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Abstract

Objective: To evaluate the nutritional adequacy of diets in early childhood as a
function of milk intake, cows’ milk (CM) or growing-up milk (GUM).

Design: From a cross-sectional food consumption survey, two groups of children
aged 1-2 years were defined: Group CM fed exclusively on CM =250 ml/d and
Group GUM fed on GUM = 250 ml/d. Proportions of children at risk of nutrient
excess or insufficiency were estimated relative to the French Recommended
Daily Allowances, Estimated Average Requirements or Adequate Intakes.
Setting: Parents participating in the survey were recruited from all regions of France
by a polling organization. Distribution was adjusted to that of the French population.
Subjects: Sixty-three (Group CM) and fifty-five (Group GUM) children.

Results: Total energy and macronutrient intakes were similar in the two
groups except protein intake of Group CM, which was much higher than the
Recommended Daily Allowance and significantly higher than in Group GUM.
A high percentage of children of Group CM had intake of linoleic acid (51%)
and a-linolenic acid (84 %) below the lower limit of the Adequate Intake, and
intake of Fe (59%) vitamin C (49%) and alimentary vitamin D (100%) less than
the Estimated Average Requirement. Significant differences were observed in the
proportions of children with a risk of dietary inadequacy between the two groups
for all the mentioned nutrients (<< 0-001). In Group GUM, this imbalance was only
observed for vitamin D. Intake of foods other than milk and dairy products could
not account for these discrepancies.

Conclusions: Consumption of CM (=250ml/d) entails the risk of insufficiency
in a-linolenic acid, Fe, vitamin C and vitamin D. Use of GUM (=250ml/d)
significantly reduces the risk of insufficiencies in the mentioned nutrients.
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With breast-feeding rarely being used for children after
1 year of age, breast milk substitutes are required to ensure
the nutritional requirements of young children. In this
regard, many child health professionals, not to mention
many parents, consider cows’ milk (CM) adequate and
believe that a diet based on CM provides all nutritional
requirements with the exception of Fe and vitamin D. For
some 20 years now, an alternative to CM has been available.
The so-called ‘growing-up milks’ (GUM) are not defined in
any European Regulation or Directive, or in any Codex
Alimentarius standard. GUM are intended for children after
1 year of age (up to 3 years of age in many European
countries). They have a lower protein content than CM and
are supplemented with several nutrients of interest includ-
ing Fe and essential fatty acids (EFA), as well as vitamins D
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and E. Directive 2009/39/EC of the European Parliament
and of the Council of 6 May 2009 classifies these products as
a ‘foodstuff intended for particular nutritional uses’ and
states that ‘the composition of the products shall be such
that the products are appropriate to the nutritional use
intended”. However, although the commercialization of
GUM continues to increase in many countries worldwide,
particularly in Europe, their benefits are still a matter of
debate. This controversy arises because the possible nutri-
tional risks associated with the use of CM and the expected
benefits from the use of GUM have not been clearly
demonstrated. To gain further information on this important
issue in paediatric nutrition, individual dietary data from a
food consumption survey performed in France were retro-
spectively analysed to estimate the nutritional adequacy of
the diets of children aged 1-2 years as a function of their
milk intake, i.e. CM or GUM.
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Cows’ milk or growing-up milk in childhood

The objectives of the present study were to answer the
following two questions:

1. Does the use of CM in young children aged 1-2 years
represent a risk of inadequate coverage of the nutritional
requirements currently defined in France for this
population?

2. If CM does not adequately meet these nutritional
requirements, should GUM be used in preference by
this population?

Experimental methods

Study sample

A cross-sectional food consumption survey involving
713 children aged from 15 d to 36 months was performed
by the Department of Physiology of the University of
Burgundy, Dijon, France. The results of this survey, spon-
sored by the Syndicat francais des aliments de I'enfance
(French Association of Baby Food Industries), were
published in 2008®. According to French legislation, this
type of nutritional survey does not need to be approved
by an institutional review board. For the purpose of
the present study, only data from 132 children aged
12-24 months (seventy-one boys) were taken into account.
They were all full-term babies with birth weights of over
2500 g. At the time of the study, none of the children was
breast-fed. The parents did not receive specific recom-
mendations prior to the study, which reflects the daily food
consumption of the children according to their parents’
choices. Two groups were defined according to their type
of milk intake. Group CM comprised the sixty-three chil-
dren who received a daily intake of CM of at least 250 ml
(70% as semi-skimmed milk) and who did not receive
GUM or follow-on formula (FOF) or dairy products
based on GUM or FOF (Fig. 1). Group GUM comprised
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the fifty-five children who received a daily intake of GUM
of at least 250 ml (Fig. 1). This minimal value of 250 ml/d
for milk consumption was retained a priori since it
corresponds to one daily bottle consumption.

Data acquisition

Parents participating in the survey were recruited from all
regions of France (excluding overseas territories) by the
polling organization TNS/SOFRES® | according to a pro-
portional sampling technique that took into account the
population of each region, the age of the children, the
professional status of the mother and the socio-economic
level of the family. The distribution was adjusted to that
of the general French population as defined by INSEE
(Institut National de la Statistique et des Etudes Econo-
miques/National Institute of Statistics and Economic
Studies) on the basis of the 2002 census. None of the
families in the study population was defined as econom-
ically precarious. With the consent of both parents, the
usual caregiver of the child in the family environment
was asked to record in the diary provided all foods and
beverages ingested by the child over three consecutive
days. The study period usually included one weekend day.
The caregiver was instructed to note the time of each meal,
the weight (or volume) of all the ingested foods and a
precise description of them, including trade names, toge-
ther with the methods of their preparation and detailed
recipes for all home prepared foods. All foods and bev-
erages were weighed on kitchen scales (accuracy *1g),
measured by mass or volume from the information on the
packaging, or estimated from photographs of calibrated
portions especially prepared for this purpose. Quantitative
dietary records, together with the weights of any leftovers,
were recorded in the diaries by the parents, then verified
and if necessary clarified by especially trained researchers
recruited by TNS/SOFRES.

Children aged 15 d to 3 years included in a
cross-sectional food consumption survey (n 706)

Children aged 15 d to 1 year
(n 447)

Children aged 1 to 2 years
(n132)

Children aged 2 to 3 years
(n127)

(Group CM; n 63)

Children receiving a daily intake of CM of at
least 250 ml and receiving no GUM or FOF
or dairy products based on GUM or FOF

Children receiving a daily intake
of GUM of at least 250 ml
(Group GUM; n 55)

Fig. 1 Flow chart representing how Group CM and Group GUM were constituted (CM, cows’ milk; GUM, growing-up milk;

FOF, follow-on formula)
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Analysis of food dairies

The nutritional analysis was performed using tables that
listed the compositions of 1260 foodstuffs in current use
in home cooking in France (‘current foods) and of all
food items especially manufactured and intended for
infants and young children (less than 3 years of age)
available on the market in France at the time of the data
acquisition (850 ‘baby foods”). The nutritional analysis of
the ‘current foods” was performed using a composition
table provided by AFSSA (Agence Francaise de Sécurité
Sanitaire des Aliments/French Food Safety Agency)
and another composition table that was used for the
SU.VL.MAX study (a French study on supplementation in
vitamins and antioxidant minerals)®. The compositions
of very few foods (less than ten) could not be determined
and these were therefore deduced from the mean com-
positions of similar products. The compositions of all
‘baby foods’ were provided by the manufacturers. Dietary
intake was calculated for each child with the especially
developed software NUTRI 7® . Each diary was encoded
and verified after data entry. Energy and nutrient intakes
were calculated for each child by summing his/her
reported consumption over the 3d of the study. The
child’s intake was reduced to a daily rate. These data were
then aggregated for all children in each study group
(Group CM and Group GUM). Besides the total energy
intake, the nutrients considered were: protein, lipids, total
carbohydrates (excluding fibre), EFA (linoleic acid and
a-linolenic acid), Na, Ca, P, Mg, Zn, Fe, vitamins By, By,
Bs, Bs, Bg, Bo, By, C, D (exclusively of food origin, referred
to hereafter as ‘alimentary vitamin D’), E (expressed as
a-tocopherol equivalents), total vitamin A (expressed as
retinol equivalents), retinol and carotenoids (expressed
as B-carotene equivalents). In France, children aged 1 to
2 years are frequently prescribed vitamin D and fluoride,
rarely Fe and multivitamin supplements. These supple-
mentary intakes were not taken into account in the
current study because of the unreliable reporting of
therapeutic compliance.

Analytical methods

The means, errors and standard deviations of the daily
energy and nutrient intakes were calculated for the two
groups. They were compared with the French Recom-
mended Daily Allowances (RDA), Estimated Average
Requirements (EAR) and Adequate Intakes (AD. Because
the weight of each infant was reported by the person filling
out the diary and was not measured as part of the study, the
daily intake was not calculated per unit body weight. The
sex of the children was not considered. To express the
variation in the intake of each nutrient, the first and third
quartiles of intake are presented (with the 95% confidence
intervals). The daily energy and nutrient intakes of the
study groups were compared using Student’s ¢ test, and
differences were considered significant at P<<0-05. The
proportion of children with inadequate dietary intake in
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each group was evaluated by estimating the percentage of
individuals whose daily intake was less than the EAR
(equivalent to 0-77 of the RDA) for the nutrient under
consideration®”. However, because there are no RDA for
EFA, the lower limit of the AI®® was used for these nutrients
(linoleic acid and a-linolenic acid). The 95% confidence
intervals for these threshold values are indicated. To esti-
mate the contribution to the global nutritional intake of
various food groups, five categories of ‘current foods’ were
distinguished: (1) milk; (i) other dairy products; (iii) meat,
fish and eggs; (iv) other foods (mainly cereals, fruits and
vegetables); and (v) vegetable fats. Similarly, for foods
specifically intended for infants younger than 3 years, three
categories were defined: () GUM and GUM/FOF-based
dairy products; (ii) meat and fish; and (i) other ‘baby
foods’. The contribution of these food categories to each
nutrient intake was expressed as daily amounts. The effect
of variations in daily milk consumption on the intake of
eight nutrients of interest (protein, Fe, linoleic acid,
a-linolenic acid, retinol, vitamin C, vitamin E and alimen-
tary vitamin D) was evaluated by establishing a relationship
between, on the one hand, either the daily consumption of
CM and CM-based products or the daily consumption of
GUM and GUM-based products (including FOF) and, on
the other, the total daily intake of each of these eight
nutrients, using the Pearson correlation coefficient. Statis-
tical analysis was performed with the software Number
Cruncher Statistical System version 2000 for Windows.

Results

Group CM

Mean age of the sixty-three children included in Group
CM was 606 (sp 13) d (19-9 (sp 0-4) months). Their diet
was characterized by (Tables 1 and 2): () a protein intake
well above the French RDA®; (ii) a low lipid intake;
(i) intakes under the lower limit of the French AI for
linoleic acid and a-linolenic acid, and under the RDA for
Fe, Zn, vitamin C, alimentary vitamin D and vitamin E.
The large variations in energy and nutrient intakes were
reflected in the large standard deviations and the values
for the first and third quartiles (Table 1 and Fig. 2). These
variations were associated primarily with the consumption
of foods other than milk and dairy products (Table 3).
A high proportion of these children consumed less than the
lower limit of the Al for linoleic acid (51 %) and a-linolenic
acid (84 %). Their daily intake was less than the EAR for Fe
(599%), Zn (56 %), alimentary vitamin D (100 %), vitamin E
(94 %) and vitamin C (49 %; Table 2). Whereas CM and CM-
based products represented 43 % by weight of their total
food consumption and 35% of their daily energy intake,
they represented 45 % of their daily intake of protein, 21%
of Na, 17% of linoleic acid, 25% of a-linolenic acid, 11 %
of Fe, 46% of Zn, 8% of vitamin C, 16% of vitamin E and
24% of alimentary vitamin D (Table 3). This population
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Table 1 Energy and nutrient daily intake distributions of French children aged 12-24 months consuming either CM or GUM

Energy or nutrient Al* or RDAt Group Mean SE t Test SD First quartile 95% ClI Third quartile 95% ClI
Mass of food ingested (g) CMt 1212 39 308 1020 882, 1085 1340 1240, 1537
GUM§ 1204 32 240 1054 943, 1104 1337 1261, 1466
TEI (kJ) CM 4027 142 1125 3324 2906, 3468 4652 4234, 5421
GUM 4052 79 584 3548 3399, 3697 4426 4270, 4605
Protein (g) 35-9*2 CM 41-6 1-4 P<0-001 10-9 33-3 31-2, 36-1 471 445, 54-5
GUM 35-5 1-0 7-3 30-0 27-4, 320 397 37-1, 42-9
Lipids (g) 45-1%P CM 34-2 1-7 13-6 24-6 18-6, 27-6 40-8 37-4, 49-8
GUM 37-0 1-0 71 31-5 27-2, 342 39-9 367, 44-2
Carbohydrate (g) 131-6*° CM 123 4-3 342 101 89, 107 141 132, 169
GUM 125 29 215 112 101, 117 137 131, 143
Linoleic acid (g) 2-13+4 CM 2-38 0-17 P <0-001 1-38 1-58 1-08, 1-79 2-79 2-48, 3-71
GUM 3-80 0-14 1-03 3:07 2-31, 3-36 4-49 4-08, 5-09
a-Linolenic acid (g) 0-43*° CM 0-33 0-03 P<0-001 0-20 0-19 0-17, 0-24 0-38 0-33, 0-45
GUM 0-51 0-02 0-13 0-42 0-35, 0-47 0-58 0-55, 0-63
Vitamin B4 (mg) 0-4t CM 0-76 0-03 0-24 0-59 0-51, 0-64 0-91 0-84, 1-02
GUM 0-89 0-04 0-30 0-66 0-57, 0-76 1-03 0-95, 1-31
Vitamin B, (mg) 0-8t CM 1-48 0-07 0-52 112 0-97, 1-28 1-71 1-49, 2-04
GUM 1-44 0-05 0-35 1-22 1-04, 1-28 1-65 1-52, 1-93
Vitamin B3 (niacin) (mg) 6t CM 6-23 0-31 P<0-001 2-44 4-65 4-16, 4-98 6-91 6-56, 8-8
GUM 9-16 0-54 3-99 6-12 4-53, 6-94 12:19 10-3, 129
Vitamin Bs (mg) 2-5t CM 3-27 0-14 112 2-53 2-09, 2:77 3-97 3-38, 4-73
GUM 3-11 0-13 0-98 2:32 1-93, 258 371 3-39, 4-28
Vitamin Bg (mg) 0-6t CM 0-91 0-04 P<0-001 0-32 0-67 0-57, 0-78 1-07 0-97, 1-21
GUM 1-21 0-06 0-43 0-81 0-70, 0-94 1-52 1-31, 1-69
Vitamin By (.9) 100t CM 126 6-2 P <0-001 48-8 88-4 74, 98 155 140, 180
GUM 162 6-8 50-6 123 98, 139 184 176, 231
Vitamin B2 (.g) 0-8t CM 3-24 0-51 4-03 2-:00 1-64, 2:13 3-12 2-83, 3:72
GUM 2-58 0-23 1-73 1-88 1-58, 1-98 2-84 2-53, 3-43
Retinol (ng) 400t CM 392 121 961 139 117, 154 283 245, 384
GUM 476 35 261 358 323, 380 502 487, 553
Carotenoids as (-carotene activity (j.g) - CM 2377 249 P<0-001 1977 819 486, 1109 3412 2778, 5003
GUM 3858 344 2552 1925 975, 2521 5046 4262, 6643
Total vitamin A (j.g retinol equivalents) 400t CM 788 131 P<0-001 1042 353 241, 420 895 665, 1128
GUM 1119 75 558 773 542, 858 1363 1151, 1697
Vitamin C (mg) 60t CM 52 37 P<0-001 29-2 295 24, 33 69-3 59-0, 81-2
GUM 82 41 30-5 58-0 50, 66 98-0 86-3, 117
Alimentary vitamin D (ng) 10t CM 0-78 0-09 P<0-001 0-69 0-32 0-22, 0-47 0-96 0-83, 1-36
GUM 6-77 0-28 2-11 5-12 4-64, 5-31 7-76 6-88, 9-25
Vitamin E (mg) 6t CM 2:75 0-14 P<0-001 1-08 1-75 1-58, 2-17 3-56 3-11, 4-23
GUM 6-17 0-22 1-63 4.74 4-52, 5-05 7-02 66, 7-99
P (mg) 360" CM 779 30 P<0-01 238 614 565, 652 871 792, 1115
GUM 667 19 139-0 587 527, 603 738 681, 780
Ca (mg) 500t CM 800 36 283 614 538, 670 962 834, 1039
GUM 755 19 142 644 599, 703 826 781, 897
Mg (mg) 80t CcM 144 56 P<0-001 45 112 101, 122 167 150, 196
GUM 112 41 30 94 83, 101 124 114, 152
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Table 1 Continued

Energy or nutrient Al* or RDAt Group Mean SE t Test SD First quartile 95% ClI Third quartile 95% CI
Na (mg) 920* CM 1156 51 408 827 680, 961 1423 1238, 1602
GUM 1023 44 327 809 690, 850 1146 1078, 1293
Fe (mg) 7t CM 5-19 0-25 P<0-001 1-96 3-65 3-05, 4-38 6-43 5-88, 7-47
GUM 9-37 0-31 2:33 7-69 7-04, 8-23 10-44 9-74, 11-93
Zn (mg) 6t CM 4-58 0-28 P<0-001 2:19 312 2-55, 3:55 5-32 4-81, 7-00
GUM 6-35 0-42 3-08 4-16 3-69, 4-62 7-40 6-06, 10-16

CM, cows’ milk; GUM, growing-up milk; TEI, total energy intake.

315% of TEI; ®40% of TEI; °55% of TEI; %lower limit of Al: 2% of TEI; ®lower limit of Al: 0-4% of TEI (from Beaufrére et al.).

*Al: Adequate Intake (from Beaufrére et al.¥).
+RDA: French Recommended Daily Allowance (from Beaufrére et al.V).

$Group CM: children aged 12—24 months who received a daily intake of CM of at least 250 ml and who did not receive GUM or follow-on formula (FOF) or dairy products based on GUM or FOF (n 63).
§Group GUM: children aged 12—24 months who received a daily intake of GUM of at least 250 ml (n 55).

Table 2 Percentage of individuals whose daily intakes were less than the Al or less than 0-77 of the RDA among French children aged 12-24 months consuming either CM or GUM

Nutrient Linoleic acid  «-Linolenic acid Fe Zn Retinol Vitamin C  Vitamin D Vitamin E
Al or RDA* 2:134gl 0-43g9 7mg 6mg 400 pg 60 mg 10 g 6mg
Threshold for a possible daily intake insufficiencyt 2-13g 0-43¢g 5-4mg 4-6mg 308 pg 46 mg 7-7ng 4-6mg
Group CM (n 63)t

No. of children with intake under the threshold for dietary inadequacy 32 53 37 35 51 31 63 59

Proportion (%) 51 84 59 56 81 50 100 94

95% ClI 38, 63 75, 93 47, 71 43, 68 71, 91 37, 62 100, 100 88, 100
Group GUM (n 55)§

No. of children with intake under the threshold for dietary inadequacy 2 14 0 18 2 6 41 8

Proportion (%) 4 26 0 33 4 11 75 15

95% ClI 0,9 14, 37 0,0 20, 45 0,9 3,19 63, 86 5,24
Probability of a significant difference, within the two groups, in the proportion Z=56 Z=6'4 Z=6-8 Z=24 Z=84 Z=45 Z=4-2 Z=87

of children with a risk of dietary inadequacy (P < 0-05)

P <0-001 P <0-001 P<0-001 P<0-02 P<0-001 P<0-001 P<0-001 P<O0-001

CM, cows’ milk; GUM, growing-up milk.

*Al or RDA: Adequate Intake calculated as the recommended contribution of the nutrient to total energy intake or Recommended Daily Allowance (from Beaufrére et al.).

tAl or 77% of the French RDA.

tGroup CM: children aged 12—24 months who received a daily intake of CM of at least 250 ml and who did not receive GUM or follow-on formula (FOF) or dairy products based on GUM or FOF (n 63).

§Group GUM: children aged 12-24 months who received a daily intake of GUM of at least 250 ml (n 55).

lILower limit of Al: 2% of observed total energy intake.
YLower limit of Al: 0-4% of observed total energy intake.
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Fig. 2 Effects of daily variation of milk product intake on nutritional daily intake of eight nutrients of interest (iron, protein, linoleic
acid, a-linolenic acid, retinol, vitamin C, vitamin E, alimentary vitamin D) among French children aged 12-24 months. @, Daily
nutritional intake as a function of milk consumption by sixty-three children who received at least 250 ml of cows’ milk (CM) daily, and
no growing-up milk (GUM) or follow-on formula (FOF), or dairy products based on GUM or FOF (Group CM); @, daily nutritional
intake as a function of milk consumption by fifty-five children who received at least 250 ml of GUM daily (Group GUM)
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Table 3 Contribution of various food groups to daily nutritional intake among French children aged 12—24 months consuming either CM or GUM

Mass of food Total energy Protein Lipids Carbohydrates Linoleic a-Linolenic Retinol
ingested (g) intake (kJ) (9 (9) (9) acid (9) acid (9) ()
Mean SE Mean SE Mean SE Mean  sE Mean SE Mean SE Mean SE Mean SE
Current foods
Milk
Group CM* 360 23-9 708 48-2 116 0-8 64 05 16-3 1-1 0-23 0-08 004 0-00 795 77
Group GUM* 26 9-9 50 18-8 0-8 0-3 04 02 1-2 0-5 0-01 000 000 0-00 51 2:0
Other dairy products
Group CM 156 13-9 681 54-5 7-0 0-6 56 06 210 19 0-177 0-02 0-04 0-00 57-2 6-9
Group GUM 119 9:4 590 46-6 66 0-5 60 05 153 15 0-16 0-02 005 0-00 62-3 5-2
Meat, fish and eggs
Group CM 31 2-8 256 24-3 7-2 0-7 32 03 0-9 0-2 0-30 004 003 000 1754 1215
Group GUM 22 31 187 26-6 5-2 0-7 25 04 0-4 0-2 0-19 003 002 0-00 42-9 34-4
Other foods
Group CM 575 32:5 1959 1357 139 1-0 151 1-4 693 4-6 1-24 013 017 0-02 3354 374
Group GUM 436 27-6 1250 86-9 9-3 0-8 96 08 446 29 0-84 009 011 0-01 4414 61-4
Vegetable fats
Group CM 1-3 0-3 451 11-6 0-01 0-00 12 03 0-002 0-00 0-2 0-05 002 0-00 1-6 0-9
Group GUM 0-9 0-3 30-8 11-3 0-01 0-00 0-8 03 0-002 0-00 0-1 0-05 0-01 0-00 0-5 0-3
Foods specially for young children
GUM and GUM/FOF-based dairy products
Group CM 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 -
Group GUM 385 18 1139 44 9-0 0-3 111 04 333 16 194 009 027 002 2884 131
Meat and fish
Group CM 19 6 55 17 0-6 0-2 0-4 01 1-8 0-6 0-07 0-03 0-01 0-00 0-4 0-1
Group GUM 70 12 202 35 19 0-3 15 0-3 6-8 1-2 0-31  0-07 003 0-01 17 0-4
Other ‘baby foods’
Group CM 68 13 284 45 14 0-2 10 02 134 2:2 0-16 0-04 0-:02 0-01 77 2:4
Group GUM 143 19 548 63 2.7 0-3 21 03 255 2-8 020 0-04 003 0-01 26-5 57
Vitamin C (mg) Alimentary vitamin D (mg) Vitamin E (mg) Ca (mg) Mg (mg) Zn (mg) Na (mg) Fe (mg)
Mean SE Mean SE Mean SE Mean s Mean st Mean s Mean s Mean sE
Current foods
Milk
Group CM 3-6 0-3 0-02 0-01 0-27 0-02 400 28 42-8 28 14 01 170 12 0-22 0-04
Group GUM 0-3 0-1 0-00 0-00 0-02 0-01 29 11 31 12 01 0-00 13 5:0 0-01 0-00
Other dairy products
Group CM 0-4 0-0 0-17 0-02 0-16 0-02 182 17 170 15 05 0-1 71 7 0-35 0-04
Group GUM 0-3 0-0 0-16 0-01 0-17 0-01 135 11 1244 11 05 000 50 4 0-30 0-06
Meat, fish and eggs
Group CM 0-2 0-2 0-15 0-06 0-10 0-02 59 09 88 09 08 02 62 7 0-61 0-09
Group GUM 0-1 0-1 0-16 0-06 0-07 0-02 35 10 6:3 09 05 01 36 6 0-39 0-07
Other foods
Group CM 34-6 31 0-26 0-03 1-46 0-12 188 15 669 45 1.8 02 774 56 3:07 0-22
Group GUM 274 27 0-20 0-03 1-10 0-11 143 13 497 39 13 01 588 54 2-14 0-19
Vegetable fats
Group CM 0 - 0-02 0-01 0-21 0-05 0.1 002 00 00 O - 04 02 O -
Group GUM 0 - 0-02 0-01 0-13 0-04 0-1 004 00 00 O - 06 04 O -
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consumed few non-dairy manufactured foodstuffs specifi-
cally designed for children aged 1-3 years, which con-
tributed minimally (less than 10%) to their total nutritional
intake, except for Fe (18 %), vitamin A (16%), alimentary
vitamin D (19%), vitamin E (19%) and vitamin C (25 %;
Table 3). There was a significant relationship between the
daily consumption of CM and CM-based products and daily
protein intake (P<0-001). No relationship was found
between the daily consumption of CM and CM-based
products and linoleic acid, a-linolenic acid, Fe, retinol,
vitamin C, alimentary vitamin D or vitamin E (Fig. 2).

Group GUM

Mean age of the fifty-five children included in Group GUM
was significantly lower than that of Group CM at 534 (sp 15)
d (17-5 (sp 0-5) months; P= 0-003). Their diet did not differ
significantly from that of Group CM in terms of the total
mass of food, energy, carbohydrates, lipids, Na, Ca, P and
Mg (Table 1. Their diet was also characterized by a high
protein intake, 35-5 (sp 7-3) g/d, of which an average of
5-2 g was in the form of ‘current foods’ (meat, eggs and fish)
and 16-4 g in the form of milk products, which was never-
theless lower than that of Group CM (Table 3). Their lipid
intake was low. Their intakes of EFA, Fe, Zn, vitamins Bs,
Bg, Bo, C and E, total vitamin A, alimentary vitamin D and
[B-carotene were significantly higher (2<<0-001) than those
of group CM (Table 1). Their consumption of GUM and
GUM/FOF-based milk products represented 27% of their
total daily intake of protein, 51 % of linoleic acid, 52% of
a-linolenic acid, 96 % of Fe, 85% of Zn, 26 % of total vitamin
A, 74% of retinol, 35% of vitamin C, 58% of vitamin E and
85% of alimentary vitamin D. The contribution of non-dairy
manufactured foodstuffs specifically designed for children
aged 1-3 years to their total nutritional intake was minimal
(Iess than 10%), except for linoleic acid (13%), a-linolenic
acid (129%), Fe (17 %), total vitamin A (24 %), vitamin E (17 %)
and vitamin C (31 %; Table 3). As in Group CM, the variations
in their energy and nutrient intakes were pronounced, par-
ticularly for non-dairy products (Table 3 and Fig. 2). Com-
pared with Group CM, a far smaller percentage of children in
this group had a daily intake of a-linoleic acid below the
lower limit of the AI (26%) or a daily intake less than the EAR
for Zn (33 %), vitamin C (11 %), alimentary vitamin D (75 %)
and vitamin E (15%; Table 2). There was a significant rela-
tionship between their daily consumption of GUM and their
daily intake of Fe (P<<0-001), linoleic acid and a-linolenic
acid (P<<0-001), vitamin E (P<<0-001), vitamin C (P<<0-05)
and alimentary vitamin D (P<<0-02; Fig. 2). No relationship
was found between the daily consumption of GUM and
protein or retinol intake.

Discussion

Based on the expected effects of the composition of CM
and GUM, it is commonly believed that feeding a young
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child with CM can lead to a high protein intake and a
deficient intake of linoleic and a-linolenic acids, Fe, Zn
and most vitamins. This analysis is not supported by
convincing research data arising from plasma measure-
ments of nutrients of interest, with the notable exceptions
of Fe® and vitamin D“'”. Energy and macronutrient
consumption was identical in the two groups in the
present study with the exception of protein, for which the
consumption was higher in Group CM, cows’ milk being
one possible but not exclusive causative factor. The main
nutritional differences between the two groups con-
cerned EFA, some trace elements and vitamins. In Group
CM, consumption of EFA, Fe, Zn, vitamin C, alimentary
vitamin D and vitamin E was below the French RDA or Al
As expected, given compositional differences between
CM and GUM, consumption of these nutrients was higher
in Group GUM and adequate as compared with the RDA
or Al, except for alimentary vitamin D. Before concluding
that these dietary inadequacies are attributable to the use
of CM, it is also important to consider the role of the
consumption of foods other than milk and dairy products.
Our study shows that those foods represent a daily intake
at least equivalent in protein and higher in EFA, Fe, Zn
and many vitamins than that of a diet consisting solely of
CM, and that their consumption is not sufficient to reach
Al and RDA for the nutrients under consideration (Table 3).
A food consumption survey performed in the USA in 2001
concerning 998 children aged 1-2 years reached similar
conclusions. Eighty-five per cent of the study population
was fed CM and 15 % was fed formula. A high percentage of
these children had intakes of protein, Zn and vitamin A
above the RDA, and low intakes of fat, Fe and vitamin E*.
These results and the results from the present study do not
allow us to conclude that the health of these infants is at risk
because of a dietary insufficiency in one or more nutrients.
For any individual, an intake less than the EAR (or the lower
limit of the AI for EFA) does not mean per se that that
individual is effectively lacking input, especially because
there are great variations in individual needs and in different
food items.

Reports from food consumption surveys have well-
known limitations: lack of homogeneity among the study
populations, approximate reporting of dietary intakes,
imprecision in food composition tables, and failure to take
into account the bioavailability of nutrients in relation to diet
and physiological status**. Long-term epidemiological
studies with recurrent blood sampling would be the gold
standard but are very hard to deal with due to ethical
considerations, high financial burden and the large number
of children lost to follow-up. Paediatric EAR and RDA are
not generally supported by indisputable data, whether
expressed in relation to the nutritional qualities of breast
milk or evaluated by factorial methods with biomarkers or
by extrapolation from defined adult dietary needs secon-
darily adapted to the height and weight of children'?.
At the present time, Fe and vitamin D are the only nutrients
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for which the determination of requirements is based on
reliable data. For EFA, Zn and vitamins C and E, it is not
possible to infer that diets really constitute a risk for defi-
ciencies in these nutrients, given our very poor knowledge
of children’s actual needs 1. Taking into account the
above-mentioned methodological drawbacks™”*®, the only
nutrients for which there is nowadays a higher risk of
deficiency in relation to the consumption of CM are
a-linolenic acid, Fe, vitamin C and vitamin D.

The increased risk of dietary insufficiency in several
nutrients in a population of children aged 1-2 years fed
CM is the main scientific justification for proposing
modifications to their diet. These may include changing
the intake of foods other than milk and dairy products,
suggesting nutritional supplements, or recommending
specific milk products, i.e. GUM. The modification of
children’s diets with respect to non-milk foods can be
effective. The correction of an insufficiency in EFA by
increasing the consumption of vegetable oils, corn,
rapeseed or soya (3-5g/d) is more strongly indicated in
these young children whose total lipid intake is less than
35% of total energy intake. An increased consumption of
cereals, vegetables and fresh fruit (particularly citrus
fruits) should correct any dietary insufficiency in vitamins,
especially vitamin C. Conversely, correction of the dietary
insufficiency in Fe by the increased consumption of meat
products is not appropriate because it represents an
additional daily protein intake of 10 g, leading to a very
high total protein intake. The Committee on Nutrition of
the European Society for Paediatric Gastroenterology,
Hepatology and Nutrition (ESPGHAN) also emphasized
that the only nutrients whose needs cannot be met by
non-milk foods are Fe and vitamin D% Dietary sup-
plements, which are very much in use in the USA, even
in young children®”, can contribute to the correction of
the insufficiencies observed in the paediatric population.
In France, their use in young children, which seems to be
increasing, is discouraged by most health professionals
because they can lead to excessive micronutrient
intake®”, the consequences of which are unknown.
GUM have now been available for about 20 years, their
alleged purpose being to avoid the nutritional imbalance
that may arise from giving children CM after 10-12 months
of age. The present study confirms that the protein intake
was lower in children fed GUM than in children fed CM,
partly because the protein content of GUM is lower than
that of CM, but predominantly because children in Group
CM were fed more non-milk foods rich in protein. The
present study also indicates that GUM plays a beneficial
role by improving the intake of EFA, Fe and vitamins C and
D in these children. The ingestion of at least 250 ml GUM/d
supplies the RDA levels of the nutrients of interest, notably
a-linolenic acid and Fe, for the majority of children, with
the exception of vitamin D.

There is no nutritional risk at the levels of use normally
recommended for GUM (250-500 ml/d). Devaney et al. have
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stressed the risk in this population of an excessive intake
of Zn and vitamin A", We saw no evidence of this with
respect to Zn in either of our two study groups. However,
Allen has reported that an excessive intake of Zn is very
difficult to prove, given the lack of knowledge about the
risk threshold for this micronutrient'®. In our study,
vitamin A intake exceeding the upper recommended limit
for infants aged 1-3 years (600 or 800 pg/d depending on
the reference source)*?? was observed in infants in
Group GUM, but also in Group CM. Such an elevated
intake cannot be explained by the retinol content of
GUM. It seems to be associated, in a few cases, with an
unusual intake of retinol (two children in the study dis-
played a very high intake of retinol, nearly 3000 wg/d,
associated with the consumption of calf’s liver during the
3d study period) and above all carotenoids in non-milk
foods. The same question can also be raised with respect
to linoleic acid, Fe and vitamins By, Bs, and C, the intake
of which was also elevated in several children. Carriquiry
and Allen have demonstrated that this discussion about
the excessive intake of most nutrients is at present fruit-
less because we lack knowledge of the risk thresholds, there
are methodological uncertainties, and food consumption
surveys report information derived from disciplined, regular
meals, rather than from day-to-day life®®'?.

Conclusion

The results of the present study confirm that the daily
consumption of =250ml CM by young children aged
1-2 years partly increases the risk of a high protein intake
and significantly increases the risk of an insufficient
intake of nutrients of paramount importance, namely
a-linolenic acid iron, vitamin C and vitamin D. The daily
use of =250 ml GUM as a substitute for CM can prevent
these nutritional risks, except for vitamin D. Randomized
clinical trials comparing plasma levels of Fe, vitamin C,
vitamin D and a-linolenic acid in young children fed CM
or GUM are needed.

Acknowledgements

The present study received no financial support from any
baby food company or from the French Association of
Baby Food Industries or any other public or private
support. The declaration of interests of the authors is as
follows: J.G., none; M.F., Lactalis (funding for the research
unit of CREABio); D.T., Danone (funding for the uni-
versity research lab), Mead Johnson, Nestlé, United
Pharmaceuticals (refund for travel expenses or congress
expenses); G.P.d.C., none; M.V., none. Author contribu-
tions: J.G. wrote the largest part of the paper and per-
formed data analyses; M.F. organized the logistics of the
study, reviewed data questionnaires and performed data
analyses; D.T. and M.V. performed critical revision of the

https://doi.org/10.1017/51368980012002893 Published online by Cambridge University Press

533

paper for important intellectual content; G.P.d.C. assisted
with interpretation of data.

References

1. Council of Europe (2009) Directive 2009/39/EC of the
European Parliament and of the Council of 6 May 2009 on
foodstuffs intended for particular nutritional uses. Official
Journal of the European Union 20.5.2009, L124/21-1124/
29; available at http://www fsai.ie/uploadedFiles/Dir2009_
39.pdf

2. Fantino M & Gourmet E (2008) Nutrient intakes in 2005 by
non breast-fed French children of less than 36 months.
Arch Pediatr 15, 446—455.

3. SU.VLMAX (2006) Food composition table. http://www.
lavoisier.fr/notice/fr281783.html (accessed December 2011).

4. Beaufrere B, Briend A, Ghisolfi J et al. (2001) Nutrition
Committee of the French Society of Paediatrics. Recom-
mended dietary allowances for infants, children and
adolescents. In Recommended Dietary Allowances for the
French Population, 3rd ed., pp. 255-291 [A Martin, editor].
Paris: Editions TEC et DOC.

5. Agence Francaise de Sécurité Sanitaire des Aliments (2004)
Specification for the selection of a Nutrient—Vector Food
Pair. http://www.afssa.fr/Documents/NUT-Ra-Alimentsvecteurs.
pdf (accessed December 2011).

6. Carriquiry AL (1999) Assessing the prevalence of nutrient
adequacy. Public Health Nutr 2, 23-33.

7. De Lauzon B, Volatier JL, Martin A et al. (2004) A Monte
Carlo simulation to validate the EAR cut-point method for
assessing the prevalence of nutrient inadequacy at the
population level. Public Health Nutr 7, 893-899.

8. Male C, Persson LA, Freeman V et al. (2001) Prevalence of
iron deficiency in 12-mo-old infants from 11 European
areas and influence of dietary factors on iron status (Euro-
growth study). Acta Paediatr 90, 492—498.

9. Gordon CM, Feldman HA, Sinclair L et al. (2008)
Prevalence of vitamin D deficiency among healthy infants
and toddlers. Arch Pediatr Adolesc Med 162, 505-512.

10. Misra M, Pacaud D, Petryk A et al. (2008) Vitamin D
deficiency in children and its management: review of
current knowledge and recommendations. Pediatrics 122,
398-417.

11. Devaney B, Ziegler P, Pac S et al. (2004) Nutrient intakes of
infants and toddlers. J Am Diet Assoc 104, Suppl. 1,
S14-S121.

12.  Bender DA (2003) Do we really know vitamin and mineral
requirements for infants and children? / R Soc Health
Promot 123, 154-158.

13. Allen LH (2006) Setting dietary reference intakes for
children. In Dietary Reference Intakes Research Synthesis.
Symposium  Food and Nutrition Board, pp. 95-105.
Washington, DC: The National Academies Press.

14. Aggett PJ, Bresson JL, Haschke F et al. (1997) Recom-
mended nutrient allowances (RDAs), recommended
dietary intakes (RDIs), recommended nutrient intakes
(RNIs) and population reference intakes (PRIs) are not
‘recommended intakes'. J Pediatr Gastroenterol Nutr 25,
236-241.

15. Krebs NF (2006) The use of zinc stable isotopes to
inform the dietary reference intake process for infants
and children. In Dietary Reference Intakes Research
Synthesis.  Symposium  Food and Nutrition Board,
pp. 105-112. Washington, DC: The National Academies
Press.

16. Azais-Braesco V, Bruckert E, Durier P ef al. (2001) Vitamin
E. In Recommended Dietary Allowances for the French
Population, 3rd ed., pp. 236-243 [A Martin, editor]. Paris:
Editions TEC et DOC.


https://doi.org/10.1017/S1368980012002893

534

17.

18.

19.

20.

Carriquiry AL & Camano-Garcia G (2006) Evaluation of
dietary intake data using the tolerable upper intake levels.
J Nutr 136, issue 2, 507S-513S.

Institute of Medicine (2000) Dietary Reference Intakes:
Applications in Dietary Assessment. Washington, DC: The
National Academies Press.

Agostoni C, Decsi T, Fewtrell M et al. (2008) Complemen-
tary feeding: a commentary by the EPSGHAN Committee
on Nutrition. J Pediatr Gastroenterol Nutr 46, 99-110.
Briefel R, Hanson C, Fox MF et al. (2006) Feeding
infants and toddlers study: do vitamin and mineral
supplements contribute to nutrient adequacy or excess

https://doi.org/10.1017/51368980012002893 Published online by Cambridge University Press

21.

22.

J Ghisolfi et al.

among US infants and toddlers? J Am Diet Assoc 106,
Suppl. 1, $52-S65.

Food and Nutrition Board, Institute of Medicine (2002)
Dietary Reference Intakes for Vitamin A, Vitamin K,
Arsenic, Boron, Chromium, Copper, Iodine, Iron, Manga-
nese, Molybdenum, Nickel, Silicon, Vanadium and Zinc.
Washington DC: The National Academies Press.

Scientific Committee on Food (2002) Opinion of the Scientific
Committee on Food on the tolerable upper intake level of
preformed vitamin A (retinol and retinyl esters). http://ec.
europa.eu/food/fs/sc/sct/outl45_en.pdf (accessed December
201D).


https://doi.org/10.1017/S1368980012002893

