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Abstract 11 

Following a request from the European Commission, the EFSA Panel on Dietetic Products, Nutrition 12 
and Allergies (NDA) was asked to deliver a scientific opinion on the safety and suitability for use by 13 
infants of follow-on formulae (FOF) based on cow's milk intact protein with a protein content of at 14 
least 1.6 g/100 kcal (rounded value) that meet otherwise the requirements of relevant EU legislation. 15 
If the formula under evaluation is considered to be safe and suitable for use by infants, the NDA Panel 16 
is also asked to advise on whether FOF based on goat’s milk intact protein, soy protein isolates or 17 
protein hydrolysates are also safe and suitable for infants under the same conditions. The Panel 18 
concludes that the use of FOF with a protein content of at least 1.6 g/100 kcal from either intact cow’s 19 
milk protein or intact goat’s milk protein otherwise complying with the requirements of relevant EU 20 
legislation is safe and suitable for infants living in Europe with access to complementary foods of a 21 
sufficient quality. This conclusion does not apply to IF. The Panel also concludes that the safety and 22 
suitability of FOF with a protein content of at least 1.6 g/100 kcal manufactured from either protein 23 
hydrolysates or soy protein isolates cannot be established with the available data. The same 24 
conclusion applies to IF. The NDA Panel endorsed this draft scientific opinion on 14 December 2016 25 
for public consultation, to which stakeholders are encouraged to contribute. The document will be 26 
revised and updated according to the comments received, where appropriate. 27 
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Summary 59 

Following a request from the European Commission, the EFSA Panel on Dietetic Products, Nutrition 60 
and Allergies (NDA) was asked to deliver a scientific opinion on the safety and suitability for use by 61 
infants of follow-on formulae (FOF) based on cow's milk intact protein with a protein content of at 62 
least 1.6 g/100 kcal (rounded value) that meet otherwise the requirements of relevant EU legislation. 63 
If the formula under evaluation is considered to be safe and suitable for use by infants, the NDA Panel 64 
is also asked to advise on whether FOF based on goat’s milk intact protein, soy protein isolates or 65 
protein hydrolysates are also safe and suitable for infants under the same conditions. 66 

For the scientific assessment, the NDA Panel considered: a) the dietary protein requirements of 67 
infants in the second half of the first year of life, b) the protein content of breast milk during the first 68 
year of lactation, c) dietary protein intake of infants in Europe from breast milk, formula and 69 
complementary food (CF), d) the overall contribution that a FOF with a protein content of 1.6 g/100 70 
kcal could make towards protein requirements in the target population, assuming access to CF of a 71 
sufficient quality, following established feeding guidelines in Europe (e.g. from Member States), and e) 72 
the application submitted by the food business operator, including two intervention studies in healthy 73 
term infants.  74 

The Panel notes that: 75 

a) Population Reference Intakes (PRIs) of 10 g protein per day for girls and 11 g protein per day 76 
for boys aged 6 months and a PRI of 11 g protein per day for girls and 12 g protein per day 77 
for boys aged 12 months have been established,  78 
 79 

b) The mean content of true protein in breast milk by the end of the third month of lactation 80 
ranges between 1.3 and 1.6 g/100kcal, tends to decrease thereafter to about 1.1-1.4 81 
g/100kcal by the end of the fourth month, and tends to remain fairly stable thereafter, 82 
 83 

c) The P5th and P2.5th of total protein intake in non-breastfed infants aged 6 to 12 months living 84 
in Europe was around or above the PRI for protein for that age group in all the studies and 85 
surveys available, 86 
 87 

d) The P5th and P2.5th of total protein intake resulting from the consumption of FOF with a 88 
protein content of 1.6 g/100kcal would remain at about or above the PRI for protein for 89 
infants aged 6 to 12 months who are not breastfed, and 90 
 91 

e) The two randomised, double-blind, controlled intervention studies provided by the applicant 92 
showed no differences in growth patterns between healthy term infants who consumed 93 
formulae with protein contents of 1.61 g/100 kcal and 1.65 g/100 kcal from three months of 94 
age onwards and infants who consumed formulae with protein contents of 2.15 g/100 kcal 95 
and 2.70 g/100 kcal, respectively. The control formula used in these studies contained 0.35 96 
g/100 kcal (US study) and 0.90 g/100 kcal (Chile study) more protein than the current 97 
minimum requirement for protein content of a FOF (1.8 g/100 kcal). 98 

The Panel also notes that the studies submitted were not specifically designed to meet the regulatory 99 
definitions for either IF or FOF laid down in Regulation (EU) No 609/20131, and that the information 100 
provided in relation to the type and amount of CF was not sufficient to calculate total energy and 101 
protein intake, nor the relative contribution of formulae and CF to total energy and protein intake. 102 
Therefore, the Panel considers that these studies do not provide, on their own, sufficient information 103 
to conclude on the safety and suitability of a FOF with a protein content of 1.6 g protein/100kcal. 104 

The Panel notes, however, that:  105 

                                                           
1  Regulation (EU) No 609/2013 of the European Parliament and of the Council of 12 June 2013 on food intended for infants 

and young children, food for special medical purposes, and total diet replacement for weight control and repealing Council 
Directive 92/52/EEC, Commission Directives 96/8/EC, 1999/21/EC, 2006/125/EC and 2006/141/EC, Directive 2009/39/EC of 
the European Parliament and of the Council and Commission Regulations (EC) No 41/2009 and (EC) No 953/2009, OJ L 181, 
29.6.2013, p. 35–56 
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a) the protein content of human milk tends to decrease with feeding time to about 1.1-1.4 106 
g/100kcal by the end of the fourth month of lactation, remaining fairly stable thereafter,  107 

b) that P5th and P2.5th of protein intake from all sources (breast milk, formula and CF) in 108 
European infants between 6 and 12 months of age are at or above the PRI for protein for 109 
that age group.  110 

c) P5th and P2.5th of protein intake from all sources (formula and CF) in European infants 111 
between 6 and 12 months of age who are not breastfed would remain at or above the PRI 112 
for protein for that age group by assuming a protein content of 1.6 g/100kcal in all FOF.  113 

d) the two human intervention studies provided by the applicant did not show an adverse 114 
impact on growth resulting from the use of a formula containing about 1.6 g of 115 
protein/100kcal as compared to control formulae containing 2.15 or 2.70 g of protein/100 116 
kcal or the breastfed reference group. 117 

Therefore, the Panel concludes that the use of FOF with a protein content of at least 1.6 g/100 118 
kcal from intact cow’s milk protein otherwise complying with the requirements of relevant EU 119 
legislation is safe and suitable for infants living in Europe with access to complementary foods of 120 
a sufficient quality. This conclusion does not apply to IF.  121 

On the basis of: 122 

a) a previous evaluation by the Panel on the safety and suitability of goat’s milk protein as a 123 
source of protein in IF and FOF (EFSA NDA Panel, 2012b), and  124 

b) the Panel’s conclusions regarding the safety and suitability of FOF with a protein content of at 125 
least 1.6 g/100 kcal from intact cow’s milk protein otherwise complying with the 126 
requirements of relevant EU legislation,  127 

the Panel concludes that the use of FOF with a protein content of at least 1.6 g/100 kcal from intact 128 
goat’s milk protein otherwise complying with the requirements of relevant EU legislation is safe and 129 
suitable for infants living in Europe with access to complementary foods of a sufficient quality. This 130 
conclusion does not apply to IF. 131 

The Panel considers, however, that the safety and suitability of each FOF (and IF) manufactured from 132 
protein hydrolysates have to be established by clinical evaluation in the target population (EFSA NDA 133 
Panel, 2014). The Panel also considers that, given the higher minimum protein requirements 134 
established for FOF (and IF) manufactured from soy protein isolates (i.e. 2.25 g/100 kcal) and the 135 
lack of data available on the use of FOF from soy protein isolates in the target population, additional 136 
studies are required to establish the safety and suitability of FOF manufactured from soy protein 137 
isolates with a protein content of at least 1.6 g/100 kcal. Therefore, the Panel concludes that the 138 
safety and suitability of FOF with a protein content of at least 1.6 g/100 kcal manufactured from either 139 
protein hydrolysates or soy protein isolates cannot be established with the available data. The same 140 
conclusion applies to IF. 141 

  142 
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1. Introduction  183 

 Background and Terms of Reference as provided by the European 1.1.184 

Commission 185 

1.1.1. Background 186 

Commission Directive 2006/141/EC2 lays down requirements for infant formulae and follow-on 187 
formulae placed on the market in the EU. Among others, it establishes that follow-on formula 188 
manufactured from cows' milk intact protein shall contain at least 1.8 g protein/100 kcal (Annex II, 189 
point 2.1). 190 

Commission delegated Regulation (EU) 2016/1273 revises the rules of Commission Directive 191 
2006/141/EC and shall repeal and replace the Directive from 22 February 2020. Annex II, point 2.1 of 192 
the delegated Regulation maintains the minimum protein content of follow-on formula manufactured 193 
from cows' milk intact protein at 1.8 g/100 kcal.  194 

The Commission has received a request from a food business operator for placing on the market a 195 
follow-on formula based on cow's milk intact protein with a protein content of at least 1.61 g/100 kcal, 196 
which is below the permitted levels of Directive 2006/141/EC and delegated Regulation (EU) 197 
2016/127. In order to consider such request, the Commission needs to obtain the advice of the 198 
European Food Safety Authority and has asked the food business operator to send the scientific 199 
dossier to the Authority for assessment. 200 

1.1.2. Terms of Reference 201 

In accordance with Article 29 of Regulation (EC) No 178/20024, the European Commission requests 202 
the European Food Safety Authority to issue an opinion on the safety and suitability for use by infants 203 
of a follow-on formula based on cow's milk intact protein with a protein content of at least 1.61 g/100 204 
kcal. 205 

If the formula under evaluation is considered to be safe and suitable for use by infants, the European 206 
Food Safety Authority is asked to advise whether a level of at least 1.61 g protein/100 kcal would be 207 
applicable to all follow-on formulae. If this is not the case, the Authority is asked to advise on the 208 
specific criteria that need to be satisfied for the safety and suitability of such formulae to be 209 
demonstrated. 210 

 Interpretation of the Terms of Reference 1.2.211 

The Panel interprets the terms of reference provided by the European Commission in the context of 212 
the background information given and the application submitted. The Panel understands that the 213 
European Commission seeks advice on: 214 

(a) whether a follow-on formula (FOF) based on cow’s milk intact protein with a minimum protein 215 
content of 1.6 g/100 kcal (rounded value) is safe and suitable for infants provided that it meets 216 
otherwise the requirements5 of relevant EU legislation6, and if so 217 

(b) whether FOF based on goat’s milk intact protein, soy protein isolates or protein hydrolysates with 218 
a minimum protein content of 1.6 g/100 kcal (rounded value) are also safe and suitable for infants 219 
provided that they meet otherwise the requirements of relevant EU legislation. 220 

                                                           
2  Commission Directive 2006/141/EC of 22 December 2006 on infant formulae and follow-on formulae and amending Directive 

1999/21/EC, OJ L 401, 30.12.2006, p. 1 
3  Commission Delegated Regulation (EU) 2016/127 of 25 September 2015 supplementing Regulation (EU) No 609/2013 of the 

European Parliament and of the Council as regards the specific compositional and information requirements for infant formula 
and follow-on formula and as regards requirements on information relating to infant and young child feeding, OJ L 25, 
2.2.2016, p. 1 

4  Regulation (EC) No 178/2002 of the European Parliament and of the Council of 28 January 2002 laying down the general 
principles and requirements of food law, establishing the European Food Safety Authority and laying down procedures in 
matters of food safety, OJ L 31, 1.2.2002, p. 1 

5  Including the requirements with respect to the amino acid profile 
6  Directive 2006/141/EC to be replaced by delegated Regulation (EU) 2016/127 
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2. Data and Methodologies  221 

 Data 2.1.222 

EFSA was provided with a dossier related to a FOF based on cow’s milk intact protein containing a 223 
minimum of 1.61 g protein per 100 kcal but otherwise complying with the compositional criteria laid 224 
down in Directive 2006/141/EC. The dossier includes two intervention studies in infants, named “US 225 
study” (Hayes and Northington, 2014, unpublished study report #1; published as Ziegler et al., 2015), 226 
and “Chile study” (Yao, 2014, unpublished study report #2; published as Inostroza et al., 2014). The 227 
dossier was supplemented, upon request of EFSA, with additional information provided by the 228 
applicant on 28 June 2016 and on 29 September 2016. The intervention studies provided in the 229 
dossier were designed to assess the growth pattern of infants receiving a formula with standard 230 
protein content for the first three months of life and thereafter a formula with a protein content which 231 
is lower than currently authorised. These studies aimed to investigate whether lower protein content 232 
in formula to be fed from three to 12 months of age, in line with the decrease in the protein content 233 
of breast milk during that feeding period, would lead to growth rates closer to those of breast-fed 234 
infants, as compared to infants fed a “standard” formula. 235 

The Panel will also take into account in the current assessment its previous opinions on Dietary 236 
Reference Values for protein (EFSA NDA Panel, 2012a), on nutrient requirements and dietary intake of 237 
infants and young children in Europe (EFSA NDA Panel, 2013), and on the essential composition of IF 238 
and FOF (EFSA NDA Panel, 2014), as well as data on the protein content of breast milk. 239 

 Methodologies 2.2.240 

As outlined in the Panel’s previous opinion on the essential composition of IF and FOF (EFSA NDA 241 
Panel, 2014), the minimum amounts of nutrients in formulae, including protein, should be based on 242 
generally accepted scientific evidence. While for IF compositional requirements may be based on the 243 
energy and nutrient requirements of infants and on the results of intervention studies in the target 244 
population in which the formula is the only source of energy and nutrients, evidence for proposing 245 
compositional requirements for foods which are not the sole source of energy and nutrients, such as 246 
FOF, is less strong, as other foods contribute to nutrient and energy intake in variable amounts. In its 247 
previous opinion, when proposing compositional requirements for FOF, the Panel assumed that 248 
complementary food (CF) would compensate for the higher energy and nutrient requirements of older 249 
infants and for the lower formula intake during that period. This is based on the assumption that 250 
infants in the target population have access to CF of a sufficient quality, following established feeding 251 
guidelines in Europe (e.g. from Member States).  252 

For the present assessment of whether a FOF based on cow's milk intact protein with a protein 253 
content of at least 1.6 g/100 kcal (rounded value) is safe and suitable for infants provided that it 254 
meets otherwise the requirements7 of relevant EU legislation8, the Panel will consider: 255 

a) Dietary protein requirements of infants in the second half of the first year of life; 256 

b) Protein content in breast milk during the first year of lactation; 257 

c) Dietary protein intake of infants in Europe from breast milk, formula and CF; 258 

d) The overall contribution that a FOF with a protein content of 1.6 g/100 kcal could make 259 
towards protein requirements in the target population, assuming access to CF of a sufficient 260 
quality, following established feeding guidelines in Europe (e.g. from Member States);  261 

e) The application submitted by the food business operator, including two intervention studies in 262 
healthy term infants. 263 

The evaluation of the intervention studies provided by the food business operator will follow the 264 
general principles for the assessment of a modification of the composition of IFs or FOFs outside the 265 
established standards as laid down by the Scientific Committee on Food (SCF) (SCF, 2003). In 266 
addition, the recommendations for the assessment of the safety and suitability of formulae for term 267 

                                                           
7  Including the requirements with respect to the amino acid profile 
8  Directive 2006/141/EC to be replaced by delegated Regulation (EU) 2016/127 
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infants of the European Society for Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) 268 
(Aggett et al., 2001), of the Committee on the Evaluation of the Addition of Ingredients New to Infant 269 
Formula of the Food and Nutrition Board of the United States (US) Institute of Medicine (IoM, 2004) 270 
and of the American Academy of Pediatrics (AAP, 1988), will be taken into account. 271 

3. Assessment 272 

 Dietary protein requirements of infants in the second half of the 3.1.273 

first year of life 274 

Dietary protein is an essential component of the diet, supplying the body with nitrogen (N) and amino 275 
acids as well as other non-protein metabolically active nitrogenous substances. The protein 276 
requirement of infants and young children comprises two components, the maintenance requirement 277 
and the growth requirement (EFSA NDA Panel, 2012a). In its previous opinion, the Panel established 278 
an average maintenance requirement of 0.66 g protein/kg body weight per day (105 mg N/kg body 279 
weight per day) for infants and young children aged from 6 to < 36 months, which was derived from 280 
nitrogen balance studies in adults. The average protein requirement for growth was estimated from 281 
average daily rates of protein deposition calculated from studies on whole-body potassium deposition, 282 
and adjusted by an efficiency of utilisation of dietary protein for growth of 58 %. Together, these 283 
amounts constitute an AR, to which 1.96 standard deviations were added to derive a PRI. Thus, a PRI 284 
of 10 g protein per day for girls and 11 g protein per day for boys aged 6 months and a PRI of 11 g 285 
protein per day for girls and 12 g protein per day for boys aged 12 months were established. 286 

 Protein content of breast milk during the first year of lactation 3.2.287 

Estimating the true protein content of breast milk is challenging because of the non-protein nitrogen 288 
fraction contained in it. Total nitrogen in human milk represents both protein, about 75%, and non-289 
protein nitrogen, which is made up of urea (up to 50% of the non-protein nitrogen), amino acids and 290 
other nitrogenous compounds (SCF, 2003; WHO/FAO/UNU, 2007). The amount of nitrogen used by 291 
infants for protein synthesis is likely to include that from true protein, free amino acids and small 292 
peptides, and a proportion of urea nitrogen. Therefore, the amount of nitrogen in breast milk used for 293 
protein synthesis by infants is between the true protein content and the crude protein calculated from 294 
total nitrogen. 295 

A meta-analysis of 41 published studies reporting on pre-term (26 studies, 843 mothers) and term (30 296 
studies, 2299 mothers) breast milk composition is available (Gidrewicz and Fenton, 2014). Energy was 297 
estimated in 11 studies using bomb calorimetry, and in five studies by calculation using values for the 298 
energy contributions from fat, protein, and carbohydrate. Protein was estimated based on total 299 
nitrogen in 23 studies and as a true protein estimate in 15 studies. Data on mean energy and protein 300 
content of breast milk from mothers of term infants by week of lactation is shown in Table 1. 301 

  302 
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Table 1:  Mean energy and protein content of breast milk from mothers of term infants by week 303 
of lactation1 304 

 Mean energy (SD) 
(kcal/100mL) 

Mean protein (SD) (g/100mL) Mean protein (SD)  (g/100kcal) 

Time  Bomb 
calorimetry 

Calculated True 
protein 

Protein calculated 
from total 
nitrogen 

True protein Protein calculated 
from total nitrogen 

4-7 d 66 (9) 68 (10) 1.6 (0.3) 2.0 (0.5) 2.4 (0.5) 2.9 (0.7) -3.0 (0.8) 

2 wk 66 (9) - 1.3 (0.2) 1.8 (0.4) 2.0 (0.3) 2.7 (0.63) 

3-4 wk 66 (8) 70 (9) 1.1 (0.2) 1.5 (0.3) 1.6 (0.3) -1.7 (0.3) 2.1 (0.4) -2.3 (0.5) 

5-6 wk 63 (7) - 1.0 (0.1) 1.1 (0.2) 1.6 (0.2) 1.7 (0.3) 

7-9 wk 63 (7) 69 (10) 0.9 (0.1) 1.3 (0.2) 1.3-1.4 (0.2) 2.1 (0.3) 

10-12 wk 63 (8) 68 (9) 1.0 (0.1) 1.2 (0.2) 1.5-1.6 (0.2) 1.8 (0.3) -1.9 (0.3) 

1Adapted from Gidrewicz and Fenton (2014) 305 

The true protein content of breast milk gradually decreased from the first week of lactation, being 306 
about 1.0 g/100mL (corresponding to about 1.8-1.9 g/100kcal) by the third month. 307 

Table 2 shows the energy (calculated) and the interval from birth according to the true protein 308 
content of breast milk samples (n=2554) donated by 224 mothers of mostly term infants to a milk 309 
bank in Denmark (Michaelsen et al., 1990). The mean true protein content of all samples combined 310 
was 0.9 g/100mL. 311 

Table 2:  Time interval from birth according to the protein content of breast milk1 312 

True protein 
(g/100mL) 

Mean interval from 
birth (weeks) 

Mean (SD) energy 
(kcal/100mL) 

True protein 
(g/100kcal) 

No. of samples 

≥ 1.3 3-4 74.7 (9.8) ≥ 1.7 70 

1.1 – 1.29 6-7 71.4 (9.8) 1.5-1.8 193 

0.9 – 1.09 11-12 67.4 (9.8) 1.3-1.6 572 

0.7 – 0.89 15-16 64.6 (9.8) 1.1-1.4 800 

< 0.7 19-20 64.2 (9.3) < 1.1 108 

1Adapted from Michaelsen et al. (1990) 313 

The mean interval from birth gradually decreased with the increasing content of protein in breast milk. 314 
It was 3-4 weeks for samples containing ≥1.3 g/100mL and 19-20 weeks for samples containing <0.7 315 
g/100mL. The mean interval from birth was 11-12 weeks for samples containing 0.9-1.09 g/100mL, 316 
which is consistent with the protein content of breast milk by the third month of lactation (1.0 317 
g/100mL) reported by Gidrewicz and Fenton (2014).  318 

Other studies have reported on the protein content of breast milk during the first year of lactation, 319 
although the number of breast milk samples analyses in those studies is low (Allen et al., 1991; 320 
Nommsen et al., 1991; Mitoulas et al., 2002).   321 

In the context of the DARLING study, Nommsen et al. (1991) assessed the composition of breast milk 322 
in samples taken at 3, 6, 9 and 12 months of lactation in healthy mothers of term infants. The gross 323 
energy content and the total protein content of the breast milk samples are given in Table 3. Protein 324 
was analysed using a modified Lowry assay with bovine serum albumin as the standard, a method 325 
which tends to result in slightly elevated values for total protein (Nommsen et al., 1991). 326 

  327 
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Table 3:  Gross energy and total protein content of breast milk during the first year of lactation1 328 

Month of 
lactation 

n Mean (SD) gross 
energy (kcal/100mL) 

Mean (SD) total 
protein (g/100mL) 

Mean (SD) total 
protein (g/100kcal) 

3 58 697 (97) 1.2 (0.2) 1.7 (1.5) 

6 45 707 (92) 1.1 (0.2) 1.6 (1.6) 

9 28 709 (74) 1.2 (0.8) 1.6 (10.8) 

12 21 706 (110) 1.2 (0.2) 1.7 (1.3) 

1Adapted from Nommsen et al. (1991) 329 

The mean total protein at three months of lactation is comparable to the protein content calculated 330 
from total nitrogen (1.2 g/100mL, 1.8 g/100kcal) for that time period in the meta-analysis by 331 
Gidrewicz and Fenton (2014), and remained fairly stable until the twelfth month of lactation, which is 332 
in agreement with what has been reported in other studies (Allen et al., 1991; Mitoulas et al., 2002). 333 

The Panel notes that the mean content of true protein in breast milk by the end of the third month of 334 
lactation ranges between 1.3 and 1.6 g/100kcal, tends to decrease thereafter to about 1.1-1.4 335 
g/100kcal by the end of the fourth month, and tends to remain fairly stable thereafter.  336 

 Dietary protein intake of infants in Europe 3.3.337 

Data on mean energy and protein intake in infants living in Europe were gathered from published 338 
studies (Table 4).  Details about the dietary data collection and on the assessment of breast milk 339 
intake are given in Table 5.  340 

Data on mean energy and protein intake in infants living in Europe were also gathered form dietary 341 
surveys for which sufficient data were available in the EFSA Comprehensive European Food 342 
Consumption Database (Table 6)9. 343 

From the dietary surveys available in the EFSA Comprehensive European Food Consumption 344 
Database, mean energy and protein intake from formula and from CF in non-breastfed infants, and 345 
from CF only in (exclusively or partially) breastfed infants were also calculated (Table 7). Mean 346 
energy and protein intake by food group in non-breastfed infants are given in Tables 8 (for infants 4 347 
to <6 months of age) and 9 (for infants aged ≥6 to 12 months).  348 

                                                           
9  Details about the dietary surveys included in the EFSA Comprehensive Database are available at: https://dwh.efsa.europa.eu/

bi/asp/Main.aspx?rwtrep=001 

https://dwh.efsa.europa.eu/bi/asp/Main.aspx?rwtrep=001
https://dwh.efsa.europa.eu/bi/asp/Main.aspx?rwtrep=001
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Table 4:  Mean energy and protein intake in infants living in Europe from published studies 349 

Age Country Study Breastfeeding1 (%) N Mean energy (SD)2 
(kcal/d)3 

Mean protein (SD)2 
(g/d) 

P5th of 
protein 
intake3 

P2.5th of 

protein 

intake4 

Mean E% as 
protein2 

4 mo UK ALSPAC 

All males 262 658 (123) 15.7 (3.4) 10.1 9.0 9.5 

All females 214 604 (118) 14.5 (3.3) 9.04 8.0 9.6 

100, no solids 53 626 (-) 12 (-) - - 7.6 

0, no solids 42 583 (-) 13 (-) - - 8.9 

100, solids 209 646 (-) 13 (-) - - 8.1 

0, solids 441 640 (-) 15 (-) - - 9.4 

Mixed, solids 107 667 (-) 14 (-) - - 8.4 

6 mo 

France National 0 58 668 20.0 (5.60) 10.7 - 11.9 

UK Southampton 28 50 709 (652-818)5 19.7 (17.4-23.6)5 - - 11.17 

Germany DONALD 48 302 645 (119) 16.3 (5.4) 7.4 5.7 10.1 

Belgium 

CHOP 0 746 

679 (659-702)6 19 (17-20)6 - - 11.2 

Germany 634 (615-655)6 19 (18-20)6 - - 12.0 

Italy 731 (710-753)6 23 (22-24)6 - - 12.6 

Poland 725 (702-743)6 21 (20-22)6 - - 11.6 

Spain 736 (719-754)6 18 (18-19)6 - - 10.0 

8 mo 
 

Belgium 

CHOP 0 625 

734 (707-761)6 24 (22-25)6 - - 13.1 

Germany 694 (670-718)6 20 (19-22)6 - - 11.5 
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Age Country Study Breastfeeding1 (%) N Mean energy (SD)2 
(kcal/d)3 

Mean protein (SD)2 
(g/d) 

P5th of 
protein 
intake3 

P2.5th of 

protein 

intake4 

Mean E% as 
protein2 

Italy 817 (796-838)6 28 (27-28)6  - 13.7 

Poland 812 (783-840)6 25 (24-26)6 - - 12.3 

Spain 854 (831-878)6 30 (29-32)6 - - 14.1 

Finland STRIP 0 215 842 (148) 25.0 (6) 15.1 13.2 11.9 

UK ALSPAC 0 

618 m 840 (173) 29.0 (9.0) 14.1 11.4 13.8 

513 f 784 (156) 27.0 (8.0) 13.8 11.3 13.8 

9 mo 
 

Belgium 

CHOP 0 617 

770 (739-801)6 24 (22-25)6 - - 13.5 

Germany 708 (684-731)6 20 (19-22)6 - - 11.9 

Italy 850 (826-874)6 28 (27-28)6 - - 14.1 

Poland 859 (850-892)6 25 (24-26)6 - - 12.6 

Spain 872 (846-899)6 30 (29-32)6 - - 14.7 

Iceland 

1995–1996 37 80 760 (678-859)5 28.0 (21.7-35.3)5 - - 14.47 

2005 41 154 754 (629-859) 5 22.7 (17.8-27.6)5 - - 11.97 

Netherlands TNO - 333 970 (175) 28.8 (6.2) 18.6 16.6 11.9 

Germany DONALD 17 332 759 (122) 22.4 (5.3) 13.6 12.0 11.8 

10-12 mo France National 0 63 826 (160) 30.0 (11) 11.8 - 14.4 

1 Either exclusive or partial breastfeeding; 2 Unless otherwise noted; 3 Calculated from the mean and the SD assuming a normal distribution of intake; 4 Calculated only for sample sizes n≥180;        5 350 
Median (interquartile range); 6 Mean (95% confidence interval); 7 Median; - = not reported or not available; m= males; f = females.  351 
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Table 5:  Methods for dietary assessment, estimation of breast milk intake and food composition databases used in published studies 352 

Country Study Age 
(months) 

Publications Dietary 
assessment 

Breast milk intake 

France National 6, 10-12 Fantino & Gourmet, 2008 3-d weighed-DR  

Germany DONALD 3, 6 Hilbig, 2005 3-d weighed-DR Measured by ‘test-weighing’ the infant before and 
after each breast milk meal 

UK ALSPAC 4 Noble and Emmett, 2006 24-h recall 

Duration of each breastfeeding was used to estimate 
the volume of milk consumed; a feed lasting ≥ 10 min 
was assumed to be 125 mL, or a proportion of this if 
the feed was of shorter duration (i.e. 12.5 mL for 1 
min)  

UK Southampton 6 Marriott et al., 2008 4-d weighed-DR Estimated using an algorithm based on length of 
suckling derived from published intake data 

5 EU 
countries CHOP 6-12 Damianidi et al., 2006 3-d weighed-DR 

- 

Finland STRIP 8 Lagström et al., 1997 3-d DR - 

UK ALSPAC 8 Noble et al., 2001 3-d DR - 

Iceland 
1995–1996 9 Thorisdottir et al., 2013 2-d or 3-d 

weighed DR 
Measured by ‘test-weighing’ the infant before and 
after each breast milk meal 2005 

Netherlands TNO 9 de Boer et al., 2006 2-d DR NR 

Germany DONALD 9 Schwartz et al., 2010 3-d weighed-DR Measured by ‘test-weighing’ the infant before and 
after each breast milk meal 

DR = Dietary records; NR = not reported.   353 
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Table 6:  Mean energy and protein intake in infants living in Europe from the EFSA Comprehensive European Food Consumption Database 354 

Age Breastfeeding1 Country Survey Dietary assessment N Mean energy 
intake (kcal/d) 

Mean protein 
intake (g/d) 

P5th of 
protein 

intake (g/d) 

P2.5th of 
protein 

intake (g/d) 

Mean E% 
as protein 

4-<6 
mo 

Yes 

Bulgaria NUTRICHILD 24-h recall , 3 d2,5 64 679 11.2 6.9 - 7 

Denmark  IAT 2006_07 7-d DR3,6 26 746 15.9 - - 9 

UK DNSIYC_2011 4-d DR4,7 27 686 15.0 - - 9 

No 

Bulgaria NUTRICHILD 24-h recall, 3 d 88 639 16.3 9.7 - 10 

Denmark  IAT 2006_07 7-d DR 12 745 18.2 - - 10 

UK DNSIYC_2011 4-d DR 49 639 15.9 - - 10 

≥6-
12mo 

Yes 

Bulgaria NUTRICHILD 24-h recall, 3 d2,5 89 905 22.2 8.3 - 10 

Denmark  IAT 2006_07 7-d DR3, 6 315 832 23.0 10.1 8.9 11 

UK DNSIYC_2011 4-d DR4,7 264 804 24.5 13.0 12.0 12 

No 

Bulgaria NUTRICHILD 24-h recall, 3 d 343 859 27.4 14.1 11.9 13 

Denmark  IAT 2006_07 7-d DR 473 933 30.0 16.2 14.7 13 

UK DNSIYC_2011 4-d DR 1029 790 25.2 13.0 11.7 13 

- = P5th and P2.5th of protein intake are only provided for study groups with a sample size ≥ 60 and 180 individuals, respectively.  355 

DR = dietary records; 1 Either exclusive or partial breastfeeding; 2 Method to estimate volume of breast milk intake per feeding occasion not reported, assumed to be 130 356 
mL per feeding occasion; 3 Volume of breast milk per feeding occasion calculated as follows (Dewey et al., 1984): 130 mL per breastfeeding if the infant was breastfed 6 357 
times or more per day; 89 mL per breastfeeding if the infant was breastfed 3‐5 times per day; 53 mL per breastfeeding if the infant was breastfed 1‐2 times per day; 4 358 
Volume of breast milk per feeding occasion calculated based on the time for each feed, at 13.5g/min with a maximum of 135g per feed for infants aged 4 to 7 months and 359 
at 10g/min with a maximum of 100g per feed for infants aged 8 to 12 months; 5 Breast milk assumed to contain 70.0 kcal/100mL; 1.0 g of protein/100mL and 1.4 g of 360 
protein/100 kcal; 6 Breast milk assumed to contain 71.0 kcal/100mL; 1.3 g of protein/100mL and 1.8 g of protein/100 kcal; 7 Breast milk assumed to contain 67.0 361 
kcal/100mL; 1.3 g of protein/100mL and 1.9 g of protein/100 kcal 362 
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Table 7:  Mean energy and protein intake from formula and complementary food in infants from surveys in the EFSA Comprehensive European Food 364 
Consumption Database  365 

Age Breastfeeding1 Country N Food group Mean energy intake 
(kcal/d) 

Mean protein intake 
(g/d) 

Mean protein intake 
(g/100kcal)2 

4-<6 mo 

Yes 

Bulgaria 64 CF 210 4.1 - 

Denmark  26 CF 255 6.0 - 

UK 27 CF 211 3.7 - 

No 

Bulgaria 88 Formula3 298 6.5 2.18 

CF 341 9.8 - 

Denmark  12 Formula 495 12.0 2.42 

CF 250 6.2 - 

UK 49 Formula 493 10.9 2.21 

CF 146 6.0 - 

≥6-
12mo 

Yes 

Bulgaria 89 CF 554 17.3 - 

Denmark  315 CF 540 17.0 - 

UK 264 CF 405 16.6 - 

No 

Bulgaria 343 Formula 91 2.2 2.42 

CF 749 24.8 - 

Denmark  473 Formula 225 6.1 2.71 

CF 708 23.9 - 

UK 1029 Formula 349 7.4 2.12 

CF 441 17.6 - 

CF = Complementary food; 1 Either exclusive or partial breastfeeding; 2 Calculated from mean energy and protein intake from formula; 3 Any (infant and follow-on) formula 366 
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Table 8:  Mean energy and protein intake by food group in non-breastfed infants aged 4 to 6 months 368 

 Bulgaria (n=88) Denmark (n=12) UK (n=49) 

Food group 

Mean energy 
(kcal/d) 

Mean protein 
(g/d) 

Mean energy 

(kcal/d) 

Mean protein 

(g/d) 

Mean energy 

(kcal/d) 

Mean protein 

(g/d) 

Animal and vegetable fats and oils 8.6 0.0 27.4 0.0 1.0 0.0 

Composite food (including frozen products) 0.2 0.0 0.0 0.0 0.4 0.0 

Eggs and egg products 3.1 0.2 0.0 0.0 0.4 0.0 

Fish and other seafood (including amphibians, reptiles, snails and insects) 0.0 0.0 0.4 0.1 0.7 0.1 

Food for infants and small children 129.5 2.4 105.5 3.0 95.1 3.0 

Fruit and fruit products 7.9 0.1 14.7 0.1 11.5 0.1 

Fruit and vegetable juices 15.6 0.1 0.0 0.0 0.7 0.0 

Grains and grain-based products 26.6 0.6 47.5 1.1 4.7 0.1 

Herbs, spices and condiments 0.0 0.0 0.0 0.0 0.3 0.0 

Infant formula and follow-up formula 298.0 6.5 495.2 12.0 493.4 10.9 

Legumes, nuts and oilseeds 0.4 0.0 3.7 0.3 1.9 0.2 

Meat and meat products (including edible offal) 7.3 0.6 1.0 0.1 2.3 0.4 

Milk and dairy products 98.1 5.5 11.1 0.7 13.5 0.8 

Snacks, desserts, and other foods 2.1 0.1 0.0 0.0 3.9 0.1 

Starchy roots and tubers 9.0 0.2 27.8 0.6 5.0 0.1 

Sugar and confectionary 31.6 0.0 4.7 0.0 0.7 0.0 

Vegetables and vegetable products (including fungi) 1.2 0.0 5.9 0.3 3.7 0.2 
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Table 9:  Mean energy and protein intake by food group in non-breastfed infants aged 6 to 12 months 370 

 Bulgaria (n=343) Denmark (n=473) UK (n=1029) 

Food group 

Mean energy 
(kcal/d) 

Mean protein 
(g/d) 

Mean energy 

(kcal/d) 

Mean protein 

(g/d) 

Mean energy 

(kcal/d) 

Mean protein 

(g/d) 

Animal and vegetable fats and oils 70.4 0.0 87.0 0.0 15.8 0.0 

Composite food (including frozen products) 1.3 0.1 0.0 0.0 19.2 0.9 

Eggs and egg products 13.0 0.9 2.5 0.2 2.9 0.2 

Fish and other seafood (including 
amphibians, reptiles, snails and insects) 

1.3 0.2 7.9 1.0 7.2 0.8 

Food for infants and small children 99.7 2.4 68.9 1.9 121.4 4.0 

Fruit and fruit products 35.6 0.3 62.4 0.7 33.2 0.4 

Fruit and vegetable juices 24.8 0.2 4.7 0.0 1.7 0.0 

Grains and grain-based products 183.1 4.3 186.3 5.3 78.7 2.4 

Herbs, spices and condiments 0.9 0.1 2.0 0.0 3.9 0.1 

Infant formula and follow-up formula 90.8 2.2 225.1 6.1 349.0 7.4 

Legumes, nuts and oilseeds 6.5 0.4 5.9 0.4 5.5 0.4 

Meat and meat products (including edible 
offal) 

48.3 5.2 49.4 3.7 21.9 2.9 

Milk and dairy products 166.5 9.2 154.5 8.7 79.3 4.4 

Snacks, desserts, and other foods 7.7 0.1 12.0 0.4 12.1 0.2 

Starchy roots and tubers 24.0 0.6 34.8 0.8 20.9 0.4 

Sugar and confectionary 50.6 0.0 17.1 0.0 5.9 0.1 

Vegetables and vegetable products 
(including fungi) 

14.3 0.6 12.5 0.6 10.4 0.5 

 371 
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Mean protein intakes from all sources were beyond the PRI for protein in all surveys from the EFSA 372 
Comprehensive Database for both breastfed and formula-fed infants aged 6 to 12 months (Table 6). 373 
Mean protein intake from all sources were also reported in published studies which accurately 374 
estimated breast milk intake (by weighing the infant before and after each breast milk meal) and/or 375 
which used more accurate methods for dietary assessment (3 or 4-day weighted dietary records). At 4 376 
months of age, the lowest mean protein intake (12 g per day) were reported for infants exclusively 377 
breastfed in the ALSPAC cohort. Mean protein intakes were slightly higher (13 g per day) in breastfed 378 
infants who had already received some solid food. The lowest mean protein intake (16.3 g per day) 379 
for infants aged 6 months or older was reported in a German cohort (DONALD study), in which the 380 
proportion of breastfed infants was the highest (48%) among all the studies available (Table 4). 381 
Mean protein intakes from all sources were beyond the PRI for protein for infants aged 6 to 12 382 
months in all the studies. 383 

In the dietary surveys for which data on (exclusively or partially) breastfed infants and formula-fed 384 
infants was available separately (Table 6), mean protein intakes were systematically higher in 385 
formula-fed infants than in breastfed infants, as previously reported by others (Heinig et al., 1993). 386 
Breast milk was assumed to contain from 1.4 to 1.9 g of protein/100 kcal, depending on the survey. 387 
The lower mean protein intake reported for Bulgarian infants could be explained in part by the 388 
assumed lower protein content in breast milk (1.4 g/100 kcal). The protein content of formula ranged 389 
from 2.1 to 2.7 g of protein/100 kcal, depending on the survey and age category (Table 7). This is 390 
higher than the minimum protein content allowed by EU legislation (Directive 2006/141/EC and 391 
Commission delegated Regulation (EU) 2016/127) for (infant and follow-on) formula manufactured 392 
from intact cows' or goats' milk proteins (1.8 g/100 kcal). 393 

In breastfed infants, mean protein intake from CF ranged between 3.7 and 6.0 g/day in infants aged 4 394 
to <6 months, and were already well beyond the PRI for protein in infants aged 6-12 months (about 395 
17 g/day). In formula-fed infants aged 4 to 6 months, mean protein intake from formula ranged from 396 
6.5 to 12.0 g per day, whilst mean protein intakes from CF were about 6 g/day. In Bulgaria, where 397 
mean protein intake from formula was the lowest (6.5 g/day), mean protein intake from CF was much 398 
higher (9.8 g/day), mostly coming from cow’s milk and dairy products other than formula (Table 8). 399 
This is due to a replacement of IF with cow’s milk (rather than with FOF) at the time of the 400 
introduction of CF. In formula-fed infants aged 6 to 12 months, mean protein intakes from CF were at 401 
or beyond the PRI in all countries. The contribution of formula to total protein intake varied widely, 402 
being lower in countries (Bulgaria and Denmark) with the highest protein intake from cow’s milk and 403 
dairy products and from meat and meat products (Table 9). 404 

Whenever the data available allowed doing so, the 5th and the 2.5th percentiles (P5th and P2.5th, 405 
respectively) of protein intake were calculated by assuming a normal distribution of protein intake 406 
data (Table 4) or extracted from individual data (Table 6). Otherwise, IQRs or 95% CI were 407 
considered (Table 4). The Panel notes that the P5th and P2.5th of total protein intake in non-breastfed 408 
infants aged 6 to 12 months was around or above the PRI for protein for that age group in all the 409 
studies (Table 4) and surveys (Table 6) available. 410 

 Contribution that a FOF with a protein content of at least 1.6 g/100 3.4.411 

kcal could make towards protein requirements in the target 412 

population 413 

Consumption of a FOF with a protein content of about 1.6 g/100 kcal would provide about 9 g of 414 
protein per day in the first months of complementary feeding (assuming an intake of about 500 mL 415 
per day) and about 4.5 g of protein per day (assuming an intake of about 250 mL per day) by the end 416 
of the first year of life. This is about 1 g and 0.5 g of protein less than the estimated intake from a 417 
formula containing a minimum of 1.8 g/100 kcal, as currently authorised. The Panel notes, however, 418 
that the protein content of (infant and follow-on) formula in the European surveys available (from 2.1 419 
to 2.7 g of protein/100 kcal, Table 7) was higher than the minimum authorised.  420 

Using individual data from the three surveys which were available in the EFSA Comprehensive Food 421 
Consumption Database, total protein intake in non-breastfed infants aged 6 to 12 months was 422 
recalculated by assuming that: a) all FOF consumed by the infants contained 1.6 g of protein/100 423 
kcal; b) the energy content of the individual FOFs did not change; c) protein intake from other sources 424 
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(IF, CF) did not change. The mean, P5th and P2.5th of total protein intake under these conditions are 425 
shown in Table 10.  426 

Table 10:  Protein intake in European non-breastfed infants aged 6 to 12 months, assuming a 427 
protein content of FOF of 1.6 g/100kcal 428 

Country N Mean energy 
intake (kcal/d) 

Mean protein 
intake (g/d)  

P5th of protein 
intake (g/d) 

P2.5th of protein 
intake (g/d) 

Bulgaria 343 859 27.2 13.7 11.9 

Denmark  473 933 29.4 15.8 13.8 

UK 1029 790 24.4 12.6 11.2 

 429 

As expected, total protein intakes resulting from the consumption of FOF with a protein content of 1.6 430 
g/100kcal would be lower than those reported in the original surveys (Table 6). The Panel notes, 431 
however, that the P5th and P2.5th of total protein intake would remain at about or above the PRI for 432 
protein for infants aged 6 to 12 months.  433 

 Application submitted by the food business operator 3.5.434 

The applicant provided two human intervention studies aiming to investigate whether protein content 435 
in formula to be fed from three to 12 months of age that is closer to the protein content of breast milk 436 
during that feeding period would lead to growth rates more in line to those of breast-fed infants, as 437 
compared to infants fed a “standard” formula. 438 

3.5.1. Composition of the formulae used in the two human intervention studies 439 

The formulae investigated in the US and Chile studies contain a minimum of 1.61 g protein per 100 440 
kcal, based on a calculation of total nitrogen x 6.25. The protein source is based on intact proteins 441 
derived from skimmed milk and a proprietary preparation of demineralised whey. The demineralised 442 
whey is obtained from modified caseino-glyco-macro-peptide (CGMP)-reduced sweet whey produced 443 
using a patented process (Patent No PCT/EP1998/003176). The whey preparation used in the formula 444 
has a CGMP content which is reduced by at least 85%. The whey protein-to-casein ratio of the final 445 
product is 60:40. The applicant indicated that the protein sources have been used in other FOF 446 
currently marketed by the applicant, and that the use of CGMP-reduced sweet whey has allowed for a 447 
lower protein content of the FOF, while still meeting the requirements of Directive 2006/141/EC with 448 
respect to the amino acid pattern. The energy content and the amount of carbohydrates, fat, vitamins 449 
and minerals also comply with the compositional requirements laid down in Directive 2006/141/EC. 450 

The macronutrient composition of the intervention and control formulae used in the US and the Chile 451 
studies are outlined in Table 11. 452 

Table 11:  Macronutrient composition of study formulae in comparison to the compositional 453 
requirements for FOF manufactured from cow’s or goat’s-milk proteins as laid down in 454 
Directive 2006/141/EC  455 

 Unit 
Directive 

2006/141/EC 
US study  Chile study  

   Intervention Control Intervention Control 

Energy kcal/100 ml 60-70 67.2 64.6 62.8 65.6 

Protein g/100 kcal 1.8-3.5 1.61 2.15 1.65 2.70 

Fat g/100 kcal 4.0-6.0 5.46 5.21 5.30 5.03 

Carbohydrates g/100 kcal 9.0-14.0 11.10 11.13 11.41 10.98 

Cyst(e)ine mg/100 kcal 38 28 38 28 46 

Histidine mg/100 kcal 40 40 49 39 64 

Isoleucine mg/100 kcal 90 95 125 100 166 

Leucine mg/100 kcal 166 166 222 180 298 

Lysine mg/100 kcal 113 132 185 142 234 

Methionine mg/100 kcal 23 33 46 42 69 

Phenylalanine mg/100 kcal 83 103 88 108 179 
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Threonine mg/100 kcal 77 94 141 84 137 

Tryptophan mg/100 kcal 32 31 31 34 57 

Tyrosine mg/100 kcal 76 52 68 69 113 

Valine mg/100 kcal 88 94 137 102 168 

Methionine + 
Cyst(e)ine  

mg/100 kcal 
61(a) 61 84 70 115 

      ratio   1.2 1.2 1.5 1.5 

Tyrosine + 
Phenylalanine 

mg/100 kcal 
159(b) 155 156 177 292 

      ratio   0.5 0.8 0.6 0.6 

(a): The concentrations of cyst(e)ine and methionine may be added together if the methionine:cyst(e)ine-ratio is not >3 456 
(b): The concentrations of tyrosine and phenylalanine may be added together if the tyrosine:phenylalanine-ratio is not >2 457 
 458 

The applicant states that the tyrosine and phenylalanine content (calculated as sum) and tryptophan 459 
content in the intervention and control formulae of the US study were slightly lower than required by 460 
Directive 2006/141/EC, and that the histidine content in the intervention formula of the Chile study 461 
was slightly lower than required by Directive 2006/141/EC, but that the final marketed product will 462 
comply with the specifications laid down in the Directive. 463 

In the Chile study the intervention formula also contained 2 x 107 colony forming units (CFU) 464 
Bifidobacterium lactis (CNCM I-3446) and 2 x 107 CFU Lactobacillus rhamnosus (CGMCC 1.3724) per 465 
gram of powder formula, while the control formula did not contain these bacteria.  466 

The intervention formulae in both studies had a whey protein-to-casein ratio of 60:40. 467 

3.5.2. Human intervention studies  468 

The two randomised, double-blind, controlled intervention studies were conducted in Chile (Inostroza, 469 
et al., 2014) and in the US (Ziegler et al., 2015). These studies assessed growth rates in healthy term 470 
infants who consumed (low-protein, intervention) formulae with protein contents of 1.61 g/100 kcal (n 471 
= 97) (US study) and 1.65 g/100 kcal (n = 89) (Chile study) from three months of age onwards, 472 
against those of infants who consumed (control) formulae with protein contents of 2.15 g/100 kcal (n 473 
= 97) and 2.70 g/100 kcal (n = 87), respectively, and against those of a breastfed reference group 474 
(n= 76 and n = 112, respectively). In the Chile study, only infants from overweight and obese 475 
mothers were recruited.  476 

In both studies, the primary outcome was weight gain between 3 and 6 months of age. Secondary 477 
outcomes included, amongst others, weight gain at time points beyond 6 months of age, weight 478 
changes, changes in length and head circumference, and changes in serum albumin and blood urea 479 
nitrogen (BUN). Adverse events were registered.  480 

Statistical analyses were conducted in completers and per protocol (PP) in both studies. In the US 481 
study, 10 infants in the intervention group, 10 infants in the control group and 7 infants in the 482 
breastfed reference group discontinued the study. The numbers in the Chile study were 23, 11 and 483 
11, respectively. Reasons for withdrawal were provided.  484 

Despite the original protocols foreseeing exclusive formula or breastfeeding up to the age of 6 months 485 
and the introduction of CF thereafter (control formula was allowed from 6 to 12 months to the 486 
breastfed reference groups, if desired), small amounts of CF were provided to some infants from 487 
around 4 months of age onwards. In the US study, a total of 9 infants consumed >4 teaspoons of CF 488 
per day before the age of 6 months and were excluded from the PP analysis. In the Chile study, CF in 489 
amounts > 4 teaspoons per day were introduced before 6 months of age in 66 infants (28 in the 490 
intervention, 24 in the control and 14 in the breastfed reference group), who were not excluded from 491 
the statistical analysis.  492 

The information provided in these studies did not allow the calculation of energy and protein intake 493 
from CF at any time point, and thus of the total energy and protein intake at time points in which 494 
infants consumed CF (4-12 months in the Chile study, 6-12 months in the US study). 495 

Mean daily energy and protein intake from formula at different time points in the US and Chile studies 496 

are given in Table 12.   497 
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Table 12:  Mean daily energy and protein intake from formula at different time-points in the US 498 
and Chile studies 499 

US Study 

 n Mean (SD) volume 

intake (mL/day) 

Mean (SD) energy 

intake (kcal/day) 

Mean (SD) protein 

intake (g/day) 

4 months 

  Low-protein formula 

  Control formula 

 

83 

85 

 

905 (216) 

894 (180) 

 

581 (139) 

601 (121) 

 

14.6 (3.5) 

19.2 (3.9) 

6 months 

  Low-protein formula 

  Control formula 

 

83 

84 

 

917 (232) 

902 (184) 

 

589 (149) 

606 (124) 

 

14.8 (3.7) 

19.4 (4.0) 

8 months 

  Low-protein formula 

  Control formula 

 

80 

82 

 

850 (208) 

857 (179) 

 

546 (133) 

606 (124) 

 

13.7 (3.3) 

18.4 (3.8) 

12 months 

  Low-protein formula 

  Control formula 

 

76 

78 

 

719 (239) 

725 (241) 

 

462 (153) 

487 (162) 

 

11.6 (3.8) 

15.6 (5.2) 

Chile study 

 n Mean (SD) volume 
intake (mL/day) 

Mean (SD) energy 
intake (kcal/day) 

Mean (SD) protein 
intake (g/day) 

4 months 

  Low-protein formula 

  Control formula 

 

75 

80 

 

820 (268) 

868 (228) 

 

515 (168) 

569 (150) 

 

13.5 (4.4) 

23.4 (6.2) 

6 months 

  Low-protein formula 

  Control formula 

 

62 

74 

 

980 (248) 

957 (172) 

 

615 (156) 

628 (113) 

 

16.2 (4.1) 

25.8 (4.6) 

9 months 

  Low-protein formula 

  Control formula 

 

55 

64 

 

896 (256) 

869 (242) 

 

563 (161) 

570 (159) 

 

14.8 (4.2) 

23.5 (6.5) 

12 months 

  Low-protein formula 

  Control formula 

 

47 

63 

 

854 (324) 

747 (217) 

 

536 (203) 

490 (142) 

 

14.1 (5.3) 

20.2 (5.9) 

 500 

The mean volume of formula consumed by infants did not differ significantly between the low protein 501 
and the control groups at any time point in any of the studies. In this context, mean energy intake 502 
from formula was comparable between the two formula groups whilst mean protein intake was 503 
systematically higher in the control formula vs. the low-protein formula groups in both studies, as per 504 
study design. The Panel notes that the mean volume intake of formula in the low-protein formula and 505 
control formula groups in both studies at 9 and 12 months of age was high. 506 

The results of anthropometric measurements in the low-protein formula, control formula and 507 
breastfed reference groups in both studies are given in Appendices A-D. In both studies, weight gain 508 
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(in g/day) was somewhat lower in the infants consuming the low protein formula than in infants 509 
consuming the control formula for the time period 3 to 6 months and 6 to 12 months of age, but this 510 
difference only reached statistical significance for weight gain between 3 and 6 months in the Chile 511 
study. Other anthropometric measures (i.e. weight, length and head circumference at different time 512 
points in absolute values and as change from baseline) generally followed this pattern in both studies.  513 

In the US study, both formula groups showed statistically significantly higher weight gain and higher 514 
weight and length in absolute values at different time points as compared to the breastfed reference 515 
group. In the Chile study, the low-protein formula group and the breastfed reference group did not 516 
differ significantly in weight gain, weight and length. The concentrations of serum albumin and BUN 517 
remained within the normal range in all groups during the intervention in both studies. Reported 518 
adverse events were similar in the intervention and control groups.  519 

The Panel notes that, in both studies, no differences in growth patterns were observed between 520 
infants in the control vs. the low-protein formulae, including the time period of 3 to 6 months of age 521 
when the formula was fed almost exclusively. In the US study, growth was higher in the low-protein 522 
groups as compared to the breastfed reference group, whereas in the Chile study, infants in the low-523 
protein formula group had a similar growth pattern to breastfed infants. The control formula used in 524 
these studies contained 0.35 g/100 kcal (US study) and 0.90 g/100 kcal (Chile study) more protein 525 
than the current minimum requirement for protein content of a FOF (1.8 g/100 kcal). In both studies, 526 
at all-time points, the difference in mean protein intake from formula between the control formula 527 
group and the low-protein formula group was 4 g/day or greater.  528 

The Panel also notes that the studies submitted were not specifically designed to meet the regulatory 529 
definitions for either IF or FOF laid down in Regulation (EU) No 609/201310, and that the information 530 
provided in relation to the type and amount of CF was not sufficient to calculate total energy and 531 
protein intake, nor the relative contribution of formulae and CF to total energy and protein intake. 532 
Therefore, the Panel considers that these studies do not provide, on their own, sufficient information 533 
to conclude on the safety and suitability of a FOF with a protein content of 1.6 g protein/100kcal. 534 

 Comparison between the human intervention studies provided and 3.6.535 

European dietary surveys with respect to mean energy and protein 536 

intake from formula and complementary food in the target 537 

population 538 

In the European surveys which allowed calculation of mean energy and protein intake from both 539 
(infant and follow-on) formula and CF in formula-fed infants, the protein content of formula was 540 
between 2.1 and 2.7 g/100kcal (Table 7). The lower end is close to the protein content of the control 541 
formula used in the US study (2.15 g/100cal) and the upper end is close to the protein content of the 542 
control formula used in the Chile study (2.70g/kcal). Mean energy and protein intakes from formula 543 
were, however, lower in infants aged 4-<6 months in the European surveys than in infants at 4 544 
months of age in the two formula groups (low protein and control) in both intervention studies (US 545 
and Chile studies). In infants aged 6-12 months, mean energy and protein intakes from formula in the 546 
European surveys were about half (or lower) than in the US and Chile studies. This suggests that the 547 
contribution of formula (vs. CF) to total protein intake in the target population (infants at the time of 548 
the introduction of complementary feeding and up to 12 months of age) may be lower in Europe than 549 
in the intervention studies provided. Therefore, the impact on total protein intake of lowering the 550 
protein content of a follow-on formula to about 1.6 g/100 kcal would also be lower in Europe. 551 
However, direct comparisons regarding total energy and protein intake and energy and protein intake 552 
from CF between the European surveys and the intervention studies provided cannot be made. 553 

                                                           
10 Regulation (EU) No 609/2013 of the European Parliament and of the Council of 12 June 2013 on food intended for infants 

and young children, food for special medical purposes, and total diet replacement for weight control and repealing Council 
Directive 92/52/EEC, Commission Directives 96/8/EC, 1999/21/EC, 2006/125/EC and 2006/141/EC, Directive 2009/39/EC of 
the European Parliament and of the Council and Commission Regulations (EC) No 41/2009 and (EC) No 953/2009, OJ L 181, 
29.6.2013, p. 35–56 
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4. Conclusions 554 

 On the safety and suitability for use by infants of FOF with a protein 4.1.555 

content of at least 1.6 g/100 kcal from intact cow’s milk protein 556 

otherwise complying with the requirements of relevant EU 557 

legislation 558 

The Panel considers that the two intervention studies provided by the applicant do not provide, on 559 
their own, sufficient information to conclude on the safety and suitability of FOF with a protein content 560 
of 1.6 g protein/100kcal. 561 

The Panel notes, however, that:  562 

a) the protein content of human milk tends to decrease with feeding time to about 1.1-1.4 563 
g/100kcal by the end of the fourth month of lactation, remaining fairly stable thereafter,  564 

b) that P5th and P2.5th of protein intake from all sources (breast milk, formula and CF) in 565 
European infants between 6 and 12 months of age are at or above the PRI for protein for 566 
that age group.  567 

c) that P5th and P2.5th of protein intake from all sources (formula and CF) in European infants 568 
between 6 and 12 months of age who are not breastfed would remain at or above the PRI 569 
for protein for that age group by assuming a protein content of 1.6 g/100kcal in all FOF.  570 

d) the two human intervention studies provided by the applicant did not show an adverse 571 
impact on growth resulting from the use of a formula containing about 1.6 g of 572 
protein/100kcal as compared to control formulae containing 2.15 or 2.70 g of protein/100 573 
kcal or the breastfed reference group. 574 

Therefore, the Panel concludes that the use of FOF with a protein content of at least 1.6 g/100 575 
kcal from intact cow’s milk protein otherwise complying with the requirements of relevant EU 576 
legislation is safe and suitable for infants living in Europe with access to complementary foods of 577 
a sufficient quality. This conclusion does not apply to IF. 578 

 On the safety and suitability for use by infants of FOF with a protein 4.2.579 

content of at least 1.6 g/100 kcal from goat’s milk intact protein, 580 

soy protein isolates or protein hydrolysates otherwise complying 581 

with the requirements of relevant EU legislation 582 

On the basis of: 583 

a) a previous evaluation by the Panel on the safety and suitability of goat’s milk protein as a 584 
source of protein in IF and FOF (EFSA NDA Panel, 2012b), and  585 

b) the Panel’s conclusions regarding the safety and suitability of FOF with a protein content of at 586 
least 1.6 g/100 kcal from intact cow’s milk protein otherwise complying with the requirements 587 
of relevant EU legislation (section 4.1),  588 

the Panel concludes that the use of FOF with a protein content of at least 1.6 g/100 kcal from intact 589 
goat’s milk protein otherwise complying with the requirements of relevant EU legislation is safe and 590 
suitable for infants living in Europe with access to complementary foods of a sufficient quality. This 591 
conclusion does not apply to IF. 592 

The Panel considers, however, that the safety and suitability of each FOF (and IF) manufactured from 593 
protein hydrolysates have to be established by clinical evaluation in the target population (EFSA NDA 594 
Panel, 2014). The Panel also considers that, given the higher minimum protein requirements 595 
established for FOF (and IF) manufactured from soy protein isolates (i.e. 2.25 g/100 kcal) and the 596 
lack of data available on the use of FOF from soy protein isolates in the target population, additional 597 
studies are required to establish the safety and suitability of FOF manufactured from soy protein 598 
isolates with a protein content of at least 1.6 g/100 kcal. Therefore, the Panel concludes that the 599 
safety and suitability of FOF with a protein content of at least 1.6 g/100 kcal manufactured from either 600 
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protein hydrolysates or soy protein isolates cannot be established with the available data. The same 601 
conclusion applies to IF. 602 
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Documentation provided to EFSA  603 

Application for the placing on the market of a follow-on formula with a new minimum protein content 604 
of 1.61 gram of protein per 100 kcal. April 2016. Nestlé Nutrition. 605 

References 606 

AAP (American Academy of Pediatrics), 1988. Clinical testing of infant formulas with respect to 607 
nutritional suitability for term infants. Report prepared under FDA contract 223-86-2117, available 608 
online: http://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/609 
InfantFormula/ucm170649.htm. 610 

Aggett PJ, Agostini C, Goulet O, Hernell O, Koletzko B, Lafeber HL, Michaelsen KF, Rigo J, Weaver LT 611 
and ESPGHAN Committee on Nutrition, 2001. The nutritional and safety assessment of breast milk 612 
substitutes and other dietary products for infants: a commentary by the ESPGHAN Committee on 613 
Nutrition. Journal of Pediatric Gastroenterology and Nutrition, 32, 256-258. 614 

Allen JC, Keller RP, Archer P, Neville MC, 1991. Studies in human lactation: milk composition and daily 615 
secretion rates of macronutrients in the first year of lactation. American Journal of Clinical Nutrition 616 
54, 69-80. 617 

Damianidi L, Gruszfeld D, Verduci E, Vecchi F, Xhonneux A, Langhendries JP, Luque V, Theurich MA, 618 
Zaragoza-Jordana M, Koletzko B, Grote V, 2016. Protein intake and their nutritional sources during 619 
the first 2 years of life: secondary data evaluation from the European Childhood Obesity Project. 620 
European Journal of Clinical Nutrition, 70, 1291–1297. 621 

de Boer EJ, Hulshof KFAM, ter Doest D (2006) Voedselconsumptie van jonge peuters [Food 622 
consumption of young children]. TNO rapport V6269. 623 

EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies), 2012a. Scientific Opinion 624 
on Dietary Reference Values for protein. EFSA Journal 2012;10(2):2557, 66 pp. 625 
doi:10.2903/j.efsa.2012.2557 626 

EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies), 2012b. Scientific Opinion 627 
on the suitability of goat milk protein as a source of protein in infant formulae and in follow-on 628 
formulae. EFSA Journal 2012;10(3):2603, 18 pp. doi:10.2903/j.efsa.2012.2603 629 

EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies), 2013. Scientific Opinion on 630 
nutrient requirements and dietary intake of infants and young children in the European Union. 631 
EFSA Journal 2013;11(10):3408, 103 pp. doi:10.2903/j.efsa.2013.3408 632 

EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies), 2014. Scientific Opinion on 633 
the essential composition of infant and follow-on formulae. EFSA Journal 2014;12(7):3760, 106 pp. 634 
doi:10.2903/j.efsa.2014.3760 635 

Fantino M, Gourmet E.,  Apports nutritionnels en France en 2005 chez les enfants non allaités  âgés 636 
de moins de 36 mois (Nutrient intake in 2005 by non-breast fed French children of less than 36 637 
months), 2008. Archives de Pédiatrie 15,,446–455. 638 

FAO/WHO/UNU (Food and Agriculture Organization of the United Nations, World Health Organization, 639 
United Nations University), 2007. Protein and amino acid requirements in human nutrition. Report 640 
of a joint FAO/WHO/UNU expert consultation, WHO Technical Report Series 935. 641 

Gidrewicz DA and Fenton TR, 2014. A systematic review and meta-analysis of the nutrient content of 642 
preterm and term breast milk. BMC Pediatrics, 14, 216. doi: 10.1186/1471-2431-14-216 643 

Hayes NP and Northington R, 2014. Unpublished study report #1. Effect of the level of dietary protein 644 
on infant growth and body composition in the first year of life (US study). 645 

Heinig MJ, Nommsen LA, Peerson JM, Lonnerdal B, Dewey KG, 1993. Energy and protein intakes of 646 
breast-fed and formula-fed infants during the first year of life and their association with growth 647 
velocity: the DARLING Study. American Journal of Clinical Nutrition 58, 152-61. 648 



DRAFT

Safety and suitability of FOF with a protein content of at least 1.6g/100kcal  
 

 
www.efsa.europa.eu/efsajournal 26 EFSA Journal 2017;volume(issue):NNNN 
 

Hilbig A and Kersting M, 2006. Effects of age and time on energy and macronutrient intake in German 649 
infants and young children: Results of the DONALD study. Journal of Pediatric Gastroenterology 650 
and Nutrition 43, 518-524. 651 

ICH (International Conference on Harmonisation of Technical Requirements for Registration of 652 
Pharmaceuticals for Human Use), 1998. Statistical Principles for Clinical Trials E9. 39 pp. 653 

Inostroza J, Haschke F, Steenhout P, Grathwohl D, Nelson SE and Ziegler EE, 2014. Low-protein 654 
formula slows weight gain in infants of overweight mothers. Journal of Pediatric Gastroenterology 655 
and Nutrition, 59, 70-77. 656 

IoM (Insitute of Medicine), 2004. Infant Formula: Evaluating the Safety of New Ingredients, 657 
Committee on the Evaluation of the Addition of Ingredients New to Infant Formula, Food and 658 
Nutrition Board. The National Academies Press, Washington, DC, USA. 10.17226/10935. 659 

Lagström H, Jokinen E, Seppänen R, 1997. Nutrient intake by young children in a prospective 660 
randomized trial of a low-saturated fat, low-cholesterol diet. Archives of Pediatrics and Adolescent 661 
Medicine, 151,181-188. 662 

Marriott LD, Robinson SM, Poole J, Borland SE, Godfrey KM, Law CM, Inskip HM; Southampton 663 
Women's Survey Study Group, 2008. What do babies eat? Evaluation of a food frequency 664 
questionnaire to assess the diets of infants aged 6 months. Public Health Nutrition, 11, 751–756. 665 

Michaelsen KF, Skafte L, Badsberg JH, Jørgensen M, 1990. Variation in macronutrients in human bank 666 
milk: Influencing factors and implications for human milk banking. Journal of Pediatric 667 
Gastroenterology and Nutrition 11, 229-239. 668 

Mitoulas LR, Kent JC, Cox DB, Owens RA, Sherriff JL, Hartmann PE, 2002. Variation in fat, lactose and 669 
protein in human milk over 24 h and throughout the first year of lactation. British Journal of 670 
Nutrition 88, 29-37. 671 

Noble S and Emmett P, 2001. Original Communication Food and nutrient intake in a cohort of 8-672 
month-old infants in the south-west of England in 1993. European Journal of Clinical Nutrition, 55, 673 
698-707. 674 

Noble S and Emmett P, 2006. Differences in weaning practice, food and nutrient intake between 675 
breast- and formula-fed 4-month-old infants in England, 2006. Journal of Human Nutrition and 676 
Dietetics, 19, 303–313. 677 

Nommsen LA, Lovelady CA, Heinig MJ, Lönnerdal B, Dewey KG, 1991. Determinants of energy, 678 
protein, lipid, and lactose concentrations in human milk during the first 12 mo of lactation: the 679 
DARLING Study. American Journal of Clinical Nutrition 53, 457-65. 680 

SCF (Scientific Committee on Food), 2003. Report of the Scientific Committee on Food on the revision 681 
of essential requirements of infant formulae and follow-on formulae. Available online: 682 
http://ec.europa.eu/food/fs/sc/scf/out199_en.pdf  683 

Schwartz J, Dube K, Alexy U, Kalhoff H, Kersting M, 2010. PUFA and LC-PUFA intake during the first 684 
year of life: can dietary practice achieve a guideline diet? European Journal of Clinical Nutrition, 64, 685 
124–130. 686 

Thorisdottir B, Gunnarsdottir I, Thorisdottir AV, Palsson GI, Halldorsson TI, Thorsdottir I, 2013. 687 
Nutrient intake in infancy and body mass index at six years in two population-based cohorts 688 
recruited before and after revision of infant dietary recommendations. Annals of Nutrition and 689 
Metabolism, 63,145–151. 690 

Yao M, 2014. Unpublished study report #2. Growth in infants of overweight or obese mothers, that 691 
receive a low protein formula (Chile study). 692 

Ziegler EE, Fields DA, Chernausek SD, Steenhout P, Grathwohl D, Jeter JM, Nelson SE and Haschke F, 693 
2015. Adequacy of infant formula with protein content of 1.6 g/100 kcal for infants between 3 and 694 
12 months. Journal of Pediatric Gastroenterology and Nutrition, 61, 596-603. 695 



DRAFT

Safety and suitability of FOF with a protein content of at least 1.6g/100kcal  
 

 
www.efsa.europa.eu/efsajournal 27 EFSA Journal 2017;volume(issue):NNNN 
 

Abbreviations 696 

AAP American Academy of Pediatrics 

AR Average requirement 

CF Complementary food 

CGMP Caseinoglycomacropeptide 

DR  Dietary records 

E% Percentage of total energy intake 

EC European Commission  

ESPGHAN European Society for Paediatric Gastroenterology, Hepatology and Nutrition 

EFSA  European Food Safety Authority 

EU European Union 

FAO Food and Agriculture Organization of the United Nations 

FOF Follow-on formula 

IF Infant formula 

IoM Institute of Medicine  

NDA Dietetic Products, Nutrition and Allergies 

P2.5th Percentile 2.5 

P5th Percentile 5 

PRI Population Reference Intake 

SCF  Scientific Committee on Food 

US United States 

WHO World Health Organization 
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Appendix A – Absolute weight, weight gain and weight change in the “US study” 

 
n Intervention n Control n Breast-fed 

Intervention vs 
control 

Intervention vs 
breast-fed 

Control vs 
breast-fed 

  
mean ± SD 

 
mean ± SD 

 
mean ± SD 

mean difference 
(95%CI)(a) 

mean difference  
(95%CI)(a) 

mean difference  
(95%CI)(a) 

Weight gain (g/day) Weight gain (g/day) 

3-6 months          

Completers 92 20.09 ± 4.62 91 20.65 ± 5.54 109 17.43 ± 4.89 -0.67 (-2.11 to 0.77) - - 

PP - - - -  - -0.69 (-2.20 to 0.81) - - 

6-12 months 
         

Completers 86 11.54 ± 3.04 87 12.31 ± 3.08 103 10.39 ± 3.13 -0.80 (-1.73 to 0.13) 1.04 (0.12 to 1.95) 1.84 (0.93 to 2.75) 

PP 78 11.45 ± 3.00 81 12.22 ± 3.05 97 10.28 ± 3.03 -0.85 (-1.80 to 0.10) 0.96 (0.03 to 1.89) 1.81 (0.90 to 2.73) 

Weight (kg) Weight (g) 

3 months        

Completers 97 5.96 ± 0.70 97 5.91 ± 0.68 112 5.78 ± 0.70 - 

PP 85 5.99 ± 0.68 85 5.89 ± 0.69 105 5.79 ± 0.68 - 

6 months 
       

Completers 93 7.62 ± 0.84 91 7.62 ± 0.89 109 7.24 ± 0.87 -71.06 (-193.4 to 51.25) 167.86 (47.71 to 288.01)1 238.92 (118.28 to 359.57)2 

PP 84 7.68 ± 0.84 85 7.62 ± 0.90 103 7.27 ± 0.89 -71.08 (-199.9 to 57.76) 175.72 (49.63 to 301.81) 246.80 (121.83 to 371.77) 

12 months 
         

Completers 87 9.86 ± 1.12 87 9.97 ± 1.21 104 9.20 ± 1.10 -231.7 (-473.2 to 9.86) 385.61 (148.70 to 622.51)1 617.28 (380.58 to 853.98)2 

PP 79 9.89 ± 1.12 81 9.95 ± 1.21 98 9.20 ± 1.12 -239.7 (-484.6 to 5.11) 378.73 (139.63 to 617.83) 618.48 (382.08 to 854.88) 

Weight change (kg) Weight change (kg) 

6-12 months 
         

Completers 86 2.20 ± 0.58 87 2.35 ± 0.59 103 1.96 ± 0.59 -0.16 (-0.34 to 0.02) 0.21 (0.03 to 0.38)3 0.37 (0.19 to 0.54)2 

PP 78 2.18 ± 0.57 81 2.33 ± 0.58 97 1.94 ± 0.56 -0.17 (-0.35 to 0.01) 0.19 (0.02 to 0.37) 0.36 (0.19 to 0.53)2 

(a) adjusted for baseline and gender; 1 p ≤0.01; 2 p ≤0.0001; 3 p< 0.05 697 
 698 
 699 
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Appendix B – Length and head circumference in the “US study” 

 
n Intervention n Control n Breast-fed 

Intervention vs 
control 

Intervention vs 
breast-fed 

Control vs 
breast-fed 

  
mean ± SD 

 
mean ± SD 

 
mean ± SD 

mean difference 
(95%CI)(a) 

mean difference  
(95%CI)(a) 

mean difference  
(95%CI)(a) 

Length (cm) Length (mm) 

3 months        

Completers 97 59.54 ± 2.24 97 59.44 ± 2.06 112 59.62 ± 2.04 - 

PP 85 59.62 ± 2.20 85 59.35 ± 2.03 105 59.61 ± 2.03 - 

6 months 

       Completers 94 65.61 ± 2.30 91 65.75 ± 2.34 110 65.11 ± 2.32 -1.43 (-4.51 to 1.65) 6.03 (3.02 to 9.04)1 7.46 (4.41 to 10.51)2 

PP 85 65.72 ± 2.35 85 65.63 ± 2.30 104 65.16 ± 2.35 -1.48 (-4.63 to 1.67) 5.79 (2.73 to 8.86)1 7.27 (4.19 to 10.35)2 

12 months 

         Completers 87 74.52 ± 2.53 87 74.71 ± 2.77 105 73.34 ± 2.69 -2.37 (-7.24 to 2.50) 12.04 (7.28 to 16.80)2 14.41 (9.63 to 19.19)2 

PP 79 74.58 ± 2.55 81 74.55 ± 2.74 99 73.35 ± 2.74 -2.95 (-8.08 to 2.18) 11.67 (6.68 to 16.65)2 14.62 (9.64 to 19.61)2 

Head circumference (cm) Head circumference (mm) 

3 months          

Completers 97 40.27 ± 1.24 96 40.34 ± 1.27 112 40.27 ± 1.23  -  

PP 85 40.26 ± 1.16 84 40.41 ± 1.15 105 40.25 ± 1.26  -  

6 months          

Completers 94 42.99 ± 1.30 91 43.19 ± 1.29 110 42.92 ± 1.26 -0.57 (-2.24 to 1.10) 0.89 (-0.74 to 2.52) 1.46 (-0.19 to 3.11) 

PP 85 43.00 ± 1.23 85 43.18 ± 1.25 104 42.88 ± 1.26 -0.09 (-1.67 to 1.49) 1.11 (-0.43 to 2.65) 1.20 (-0.35 to 2.74) 

12 months          

Completers 86 46.18 ± 1.39 87 46.47 ± 1.49 104 46.04 ± 1.39 -1.36 (-3.82 to 1.11) 1.76 (-0.64 to 4.17) 3.12 (0.70 to 5.54)3 

PP 79 46.23 ± 1.32 81 46.43 ± 1.44 98 45.98 ± 1.37 -0.43 (-2.73 to 1.86) 2.34 (0.10 to 4.57)3 2.77 (0.54 to 5.00)3 
 (a) adjusted for baseline and gender; 1 p <0.001; 2 p <0.0001; 3 p< 0.05  700 
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Appendix C – Absolute weight, weight gain and weight change in the “Chile study” 

 
n Intervention n Control n Breast-fed 

Intervention vs 
control 

Intervention vs 
breast-fed 

Control vs 
breast-fed 

  
mean ± SD 

 
mean ± SD 

 
mean ± SD 

mean difference  
(95%CI)(a) 

mean difference  
(95%CI)(a) 

mean difference  
(95%CI)(a) 

Weight gain (g/day) Weight gain (g/day) 

3-6 months          

Completers 66 18.97 ± 4.19 76 20.74 ± 5.01 65 20.07 ± 5.79 -2.26 (-3.88 to -0.64)1 -0.72 (-2.46 to 1.01) 1.54 (-0.13 to 3.21) 

PP 55 19.17 ± 4.16 68 21.02 ± 4.88 57 20.35 ± 5.83 - - - 

6-12 months          

Completers 54 10.97 ± 3.05 66 12.13 ± 3.03 61 10.18 ± 3.85 -0.88 (-2.10 to 0.35) 0.77 (-0.50 to 2.05) 1.65 (0.45 to 2.85)1 

PP 47 11.05 ± 3.03 60 12.09 ± 3.15 54 9.99 ± 3.94 -0.76 (-2.09 to 0.58) 1.16 (-0.24 to 2.57) 1.92 (0.63 to 3.21)1 

Weight (kg) Weight (g) 

6 months        

Completers 66 8.03 ± 0.67 76 8.17 ± 0.95 65 8.50 ± 1.12 -142.91 (-377.33 to 91.52) 3.75 (-245.49 to 252.99) 146.65 (-93.14 to 386.45) 

PP 55 8.09 ± 0.68 68 8.21 ± 0.97 57 8.52 ± 1.11 -161.08 (-502.24 to 180.08) 71.78 (-286.92 to 430.48) 232.85 (102.29 to 568.00) 

12 months          

Completers 54 10.08 ± 0.86 66 10.36 ± 1.10 61 10.42 ± 1.27 -315.70 (-566.93 to -64.46)3 132.25 (-129.81 to 394.32) 447.95 (199.13 to 696.77)2 

PP 47 10.14 ± 0.87 60 10.40 ± 1.13 54 10.43 ± 1.28 -284.55 (-655.77 to 86.68) 273.83 (-112.04 to 659.70) 558.38 (211.97 to 904.79)1 

Weight change (kg) Weight change (kg) 

6-12 months          

Completers 54 2.01 ± 0.55 66 2.20 ± 0.55 61 1.89 ± 0.71 -0.14 (.-0.37 to 0.08) 0.11 (-0.12 to 0.35) 0.26 (0.04 to 0.48)3 

PP 47 2.03 ± 0.54 60 2.20 ± 0.57 54 1.86 ± 0.73 -0.12 (-0.37 to 0.12) 0.19 (-0.07 to 0.44) 0.31 (0.07 to 0.54)3 

(a) adjusted for baseline, gender, pre-pregnancy BMI of the mother (as continuous variable), antibiotic use, introduction of complementary food prior to 6 months of age (yes/no) and ethnicity;         701 
1 p ≤0.01; 2 p ≤0.001; 3 p< 0.05  702 
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Appendix D – Length and head circumference in the “Chile study”  

 
n Intervention n Control n Breast-fed 

Intervention vs 
control 

Intervention vs 
breast-fed 

Control vs 
breast-fed 

  
mean ± SD 

 
mean ± SD 

 
mean ± SD 

mean difference 
(95%CI)(a) 

mean difference  
(95%CI)(a) 

mean difference  
(95%CI)(a) 

Length (cm) Length (mm) 

3 months          

Completers 89 59.80 ± 2.01 87 60.34 ± 2.07 76 61.20 ± 1.95 -6.21 (-12.03 to -0.39)1 -14.60 (-20.71 to -8.49)2 -8.39 (-14.47 to -2.30)3 

PP 65 59.84 ± 1.95 73 60.30 ± 2.01 65 61.08 ± 1.93 -6.46 (-12.94 to 0.02) -14.05 (-20.83 to -7.27)2 -7.59 (-14.07 to -1.11)1 

6 months          

Completers 66 66.04 ± 1.78 76 66.54 ± 2.25 65 67.09 ± 2.25 0.08 (-5.36 to 5.53) 1.86 (-3.97 to 7.68) 1.77 (-3.74 to 7.29)  

PP 55 66.20 ± 1.82 68 66.56 ± 2.14 57 67.04 ± 2.18 4.12 (-3.75 to 11.99) 8.64 (0.21 to 17.06)1 4.51 (-3.26 to 12.28) 

12 months          

Completers 54 74.23 ± 1.99 66 74.77 ± 2.34 61 75.37 ± 2.60 -0.75 (-6.58 to 5.08) 1.58 (-4.54 to 7.70) 2.33 (-3.40 to 8.05) 

PP 47 74.44 ± 1.97 60 74.81 ± 2.33 54 75.36 ± 2.64 3.19 (-5.33 to 11.71) 8.33 (-0.70 to 17.35) 5.13 (-2.89 to 13.16) 

Head circumference (cm) Head circumference (mm) 

3 months          

Completers 89 40.22 ± 1.06 87 40.50 ± 1.11 76 40.66 ± 1.19 -3.19 (-6.29 to -0.10)1 -4.71 (-7.96 to -1.47)3 -1.52 (-4.75 to 1.72) 

PP 65 40.29 ± 0.97 73 40.46 ± 1.07 65 40.74 ± 1.15 -2.52 (-5.92 to 0.89) -4.97 (-8.53 to -1.40)3 -2.45 (-5.86 to 0.96) 

6 months          

Completers 66 43.10 ± 1.17 76 43.27 ± 1.24 65 43.43 ± 1.36 0.73 (-1.24 to 2.69) 0.79 (-1.28 to 2.86) 0.06 (-1.92 to 2.03) 

PP 55 43.22 ± 1.05 68 43.26 ± 1.17 57 43.51 ± 1.31 1.12 (-1.72 to 3.96) 1.76 (-1.25 to 4.77) 0.64 (-2.14 to 3.42) 

12 months          

Completers 54 46.02 ± 1.32 66 46.34 ± 1.09 61 46.40 ± 1.36 -0.76 (-2.87 to 1.34) 0.90 (-1.28 to 3.08) 1.67 (-0.38 to 3.71) 

PP 47 46.11 ± 1.16 60 46.35 ± 0.97 54 46.50 ± 1.32 -2.19 (-5.32 to 0.93) 0.80 (-2.46 to 4.07) 3.00 (0.11 to 5.88)1 
 (a) adjusted for baseline, gender, pre-pregnancy BMI of the mother (as continuous variable), antibiotic use, introduction of complementary food prior to 6 months of age (yes/no) and ethnicity;                   703 
1 p< 0.05; 2 p ≤0.001; 3 p ≤0.01 704 
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