, fortification seems unnecessary. When as-
sessing the nutritional valuation of fortified beverages it
should be taken into account that with the exception of
fortified juice (100% fruit), all other fortified beverages
contain added sugars.
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