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Nutritional safety assessment report – Application A1173 
Minimum protein in follow-on formula

[bookmark: _Toc286391001][bookmark: _Toc300933414][bookmark: _Toc453078193][bookmark: _Toc5372360][bookmark: _Toc5373312][bookmark: _Toc5871929][bookmark: _Toc7429178]Executive summary
The nutritional safety assessment aimed to determine whether a reduction in the minimum protein requirement for follow-on formula from 0.45 g/100 kJ to 0.38 g/100 kJ is supported by protein levels in human milk, and whether the lower minimum protein requirement will support adequate dietary protein intake and normal growth in infants consuming follow-on formula in addition to complementary foods.
To determine if the requested lower minimum amount of protein in follow-on formula is supported by protein levels in human milk 5 to 12 months post-partum, 11 original research studies were reviewed. There are different methods to determine the protein content in human milk and follow-on formula. The Code prescribes the protein content in follow-on formula to be calculated from nitrogen, using specified conversion factors. Nitrogen-based methods (Kjeldahl or Dumas) are used most often for determining protein in infant formula. These determine crude protein by measuring the total nitrogen content of the sample, then converting to protein using conversion factors. Crude protein overestimates protein content in human milk, because human milk contains a high proportion of non-protein nitrogen (NPN), around 20 to 27% of total nitrogen. The proportion of NPN in infant formula has been reported to range from 5 to 16% of total nitrogen, depending on protein source and manufacturing processes. The nitrogen-based methods may be adapted to measure the nitrogen in only the protein content of the sample (i.e. excluding NPN), which is referred to as true protein. Research studies often use colorimetric methods to determine protein in human milk. These methods, however, have not been well validated for measuring protein in human milk and infant formula, and comparisons with crude or true protein values are variable. 
Therefore, priority was given to studies reporting crude (n=4) or true (n=1) protein. Reported protein concentrations (g/L) were converted to protein per 100 kJ using the established average energy density value for human milk beyond 6 months post-partum, of 288 kJ/100 mL. Mean values of crude protein in human milk ranged from 0.34 to 0.40 g/100 kJ, and true protein concentration in the single study measuring this was 0.29 g/100 kJ. These values are consistent with human milk protein levels determined by other reviews examining human milk protein levels. The requested minimum protein requirement (0.38 g/100 kJ) falls within the range of human milk protein values established in this assessment, and is consistent with protein concentrations reported for Australian women (albeit determined by colorimetric methods), of 0.29 g/100 kJ to 0.38 g/100 kJ. 
The potential effect of a lower protein follow-on formula on infant growth was assessed. Two randomised controlled trials were examined, which compared weight gain from 3 months of age to 12 months, in infants fed a lower protein formula (0.39 g crude protein/100 kJ) compared with higher protein formula (study 1: 0.65 g/100 kJ; study 2: 0.51 g/100 kJ), and with breastfed infants. Both studies indicated slower weight gain between 3 and 12 months for infants fed the lower protein formula compared with the higher protein group. 
However, the differences only reached statistical significance between 3 and 6 months in study 1. Compared with breastfed infants, study 2 reported higher weight gain in infants fed either formula, whereas study 1 reported greater weight gain in the higher protein group and no difference in the lower protein group. 
The dietary intake assessment showed no risk of inadequate protein intakes for Australian and New Zealand infants if the minimum protein in follow-on formula was be lowered to 0.38 g/100 kJ, assuming the infants were also consuming appropriate complementary foods. Australian and New Zealand infants consume adequate amounts of dietary protein from complementary foods, and are therefore not reliant on follow-on formula to meet all of their protein requirements.
Based on the nutritional safety assessment, it is concluded the requested lowering of the minimum protein requirement in infant follow-on formula from 0.45 g/100 kJ to 0.38 g/100 kJ is appropriate and safe. Published research studies have shown the crude protein value of 0.38 g/100 kJ falls within the mean levels found in human milk from 5 to 12 months post-partum. In addition, randomised, controlled trials reported no adverse effects on growth in infants consuming the lower protein formula from 3 months to 12 months of age. Finally, the dietary intake assessment indicates that protein intakes of Australian and New Zealand infants would remain adequate if the minimum protein level for follow-on formula was lowered to 0.38 g/100 kJ.
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[bookmark: _Toc5372361][bookmark: _Toc5373313][bookmark: _Toc5871930][bookmark: _Toc7429179]1.	Introduction 
[bookmark: _Toc5372362][bookmark: _Toc5373314][bookmark: _Toc5871931][bookmark: _Toc7429180]1.1	Objective of the assessment
Standard 2.9.1 – Infant Formula Products of the Australia New Zealand Food Standards Code (the Code) prescribes the minimum amount of protein in follow-on formula as 0.45 g/100 kJ. The applicant has requested that this value be reduced to 0.38 g/100 kJ, given that this level more closely aligns with protein levels in human milk 6 to 12 months post-partum, and that lower protein levels would help infants fed follow-on formula as their main milk source achieve growth trajectories similar to breastfed infants. The objectives of this nutritional safety assessment, therefore, are to confirm whether the proposed lower minimum protein level is consistent with levels found in human milk 6 to 12 months post-partum, and that the lower minimum level will support adequate dietary protein intake and normal growth in infants consuming follow-on formula in addition to a progressively diversified diet.
[bookmark: _Toc5372363][bookmark: _Toc5373315][bookmark: _Toc5871932][bookmark: _Toc7429181]1.2	Approach of the assessment
The Ministerial Policy Guideline on the Regulation of Infant Formula Products (the Policy Guideline) states that the nutritional composition of human milk should be used as a primary reference for determining the composition of follow-on formula. In addition, the Policy Guideline states that the composition of follow-on formula must strive to achieve as closely as possible the normal growth and development of healthy full-term breastfed infants at the appropriate age when follow-on formula is used as the principal source of liquid nourishment in a progressively diversified diet. 
This assessment aims to determine whether a reduction in the minimum amount of protein in follow-on formula from 0.45 g/100 kJ to 0.38 g/100 kJ is supported by: (1) currently available studies on human milk composition; and (2) available safety studies on infant growth and development. It also aims to establish whether the minimum protein level of 0.38 g/100 kJ for follow-on formula poses a risk of inadequate dietary protein intake.  
The approach undertaken for this assessment was to:
Compare the analytical methods used to measure protein levels in human milk and infant formula/follow-on formula products.
Consider previous assessments of human milk protein levels by scientific advisory groups and key systematic reviews.
Conduct a literature review to identify new research conducted since previous reviews.
Determine whether the lower minimum protein in follow-on formula is consistent with average levels in human milk 6 to 12 months post-partum.
Review the literature to confirm that a lower minimum protein level in follow-on formula poses no nutritional risk as assessed by infant growth and adequacy of dietary protein intake.
Consider whether the lower minimum protein level will support adequate dietary protein intake and normal growth in infants consuming follow-on formula in addition to a progressively diversified diet.


[bookmark: _Toc5372364][bookmark: _Toc5373316][bookmark: _Toc5871933][bookmark: _Toc7429182]1.3	Definitions and terminology
Adequate Intake[footnoteRef:2] means the average daily nutrient intake level based on observed or experimentally determined approximations or estimates of nutrient intake by a group (or groups) of apparently healthy people that are assumed to be adequate. [2:  Source: NHMRC (2006). ] 


Crude protein is based on all nitrogen-containing substances in human milk is calculated from the total nitrogen content of a food multiplied by a conversion factor (usually 6.25 based on the nitrogen content of mixed proteins – see report text).

Follow-on formula[footnoteRef:3] means an infant formula product represented as either a human milk substitute or replacement for infant formula and which constitutes the principal liquid source of nourishment in a progressively diversified diet for infants aged from six months. [3:  Source: Standard 11.2 – Definitions used through the Australia New Zealand Food Standards Code http://www.comlaw.gov.au/Series/F2015L00385] 


Infant2 means a person under the age of 12 months.

Non-protein nitrogen (NPN) consists mainly of free amino acids, peptides, and urea. In human milk between 20 to 27% of total nitrogen is present as NPN.

Soy-based formula2 means an infant formula product in which soy protein isolate is the sole source of protein.

True protein is based on the all nitrogen-containing substances minus NPN multiplied by an appropriate conversion factor (e.g. 6.38 for milk proteins). Therefore, the calculation excludes nitrogen that may be metabolically available, e.g. amino acids, small peptides, urea, aminosugars, nucleotides, carnitine, and choline.
[bookmark: _Toc5372366][bookmark: _Toc5373318][bookmark: _Toc5871934][bookmark: _Toc7429183]2.	Nutrition Assessment
[bookmark: _Toc5372367][bookmark: _Toc5373319][bookmark: _Toc5871935][bookmark: _Toc7429184]2.1	Measuring protein in milk
[bookmark: _Toc5372368][bookmark: _Toc5373320][bookmark: _Toc5871936][bookmark: _Toc7429185]2.1.1	Variability of protein levels in human milk
[bookmark: _CTVP00118b3e0fac4b241e19c84d598947aa0a5][bookmark: _CTVP0010bcc91049d3c4435a137be099d678022]Human milk is considered to contain the ideal levels of nutrients for infants, thus it is used as the reference for the nutrient content of infant formula. Protein levels in human milk can vary considerably between women (Gidrewicz and Fenton 2014). Maternal health, BMI and some infant characteristics (e.g. infant size and volume of milk intake) may influence protein levels after 6 months post-partum (Nommsen et al. 1991). However, maternal diet has no effect on human milk protein levels, there appear to be no diurnal variances or differences between fore- and hind-milk (Mitoulas et al. 2002), and reported differences in protein levels between preterm and term milk during early lactation are no longer evident after 12 weeks (Saarela et al. 2005; Gidrewicz and Fenton 2014). A recently published systematic review of 26 studies showed protein concentrations in human milk were stable between 4 to 6 months through to 12 months (Lönnerdal et al. 2017).
[bookmark: _CTVP00181d03717061b4df796c9a4c12d53b2be]Differences in sample processing and analytical methods are major sources of variability in human milk protein concentrations reported in the literature (Gidrewicz and Fenton 2014). There are several protein determination methods available, but as each method is based on different analytical principles the results are not directly comparable. Furthermore, the lack of certified reference materials to standardize results and limited reporting of quality control measures limits comparisons between laboratories even when the same analytical method is used. These limitations are discussed further in the next section. 
[bookmark: _Toc5372369][bookmark: _Toc5373321][bookmark: _Toc5871937][bookmark: _Toc7429186]2.1.2	Measurement of protein in human milk and infant formula products
[bookmark: _CTVP001508d00efa3cc48b49baea678b3a3592c]The methods for determining protein in infant formula and human milk have previously been reviewed by FSANZ and are summarised in Table 1 (FSANZ 2013). For this assessment, only the analytical methods used in the studies reviewed will be discussed. The Code does not prescribe a protein determination method but the minimum protein level of follow-on formula is based on crude protein values (ANZFA 1999). The Code requires protein content to be calculated using the formula: Protein content=NC x F, where NC is the nitrogen content of the formula, and F is a specified nitrogen conversion (NCF) (refer to discussion in section 2.1.3).  
Table 1:	Methods to determine protein content in human milka
	Method
	Measure of
	Procedure
	Limitations

	Kjeldahl
	Nitrogen
	Digestion then conversion of organic nitrogen to ammonia which is detected by titration
Crude protein determined from total nitrogen in the sample; true protein determined after removing non-protein nitrogen from total nitrogen
	Crude protein includes nitrogen from non-protein constituents, whereas true protein excludes metabolically important nitrogen from non-protein sources; different proteins require different conversion factors depending on the amino acid composition of the sample protein

	Dumas
	Nitrogen
	Measures nitrogen released by combustion of milk sample
	Requires expensive instrumentation; different proteins require different conversion factors depending on the amino acid composition of the sample protein

	Spectroscopic
	Protein	
	Direct detection by UV spectroscopy at 280 nM
	Interference by other milk constituents 

	Colorimetric (e.g. Bradford, Lowry, BCA methods)
	Protein
	Interaction of proteins with reagents to form a complex which is measured spectrophotometrically
	Requires a reference standard that reproduces reagent-binding properties of breast milk proteins 

	Total amino acids (sum weight of amino acids)
	Amino acids
	Amino acid analysis
	Analytically demanding; requires determination of recovery coefficients for each amino acid determination


a Adapted from FSANZ (2013)
Methods that measure nitrogen
Crude protein is determined by measuring the total nitrogen concentration in a sample, then applying a nitrogen to protein conversion factor (NCF; see below) to estimate protein concentration. This estimate is termed ‘crude protein’ because it includes nitrogen from non-protein sources referred to as non-protein nitrogen (NPN) and includes: free amino acids, small peptides, and urea (Elgar et al. 2016; Moore et al. 2010). 
[bookmark: _CTVP001edc296c5489d47a3b97e315261faf7dc]The Kjeldahl method for the determination of crude protein is the most commonly used method, and is accredited by the Association of Official Analytical Chemists International (AOAC) (Koletzko et al. 2005; Elgar et al. 2016). This method is often used to validate other protein determination methods. 
[bookmark: _CTVP00117d0bc62130b4afebbd47208397db5e5][bookmark: _CTVP001f17804684c2847c3bc35ad69b89bbf9b][bookmark: _CTVP0010f951b563d6942fba3b83892d40766b3][bookmark: _CTVP001345a86bae10442d097e20d7c17122ab5]Crude protein methods overestimate protein content if there is a high amount of NPN in the sample (Lönnerdal 2003). Human milk has a high proportion of NPN, around 20 to 27% of total nitrogen, with urea providing approximately 50% of the NPN (FSANZ 2016; EFSA 2017). The proportion of NPN in milk-based formulas has been reported to range from 5 to 16% of total nitrogen, depending on protein source and manufacturing processes (Rudolff and Kunz 1997). The Dumas combustion method is another nitrogen-based method to determine crude protein and results from this method compare well with the Kjeldahl method (Wiles et al. 1988). 
[bookmark: _CTVP001c4501e22899d4c7ca44a84ae4847dbbc]The Kjeldahl method can be adapted to allow measurement of nitrogen in only the protein fraction of a sample to give an estimate of ‘true protein’. After precipitation and filtration of protein from the sample, true protein is determined by either directly measuring the nitrogen in the protein, or by measuring the NPN in the remaining solution then deducting the non-protein content from total nitrogen (Moore et al. 2010). Both methods require the conversion of nitrogen to protein using appropriate NCF. 
[bookmark: _CTVP001e189d2b522884571a43052c1345304c0][bookmark: _CTVP00104865500eb0c44c18602cc99f35d84c3]True protein values are comparable with crude protein values if there is very little NPN in the sample. However, the true protein methods have not been well standardized to human milk or infant formula products (Moore et al. 2010). As infants use some nitrogen from non-protein sources for protein synthesis and other biological functions, excluding NPN will underestimate the utilizable amount of nitrogen in human milk or formula (EFSA 2017). 
Methods that directly measure protein 
[bookmark: _CTVP001febb32cd63844c618a921fbd0c423b9b][bookmark: _CTVP001b10e4ab6195440029da3a7c0ed30a47a][bookmark: _CTVP001845f0b9016334d908f098ccdb636bf95][bookmark: _CTVP0013f99400ccb224706a14d4c8f37d6e4a0][bookmark: _CTVP001cb4f6a7dd99d460097a33316d2187859][bookmark: _CTVP001e01be118209948da80b15a811d4c09d8]Studies sometimes directly measure protein in human milk using colorimetric methods, such as the Bradford, bicinchoninic acid assay (BCA), and Lowry methods (Mitoulas et al. 2002; Elgar et al. 2016; Dewey et al. 1984). Generally these methods are easier and quicker to perform than the Kjeldahl method. The colorimetric methods, however, have not been well validated to the Kjeldahl method for human milk or infant formula (Moore et al. 2010). The assays tend to be sensitive to structural differences in milk constituents, and to interfering substances that may give falsely elevated true protein levels (Keller and Neville 1986). Furthermore, the colour responses are dependent on the amino acid composition of the protein, and therefore require standard reference materials with the same protein composition as the sample of interest (Moore et al. 2010). Purified human milk protein standard reference materials are recommended when measuring protein in human milk (Donovan and Lönnerdal 1989). Nevertheless, a comparative study has shown that when using a human milk standard reference material the Bradford and BCA methods gave higher results than both Kjeldahl true protein (by 34%) and crude protein (by 9%) (Donovan and Lönnerdal 1989). The Lowry method gave similar results to true protein, and underestimated crude protein. 
[bookmark: _CTVP001445a3000e5054b60923036b1bcf675d6]Other standard reference materials, such as human or bovine serum albumin (BSA) gave variable results when comparing colorimetric assays to the Kjeldahl methods (Keller and Neville 1986; Donovan and Lönnerdal 1989). 
Overall these studies highlight the difficulties in comparing results between studies unless the same analytical assay and standardized reference materials are used.
[bookmark: _Toc5372370][bookmark: _Toc5373322][bookmark: _Toc5871938][bookmark: _Toc7429187]2.1.3	Nitrogen to protein conversion factors
The NCF is the factor that is used to multiply the nitrogen content of a food or food ingredient (measured by nitrogen-based methods) to determine the protein content. 
The Code specifies two conversion factors: 6.38 for cow milk-based formula, and 6.25 for all other protein sources. 
The 6.25 NCF was derived from the average nitrogen content in mixed foods, which is approximately 16% (Maubois and Lorient 2016). Thus, 1 g of nitrogen is equivalent to 6.25 g of protein. The 6.38 conversion factor is an average of conversion factors for casein (6.36) and whey (6.41) proteins in milk. While the relative proportions of whey and casein differ between early lactation (80/20) and late lactation (50/50), the average conversion factor remains the same, at 6.38 (Maubois and Lorient 2016). Using 6.25 when 6.38 may be more appropriate will underestimate crude protein by 2%. This underestimation is considered minimal given the large variation in NPN (5 to 16% of total nitrogen) in cow milk-based infant formula (Rudolff and Kunz 1997). 
[bookmark: _Toc5372372][bookmark: _Toc5373324][bookmark: _Toc5871939][bookmark: _Toc7429188]2.1.4	Summary
While the Code does not require protein in human milk or follow-on formula to be measured using any specific method, it does require protein content in an infant formula product to be estimated from nitrogen using specified nitrogen to protein conversion factors (6.38 for cow milk-based formula, and 6.25 for other formula). Therefore, when setting human milk protein levels as a benchmark for formula, the values used must be comparable to nitrogen-based methods. Studies have often used colorimetric methods to measure protein in human milk, given these methods are inexpensive and quicker to perform than the nitrogen-based Kjeldahl method. These methods, however, have not been well validated for measuring protein in human milk and infant formula and do not use NCF to convert nitrogen to protein. Given the lack of standardized reference materials with which to compare results between studies, comparisons of results obtained from colorimetric assays with nitrogen-based methods should be made with caution.
[bookmark: _Toc5372373][bookmark: _Toc5373325][bookmark: _Toc5871940][bookmark: _Toc7429189]2.2	 Protein content in human milk 
[bookmark: _Toc5372374][bookmark: _Toc5373326][bookmark: _Toc5871941][bookmark: _Toc7429190]2.2.1	Approach - determining protein content in human milk
To establish a range of protein concentrations in human milk, original research studies were identified from the scientific literature (see Section 2.2.2). From these studies, the range of protein concentrations per 100 mL was determined. Many studies did not report energy density components or use sampling protocols that reduce variations in fat content to allow comparisons between studies. 
[bookmark: _CTVP0012250a92238d04fe0ba30aff561ed354a]Therefore, protein concentrations were converted to protein-energy density values using the average human milk energy density value of 288 kJ/100 mL for human milk beyond 6 months post-partum (Butte and King 2005).[footnoteRef:4]  [4:  Reported as 2.8 kJ/g in the original study (Butte and King 2005), and converted to kJ/mL for this assessment using the relative density factor of 1.03 g/mL for human milk.] 

Studies that reported using internationally accredited analytical methods (by AOAC or the International Dairy Federation), with no further details given, were assumed to have measured crude protein by the Kjeldahl method, using a nitrogen to protein conversion factor of 6.38, given this method is the most commonly used method for determining protein in milk samples.
[bookmark: _Toc5871942][bookmark: _Toc7429191]2.2.2	Identification of literature 
[bookmark: _CTVP0018a4420e1e3544bc0aecd8814896efcce][bookmark: _CTVP001f8eacaeb60214b4799fbbb5cd777831b][bookmark: _CTVP0019dc66aee7243499c90fa4fc8df0a8140]The applicant provided 3 studies reporting human milk concentrations from 6 to 12 months post-partum (Mitoulas et al. 2002; Dewey et al. 1984; Nommsen et al. 1991), and a systematic review reporting temporal trends in protein concentrations in human milk over the first 12 months of lactation (Lönnerdal et al. 2017). Additional studies were identified for this assessment from examining the references listed in key reviews (Gidrewicz and Fenton 2014; Lönnerdal et al. 2017; Hester et al. 2012; EFSA 2017; National Health and Medical Research Council 2006). A search on the PubMed electronic database was also undertaken using the search terms: human milk, proteins/analysis, breast feeding. Studies were included in this assessment irrespective of the protein determination method used, given that the Code does not specify the method that must be used when establishing human milk protein concentrations. 
Studies were included if they:
1. Included healthy women with term or preterm infants[footnoteRef:5] [5:  Protein concentration in human milk does not appear to differ between women with term and preterm infants (Saarela et al. 2005; Gidrewicz and Fenton 2014). ] 

2. Reported human milk protein content at any time between 6 and 12 months, inclusive[footnoteRef:6] [6:  Although the age range for infant follow-on formula specified in the Code is from 6 to <12 months, human milk values for 12 months were included in this analysis because milk protein concentrations appear to be stable from 6 to 12 months (Lönnerdal et al. 2017).] 

3. Reported results for protein concentration (g/L) in a format that allows the extraction of data.
Table A2.1 in Appendix 2 lists the studies that were identified through this search and the reasons for exclusion. From this list, 11 studies were identified as fulfilling the inclusion criteria above. Two studies were identified for the Australian population, but none were identified for the New Zealand population.
[bookmark: _Toc5871943][bookmark: _Toc7429192]2.2.3	Results from primary research studies
[bookmark: _CTVP00149cc0ef77b034223a13d18e46eb957be][bookmark: _CTVP0016892dfda4a244ecc8e38718d0bdda323][bookmark: _CTVP001ee1ca26a7ca34a3695f1a0c3a8f07b83]Results from the studies are presented in Table 2, expressed as absolute concentrations (g/100 mL) by month of lactation. Crude protein ranged from 0.99 to 1.14 g/100 mL (Feng et al. 2016; Saarela et al. 2005; Yamawaki et al. 2005; Nagra 1989). One study reported true protein, of 0.83 g/100 mL (Stuff and Nichols 1989). This was similar to protein determined by the total amino acid method (0.82 g/100 mL (Feng et al. 2016). 
The results from the colorimetric assays varied considerably (0.80 to 1.24 g/100 mL). Some of the variability is likely to be explained by differing assays used and the type of standard reference material used. 
[bookmark: _CTVP00141941b5893384a038d610be7af04b7b5]Specifically, the two studies using the Lowry method with BSA or unspecified protein standards (likely to be BSA) gave higher results (1.14 to 1.24 g/100 mL) than studies using other colorimetric assays with human milk standard reference materials (0.83 to 1.07 g/100 mL) (Allen et al. 1991; Mitoulas et al. 2002; Gridneva et al. 2018). 
[bookmark: _CTVP0016d9b2a1141574d23aa8a807d99da1f3e][bookmark: _CTVP0017bd89f16723f4d678bad8a35e5c16236][bookmark: _CTVP001445028901f8a48818c129892466c68d8]The results from the studies for Australian women differed (Mitoulas et al. 2002; Gridneva et al. 2018). Using the same colorimetric method, average protein concentration reported by Mitoulas et al (2002) of 0.83 g/100 mL was lower than the concentration reported in a more recent study (Gridneva et al,  2018), of 1.02 g/100 mL. The results from Mitoulas et al (2002) are similar to true protein and protein determined from total amino acids (Feng et al. 2016; Stuff and Nichols 1989). The results by Gridneva et al. (2018) are similar to the crude protein concentrations (1.097 g/100 mL) reported for women from 9 countries including Australia (Feng et al. 2016). Feng et al (2016) found that there were generally no differences in protein concentrations of human milk between the countries. Therefore it is reasonable to assume that protein content of human milk of Australian and new Zealand women is comparable to international values. 
Table 2:	Reported human milk protein content from 5 to 12 months post-partum
	Reference (Country)
	Method for determining protein
	Months post-partum
	N
	Protein (g/100 mL)

	Feng et al. 2016 (9 countries)
	Crude protein (Dumas)
Protein (Total amino acid)
	5 to 6
5 to 6
	23
23
	1.097
0.821

	Saarela et al. 2005 (Finland)
	Crude protein (Kjeldahl)
	6
	20
	1.14

	Yamawaki et al. 2005 (Japan)
	Crude protein (Kjeldahl)
	6 to 12
	39
	0.99

	Nagra et al. 1989 (Pakistan)
	Crude protein (Kjeldahl)
	6
9
12
	20
18
17
	1.01
0.99
1.01

	Stuff & Nichols 1989 (US)
	True protein (Kjeldahl)
	6
9
	45
8
	0.82
0.84

	Gridneva et al. 2018 (Australia)
	Colorimetric 
(Bradford; human milk standard)
	6
9
	19
15
	0.97
1.07

	Mitoulas et al. 2002 (Australia)
	Colorimetric 
(Bradford; human milk standard)
	6
9
12
	15
6
5
	0.80
0.83
0.83

	Dewey et al. 1984 (US)
	Colorimetric 
(Lowry; unspecified standard)
	7 to 11
	27
	1.24

	Nommsen et al. 1991 (US)
	Colorimetric 
(Lowry; Bovine Serum Albumin standard)
	6
9
12
	45
28
32
	1.14
1.16
1.24

	Allen et al. 1991 (US)
	Colorimetric (BCA; Human milk standard)
	6
	13
	1.00

	Michaelas et al 1994 (Denmark)
	Protein (Spectrophotometric)
	6
8
	27
14
	0.77
0.77


[bookmark: _Toc5871944][bookmark: _Toc7429193][bookmark: _Toc5372375][bookmark: _Toc5373327]2.2.4	Results from systematic reviews
[bookmark: _CTVP001863d123815ec4d77b1a97c03809513a9]To-date only one systematic review and meta-analysis has reported human milk protein content from the 6th month of lactation (Lönnerdal et al. 2017). This review examined studies published up to March 2015, to describe the temporal trends in human milk protein concentration over the first year of lactation. Studies were included that reported true protein determined by the Kjeldahl true protein method, and studies using various colorimetric assays. The key finding relevant to the present assessment is that human milk protein concentration declines rapidly during the first few weeks of lactation, then remained stable from 4 to 12 months, at around 1.1 g/100 mL. The authors did not examine energy density, and therefore the study does not provide information on the temporal trends in protein by energy density over the course of lactation. Studies have shown that the energy-providing macronutrients in human milk remain constant from 6 to 12 months (Dewey et al. 1984; Mitoulas et al. 2002; Nommsen et al. 1991); therefore, protein per 100 kJ should also remain stable.
[bookmark: _Toc5871945][bookmark: _Toc7429194]2.2.5	Human milk protein content in terms of energy density
The Code prescribes the protein content in infant formula to be determined from nitrogen-based methods. Therefore, to facilitate comparisons between protein levels in human milk and follow-on formula, the range of crude and true protein concentrations were determined for this assessment. After conversion to g/100 kJ using the average energy density of 288 kJ/100 mL (as discussed in Section 2.2.1), mean crude protein in human milk 6 to 12 months post-partum ranged from 0.34 to 0.40 g/100 kJ, and true protein was 0.29 g/100 kJ. The requested minimum protein content for follow-on formula, of 0.38 g/100 kJ, falls within the ranges of crude and true protein levels reported for human milk. Moreover, the requested minimum is consistent with results from studies involving Australian women, using colorimetric methods, of 0.29 and 0.38 g/100 kJ (Gridneva et al. 2018; Mitoulas et al. 2002). 
[bookmark: _Toc5871946][bookmark: _Toc7429195]2.2.6	Conclusions from other authoritative bodies
[bookmark: _CTVP0015980969cc1f24b1bae122f1df173982b][bookmark: _CTVP001bc429483735d4d7c89340cb202289cab][bookmark: _CTVP001493f0d418f884165b1eeb359625d7b6d]When setting protein intake recommendations for Australian and New Zealand infants, the National Health and Medical Research Council (NHMRC) based the Adequate Intake (AI) for infants aged 0 to 6 (AI 10 g/day) and 7 to 12 months (AI 14 g/day) on the average intake of protein from human milk[footnoteRef:7], with additional protein from complementary foods added for infants 7 to 12 months (National Health and Medical Research Council 2006). Human milk protein concentration up to 6 months of lactation was estimated as 1.27 g/100 mL, based on studies measuring protein with colorimetric assays (Mitoulas et al. 2002; Nommsen et al. 1991; Dewey et al. 1984, 1984; Dewey and Lonnerdal 1983) and one study reporting Kjeldahl crude protein up to 12 weeks (Butte et al. 1984). Protein concentrations for 7 to 12 months post-partum was estimated as 1.1 g/100 mL based on colorimetric results reported by Dewey et al (1984), Mitoulas et al (2002), and Nommsen et al (1991).  [7:  Determined from an average volume of milk intake (0.78 L and 0.6 L for infants aged 0-6 and 7-12 months, respectively), plus protein concentration in human milk (NHMRC 2006).] 

[bookmark: _CTVP0018ad4bebc7329455e827293f5f77ad660]The IOM used similar data as the NHMRC when setting the Dietary Reference Intakes for infants, except they did not use the results from the study by Mitoulas and colleagues (2002) when setting the Recommended Dietary Allowance for infants 7 to 12 months (of 11 grams per day) (Institute of Medicine 2005). Thus, they estimated average protein levels in human milk 7 to 12 months post-partum at a slightly higher value than the NHMRC, of 1.21 g/100 mL. 
[bookmark: _CTVP00198fae88611714c3f93bdcfeab8c20c9e][bookmark: _CTVP00114415d6af7044ce5bc2c1e74d9963660][bookmark: _CTVP001296b7fbcc5314a35b66fadcb0c0a8123][bookmark: _CTVP001223c20a6de7449beb1f5b38787966b26]In response to a request to reduce the minimum allowed protein content in follow-on formula in the EU, the ESFA examined systematic reviews assessing human milk protein concentrations up to 12-weeks (Gidrewicz and Fenton 2014; Lönnerdal et al. 2017; Hester et al. 2012) and 12-months (Lönnerdal et al. 2017) post-partum. They also highlighted the studies by Michaelsen and colleagues, who measured true protein with an infrared analyser (Michaelsen et al. 1990), and the study by Nommsen et al (1991). From this evidence base, the panel concluded that the mean crude protein was 1.1 g/100 mL at 6 months, corresponding to about 0.38 g/100 kJ (EFSA 2017). These values are consistent with the range of protein concentrations in human milk determined for this assessment. 
2.2.7	Summary
Based on studies reporting protein content measured using nitrogen-based methods, crude protein in human milk 5 to 12 months post-partum ranged from 0.99 to 1.14 g/100 mL, corresponding to 0.34 to 0.40 g/100 kJ. True protein was 0.83 g/100 mL, corresponding to 0.29 g/100 kJ. These values align with the reports by other governmental agencies and the EFSA. The requested minimum protein in follow-on formula, of 0.38 g/100 kJ, falls within the upper end of the range for crude protein in human milk and therefore is consistent with human milk protein concentrations reported for Australian women. 
[bookmark: _Toc5871947][bookmark: _Toc7429196]2.3	Higher protein content for soy-based follow-on formula
Internationally higher protein levels have been set for follow-on formulas based on soy protein isolate. For example, the European regulations set a minimum protein of 0.56 g/100 kJ for follow-on formula based on soy protein compared to 0.43 g/100 kJ for follow-on formula based on cows’ and goats’ milk proteins. The rationale for the higher minimum for soy protein is due to (1) the NCF for soy protein and (2) the digestibility and amino acid availability compared to dairy protein sources. 
Compared to cows’ and goats’ milk proteins (comprised mainly of whey and casein proteins), soy protein has a different amino acid composition and is structurally different due to side chain glycosylation. Glycosylation increases protein molecular weight but does not increase nitrogen content. Thus for soy protein, 1 g of nitrogen has been determined to be equivalent to 5.71 g of protein. The lower NCF for soy proteins is consistent with the current scientific literature on this topic (Evers et al. 2016; Krul 2019). Therefore scientifically the most appropriate NCF is 5.71 for follow-on formula based on soy protein.
However there is no consistency in the application of the 5.71 NCF for soy protein in regulations. As shown in Figure 1 below, use of the 6.25 conversion factor for soy protein instead of 5.71 would lead to a calculated protein content that is overestimated by about 10%. A higher minimum protein content for soy-based follow-on formula allows for overestimation of the calculated protein content and potential amino acid insufficiency. The higher value also allows for concerns that soy and other plant-based proteins may have lower digestibility and amino acid availability compared to dairy sources (Koletzko et al. 2013). 
On this basis the EFSA (2014) supported the conclusions of the EC SCF (2003), recommending a higher minimum protein content for follow-on formula based on soy protein of 0.54 g/100 kJ.
The Code does not set a specific NCF for soy-based follow-on formula. Therefore a higher minimum protein amount is scientifically justified to ensure follow-on formula consumers are obtaining adequate protein and amino acids. 
[image: ] Figure 1: Calculation showing the amount of nitrogen measured by Kjeldahl required to meet the proposed minimum protein level of 0.38 g/100 kJ. Top equation uses the soy NCF of 5.71, bottom equation uses 6.25 as the NCF for other proteins (see section 2.1.3)
[bookmark: _Toc5372376][bookmark: _Toc5373328][bookmark: _Toc5871948][bookmark: _Toc7429197]2.4	Safety studies lower protein follow-on formula (0.38 mg/100 kJ) 
[bookmark: _Toc5372377][bookmark: _Toc5373329][bookmark: _Toc5871949][bookmark: _Toc7429198]2.4.1	Impact of lower protein follow-on formula on infant growth and development
[bookmark: _CTVP001206c9ecf2e8c42d4bb6405f28ae298e3]Formula-fed infants demonstrate faster weight gain compared with breastfed infants (Koletzko et al. 2009). As breastfed infants are the benchmark, some reduction in growth rate compared with current formula is not an adverse effect providing it is not less than breastfed infants. 
[bookmark: _CTVP001e64f4d21828245b1be9d084c550ffb4e]Two studies were provided by the applicant to show that formula with a protein content of 0.39 g/100 kJ, with adequate complementary food, supports normal growth in infants aged 6 and 12 months (Inostroza et al. 2014; Ziegler et al. 2015). No additional studies specifically examining the effect of lower protein follow-on formula on growth or other developmental outcomes were identified through a PubMed search using the search terms such as infant formula, protein, energy. Instead, the research to date has focussed on ‘lower protein’ formulas with protein concentrations at the current minimum, of 0.45 g/100 kJ, or higher. 
[bookmark: _CTVP001c8bc02d3dbb04522a523a34e6722be1d]The two studies included in the application were randomised, controlled trials examining growth trajectories of infants fed lower protein formula (1.61 or 1.65 g/100 kcal, equivalent to 0.39 and 0.40 g/100 kJ, respectively) compared with those fed higher protein formula (2.2 or 2.7 g/100 kcal, equivalent to 0.51 or 0.65 g/100 kJ) (Ziegler et al. 2015; Inostroza et al. 2014) (summarised in Appendix 2 Table A2.2)[footnoteRef:8].   [8:  The reported protein content in the lower protein formulas were converted from g/100 kcal using the conversion factor of 4.18, giving values of 0.3852 and 0.3947 g/100 kJ. With rounding, these values were 0.39 and 0.40 g/100 kJ, respectively.] 

The amino acid profiles the of the study formulas generally met the amino acid specifications of the Code; with minor exceptions for each of the study formula. Both studies included a non-randomized breastfeeding reference group. The primary objectives were to compare differences in weight gain between the formula groups between the period 3 to 6 months of age, with power calculations based on this objective. 
Secondary objectives included examining weight gain for the periods 3 to 12 months of age and 6 to 12 months of age, comparing weight gain between the formula and breastfed groups, and examining differences in other anthropometric measurements (e.g. weight–for–length z-scores). Inostroza et al (2014) specifically recruited infants with overweight mothers - a high-risk group for rapid infant growth – whereas while Ziegler et al (2015) did not specifically target women with high BMI, over 50% of the women in the formula groups had a BMI >25 kg/m2.
[bookmark: _CTVP0012b456ce48a184a4cbdf9e71a991a7b36]Both studies indicated slower weight gain between 3 and 12 months for infants fed the lower protein formula compared with the higher protein group. However, the differences only reached statistical significance between 3 and 6 months in the study by Inostroza et al (2014). Compared with breastfed infants, Ziegler et al (2015) reported higher weight gain in infants fed either formula, whereas Instroza et al (2014) reported greater weight gain in the higher protein group and no difference in the lower protein group. 
Both studies had some limitations that should be considered when interpreting the results, as summarised in Table A2.2. Nevertheless, it can be concluded that there is a consistent direction of the association, with both studies showing slightly lower growth rates in infants fed the lower protein formula. 
[bookmark: _Toc5871950][bookmark: _Toc7429199]2.4.2	Conclusions from other authoritative bodies
[bookmark: _CTVP00121d1bf56d9e94d3e9c5e32eee410ba1e]The EFSA reviewed the studies by Instroza et al (2014) and Ziegler et al (2015) as part of an assessment of the safety and suitability of reducing the minimum amount of protein to 0.38 g/100 kJ (EFSA 2017). EFSA noted that the studies were not specifically designed to meet EU regulatory definitions for infant formula or follow-on formula and that not enough information was provided to determine total energy intakes or contribution of the formula to protein intakes. Therefore, the panel noted that the two trials alone did not provide sufficient evidence to conclude on the safety and suitability of the lower protein levels in follow-on formula. However, they considered that the requested minimum protein level fell within the levels found in human milk 6 to 12 months post-partum (estimated as 1.6 g/100 kcal (or 0.38 g/100 kJ), and that their dietary modelling showed no adverse effect on protein intakes with the lower protein content in follow-on formula.
Thus, the panel concluded that the use of follow-on formula with a protein content of at least 1.6 g/100 kcal (0.38 g/100 kJ) from intact cow or goat milk protein, otherwise complying with all other EU regulations, is safe and suitable for EU infants consuming suitable complementary foods.
[bookmark: _Toc5372379][bookmark: _Toc5373331][bookmark: _Toc5871951][bookmark: _Toc7429200]3.Dietary Intake Assessment 
[bookmark: _Toc5372380][bookmark: _Toc5373332][bookmark: _Toc5871952][bookmark: _Toc7429201]3.1	Method 
[bookmark: _Toc5372381][bookmark: _Toc5373333][bookmark: _Toc5871953][bookmark: _Toc7429202]3.1.1	Scope of the dietary intake assessment
Follow-on formulas are suitable for infants aged from 6-<12 months of age, therefore only this population group was included in the dietary intake assessment. The assessment included an evaluation of protein intakes using different intake scenarios which were compared to the AIs for protein for infants for risk characterisation. 
Two intake scenarios were considered:
1. follow-on formula is the single source of protein 
2. model diet for 9-month-old infants: a mixed diet of follow-on formula and other solid foods and beverages
The amounts of protein per 100 kJ were converted to grams of protein per 100 g of follow-on formula in order to undertake the dietary intake calculations.
3.1.2 Intake Scenario 1: Follow on formula as the sole source of protein
For this scenario, it is assumed that follow-on-formula is the only source of protein in the diet (i.e. no protein from solid foods or other beverages). This provides the most protective estimate of protein intake when considering adequacy. 
To calculate the theoretical dietary intake of protein the relevant estimated energy requirements specified in the Australian New Zealand Nutrient Reference Values (NRVs) for the age group considered[footnoteRef:9] were used to estimate how much formula would have to be consumed to meet that requirement. Energy requirements for boys and girls from 6 to 12 months range between 2500 kJ/day and 3500 kJ/day depending on sex and month of age. The minimum permitted amount of protein contained in the follow-on formula (as ready to consume i.e. prepared with water) is then multiplied with the consumption amount to provide a theoretical intake. The minimum levels of protein assessed were: [9: https://www.nrv.gov.au/nutrients] 

the current minimum level in the Code (0.45 g/100 kJ equivalent to 1.19 g/100 g formula) 
the proposed new minimum by the applicant of (0.38 g/100 kJ equivalent to 1.00 g/100 g formula). 
Estimated protein intakes were calculated for 6, 9 and 12-month-old infants. 
[bookmark: _Toc5372383][bookmark: _Toc5373335][bookmark: _Toc5871954][bookmark: _Toc7429203]3.1.3	Intake Scenario 2: Mixed model diet for 9-month-old infants
By the age of 6-12 months, most infants consume a mixed diet and obtain nutrients from a range of foods in addition to human breast milk and/or infant/follow-on formula. On this basis, the impact of a lower protein level in follow-on formula was also assessed assuming that infants eat a mixed diet.
At the time of this assessment, FSANZ did not have any nationally representative data on the consumption of foods for infants aged 6-12 months. Therefore, a model diet was constructed for 9‑months‑old infants to represent consumption patterns at the mid-point of this age range. The methodology used to develop the infant model diet is described in Appendix 2.
For the model diet assessment, three concentrations of protein were used for follow-on formula (prepared with water):
· the protein content of standard follow-on-formula sourced from the food composition dataset AUSNUT 2011-13 of 1.80 g/100 g[footnoteRef:10] [10: http://www.foodstandards.gov.au/science/monitoringnutrients/ausnut/ausnutdatafiles/Pages/foodnutrient.aspx] 

· the minimum level currently specified in the Code of 1.19 g/100 g
· the proposed lower level of 1.00 g/100 g. 
[bookmark: _Toc5372386][bookmark: _Toc5373338][bookmark: _Toc5871957][bookmark: _Toc7429204]3.2	Estimated dietary intakes 
[bookmark: _Toc5871958][bookmark: _Toc7429205]3.2.Intake Scenario 1: follow-on formula is the single source of protein
As shown in Table 4, the theoretical protein intake of 6-month-old males is 12 g/d using the current minimum protein level of follow-on formula as input and 10 g/day using the proposed reduced minimum protein content. For 6-month-old females, the protein intakes are very similar. As expected, with increasing age the theoretical protein intakes increase due to increased energy requirements being largest for 12-month-old males reaching 16 g/d and 13 g/d for current and proposed minimum protein contents respectively.
Table 4: Theoretical Dietary protein intake for differently aged infants based on using follow-on formula as the sole source of protein
	Age (months)
	Sex
	Energy required (kJ/day)1
	Formula required 
(kg/day)2
	Theoretical Protein Intake 
(g/day)

	
	
	
	
	Current minimum 
1.19 g/100 g
	Proposed minimum 
1.00 g/100 g

	6
	M
	2700
	1.0
	12
	10

	
	F
	2500
	0.9
	11
	10

	9
	M
	3100
	1.2
	14
	12

	
	F
	2800
	1.1
	13
	11

	12
	M
	3500
	1.3
	16
	13

	
	F
	3200
	1.2
	14
	12


1 Nutrient Reference Values for Australia and New Zealand https://www.nrv.gov.au/dietary-energy
2 Based on a follow on formula energy content of 264 kJ/100 g (source: standard follow on formula AUSNUT 2011-13)
[bookmark: _Toc5871959][bookmark: _Toc7429206]3.2.2	Intake Scenario 2: model diet for 9-month-old infants
Using the more complex assessment methodology based on a model diet that includes consumption of follow-on formula, solid foods and other beverages provides a more accurate estimate of protein intake using different protein contents of follow-on formula. Table 5 concentrations in the market place (AUSNUT data), the minimum protein content currently specified in the Code and the proposed lower minimum protein. Mean protein intakes were estimated at 24 g/day based on AUSNUT data, 21 g/day on the current minimum in the standard and 20 g with the proposed reduction in the protein minimum. 
Estimated intakes of protein from non-nationally representative studies of infants were also reviewed by FSANZ. Nutrient intakes from these studies were estimated from dietary recall or record data collected from the infants. The estimated intakes determined by FSANZ above are similar to the mean protein intake of 29 g/day reported for 9-month-old infants of first-time mothers from the control arm of the Melbourne The Infant Feeding Activity and Nutrition Trial (InFANT) (Lioret et al. 2013). They were also similar to the estimated usual protein intakes of 24 g/day for 6-8-month-old infants from the NOURISH study for infants consuming a diet of formula and solid foods and beverages (Kavian et al, 2015).
Table 5 shows the contributors to protein intake based on the model diet for 9-month-old infants. As can be seen, the percentage contribution of follow-on formula to estimated protein intake decreases from 32 to 28% as the protein intake of the formula is reduced while the contribution of general foods increases accordingly.
Table 5: Contributors (%) to the protein intake of 9-month-old infants based on different protein concentrations in follow-on formula
	Food Group
	AUSNUT composition
	Current minimum
	Proposed minimum

	Protein
	1.80 g/100 g
	1.19 g/100 g
	1.00 g/100 g

	Infant formulas
	42
	32
	28

	Other foods 
	
	
	

	Poultry, game birds
	10
	11
	12

	Beef, veal, large game
	6
	7
	7

	Cheeses
	5
	5
	6

	White breads
	<5
	5
	5

	Multigrain, wholemeal, spelt, rye breads
	<5
	<5
	5

	Other foods (solid and fluid)
	30
	35
	37

	Total other foods
	58
	68
	72


[bookmark: _Toc5372387][bookmark: _Toc5373339][bookmark: _Toc5871960][bookmark: _Toc7429207][bookmark: _Toc5372388][bookmark: _Toc5373340]3.3	Risk Characterisation
[bookmark: _Toc7429208]3.3.1	Use of the Adequate Intake
The Adequate Intake (AI) is the average daily nutrient intake level based on observed or experimentally determined approximations or estimates of nutrient intake by group/s of apparently healthy people that are assumed to be adequate. AIs are set when there is insufficient evidence to set an EAR (National Health and Medical Research Council 2006). 
When the AI is based on observed mean intakes of population groups, as is the case for infants, it is likely to always exceed the average requirement that would have been experimentally determined. The AI for protein for infants 0-6 months is 10 g/day and for 7-12 months is 14 g/day.
[bookmark: _Toc7429209]3.3.2	Comparison of protein intakes to the AI
For intake scenario 1, where follow-on formula was assumed to be the sole source of protein for infants aged 6-12 months, the theoretical intake of protein for 6‑months‑olds is at the AI of 10 g/day10, and for 9 and 12-month-olds is lower than the AI of 14 g/day. 
For intake scenario 2, which includes protein sourced from a mixed diet and follow-on formula, intakes based on the proposed minimum protein level in follow-on formula were higher than the AI (Table 6).
The mean protein intakes from Australian infant dietary studies (i.e. InFANT and NOURISH) are above the AIs for both NRV age groups.
Table 6: Dietary protein intakes of 9-month-old infants1 consuming follow-on formula and mixed diets (intake scenario 2) compared to Adequate Intakes (AI)2 
	Source of protein concentration
	Protein level in follow-on Formula
(g Protein/ 100 g)
	Mean protein intake
(g/day)
	AI for protein2 0‑6 months (g/day)
	AI for protein2 7‑12 months (g/day)

	AUSNUT
	1.80
	24
	10
	14

	Current protein minimum
	1.19
	21
	
	

	Proposed protein minimum
	1.00
	20
	
	


1 Assumes same energy content (264 kJ/100 g) across all calculations using different protein concentrations in follow-on formula
2 Nutrient Reference Values for Australia and New Zealand https://www.nrv.gov.au/nutrients/protein
[bookmark: _Toc5871961][bookmark: _Toc7429210]3.4	Conclusions from Dietary Intake Assessment
If it is assumed that follow-on formula is the single source of protein, the theoretical protein intake of 6-month-old males is 12 g/d using the current minimum protein in the Code as input and 10 g/day using the proposed reduced minimum protein content. With increasing age, the theoretical protein intakes increase as a result of increasing energy requirements.
Estimated daily protein intake based on a minimum proposed follow-on formula protein content of 0.38 g/100 kJ and assuming the formula was the only source of dietary protein, was 10 g/day for boys and girls 6 months of age, which is equivalent to the AI for this age group, thus indicating sufficient protein intake. Protein intakes in this scenario, however, were lower than the AI of 14 grams of protein per day for infants 7-12 months based on the proposed lower minimum protein level.
It is unlikely that the lower protein follow-on formula would pose a risk of inadequate protein intake because older infants (and also 6-month-old infants) would receive protein from complementary food sources. Furthermore, the AI is likely to overestimate protein requirements because the AI is derived from population-based average dietary intakes, which tend to exceed requirements, rather than experimentally derived protein requirements (National Health and Medical Research Council 2006).
Using a more complex assessment methodology including other foods and beverages, the mean protein intake of 9-month old infants can be estimated at 24 g/day based on AUSNUT protein data, 21 g/day on the current standard and 20 g/day with the proposed reduction in minimum protein content. The percentage contribution of follow-on formula to estimated protein intake decreases as the protein intake of the formula is reduced while the contribution of all other foods increases. On this basis, it is considered unlikely that a lower minimum protein level for follow-on formula poses a risk of inadequate protein intake.
[bookmark: _Toc5372389][bookmark: _Toc5373341][bookmark: _Toc5871962][bookmark: _Toc7429211]4. Nutritional safety assessment conclusion
Based on the evidence currently available, we have determined that crude protein content in human milk during the 6th to 12th months of lactation ranges from 0.34 to 0.40 g/100 kJ, and true protein is around 0.29 g/100 kJ. The requested minimum protein concentration for follow-on formula, of 0.38 g/100 kJ, falls within the levels of protein in human milk determined for this nutritional safety assessment. 
[bookmark: _Toc5372390][bookmark: _Toc5373342]Two randomised controlled trials showed no adverse effect on growth with a lower protein formula (0.39 and 0.40 g crude protein/100 kJ) compared with higher protein formula (0.51 to 0.65 g/100 kJ) when fed to infants between 3 months to 12 months of age. Furthermore, the dietary intake assessment showed no risk of inadequate protein intake for Australian or New Zealand infants if the protein in follow-on formula was lowered to 0.38 g/100 kJ as requested by the applicant.
[bookmark: _Toc5871963][bookmark: _Toc7429212][bookmark: _CTVBIBLIOGRAPHY1]References 
[bookmark: _CTVL0018410f5326e724bed9a075684468a5a6d]Allen, J. C.; Keller, R.P; Archer, P.; Neville, M. C. (1991): Studies in human lactation: milk composition and daily secretion rates of macronutrients in the first year of lactation. In American Journal of Clinical Nutrition 54, pp. 69–80.
[bookmark: _CTVL001fd9dde6dc3564c368da48fb6450439b8]ANZFA (1999): Proposal P93 - Review of Infant Formula, Preliminary Inquiry Report. Report prepared by the Australia New Zealand Food Authority. Canberra. Available online at http://www.foodstandards.gov.au/code/proposals/Pages/proposalp93reviewofinfantformula/Default.aspx, checked on 4/12/2019.
[bookmark: _CTVL0014ef9ddcff37f4578be9f9dbd14979c17]Butte, N. F.; Garza, C.; Johnson, C. A.; O'Brian Smith, E.; Nichols, B. L. (1984): Longitudinal changes in ilk composition of mothers delivering preterm and term infants. In Early Human Development 9, pp. 153–162.
[bookmark: _CTVL0018dd6baa3b296487daa507a5ed997d21c]Butte, N. F.; King, J. C. (2005): Energy requirements during pregnancy and lactation. In Public Health Nutrition 8 (7a), p. 158. DOI: 10.1079/PHN2005793.
[bookmark: _CTVL001e9e127efa89d476ea8cf2401a8eded41]Dewey, K. G.; Finley, D. A.; Lonnerdal, B. (1984): Breast Milk Volume and Composition During Late Lactation (7 - 20 Months). In Journal of Pediatric Gastroenterology and Nutrition 3 (5), pp. 713–720.
[bookmark: _CTVL0018efa8d28efeb4dfbab7b0171b61215c3]Dewey, K.G; Lonnerdal, B. (1983): Milk and nutrient intake of breast-fed infants from 1 to 6 months: Relation to growth and fatness. In Journal of Pediatric Gastroenterology and Nutrition 2, pp. 497–506.
[bookmark: _CTVL001a192898100cb41529e4bc43a17970d7a]Donovan, S. M.; Lönnerdal, Bo (1989): Development of a Human Milk Protein Standard. In Acta Paediatrica 78, pp. 171–179.
[bookmark: _CTVL0018c826af89f464408bd541a192a761388]EFSA (2017): Scientific Opinion on the safety and suitability for use by infants of follow-on formulae with a protein content of at least 1.6 g/100 kcal. In EFSA Journal 15 (5), p. 4781.
[bookmark: _CTVL00179acc0a56fd44cb88fc801ffadcfced1]Elgar, D.; Evers, J. M.; Holroyd, S. E.; Johnson, R.; Rowan, A. (2016): The Measurement of Protein in Powdered Milk Products and Infant Formulas. A Review and Recent Developments. In Journal of AOAC International 99 (1), pp. 26–29. DOI: 10.5740/jaoacint.15-0243.
[bookmark: _CTVL001f02ebbfb907d4166a4c09e1b617082be]Evers, J. M.; Barbera, D. M.; Alper, I.; Cameron, M.; Farhang, B.; Gips, M.F. et al. (2016): Evaluation of nitrogen conversion factors for dairy and soy. In Bulletin of the International Dairy Federation 482. Available online at https://www.researchgate.net/publication/313139664_Evaluation_of_nitrogen_conversion_factors_for_dairy_and_soy.
[bookmark: _CTVL001df7dcc7d6b314900938a5c7e3b749722]Feng, P.; Gao, M.; Burgher, A.; Zhou, T. H.; Pramuk, K. (2016): A nine-country study of the protein content and amino acid composition of mature human milk. In Food & nutrition research 60, p. 31042. DOI: 10.3402/fnr.v60.31042.
[bookmark: _CTVL001fe7c773c2ead4cfabefcebe48349a2bb]FSANZ (2016): Nutrition Assessment - Proposal P1028. Infant Formula. Edited by Food Standards Australia New Zealand. Canberra, checked on 4/4/2019.
[bookmark: _CTVL001adc38cd1980f42afa33b0c7650f63c11]Gidrewicz, D. A.; Fenton, T. R. (2014): A systematic review and meta-analysis of the nutrient content of preterm and term breast milk. In BMC Pediatrics 14, pp. 216–229.
[bookmark: _CTVL00198e037f4817148cd86107f692e8aba33]Gridneva, Z.; Tie, W. J.; Rea, A.; Lai, C. T.; Ward, L. C.; Murray, K. et al. (2018): Human Milk Casein and Whey Protein and Infant Body Composition over the First 12 Months of Lactation. In Nutrients 10 (9). DOI: 10.3390/nu10091332.
[bookmark: _CTVL001f337b571c4794749b08fcbea3cafcb9a]Hester, S. N.; Hustead, D. S.; Mackey, A. D.; Singhal, A.; Marriage, B. J. (2012): Is the macronutrient intake of formula-fed infants greater than breast-fed infants in early infancy? In Journal of nutrition and metabolism 2012, p. 891201. DOI: 10.1155/2012/891201.
[bookmark: _CTVL001452c5d22155a416eb5360fcee08110f5]Inostroza, J.; Haschke, F.; Steenhout, P.; Grathwohl, D.; Nelson, S. E.; Ziegler, EE. (2014): Low-protein formula slows weight gain in infants of overweight mothers. In Journal of Pediatric Gastroenterology and Nutrition 59 (1), pp. 70–77. DOI: 10.1097/MPG.0000000000000349.
[bookmark: _CTVL0010905956ac7b647fd881ae2e2831e1b2a]Institute of Medicine (2005): Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein and Amino Acids. Washington DC: National Academies Press.
Kavian, F.; Scott J.A., Perry, R.; Byrne, R. and Magarey, A. (2015). Assessing Dietary Intake and Growth of Infants. In: Maternal and Paediatric Nutrition Journal 1(1) DOI: 10.4172/2472-1182.1000101
[bookmark: _CTVL00182dc975de131486699582f29c1ed0213]Keller, R. P.; Neville, M. C. (1986): Determination of Total Protein in Human Milk: Comparison of Methods. In Clinical Chemistry 32 (1), pp. 120–123.
[bookmark: _CTVL00135785f8bca2841cb83361207429e92d7]Koletzko, B.; Baker, S.; Cleghorn, G.; Neto, U. F.; Gopalan, S.' Hernell, O.; Hock, Q. S. et al. (2005): Global Standard for the Composition of Infant Formula: Recommendations of an ESPHGAN Coordinated International Expert Group. In Journal of Pediatric Gastroenterology and Nutrition 41 (5), pp. 584–599.
[bookmark: _CTVL00188bd0d05589846fda93ed9b613f2f52e]Koletzko, B.; Bhutta, Z. A.; Cai, W.; Cruchet, S.; Guindi, M. E.; Fuchs, G. J. et al. (2013): Compositional Requirements of Follow-Up Formula for Use in Infancy. Recommendations of an International Expert Group Coordinated by the Early Nutrition Academy. In Annals of Nutrition and Metabolism 62 (1), pp. 44–54. DOI: 10.1159/000345906.
[bookmark: _CTVL001da545c4f560a4dffb1e3aa2fce3f52f6]Koletzko, B.; Kries, R. von; Closa, R.; Monasterolo, R. C.; Escribano, J.; Subías, J. E. et al. (2009): Can infant feeding choices modulate later obesity risk? In American Journal of Clinical Nutrition 89 (5), 1502S–1508S. DOI: 10.3945/ajcn.2009.27113D.
[bookmark: _CTVL0014596b6bb68874c24a5151a81daa8b7f8]Krul, E. S. (2019): Calculation of Nitrogen-to-Protein Conversion Factors. A Review with a Focus on Soy Protein. In Journal of the American Oil Chemists' Society 0 (0). DOI: 10.1002/aocs.12196.
[bookmark: _CTVL001d9368dfc45af44cbbb8f8f48a7b84a61]Lönnerdal, B. (2003): Nutritional and physiologic significance of human milk proteins. In American Journal of Clinical Nutrition 77(suppl), 1573S-43S.
[bookmark: _CTVL0013c4e4364978d43dbae038d26be3cf4b3]Lönnerdal, B.; Erdmann, P.; Thakkar, S. K.; Sauser, J.; Destaillats, F. (2017): Longitudinal evolution of true protein, amino acids and bioactive proteins in breast milk. A developmental perspective. In Journal of Nutritional Biochemistry 41, pp. 1–11. DOI: 10.1016/j.jnutbio.2016.06.001.
[bookmark: _CTVL00170ed912684bb400f84bd1bc01fde5e6a]Maubois, J. L.; Lorient, D. (2016): Dairy proteins and soy proteins in infaant foods nitrogen-to-protein conversion factors. In Dairy Science and Technology 96, pp. 15–25.
[bookmark: _CTVL00159dbac3d07c74019a84d8cc37202fd2b]
Michaelsen, K. F.; Skafte, L.; Badsberg, J. H.; Jorgensen, M. (1990): Variation in Macronutrients in Human Bank Milk: Influencing Factors and Implications for Human Milk Banking. In Journal of Pediatric Gastroenterology and Nutrition 11, pp. 229–239.
[bookmark: _CTVL001408d8a5c9f5c482e9617e6812c0553db]Mitoulas, L. R.; Kent, J. C.; Cox, D. B.; Owens, R. A.; Sherriff, J. L.; Hartmann, P. E. (2002): Variation in fat, lactose and protein in human milk over 24h and throughout the first year of lactation. In BJN 88 (01), p. 29. DOI: 10.1079/BJN2002579.
[bookmark: _CTVL00150038272ece444fcbbbb6a366ac22aa7]Moore, J. C.; DeVries, J. W.; Lipp, M.; Griffiths, J. C.; Abernethy, D. R. (2010): Total Protein Methods and Their Potential Utility to Reduce the Risk of Food Protein Adulteration. In Comprehensive Reviews in Food Science and Food Safety 9 (4), pp. 330–357. DOI: 10.1111/j.1541-4337.2010.00114.x.
[bookmark: _CTVL001649e140851104f5a9ac2132b21725d2f]Nagra, S. A. (1989): Longitudinal Study in Biochemical Composition of Human Milk During First Year of Lactation. In Journal of Tropical Pediatrics 35, pp. 126–128.
[bookmark: _CTVL001a324a78d51934db09e023fab32b5e4b3]National Health and Medical Research Council (2006): Nutrient Reference Values for Australia and New Zealand Including Recommended Dietary Intakes. Version 1.2. Edited by National Health and Medical Research Council. Canberra.
[bookmark: _CTVL0012e91b86ed0624da08efb42bf38b557c7]Nommsen, L.A; Lovelady, C. A.; Heinig, M. J.; Lönnerdal, B.; Dewey, KG. (1991): Determinants of energy, protein, lipid, and lactose concentrations in human milk during the first 12 mo of lactation: the DARLING Study. In American Journal of Clinical Nutrition 53, pp. 457–465.
[bookmark: _CTVL001257e0a25f1f34192b20bbca695cecf38]Rudolff, Silvia; Kunz, Clemens (1997): Protein and Nonprotein Nitrogen Components in Human Milk, Bovin Milk, and Infant Formula: Quantitative and Qualitative Aspects in Infant Nutrition. In Journal of Pediatric Gastroenterology and Nutrition 3, pp. 328–344.
[bookmark: _CTVL00160c3cb7ab4444a7ca2938337bf1ab1ec]Saarela, Timo; Kokkonen, Jorma; Koivisto, Maila. (2005): Macronutrient and energy contents of human milk fractions during the first six months of lactation. In Acta Paediatrica 94, pp. 1176–1181.
[bookmark: _CTVL0012c117fb617c44d6fa285c8d16c836ef4]Stuff, Janice E.; Nichols, Buford L. (1989): Nutrient intake and growth performance of older infants fed human milk. In Journal of Pediatrics 115 (6), pp. 959–968. DOI: 10.1016/S0022-3476(89)80750-4.
[bookmark: _CTVL001d6ce9ec2139144bd8984978252e7d36d]Wiles, P.G; Gray, I.K; Kissling, R. C. (1988): Routine analysis of proteins by Kjeldahl and Dumas methods: review and interlaboratory study using dairy products. In Journal of AOAC International 81 (3), pp. 620–632.
[bookmark: _CTVL0017835acae911545adb5535ef5a5300777]Yamawaki, Namiko; Yamada, Mio; Kan-no, Takahiro; Kojima, Tadashi; Kaneko, Tetsuo; Yonekubo, Akie (2005): Macronutrient, mineral and trace element composition of breast milk from Japanese women. In Journal of Trace Elements in Medicine and Biology 19 (2-3), pp. 171–181. DOI: 10.1016/j.jtemb.2005.05.001.
BOARD-IN-CONFIDENCE
[bookmark: _CTVL0010b63eded04fc41ed9c00126c4e756e69]Ziegler, Ekhard E.; Fields, David A.; Chernausek, Steven D.; Steenhout, Philippe; Grathwohl, Dominik; Jeter, Janice M. et al. (2015): Adequacy of Infant Formula With Protein Content of 1.6 g/100 kcal for Infants Between 3 and 12 Months. In Journal of Pediatric Gastroenterology and Nutrition 61 (5), pp. 596–603. DOI: 10.1097/MPG.0000000000000881.



			1
[bookmark: _Toc7429213]Appendix 1: Literature 
Table A2.1: Identified studies reporting human protein milk levels from 6 to 12 months
	Reference (country)
	Participants
	Human milk sampling
	Method for determining protein and energy
	Included/excluded

	Gridneva et al. 2018 (Australia)
	Mothers of healthy singleton, full-term, exclusively breastfed (at 2 and 5 months) infants.
	Fore- and hind-milk samples from one feed.
	Bradford Dye Binding assay (Bio-Rad commercial kit) – as per method by Mitoulas et al, below.

	Included

	Czosnykowska-Lukacka et al 2018 (Poland)

	Lactating women up to >24 months post-partum (no inclusion criteria).
	Full breastmilk sample collected from women 26 women up to 12 months post-partum.
	Human milk analyser (Infrared method; gives crude and true protein measurement, NCF 6.38).

	Excluded 
Not included in assessment because provided only combined protein values 1 to 12 months.

	Feng et al. 2016 (9 countries)
	18 to 40 year old mothers with healthy term, singleton infants 1 to 12 months post-partum.
	Complete breast sample from 23 mothers collected between 1.00 pm and 5.00 pm. 
	Crude protein measured with FP-528 Nitrogen system, based on Dumas combustion method. Conversion factor 6.25.
True protein measured by amino acid analysis.
Energy not reported.
	Included

	Saarela et al 2005 (Finland)
	Donor mothers who had delivered full-term infants, and mothers who had delivered preterm infants.

	20 mothers collected foremilk and hind milk (single collection time), and 53 mothers collected full breast sample over 24-hours.
	“IDF Standard 20A”, which is Kjeldahl crude protein method (not sure of conversion factor, but is usually 6.38).

	Included

	Yamawaki et al 2005 (Japan)
	Healthy,  non-smoking, non-vitamin supplement using women aged under 40 yr.

	One milk sample collected from 39 women at an intermediate time during suckling; no standardization of timing.
	Kjeldahl crude protein, conversion factor 6.38.

	Included

	Mitoulas et al 2002 (Australia)
	Healthy mothers with term infants, having exclusively breast fed for at least 4 months.

	Fore- and hind-samples collected over 24-hours from 15, 6 and 5 women during the 6th, 9th, and 12th months of lactation, respectively.
	Bradford Dye Binding assay (Bio-Rad commercial kit).
Human milk standard reference material.
	Included

	Vilalpando 1998
(Mexico and US)
	Healthy women with term infants who were breastfed for 6 months.
	Full breastmilk samples collected from 50 women over 24 hours.
	Kjeldahl crude and true protein (no NCF reported).

	Excluded 
Not included in assessment because provided only combined protein values 1 to 6 months.

	Michaelsen 1994 (Denmark)

	Women selling to milk bank.
	Samples collected from 244 women, mostly hind-milk samples.
	Infrared (IR) scanner (measures nitrogen-hydrogen bonds, therefore gives results for protein, free amino acids, oligopeptides). 
	Included

	Allen et al 1991 (US)
	Multiparous women who planned to exclusively breastfeeding for 6 months, and had successfully breast fed previously
	One mid-feed sample collected during the morning.
	BCA (Pierce commercial kit).
Human milk standard material was developed by measuring Kjeldahl True Protein (conversion factor not stated).
	Included

	Nommsen  et al. 1991 (US)
	Healthy mothers and infants and no plan to introduce solid foods or other milk before 4 months.
	Full breastmilk sample at each feed over 24 hours
	Modified Lowry assay
Bovine Serum Albumin as standard material.
	Included

	Nagra et al. 1989 (Pakistan)
	Breastfeeding women, medium socio-economic status.
	One fore- and hind-sample collected between 9 and 11, after woman had eaten breakfast.
	No method given, other than a general “All nutrients were analysed using A.O.A.C methods”.

	Included

	Stuff & Nichols 1989 (US)
	Healthy women aged 18 to 36.
	24-hour samples collected (further information given in prior report).
	Kjeldahl true protein (reported only nitrogen values; for this assessment, nitrogen (N) was converted to protein using factor 6.38):
	Included

	Dewey, Lonnerdal 1984 (US)
	Breastfeeding women attending Lamaze classes and from general public.
	One full breast sample at second feed of day
	Modified Lowry.
Standard material not described.
	Included




Table A2.2: Randomised Controlled Trials 
	Study
Country
	Number of Subjects
	Duration of study
	Composition of study formulaa 
	Outcome Summary
	Study Quality and Limitations

	Inostroza et al.
(2014)

Brazil


	86 in each formula group
76 in breastfed group
	3 to 24 months
	Lower protein formula: 

Energy: 62.8 kcal/100 mL
(262.5 kJ/100 mL)

Protein: 1.65 g/100 kcal (0.39 g/100 kJ)

Higher protein formula: 

Energy: 65.6 kcal/100 mL
(274.2 kJ/100 mL)

Protein: 2.70 g/100 kcal (0.65 g/100 kJ)
	Primary objective
Lower weight gain from 3 to 6 months in lower protein group compared with higher protein group (p<0.05).

Secondary objectives (comparison of formula groups)
No differences in weight gain from 6 to 12 months.

Lower weight gain from 3 to 12 months in lower protein group compared with higher protein group (p=0.015).

Secondary objectives (comparison with breastfed infants)
No differences in weight gain between lower protein group and breastfed group.

Trend for higher weight gain from 3 to 6 months (p=0.071), and higher weight gain from 6 to 12 months (p=0.002) in higher protein group compared with breastfed group.
	Quality - Groups comparable at baseline; selection and allocation procedures described; disposition of subjects provided; appropriate outcomes, outcomes reliably measured.
Limitations – high drop-out rate, particularly in the lower protein group (37%); limited follow-up after 9 months; sufficient statistical power not verified for detecting differences in growth between 6 and 12 months; generalisability uncertain (recruited only infants from overweight mothers); no information on protein intake from complementary foods.
Overall – moderate quality


	Ziegler et al. (2015)

	97 in each formula group
112 in breastfed group
	3 to 12 months
	Lower protein formula: 

Energy: 67.2 kcal/100 mL
(280.9 kJ/100 mL)

Protein: 1.61 g/100 kcal (0.39 g/100 kJ)

Higher protein formula: 

Energy: 64.6 kcal/100 mL
(270.0 kJ/100 mL)

Protein: 2.15 g/100 kcal (0.51 g/100 kJ)
	Primary objective
No difference in weight gain from 3 to 6 months in lower protein group compared with higher protein group. 

Secondary objectives (comparison of formula groups)
No differences in weight gain from 6 to 12 months, and trend for lower weight gain from 3 to 12 months (p=0.068) in lower protein group.

Secondary objectives (comparison with breastfed infants)
Higher weight gain in both protein groups compared with breastfed infants  (p<0.05). 

	Quality - Groups comparable at baseline; selection and allocation procedures described; disposition of subjects provided; appropriate outcomes, outcomes reliably measured.
Limitations –sufficient statistical power not verified for detecting differences in growth between 6 and 12 months; no information on protein intake from complementary foods.
Overall – moderate quality



a Values were reported in kcal, and were converted to kJ using the conversion factor 4.18.
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By the age of 9 months, most infants will be consuming a mixed diet and will have intakes of nutrients from a range of foods in addition to human breast milk and/or infant formula. In the absence of nationally representative food consumption data for this population group, a model diet can be used to estimate intake for 9‑month-old infants. The model diet is based on recommended energy intakes, mean body weight, the proportion of milk and solid foods in the diet and on food consumption data available for two-year-old children from the 2011-12 Australian National Nutrition and Physical Activity Survey.
The recommended energy intake for a 9-month-old boy (FAO 2004) at the 50th percentile weight (WHO 2006) is used as the basis for the model diet. Boys’ weights are used because boys tend to be heavier than girls at the same age and therefore have higher energy and food requirements. The body weight of a 50th percentile 9-month-old boy is 8.9 kg.
The model diet assumes that 50% of energy intake comes from follow on formula and 50% from solids and other fluids (Hitchcock et al. 1986, Butte et al. 2004, PAHO 2003). The patterns of consumption of a two-year-old child from the 2011-12 NNPAS survey are scaled down and used to determine the solids and other fluids portion of the model diet. 
Certain foods such as tree nuts, tea, coffee, alcohol and honey are excluded from the model diet for a number of reasons. Nuts are not recommended for infants because of the choking risk (NHMRC 2012), however, peanut butter was included in the model diet. Coffee (NHMRC 2012) and alcohol (ACT Government, 2013) are unsuitable for infants and therefore are excluded. Tea is not appropriate for infants to consume as it contains tannins and other compounds that bind to iron and other minerals which reduce their bioavailability (NHMRC 2012). Honey is not recommended for infants as it can contain the spores of Clostridium botulinum which is harmful to the immature infant gut (Brook 2007) and increases the risk of dental caries (NHMRC 2012). 
Consumption of breakfast cereals is assumed to be in the form of infant cereal or rice-based breakfast cereals. Mixed grain breakfast cereals include bran-based cereals, and bran is not recommended in the diet of infants (ACT Government, 2013) due to the potential interference with the absorption of minerals (Murkoff, 2010). Consequently, mixed grain breakfast cereals, are excluded from the model diet. 
Since cow’s milk is not recommended as the main milk source for children aged less than 12‑months of age (NHMRC 2012), all milk consumption was assumed to be in the form of follow on formula. Soy beverages (except soy infant formula) do not contain an appropriate balance of protein, fat and vitamins (ACT Government, 2013) and are inappropriate for infants (NHMRC 2012).
References
ACT Government (2013). From Milk to More…Introducing foods to your baby. Women, Youth and Children Community Health Programs, Health Directorate, Canberra. 
Butte, N., Cobb, K., Dwyer, J., Graney, L., Heird, W. and Rickard, K. (2004) The start healthy feeding guidelines for infants and toddlers. J Am Diet Assoc 104(3): 442-454. https://www.sciencedirect.com/science/article/pii/S0002822304000847?via%3Dihub Accessed on 29 April 2019.
FAO (2004) Human Energy Requirements: Report of a Joint FAO/WHO/UNU Expert Consultation, 2001.  FAO Food and Nutrition Technical Report Series No. 1. Food and Agriculture Organization of the United Nations, Rome. http://www.fao.org/docrep/007/y5686e/y5686e00.htm. Accessed on 29 April 2019.
Hitchcock, N.E., Gracey, M., Gilmour, A.I. and Owler, E.N. (1986) Nutrition and growth in infancy and early childhood: a longitudinal study from birth to five years. Monographs in Paediatrics 19:1-92.
Murkoff, H. (2010) What to expect the first year. 2nd edition. Pocket Books, New York.
National Health and Medical Research Council (NHMRC) (2012). Infant Feeding Guidelines. NHMRC, Canberra.  https://www.nhmrc.gov.au/about-us/publications/infant-feeding-guidelines-information-health-workers. Accessed on 29 April 2019.
Pan American Health Organization (PAHO) (2003). Guiding Principles for Complementary Feeding of the Breastfed Child. Washington DC: Pan American Health Organization, World Health Organization.
WHO (2006) WHO Child Growth Standards. World Health Organisation, Geneva. http://www.who.int/childgrowth/publications/technical_report_pub/en/. Accessed on 29 April 2019.

image1.png
g -OODLL .

Te Mana Kounga Kai - Ahitereiria me Aotearoa




image2.png
Minimum Protein NCF Amount of nitrogen measured by Kieldahl.
in FOF (per 100 kJ) needed to meet minimum protein amount

1 l

0.38 g Protein x LENttrosen(Kieldahl) _ ¢ og65 Nitrogen (Kjeldahl)

5.71 g Protein

0.38 g Protein x LENttrosen(Kieldahl) _ ¢ o0 Nitrogen (Kjeldahl)

625 g Protein




