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Abstract

Background: Research into the role of young-child formulae
(YCF) in a child’s diet is limited and there is no consensual
recommendation on its use. We evaluated the theoretical
nutritional impact of replacing the existing practice of con-
suming cow’s milk by YCF. Methods: From the UK Diet and
Nutrition Survey of Infants and Young Children, whole cow’s
milk consumers, aged 12-18 months (n =591) were selected
for simulation scenarios. In Scenario 1, we tested the replace-
ment of all whole cow’s milk (434 + 187 ml/day) by a match-
ing volume of YCF, and in Scenario 2, all whole cow’s milk
was replaced by the on-pack recommended daily intake of
300 ml. Nutrient intakes before and after simulation scenar-
ios were compared and evaluated against nutrient recom-
mendations. Results: Intakes of protein and saturated fatty
acids were significantly decreased, whereas essential fatty
acid intakes were increased. The prevalence of nutrient inad-
equacy before simulation was 95.2% for vitamin D and 53.8%
for iron. After simulation, inadequacy decreased to 4.9%
(Scenario 1) and 0% (Scenario 2) for vitamin D and to 2.7%
(Scenario 1) and 1.1% (Scenario 2) for iron. Conclusions: Re-

placement of habitual cow’s milk intake by a matching vol-
ume or 300 ml of YCF may lead to nutritional intakes more
in line with recommendations in young children.

© 2015 The Author(s)
Published by S. Karger AG, Basel

Introduction

Young childhood (1-3 years of age) is a period of rap-
id growth and development. Between 1 and 3 years of age,
young children gain about 25% in height and 50% in
weight [1]. Due to this rapid growth and development,
young children have increased nutritional needs. For ex-
ample, young children need approximately 5.5 times as
much iron per kilogram of bodyweight and 7 times as
much vitamin D compared to adults [2]. At the same
time, young children can only eat relatively small amounts
of foods because of their limited gastric capacity. In order
to fulfil their requirements, young children should there-
fore eat a well-balanced, nutrient-dense diet. Neophobia
and picky eating are common during this age [3], putting
the young child at a higher risk of nutrient inadequacies
and/or excesses.
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The UK Diet and Nutrition Survey of Infants and
Young Children (DNSIYC, 2011) showed that the aver-
age intakes of vitamin D and iron of children aged 4-18
months were below the reference nutrient intake (RNI).
Ten to 14% of children had iron intakes below the lower
reference nutrient intake (LRNI), that is, the quantity suf-
ficient for only 2.5% of the population [4]. Similar results
are observed in other European countries, showing inad-
equate intakes of iron and vitamin D in young children,
as well as of alpha-linolenic acid, docosahexaenoic acid
and iodine (in some European countries) [5]. On the
other hand, nutrient excesses are also often observed in
childhood. The DNSIYC reported that energy intake of
75% of the children exceeded the requirements and aver-
age protein intakes were more than twice the RNI, that is,
38 vs. 14.5 g/day representing 16% of total energy intake
(%EI) [4, 6]. In a 2013 opinion on nutritional intakes of
infants and young children, the European Food Safety
Authority (EFSA) Panel on Dietetic Products, Nutrition
and Allergies (NDA) considered that a high intake of pro-
tein (up to 20%EI) is not at a level that is of concern [5].
Nevertheless, in a subsequent opinion on the composi-
tion of infant and follow-on formulae, the EFSA NDA
Panel proposes that the maximum protein content for in-
fant and follow-on formulae should be reduced from 3.0
and 3.5 g/100 kcal, respectively to 2.5 g/100 kcal, based on
the lack of evidence of a physiological need for such high
protein intakes and because of the fact that current in-
takes are well above requirements [7]. In addition, sev-
eral authors have suggested an association between a pro-
tein-driven rapid weight gain in infancy and an increased
risk of obesity in later life [8], with a potential critical
threshold of 15%EI obtained from protein [9-11]. In ad-
dition to energy and protein, also salt (sodium) intakes of
many young children are high and may be related to el-
evated blood pressure, a risk factor for cardiovascular and
renal diseases [5].

Young-child formulae (YCF) are milk-based drinks
intended for children from 1 year and usually up to 3 years
of age in Europe [5]. They are fortified with several nutri-
ents that can be lacking in the diets of young children,
including iron, vitamin D and essential fatty acids and
contain lower protein, saturated fat and sodium com-
pared to cow’s milk, the main dairy-based drink in the
diets of young children in most European countries. Re-
search into the role of YCF in a young child’s diet is lim-
ited and there is no consensual recommendation on the
use of YCF. According to the EFSA NDA Panel [5], YCF
constitute one of the means to decrease the risk of inad-
equate intakes of specific nutrients in the diets of young
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children, but the Panel stressed that they do not recognize
a unique role for YCF with respect to the provision of
these nutrients. On the other hand, some studies have in-
vestigated the excessive nutrient intakes that can result
from the consumption of fortified foods. Fortification of
commonly consumed foods with some micronutrients,
for example, vitamin A, could result in a high percentage
of young children having intakes above the tolerable up-
per intake level (UL) [12].

The objective of this study was to evaluate the theo-
retical nutritional impact of replacing the existing prac-
tice of cow’s milk intake by YCF, in order to identify the
nutritional benefits and risks potentially linked to the
consumption of this type of formula. Additionally, we as-
sessed whether the on-pack recommended intake level of
300 ml/day is appropriate in terms of adequate nutrient
intakes.

Methods

Study Sample

Analyses were performed using data from the UK DNSIYC,
2011. The design, methodology and results of the DNSIYC have
already been described in detail [4]. In brief, a randomly selected
sample of 2,683 infants and young children aged 4-18 months liv-
ing in private households across the United Kingdom was includ-
ed. Parents were asked to describe everything their child was of-
fered over a 4-day period in household measures and to record left
over foods/drinks. From the types and quantities of foods con-
sumed, estimates of nutrient intakes were derived using the De-
partment of Health’s Nutrient Databank [13]. We selected only
children aged 12 months onwards, as this is the target group of
YCF (n = 1,275). Moreover, in order to be as accurate as possible,
we restricted our sample to children with a milk consumption
made up entirely of whole cow’s milk, leading to a final sample size
of 591 children (46% of target group) in the study. This choice was
made because whole cow’s milk is the type of milk recommended
by the British Nutrition Foundation and the UK Infant and Tod-
dler Forum [14, 15].

Simulation Replacement Scenarios

For the objectives of this study, 2 replacement scenarios were
defined using deterministic simulation analyses. In Scenario 1, in-
dividual intake of cow’s milk was simulated to be replaced by YCF
at a matching volume (mean intake 434 + 187 ml/day). In Scenar-
io 2, individual cow’s milk intake was, independently of a child’s
original consumption level, replaced by 300 ml of YCF, a similar
intake level as suggested by the British Nutrition Foundation [16].
This level of intake is also the on-pack recommended amount. Ta-
ble 1 presents the average composition of whole cow’s milk com-
pared to the composition of the YCF used for this study (Aptamil
Growing Up milk 1-2 years) and the average composition (p5,
median and p95) of YCF on the European market [5]. The YCF
was selected because it is the most commonly consumed YCF by
children aged 12-18 months in the United Kingdom.
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Table 1. Nutritional composition of whole cow’s milk compared with the young-child formula used for simula-
tion scenarios and the average composition of young-child formulae on the European market [5]

Cow’s milk, Young-child Average composition of young-child

whole, formula, formulae, per 100 g!

per 100 g per 100 g 5 median p95
Energy, kcal 67 65 50 67 81
Protein, g 3.3 1.5 1.4 1.7 2.4
Carbohydrates, g 4.9 8.5 7.4 8.4 9.6
NMES, g 0 0.5
Lactose, g 4.9 6.2
Fat, g 3.9 2.6 2.3 2.9 3.2
SFA, g 2.4 0.6 0.3 0.9 1.4
Cis n3 fatty acids, mg 20 64
Cis n6 fatty acids, mg 70 364
Fibre, g 0 0.8
Sodium, mg 41 26 19 27 38
Calcium, mg 117 120 63 85 147
Iron, mg 0 1.2 0.9 1.2 1.6
Iodine, pg 38 20 8.2 14 23
Zinc, mg 0.3 0.9 0.5 0.8 1.3
Vitamin A, pg RE 29 68 52 68 95
Retinol, ug 27 68
Vitamin C, mg 2 15 5.8 11 16
Vitamin D, pg 0 3.1 0.9 1.4 2.2

! Calculated using the median energy density of 67 kcal/100 g.

Data Analyses

All analyses were performed using the software Creme Food
(Creme Global Ltd., Dublin, Ireland). Nutritional intakes (mean +
SD) before and after simulation were compared using a paired
Wilcoxon test, and evaluated against different nutrient recom-
mendations for young children. For micronutrients, we used the
reference value as described in the UK nutrient recommendations
for children aged 12-36 months [17]. For most macronutrients, no
UK nutritional recommendation for children aged less than 5 years
has been developed. Therefore, we used the reference value of the
EFSA NDA Panel for total protein, total carbohydrates, fibre and
total fat [18-20]. Nordic recommendations [2] were used asa com-
plement for essential fatty acids as reference values for these fatty
acids were not given in the earlier mentioned recommendations.
Because the Nordic recommendations for children aged 12-23
months and for adults and children from 2 years of age did not dif-
fer for added sugars and saturated fatty acids (SFA) [2], we used
the reference value as described in the UK nutritional recommen-
dations for children older than 5 years for non-milk extrinsic sug-
ars (NMES) and SFA (see online suppl. table for the different rec-
ommendations; for all online suppl. material, see www.karger.
com/doi/10.1159/000440682).

Percentages of children having intakes below the LRNI, the es-
timated average requirement (EAR) and the RNI were calculat-
ed, as well as percentages of children with intakes above the UL
[17]. In line with the approach of the EURopean micronutrient
RECommendations Aligned (EURRECA) Network of Excellence
[21], micronutrient intakes below the EAR were perceived as in-
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adequate. Results were considered statistically significant when
p values for the paired Wilcoxon test between before and after
simulation were <0.001.

Results

Population Characteristics

The mean age of children in the study was 14.6 + 1.5
months and 52% of the sample constituted boys. The chil-
dren consumed daily on average 434 + 187 ml of cow’s
milk, with 78.2% of the children consuming more than
the recommended 300 ml per day. The distribution of
cow’s milk consumption before simulation can be found
in the online supplementary figure.

Energy Intakes

Mean energy intakes did not significantly change af-
ter replacing cow’s milk intake by YCF at matching vol-
ume (Scenario 1). Reducing the average intake level
(434 £ 187 ml/day) with the on-pack recommended
amount of 300 ml, decreased energy intake from 4.1 to 3.7
MJ/day (i.e. about —~100 kcal/day). Because Scenario 1 is
the most realistic scenario, as no energy compensation is
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similar for Scenario 1 and Scenario 2, hereafter, a focus
will be made on Scenario 1. Complete results for Scenar-
io 1 and Scenario 2 can be found in figures 1 and 2, and
tables 2 and 3.
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Protein intakes were significantly decreased after re-
placement of cow’s milk by YCF, that is, from 16.5%EI
before simulation to 13.4%EI in Scenario 1 (table 2;
tig. 1). None of the subjects had protein intakes below the
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Table 2. Mean (SD) intakes of macro- and micronutrients and %EI of macronutrients before and after simulation scenarios (Scenario 1:
replacement of whole cow’s milk by YCF at matching volume; Scenario 2: replacement of whole cow’s milk by 300 ml/day YCF)

Before simulation Scenario 1 Scenario 2

mean SD %EI mean SD %EI mean SD %EI
Energy, kJ 4,148.6 857.8 4,119.1 852.7 3,734.8 784.8
Energy, kcal 991.5 205.0 984.5 203.8 892.6 187.6
Carbohydrates, g 124.1 27.3 50.0 140.1 29.0 56.9 128.0 27.7 57.4
Total sugars, g 63.3 17.1 25.5 71.5 18.6 29.0 62.2 16.3 27.9
NMES, g 20.0 11.6 8.1 22.2 11.4 9.0 21.4 11.4 9.6
Lactose, g 43.2 12.9 17.4 49.3 14.6 20.0 40.8 10.2 18.3
Protein, g 40.8 9.5 16.5 32.9 8.1 13.4 30.7 7.8 13.8
Fat, g 40.2 10.5 36.5 34.6 9.3 31.6 31.0 8.6 31.2
SFA, g 19.7 5.5 17.9 11.8 39 10.8 10.9 3.9 11.0
Fibre, g 6.9 2.4 10.4 2.7 9.3 2.4
Cisn3 fatty acids, mg 665.5 271.8 0.6 856.4 287.4 0.8 766.9 272.1 0.8
Cis n6 fatty acids, mg 3,534.2 1,308.1 3.2 4,679.7 1,420.3 4.3 4,169.5 1,303.8 4.2
Calcium, mg 861.3 250.8 874.7 255.4 712.0 146.5
Iodine, pg 2115 75.6 137.5 41.4 110.4 222
Iron, mg 5.2 1.7 104 2.6 8.8 1.7
Vitamin A, pg RE 615.6 351.3 780.1 368.9 686.3 346.7
Retinol, ug 276.7 158.4 450.6 197.5 358.8 148.6
Vitamin C, mg 47.7 26.2 104.1 37.8 83.6 25.1
Vitamin D, pg 1.6 1.7 15.1 6.1 10.9 1.7
Zinc, mg 5.0 1.3 7.2 1.9 5.9 1.1
Sodium, mg 993.5 320.2 927.2 317.6 887.3 318.7

Table 3. Compliance with micronutrient recommendations before and after simulation scenarios (Scenario 1: replacement of whole
cow’s milk by YCF at matching volume; Scenario 2: replacement of whole cow’s milk by 300 ml/day YCF)

% of subjects with intakes, % of subjects with intakes, % of subjects with intakes, % of subjects with intakes,

<LRNI <EAR <RNI >UL

before Scenario Scenario before Scenario Scenario before Scenario Scenario before Scenario Scenario

simulation 1 2 simulation 1 2 simulation 1 2 simulation 1 2
Calcium, mg 0.2 0.2 0 0.7 0.5 0 2.0 2.0 0 0 0 0
Iodine, pg 0.2 0.5 0 0.7 1.8 0 32 6.0 0.2 57.1 5.1 0.2
Iron, mg 19.6 0.8 0 53.8 2.7 1.1 84.5 6.0 14.5 0 0 0
Vitamin A,

ug RE 2.5 1.3 0 12.6 3.0 34 27.2 8.9 159 n.a n.a n.a

Retinol, g n.a na na na n.a n.a n.a na na 1.2 32 1.4
Vitamin C,mg 0.3 0.2 0 8.0 1.1 0 25.7 24 0 0 0 0
Vitamin D, pg  93.6 4.1 0 95.2 49 0 97.7 9.2 0 0 0 0
Zinc, mg 47 1.3 0.2 14.3 4.7 1.0 52.0 12.1 18.3 6.3 54.8 154
Sodium, mg na. na. na. na. na. na. na. na. na. 91.1 86.2 83
minimum requirement of 4.5%EI [20] before or after Total and saturated fat intakes were also significantly

simulation, whereas 78.3 and 17.3% of the subjects had  decreased after simulating the replacement of cow’s milk
protein intakes above the UL of 15%EI suggested by sev- by YCF consumption. The mean total fat intake decreased
eral authors [9-11] before and after simulation, respec- from 36.5 to 31.6%EI and intake of SFA decreased from
tively. 17.9 to 10.8%EI after simulation. A total of 1.7% of sub-
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jects had intakes compliant to the UL of 11%EI for SFA
intake [17] before simulation, and this increased to 59.4%
after simulation. Essential fatty acid intakes were signifi-
cantly increased after simulation, with Cis n3 fatty acids
increasing from 0.6 to 0.8%EI and Cis n6 fatty acids in-
creasing from 3.2 to 4.3%EI after simulation. The per-
centage of subjects with Cis n6 fatty acid intake above the
minimum requirement of 4%EI [2] increased from 15.7%
before simulation to 59.2% after simulation.

Mean intakes of total sugars were significantly in-
creased after replacement of cow’s milk by YCF, that is,
from 63.3 g/day (25.5%EI) to 71.5 g/day (29.0%EI,
+12.9%). This increase was mainly due to an increase in
lactose (6 g/day, 73% of the increase). Also mean fibre in-
takes were significantly increased from 6.9 g/day before
simulation to 10.4 g/day after simulation. A total of 9.3
and 52.3% of subjects had adequate daily intakes of fibre
(intakes >10 g/day as recommended by the EFSA NDA
Panel [19]) before and after simulation, respectively.

Micronutrient Intakes

Mean intakes of iron, vitamin A, vitamin C, vitamin D
and zinc were significantly increased after simulating the
replacement of cow’s milk by YCF consumption (table 2).
The percentage of subjects having inadequate intakes,
that is, an intake below the UK EAR, decreased from 53.8
to 2.7% for iron, from 12.6 to 3.0% for vitamin A, from
8.0 to 1.1% for vitamin C, from 95.2 to 4.9% for vitamin
D and from 14.3 to 4.7% for zinc (table 3). For iron, vita-
min C and vitamin D, none of the children, either before
or after simulation, had intakes above the UL. For pre-
formed vitamin A (retinol), the percentage of subjects
with intakes above the UL of 800 pg/day [22] slightly in-
creased from 1.2% before simulation to 3.2% after simula-
tion. For zinc, the UL of 7 mg/day [22] was exceeded by
6.3% of the subjects before simulation and 54.8% in Sce-
nario 1.

Mean calcium intakes were similar before and after
simulation with about 0.5% of children having an inade-
quate intake.

Mean iodine intakes were significantly decreased after
replacement of cow’s milk by YCEF, that is, from 211 g/
day at baseline to 137 ug/day in Scenario 1 (-35%; ta-
ble 2). A total of 0.7% of subjects had inadequate iodine
intake before simulation, compared to 1.8% after simula-
tion. The UL of iodine of 200 pg/day [22] was exceeded
by 57.1% before simulation, compared to 5.1% in Sce-
nario 1.

Sodium intakes were slightly, but statistically signifi-
cantly, decreased after simulating the replacement of
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cow’s milk by YCF. Mean intakes were decreased from
993.5 to 927.2 mg/day in Scenario 1 (-6.4%). The UL of
salt is set at 1.5 g/day, which corresponds to 600 mg of
sodium [23]. Before simulation, 91.1% of subjects exceed-
ed this UL compared to 86.2% after simulation (table 3).

Discussion

The present simulation study showed that replace-
ment of whole cow’s milk by YCF, either at matching vol-
ume (mean 434 ml/day, Scenario 1) or at the on-pack rec-
ommended amount of 300 ml (Scenario 2), brought nu-
trient intakes of young children more in line with the
recommendations.

A majority of UK children are given cow’s milk as their
main dairy-based drink from the age of 12 months on-
wards [4]. Two recently conducted observational studies
compared the nutritional intakes of young children (1-2
years old) consuming YCF with those consuming cow’s
milk (skimmed, semi-skimmed or whole) [24, 25]. Both
studies showed that a relatively high proportion of cow’s
milk consumers had inadequate intakes of iron and vita-
min D, and in one of the studies vitamin C, linoleic acid
and alpha-linoleic acid also [25]. The use of YCF was sig-
nificantly associated with a reduced risk of insufficiencies
in these nutrients. Moreover, YCF consumers had pro-
tein and SFA intakes more in line with the recommenda-
tions.

Our simulation scenarios suggest more specifically
that the consumption of YCF instead of whole cow’s milk
may lead to improvements in nutrient intakes, particu-
larly for protein, fat quality, vitamin D and iron.

Protein intakes before simulation were twice as high as
the RNI and at levels comparable to adults’ diets in terms
of percentage of energy. Whether this amount of protein
has along-term detrimental effect on health is still a matter
of debate, although several studies have shown an associa-
tion between protein-driven rapid weight gain in infancy
and an increased risk of obesity in later life [8, 10, 11].
Therefore, the observed decrease in protein intake after
simulation below the suggested UL for protein of 15%EI
[9] might be considered an improvement of the child’s diet.

Total fat intake was decreased after simulating the re-
placement of cow’s milk by YCF to a level below the rec-
ommended level, that is, 31%EI compared to the recom-
mended 35-40%EI [18]. Nevertheless, the quality of fat
intake improved in our simulation scenarios. SFA intake
was decreased from 18 %EI to the recommended level of
11%EI [17]. Generally, SFA intakes are above the recom-
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mended level in young children living in Europe, for ex-
ample in Finland [26] or the Netherlands [27], but intakes
were particularly high in our sample. This is probably re-
lated to the selection of our sample to whole cow’s milk
users, in line with the dietary recommendation in the
United Kingdom, but different from recommendation to
drink either skimmed or semi-skimmed milk in Finland
and the Netherlands, respectively. This may be an impor-
tant nutritional reason to prefer (semi-)skimmed cow’s
milk over full-fat options.

Essential fatty acid intake increased in our simulation
scenarios and its levels were brought more in line with the
recommendation [2]. According to the EFSA NDA Panel,
particular attention should be paid to ensure an appropri-
ate supply of alpha-linolenic acid and docosahexaenoic
acid in the diets of young children [5]. The DNSIYC does
not contain any information on these specific fatty acids.
Nevertheless, the observed increases in Cis n3 and Cis n6
fatty acids after simulation can be considered beneficial
in that respect.

The increase in total sugar intake observed when re-
placing cow’s milk by YCF at matching volume (+12.9%)
was mainly due to an increase in lactose (73% of the in-
crease). In our population, NMES represent 8.1% of EI at
baseline. This increases to 9.0 and 9.6%EI after replacing
cow’s milk intake by respectively, a matching volume or
300 ml of YCF. These levels stay well within the recom-
mended maximum limit of NMES intake of 11%EI (on-
line suppl. table). It is therefore not anticipated that the
differences in NMES content between cow’s milk and
YCF impact long-term health. Nonetheless, some YCF
marketed in and outside Europe, especially the flavoured
options, contain high levels of NMES, such as sucrose,
maltodextrin and glucose syrup [28]. The consumption
of high levels of such easily absorbed sugars can stimulate
excessive postprandial hypoglycaemia and insulinaemia,
which may be linked to risks of obesity, type 2 diabetes
and coronary heart disease [29]. Moreover, these sugars
are likely to contribute to higher levels of dental decay in
young children [30] and to a preference for sweet tastes
later in life [31, 32]. For this reason, YCF with the highest
amount of lactose (as percentage of total carbohydrates)
should be preferred.

Intake of vitamin D was very low at baseline in young
children living in the United Kingdom and is likely to re-
sult in insufficient plasma levels of 25-hydroxyvitamin D,
especially during the winter months. This is consistent
with the opinion of the EFSA Panel stating that total vita-
min D supply originating from the diet and from endog-
enous synthesis is insufficient for most infants and young
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children in Europe, depending on the season [5]. The UK
recommendation on the use of vitamin D supplements is
poorly followed, with only 10% of the children reporting
a vitamin D supplement intake over the 4 days of the sur-
vey [4]. Therefore, fortified foods like YCF could be an
effective way of increasing vitamin D intake.

Mean iron intakes of young children in the United
Kingdom seem to be close to the RNI, that is, reaching
93% of the RNI of 6.9 mg/day [4, 17]. Nevertheless, still
13% of children had intakes below the LNRI [4], showing
important variations in iron intake. In our population of
whole cow’s milk consumers, mean iron intakes before
simulation were slightly lower, that is, at 5.2 mg/day or
75% of the RNI and almost 20% of the subjects were not
reaching the LNRI. The level of iron is similar in both
whole and semi-skimmed cow’s milk, that is, 0.03 mg/100
ml in whole cow’s milk and 0.02 mg/100 ml in semi-
skimmed cow’s milk [33]. This led us to the hypothesis
that children who consume whole cow’s milk may be less
likely to consume iron-rich food, like meat, fruit and nuts,
because of the relatively high energy contribution of the
cow’s milk in their diet [34].

Iodine levels in our sample were found to exceed the
UL before simulation. Recent opinions from the EFSA
Panel [35] and the Nordic recommendations [2] state that
only a few data are available regarding the toxicity of io-
dine from excessive intakes. Although tolerance to high
levels of iodine seems to be subject to a high level of inter-
individual variation, thyroid disorders have not been ob-
served for intakes slightly above the UL. In contrast to the
UK situation where iodine deficiency does not seem to
be an issue, the EFSA NDA Panel recently reported that
in a number of European countries, including Belgium,
Germany and Spain, up to 24% of children had moder-
ate iodine deficiency (urinary iodine concentration <50
ug/l) [5]. This discrepancy observed in iodine intakes
and status at the European level may be explained by the
iodine levels in cow’s milk as stated in the different coun-
try-specific food composition databases ranging from
7 ug/100 g in the Netherlands [36] and 12 pg/100 g in
Germany [37] to 31 pg/100 g in the United Kingdom [33].

Intake levels of calcium and sodium were similar be-
fore and after simulation (Scenario 1). For calcium, this
can be easily explained by the fact that the calcium level
of the YCF that we used in this study was equal to the
level found in whole cow’s milk. When the volume of milk
intake was decreased in Scenario 2, calcium intake levels
likewise decreased to an average level still above the UK
RNI for calcium. For sodium, despite the fact that YCF
has a lower level compared to whole cow’s milk, that is,
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26 mg/100 ml compared to 43 mg/100 ml [33], sodium
intake levels were not drastically reduced in our simula-
tion scenarios. This implies that cow’s milk is not the
main driver of sodium intake in a young child’s diet and
that other sources like processed foods targeting adults
may be the main contributors of sodium intake. This is an
argument in favour of approaches that target the dietas a
whole in trying to reach nutrient recommendations.

For both retinol and zinc, the percentage of children
exceeding the UL increased after the replacement of cow’s
milk with YCF. The increase for retinol was very small,
that is, from 1% of children exceeding the UL before sim-
ulation to 3% in Scenario 1. Nevertheless, based on the
P95 for retinol intakes, consumption of YCF over 650 ml/
day could result in intakes exceeding the UL. In this re-
gard, our simulation suggests that attention should be
paid to the high consumers of YCF, as well as to the vita-
min A content in the recipes of such products. Mean in-
takes of zinc were slightly above the UL when cow’s milk
was replaced by YCF at a matching volume. A total of 55
and 15% of children had intakes exceeding the UL in Sce-
nario 1 and Scenario 2, respectively, compared to 6% be-
fore simulation. Results from several dietary surveys con-
ducted in Europe [27, 38] suggest that P95 intakes of zinc
are generally high and exceed the UL. No adverse health
effects have been associated with these intake levels in the
population and this made the Scientific Committee of
Food to conclude that zinc intakes close or above the UL
are not a matter of concern [22]. Moreover, while the UL
set by the Scientific Committee of Food and used for this
study is 7 mg/day, the World Health Organization set an
UL of 23-28 mg/day for zinc for children [39].

With the exception of vitamin D, the YCF that we have
used in the simulation scenarios is comparable to other
YCEF recipes marketed in European countries (i.e. nutri-
ent value close to the median of recipes on the EU market;
table 1). Therefore, for a vast majority of macro- and mi-
cronutrients, the results are generalizable to other YCF
recipes in Europe. For vitamin D, the YCF that we have
used in our analysis has higher levels compared to the p95
of recipes in the EU and analyses have to be repeated to
gain representative results for this specific vitamin.

Limitations

This study has some limitations that should be consid-
ered when interpreting the results. First, we restricted our
population to children with a milk consumption made up
exclusively of whole cow’s milk, because whole cow’s milk
is the recommended choice of milk for the sample’s age
range [14, 15]. Indeed, the DNSIYC shows that 79% of the
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children aged 12-18 months consumed whole cow’s milk
over the survey period [4]. Therefore, the results from this
study apply only to consumers of whole cow’s milk and
they cannot be extended to the total population. Further
research is warranted to test more complex simulation
scenarios taking into account the diversity of observed
consumption patterns (e.g. the combination of different
types of milks and YCF). Other statistical simulation
models could also be used in order to analyse consump-
tion not just based on 4 days of consumption records, but
instead to deduce usual nutrient intakes from these re-
cords, which better reflect real consumption patterns.
Second, in this study, we simulated changes in dietary in-
take and it is not clear how feasible it would be for our
sample to apply such dietary changes in a real-life setting.
Yet, the consumption of YCF, a milk-based fortified
drink, instead of cow’s milk only requires the replace-
ment of one food item by a similar one and would there-
fore not drastically change dietary habits. The type of
food, usage and the moment of consumption can be con-
sidered unchanged. However, possible interactions be-
tween milk and other foods were not taken into account.
Moreover, the cost of YCF compared to cow’s milk could
be another limiting factor for parents to buy such prod-
ucts. Advanced diet-modelling techniques would allow
us to take into account both cost and nutritional param-
eters in order to design a nutritionally adequate and so-
cially acceptable diet [40, 41]. Lastly, the decrease in milk
intake in Scenario 2 was not compensated by increased
energy intake from other food items, leading to a decrease
in the total daily energy intake of approximately 410 kJ
(or 100 kcal). Nevertheless, this scenario confirmed that
the on-pack recommendation of 300 ml is sufficient to
bring nutrient intakes in line with the recommendations.
The daily intake of 300 ml of YCF is in line with the food
recommendation published by the British Nutrition So-
ciety [16] and the UK Infant and Toddler Forum [14],
who recommends three portions of dairy products per
day for children 12-18 months, with a portion of milk be-
ing 100 ml. Also other authors have recommended a max-
imum of 400 ml milk products per day, as consuming a
higher volume of milk is accompanied by less consump-
tion of other nutrient-rich complementary foods [34, 42].

Conclusion
This simulation study suggests that replacing cow’s

milk by YCF may help to bring nutrient intakes more in
line with the recommendations. The use of YCF could
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be one way to increase specific nutrients (e.g. vitamin D,
iron) that are often lacking in the diets of young chil-
dren. The manufacturer’s recommendation of a daily in-
take of 300 ml appears to be an appropriately sized daily
intake to increase the level of specific micronutrients
such as vitamin D, iron and essential fatty acids, while
further contributing to a decrease in other nutrients,

script.

such as SFA and protein. Study data are needed to con-

firm that the assumptions and conclusions drawn in this

theoretical simulation study are applicable in real life
too.
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