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Summary 

Adequate methods with known performance characteristics used for the assessment of the 

amount of nutrients in formula are essential in the evaluation whether the composition deviates 
from the legal amounts. Many standardised analytical methods for the analysis of nutrients in 

formula are internationally available. 

Currently, EU regulation regarding formula (commission directive 2006/141/EC) does not provide 
any indication on reference methods to be used in official controls for the analysis of vitamins, 

choline and inositol in formula. Therefore, an overview of the available standardised methods of 
analysis for the measurement of vitamins, inositol and choline in infant and follow-on formula is 

provided. 89 standardised analytical methods from both national and international organizations 

developing standard analytical methods have been collected and their performance characteristics 
(i.e. analytical technique, target compound, matrixes validated, LOD, LOQ, analytical range, 

repeatability, reproducibility, accuracy/spike recovery) are described. 

For most nutrients studied, several standardised analytical methods are available, with a 
maximum of 12 for vitamin A. Especially for water-soluble vitamins some current standardised 

methods are more than 25 years old. However, methods of analysis based on more modern 
analytical technologies have been developed in the recent decades. 11 new official AOAC methods 

for the analysis of Vitamin A, D, E, B12, Folic acid and based on more advanced techniques have 

been adopted as First Action method in 2011 and new AOAC official methods of analysis are 
expected to be approved in the near future for other nutrients. 

For several nutrients the overall activity is the sum of the activities of several forms of the 

compound. However, it is important to notice that the analytical methods available may not 
always measure the overall activity but only a limited proportion based on specific forms of the 

compound. In the EU legislation the compound forms that may be used in the manufacturing of 
formula are listed, however, it does not provide unambiguous specification about the forms of the 

vitamin to be assessed. 

Moreover, the minimum and maximum values are provided per energy content, logic from a 

nutritional point of view. This means that both the uncertainty in the energy calculation and the 
uncertainty in the measurement of the target nutrient contribute to the total uncertainty in the 

assessment of the nutrient content when this is provided per energy content.  

The existence of many different available methods with different performance characteristics and 

possibly different target forms of the nutrients is identified as a serious gap in the current 
harmonisation status. In absence of relevant European Union rules, the choice of the best method 

of analysis for each of the target nutrients in formula should be based on several factors, such as 
the capacity of the method to assess all the forms of the vitamin that are nutritionally relevant in 

formula and the analytical performances of the method (i.e. accuracy/spike recovery, 
reproducibility, lower and upper limit of quantification). As CODEX is the most internationally 

recognized organization publishing standardised analytical methods, the methods of analysis 
recommended by CODEX might, although arbitrarily chosen, be taken as guidance for the choice. 

Keywords: infant formula, methods of analysis, vitamins, choline, inositol. 
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1 Introduction 

Infants that are not fully breast-fed depend completely, or at least partly, on infant formula in the 

first months of life. Infant formula should therefore completely provide the nutritional need of 
infants in these first months. At six months of age, infants will start to consume suited 

complementary foods in addition to follow-on formula. In the period between 6 and 12 months of 
age the consumption of follow-on formula will decrease and the consumption of complementary 

foods will increase. 

Because of the large dependence on infant formula and follow-on formula (henceforth together 
called formula) for the delivery of nutrients required for growth and development it is important 

that formula indeed deliver an adequate nutrient supply without the risk of excessive intake. Both 

too low and excessive intake of nutrients may result in adverse health effects. The type and 
seriousness of these adverse health effects depend on e.g. the type of nutrient, the extent of 

deviation, the duration, and the age of the infant. 

The composition of formula is laid down by law (1). This legislation lays down which nutrients 
have to or may be present in formula and in which amounts. However, no reference to specific 

analytical methods or performance criteria of these methods are provided by law. To estimate and 
possibly avoid public health risks, the chemical analyses to determine the amount of a nutrient in 

formula is essential in the evaluation whether the composition deviates from the legal amounts. 

For the correct interpretation of the analytical results also some characteristics of the methods 
and how to apply the method correctly are important. For the chemical analyses of most nutrients 

in formula, multiple - but different - standardised analytical methods are internationally available, 
while for some nutrients such standardised methods are not present. 

1.1 Aim of the report 
This report provides an overview of the available standardised analytical methods for the 
determination of nutrients in formula. This report focusses on the vitamins, inositol and choline 

compounds. In addition, several analytical method characteristics are provided i.e. the target 
compound(s) being actually measured, the matrixes wherein the methods have been validated 

and the method performance characteristics. 
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2 Approach 

In the present study, current and draft standardised methods of analysis for the measurement of 

vitamins, choline and inositol in formula have been collected from international and national 
organizations developing and setting standardised methods. 

The sources that were used to search for standardised analytical methods are listed below: 

International  

- AOAC International (AOAC) 

- International Organisation for Standardisation (ISO) 

- Stakeholder Panel on Infant Formula and Adult Nutritionals (SPIFAN)  

- American Association of Cereal Chemists (AACC) 

- CODEX alimentarius (FAO/WHO) 

- International Dairy Federation (IDF) 
 

European 

- European Committee for Standardisation (CEN) 

- European Pharmacopoeia (EP) 
 

USA 

- Infant Formula Council (IFC) 

- American Oil Chemists’ Society (AOCS) 
 

Other national 

- Chinese National Standards (GB) 

- Russian National Standards (GOST) 

- Nordic Committee for food analysis (NMKL) 

- Standards Australia (SA) 

- Standards New Zealand (NZS) 
 
With exception of CODEX alimentarius and SPIFAN, all are organizations developing standardised 

methods. CODEX alimentarius periodically publishes lists of recommended standardised methods 
of analysis and sampling. The SPIFAN is an international expert panel recently established on 

initiative of AOAC International to establish method requirements, collect and validate new 
methods of analysis for target nutrients in infant formula. 

Information on the methods has been gathered by consulting standard organization official 
websites and/or official (on-line or hard copy) publications or by directly contacting the 

organizations. From this information analytical method characteristics were obtained and 
documented per nutrient. In addition to the method name (reference) and the organisation behind 

this standardised method, also information is provided on the status (current or draft), the 
analytical principle, the target compounds, the matrix in which the method is validated, and 

several performance characteristics (i.e. accuracy, spike recovery, Limit of Detection (LOD), 
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quantitation range, relative standard deviation of repeatability (RSDr), and relative standard 

deviation of reproducibility (RSDR). 
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3 Results and discussion 

The standardised analytical methods collected for each nutrient including several characteristics 

are listed in Appendices II-XVI. In this section the findings will be described and discussed in a 
broad perspective. For detailed information regarding a specific nutrient or method we would like 

to refer to the Appendices. 

 
Data sources 

Standardised analytical methods have been published by the following international and national 
organizations developing standardised methods: International Organisation for Standardisation 

(ISO), European Committee for Standardisation (CEN), AOAC International (AOAC), American 
Association of Cereal Chemists (AACC), International Dairy Federation (IDF), Nordic Committee 

for food analysis (NMKL), Chinese National Standards (GB), Russian National Standards (GOST), 
and Infant Formula Council (IFC). In total, 89 methods have been collected for the analysis of 

vitamins, choline and inositol in formula (Appendices II-XVI). 

The methods collected have been either validated in infant formulas or validated in similar 

matrixes, for instance milk powder and milk. Only one method, AOAC official method 974.29 for 
vitamin A, has not been validated in any of these matrixes but it has still been adopted by CODEX 

alimentarius for follow-up formulas (2). The activities of SPIFAN, established on initiative of AOAC 
International, have resulted in the selection of a number of new candidate methods for the 

analysis of vitamin A, vitamin E, vitamin D, vitamin B12, vitamin B11 (folate/folic acid) and 
inositol. The methods that proved to satisfactorily fulfil the performance requirements established 

by the expert panel have entered the AOAC official methodsSM program. Based on validation data 
available, 11 new methods have recently achieved AOAC official First Action status in 2011 and 

have been included in this report. In addition, four AOAC Performance-Tested MethodsTM, one 
AOAC peer-verifiedSM method and SPIFAN candidate methods which are currently under 

evaluation of the AOAC expert panel have been included as well. The authors are not aware that 

other standard organisations/panels are currently working on candidate methods to become 
standardised methods in the near future. 

 

General observations 

For most nutrients several standardised methods of analysis are available. As much as 12 

standardised methods have been collected for vitamin A, 11 for vitamin D and 9 for vitamin E. 
Only for inositol, just one established standardised method is available (the Chinese standard GB 

5143.25-2010). 

According to article 11 of EC Regulation 882/2004 on official controls on foods, “Sampling and 

analysis methods used in the context of official controls shall comply with relevant Community 
rules or, (a) if no such rules exist, with internationally recognised rules or protocols, for example 

those that the European Committee for Standardisation (CEN) has accepted or those agreed in 
national legislation; or, (b) in the absence of the above, with other methods fit for the intended 

purpose or developed in accordance with scientific protocols” (2). Currently, there are no 
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European Community rules for chemical analysis of vitamins, choline and inositol in formula. The 

EU Commission Regulation 141/2006 on infant formula and follow-on formula does not provide 
any indication on reference methods to be used in official controls (1). This means that for many 

nutrients there is more than one standardised method available to choose from. 

CODEX alimentarius is an intergovernmental body under the auspices of the Food and Agriculture 

Organisation (FAO) and the World Health Organisation (WHO) of the United Nations. It can be 
regarded as the most internationally recognized standard organization. Periodically CODEX 

alimentarius does publish lists of international standards as recommended method of analysis for 
nutrients in formula. Methods of analysis are endorsed by CODEX as type II (methods to be 

recommended in cases of dispute and for calibration purposes), type III (alternative methods) or 
type IV (tentative methods). With the exception of method NMKL 167 for the analysis of vitamin 

D, all type II CODEX endorsed methods for the analysis of vitamins in formula are either European 
standard CEN methods or AOAC official methods (3,4).  

However, it must be pointed out that the most recently approved standardised methods of 
analysis (AOAC official methods approved in 2011) have not been yet evaluated by CODEX 

alimentarius. It is thus likely that in the future, the list of CODEX endorsed methods of analysis 
will be changed and updated with the inclusion of newly approved standardised methods. 

 
Analytical techniques 

The standardised methods of analysis collected are based on a wide range of analytical 
techniques. The analysis of fat-soluble vitamins is mostly based on liquid chromatography (LC) 

techniques with either fluorescence or UV-Vis detection even though gas chromatographic (GC) 
techniques and spectrophotometric techniques were also reported. For vitamin D, three new 

methods have been approved as AOAC standardised method of analysis in 2011. They are based 
on Ultra Performance Liquid Chromatography (UPLC) with MS/MS detection. Mass spectrometry 

provides higher sensitivity and specificity compared to other detection systems. For vitamin E, the 
recently approved AOAC standardised method (2011.07) is based on UPLC with fluorescence 

detection. 

For the analysis of water-soluble vitamins, it can be stated that several current international and 

national standard methods are based on microbiological assays which were established more than 
25 years ago. Microbiological assays are available for vitamin B3 (niacin), B5 (pantothenic acid), 

B6 (pyridoxine), B7 (biotin), B11 (folic acid) and vitamin B12 (cobalamins). Microbiological assays 
are very sensitive but generally suffer poor precision and are highly time-consuming. 

Furthermore, differences exist between the growth response of microorganisms to different forms 
of the same vitamin which exert biological activity (vitamers). Standardised methods of analysis 

based on chromatographic techniques have become available in the last decades. Most of them 
are HPLC based method with UV/VIS or fluorescence detection. HPLC methods are generally less 

sensitive than microbiological assays, but more reproducible. Even more recently, methods based 
on biosensor technology have been developed. Applications have been developed for vitamin B2, 

B5, B7, B11 and vitamin B12, specifically for formula and milk-based products. At present, four 
test kits for the determination of biotin, folic acid, pantothenic acid and vitamin B12 have achieved 

the AOAC Performance-Tested Methods TM status. Two official AOAC methods of analysis based 
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on biosensor technology are available, namely AOAC 2011.01 for determination of vitamin B12 

and AOAC 2011.05 for the determination of folic acid. 

 

Matrix and target compounds 

The methods collected have been either validated in formula or validated in similar matrixes, like 

milk powder and milk. Only one method (AOAC official method 974.29 for vitamin A) has not been 
validated in formula or a similar matrix, but has still been adopted by CODEX alimentarius for 

follow-up formula (2). 

The overall vitamin content of formula depends on the amount that is supplemented and the 

fraction naturally occurring in formula ingredients. The compounds that can be used to 
supplement formula according to European Commission regulation 2006/141/EC are listed in 

Appendix I. Depending on the nutrient, the contribution from natural ingredients varies to a 
different degree (5). It might be significant, for instance, for vitamin K, B2 and B11. However, for 

those nutrients for which the contribution of compounds naturally occurring in formula ingredients 
to the overall activity is negligible or marginal, the measurement of the supplemented forms of 

the nutrient will be sufficient to assess the overall nutrient activity. 

In addition, for many vitamins, multiple forms exist which exhibit biological activities. These forms 

are known as vitamers. Further, nutrients can occur as free compounds or in a bound form 
(esters, glycosides). It appears that not all the methods of analysis are able to detect and quantify 

the multiple forms of many nutrients (i.e. both different vitamers and free and bound forms) in 
formula. Depending on the extraction protocol and the detection system, the overall vitamin 

activity may be assessed to a limited proportion of the vitamers. For instance, vitamin K present 
in formulas can include cis and/or trans vitamin K1, dihydro-K1, and the menaquinone series 

(vitamin K2). Of the three methods listed AOAC official methods, one is able to measure only both 
isomers of vitamin K1 (cis- and trans- phylloquinone), whereas two other methods can measure 

also dihydro-K1 and menaquinones. Another point in case is vitamin E which comprises α, β, γ 
and δ tocopherol and the corresponding tocotrienols. Most of vitamin E in formula is represented 

by supplemented α-tocopherol or tocopherol acetate. Most of the methods listed are able to 
measure α-tocopherol or tocopherol acetate, one methods can measure α, β, γ and δ tocopherol 

independently, but no methods are available to measure tocotrienols.  

The same holds for water soluble vitamins that exist as different vitamers/homologues or that are 

present as free and bound compounds. For instance, the assessment of vitamin B11 in formula 
ranges from the determination of total free and bound folates (ISO EN 14131:2003) to free folic 

acid and free folates (AOAC 992.05) or only the monoglutamate forms of folic acid (AOAC 
2011.06). For vitamin B6, The method EN 15663:2008 measures free and bound forms of the 

vitamin included the glycosylated forms whereas methods AOAC 2004.07 and EN 14164:2008 do 
not measure the glycosylated forms. As for vitamin C, both L-ascorbic and L-dehydroascrobic 

acids contribute to vitamin C activity. Method AOAC 985.33 is able to measure only ascorbic acid. 
In addition, the D- enantiomer of ascorbic and dehydroascrobic need to be discriminated from the 

L- counterparts because the D- forms are not biologically active.  

It must also be pointed out that EU regulation is not unambiguous in specifying which forms of the 

vitamins have to be included in the calculation of vitamin activity. For instance, it provides no 
qualification on the definition of forms of vitamin K. Another notable example is vitamin D which 
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can be supplemented as vitamin D2 (colecalciferol) and D3 (ergocalciferol) in formula. EU 

regulation refers to colecalciferol which would exclude ergocalciferol (which is one of the 
supplemented forms of vitamin D accepted by EU regulation) from vitamin D assessment. 

Moreover, hydroxylated forms also show vitamin D activity but it is not clear from the regulation 
whether those forms have to be included in the assessment of the vitamin. Finally, EU regulation 

refers to folic acid thus excluding total folates (naturally occurring in formula ingredients) from the 
assessment of vitamin B11 activity. 

 
Method performances 

Methods performance characteristics that have been collected comprise the accuracy, spike 
recovery, limit of detection (LOD), limit of quantification (LOQ), range of applicability, relative 

standard deviation of repeatability (RSDr) and relative standard deviation of reproducibility 
(RSDR). These method performance characteristics are reported in Appendices II-XVI. 

Unfortunately not all the method performance characteristics could be retrieved for each method. 
Values for LOD, LOQ and the analytical range, for instance, are often not reported in the official 

protocols. In some cases only the instrumental analytical range or instrumental LOD, LOQ were 
available. In some cases, it was noticed that the reported analytical range does not comply with 

the provisions given in EU regulation on infant formula. For instance, the range of applicability of 
method AOAC 992.27 for the analysis of vitamin K (75 to 130 μg/L trans-vitamin K1) and the 

range of applicability of method 992.26 (12.2 to 13.3 μg/L) for the analysis of vitamin D do not 
comply with the provisions for the minimum amount of vitamin K1 in formula according to EU 

regulation (25μg/L) and the provisions for minimum and maximum amount of vitamin D in infant 
formula (6.25 μg/L and 19.2 μg/L, respectively). In addition, the values of LOD, LOQ are given in 

different units in the official protocols (i.e. /g, /L, /g of solids), whereas the compositional 
provisions are specified in EU regulation on infant formula per energy content (i.e. per 100kcal or 

100kJ). This makes the direct comparison of the provisions with the method performance 

characteristics not straightforward. Moreover, the error in energy determination should be added 
to the analytical error for the determination of the target nutrient thus contributing to the overall 

uncertainty of the measurement. 

Data on accuracy/spike recovery have been collected for most of the methods. Accuracy/spike 
recovery values ranges from 90% to 110% for most of the methods with few exceptions (i.e. 

method AOAC 2001.13 on vitamin A, recovery=79.5%). Data on methods reproducibility (RSDR) 
have been collected for almost all the methods. The majority of the established methods of 

analysis collected have been validated in international collaborative studies, and in those cases 

reproducibility data are reported. For a few of the recently approved AOAC methods, 
reproducibility data are not yet available pending the results of collaborative studies. In the 

Chinese standards, data on reproducibility are not reported in the official protocols. Reproducibility 
values (RSDR) are in most of the cases <20% even though higher values can also be found. For 

many methods a range of RSDR is reported when methods have been validated in differently 
formulated formulas (for example milk- or soy-based infant formula). 
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4 Conclusions and recommendations 

Currently, EU regulation does not provide any indication on reference methods to be used in 

official controls for the analysis of vitamins, choline and inositol in formula. Therefore, it is 
recommended to fill this gap in the near future and EU regulation could give provisions on 

reference methods of analysis for vitamins and other nutrients in formula for official controls. 

The survey has shown that for each vitamin and choline several standardised methods are 
available. For inositol one standardised method is available. Several standardised methods are 

more than 20 years old, but also standardised methods using more modern analytical approaches 
are available. Setting standardised methods is an ongoing process, and new standardised 

methods will be approved in future. 

Several standardised methods are not able to assess the total vitamin content due to the different 

forms nutrients may appear in formula and differences in extraction and detection protocols. In 
this respect it is recommended that unambiguous specification is provided by nutritionists and 

followed by EU regulation about which forms of the vitamins have to be included in the calculation 
of vitamin activity.  

The lower and the upper limits of quantification of some methods do not comply with 
compositional provisions given in EU regulation for the target nutrients in formula. These 

provisions are usually given per energy content. From a mere analytical perspective this 
diminishes the accuracy of nutrients assessment, although there are good reasons to do so from a 

nutritional point of view. 

In absence of relevant EU rules and of specific protocols/procedures, the choice of the best 

method for the analysis of each of the target nutrients in infant formula should take into account 
multiple factors such as the capacity of the method to assess all the forms of the vitamin that are 

nutritionally relevant in formula and method analytical performances (accuracy/spike recovery, 
reproducibility, lower and upper limit of quantification). CODEX alimentarius recommended 

methods of analysis might be taken as a, arbitrarily chosen, guidance in the choice. CODEX is the 
most internationally recognized organization which publishes lists of recommended methods for 

food analysis.  

  



 RIKILT Report 2012.004 15 

5 References 

1 – COMMISSION REGULATION (EC) No 141/2006 of 26 January 2006 

http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2006:023:0054:0054:EN:PDF 
 

2 – CODEX alimentarius. RECOMMENDED METHODS OF ANALYSIS AND SAMPLING - CODEX STAN 
234-1999. 

www.codexalimentarius.net/download/standards/388/CXS_234e.pdf3 -  
 

3 – REGULATION (EC) No 882/2004 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL. 
http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:2004R0882:20060525:EN:PDF 

 
 

4 – CODEX ALIMENTARIUS COMMISSION - REPORT OF THE THIRTIETH SESSION OF THE CODEX 
COMMITTEE ON METHODS OF ANALYSIS AND SAMPLING. 

www.codexalimentarius.net/download/report/720 /al32_23e.pdf 
 

5 – MacLean Jr WC, van Dael P, Clemens R,Davies J, Underwood E, O’ Risky L, Rooney D, 
Schrijver J. 2010. Upper levels of nutrients in infant formulas: Comparison of analytical data with 

the revised Codex infant formula standard. Journal of Food Composition and Analysis 23:44–53. 
  

http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2006:023:0054:0054:EN:PDF
http://www.codexalimentarius.net/download/standards/388/CXS_234e.pdf
http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:2004R0882:20060525:EN:PDF
http://www.codexalimentarius.net/download/report/720%20/al32_23e.pdf


16 RIKILT Report 2012.004  

Annex I  
List of substances that may be used in the 
manufacture of infant formula and follow-on 
formula in order to satisfy the requirements on 
vitamins, choline and inositol. From Annex III of 
commission directive 2006/141/EC (1) 

Compound Formulation 

Vitamins  

Vitamin A Retinyl acetate 

 Retinyl palmitate 

 Retinol 

  

Vitamin D Vitamin D2 (ergocalciferol) 

 Vitamin D3 (cholecalciferol) 

  

Vitamin B1 Thiamin Hydrochloride 

 Thiamin mononitrate 

  

Vitamin B2 Riboflavin 

 Riboflavin-5’-phosphate, sodium 

  

Niacin Nicotinamide 

 Nicotinic acid 

  

Vitamin B6 Pyridoxine hydrochloride 

 Pyridoxine-5’-phosphate 

  

Folate Folic acid 

  

Pantothenic acid D-pantothenate, calcium 

 D-pantothenate, sodium 

 Dexpanthenol 

  

Vitamin B12 Cyanocobalamin 

 Hydroxocobalamin 

  

Biotin D-biotin 
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Compound Formulation 

Vitamin C L-ascorbic acid 

 Sodium L-ascorbate 

 Calcium L-ascorbate 

 6-palmityl-L_ascorbic acid (ascorbyl palmitate) 

 Potassium ascorbate 

  

Vitamin E D-alpha tocopherol 

 DL-alpha tocopherol 

 D-alpha tocopherol acetate 

 DL-alpha tocopherol acetate 

  

Vitamin K Phylloquinone (Phytomenadione) 

  

Other nutritional substances 

  

 Choline 

 Choline chloride 

 Choline citrate 

 Choline bitartrate 

 Inositol 
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Annex II  
EU compositional provisions and overview of the 
standardised methods of analysis for Vitamin  
A in infant and follow-on formula 

Definition of compound (2006/141/EC): Vitamin A 

 

Potential forms of the nutrient: all-trans-Retinol, 13-cis-retinol, other cis-retinol isomers, 

retynil acetate, retynil palmitate, other retynil esters. 

 

Limits (2006/141/EC) 

Infant formula  Follow-up formula 

Minimum Maximum Minimum Maximum  Minimum Maximum Minimum Maximum 

μg RE*/ 100kJ μg RE* /L**  μg RE*/ 100kJ μg RE* /L** 

14 43 350 1268  14 43 350 1268 

* RE = all-trans-retinol equivalent. 1 μg RE = 3.33 IU Vitamin A = 1 μg all-trans retinol, 1.15 μg 
retynil acetate, 1.83 μg retynil palmitate, 6 μg all-trans-beta-carotene. Carotenoids are not included 
in the calculation and declaration of vitamin A activity. 

** Minimum and Maximum Values /L have been calculated taken respectively into account the minimum 
and the maximum provisions for energy as reported in annex I and II of EU Commission directive 
2006/141/EC.  
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Annex III  
EU compositional provisions and overview of the 
standardised methods of analysis for Vitamin D 
in infant and follow-on formula 

 

Definition of compound (2006/141/EC): Vitamin D* 

 

Potential forms of the nutrient: Cholecalciferol (Vit D3) and ergocalciferol (Vit D2), 25-OH-
VitD3, 25-OH-VitD2; previtamin D3. 

 

Limits (2006/141/EC) 

Infant formula  Follow-up formula 

Minimum Maximum Minimum Maximum  Minimum Maximum Minimum Maximum 

μg/ 100kJ μg /L**  μg / 100kJ μg / L** 

0.25 0.65 6.25 19.2  0.25 0.75 6.25 22.1 

* As cholecalciferol. 
** Minimum and Maximum Values /L have been calculated taken respectively into account the minimum 

and the maximum provisions for energy as reported in annex I and II of EU Commission directive 
2006/141/EC.  
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Annex IV  
EU compositional provisions and overview of the 
standardised methods of analysis for Thiamin 
(vitamin B1) in infant and follow-on formula 

 

Definition of compound: thiamin 

 

Potential forms of the nutrient: Thiamin, thiamin monophosphate (TMP), Thiamin piroposphate 
(TPP) 

 

Limits (2006/141/EC) 

Infant formula  Follow-up formula 

Minimum Maximum Minimum Maximum  Minimum Maximum Minimum Maximum 

μg/ 100kJ mg /L**  μg / 100kJ mg / L** 

14 72 0.35 2.12  14 72 0.35 2.12 

*  Minimum and Maximum Values /L have been calculated taken respectively into account the minimum 
and the maximum provisions for energy as reported in annex I and II of EU Commission directive 
2006/141/EC.



 
R
IK

IL
T 

R
ep

or
t 

20
12

.0
04

 
25

 

Ta
bl

e 
3.

 O
ve

rv
ie

w
 o

f 
th

e 
st

an
da

rd
is

ed
 m

et
ho

ds
 o

f 
an

al
ys

is
 f
or

 t
hi

am
in

 in
 in

fa
nt

 a
nd

 f
ol

lo
w

-o
n 

fo
rm

ul
a.

 

M
et

h
od

 n
am

e 
Ty

p
e 

of
 s

ta
n

da
rd

 
S

ta
tu

s 
A

n
al

yt
ic

al
 p

ri
n

ci
p

le
 

Ta
rg

et
 c

om
p

ou
n

ds
 

M
at

ri
x 

va
lid

at
ed

 

EN
 1

41
22

:2
00

3/
A
C
 2

00
5 

Eu
ro

pe
an

 s
ta

nd
ar

d.
  

C
od

ex
 t

yp
e 

II
 f
or

 I
F 

C
ur

re
nt

. 
U

nd
er

 r
ev

is
io

n 
H

PL
C
 w

ith
 f

lu
or

om
et

ri
c 

de
te

ct
io

n 
To

ta
l t

hi
am

in
 

M
an

y 
fo

od
s 

in
cl

ud
in

g 
ba

by
 

fo
od

s 
an

d 
m

ilk
 p

ow
de

r.
 

A
O

AC
 9

86
.2

7a  
A
O

AC
 o

ff
ic

ia
l m

et
ho

d.
 

C
od

ex
 t

yp
e 

II
I 

fo
r 

IF
 

C
ur

re
nt

 
Fl

uo
ro

m
et

ry
 

To
ta

l t
hi

am
in

 
M

ilk
-B

as
ed

 I
nf

an
t 

Fo
rm

ul
a,

 
Po

w
de

re
d 

In
fa

nt
 F

or
m

ul
a,

 
M

ilk
/P

ow
de

re
d 

M
ilk

 

G
B
 5

41
3.

11
-2

01
0 

C
hi

ne
se

 
C
ur

re
nt

 
H

PL
C
 w

ith
 f

lu
or

om
et

ri
c 

de
te

ct
io

n 
To

ta
l t

hi
am

in
 

Fo
od

s 
fo

r 
in

fa
nt

 a
nd

 y
ou

ng
 

ch
ild

re
n,

 m
ilk

 a
nd

 m
ilk

 
pr

od
uc

ts
 

G
O

S
T 

30
62

7.
5:

19
98

 
R
us

si
an

 
C
ur

re
nt

 
S
pe

ct
ro

ph
ot

om
et

ri
c 

Th
ia

m
in

 
In

fa
nt

 f
or

m
ul

a 

a  
 

S
ub

je
ct

ed
 t

o 
si

gn
ifi

ca
nt

 s
pe

ct
ra

l i
nf

lu
en

ce
. 

 C
on

tin
ue

d 
Ta

bl
e 

3.
 O

ve
rv

ie
w

 o
f 
th

e 
st

an
da

rd
is

ed
 m

et
ho

ds
 o

f 
an

al
ys

is
 f
or

 t
hi

am
in

 in
 in

fa
nt

 a
nd

 f
ol

lo
w

-o
n 

fo
rm

ul
a.

 

M
et

h
od

 n
am

e 
M

et
h

od
 p

er
fo

rm
an

ce
 c

h
ar

ac
te

ri
st

ic
s 

A
cc

u
ra

cy
 

S
p

ik
e 

re
co

ve
ry

 
LO

D
 

Q
u

an
ti

ta
ti

on
 r

an
g

e 
R

S
D

r 
R

S
D

R
 

EN
 1

41
22

:2
00

3/
A
C
 

20
05

 
- 

- 
- 

0.
11

 –
 4

86
 m

g/
10

0g
  

3.
2-

4.
2%

; 
M

ilk
 p

ow
de

r=
3.

8%
 

11
.8

-2
2.

6%
: 

 
M

ilk
 p

ow
de

r=
 1

3.
2%

 

A
O

AC
 9

86
.2

7a  
- 

- 
- 

- 
3.

6-
5.

6%
 

5.
9-

8.
2%

 

G
B
 5

41
3.

12
-2

01
0 

- 
- 

50
 μ

g/
10

0g
 

- 
3.

5%
 

- 

G
O

S
T 

30
62

7.
6 

- 
- 

- 
- 

10
.7

%
 

10
.7

%
 

a  
 

S
ub

je
ct

ed
 t

o 
si

gn
ifi

ca
nt

 s
pe

ct
ra

l i
nf

lu
en

ce
; 

LO
D

 
=

 L
im

it 
of

 D
et

ec
tio

n;
 

R
S
D

r 
=

 R
ep

ea
ta

bi
lit

y 
re

la
tiv

e 
st

an
da

rd
 d

ev
ia

tio
n;

 
R
S
D

R 
=

 R
ip

ro
du

ci
bi

lit
y 

re
la

tiv
e 

st
an

da
rd

 d
ev

ia
tio

n.
 

 



26 RIKILT Report 2012.004  

Annex V  
EU compositional provisions and overview of the 
standardised methods of analysis for Riboflavin 
(vitamin B2) in infant and follow-on formula 

 

Definition of compound (2006/141/EC): Riboflavin 

 

Potential forms of the nutrient: Riboflavin, riboflavin-5'-phosphate and other phosphorilated 
forms, FAD, FMN 

 

Limits (2006/141/EC) 

Infant formula  Follow-up formula 

Minimum Maximum Minimum Maximum  Minimum Maximum Minimum Maximum 

μg / 100kJ mg/L*  μg / 100kJ mg/L* 

19 95 0.48 2.80  19 95 0.48 2.80 

* Minimum and Maximum Values /L have been calculated taken respectively into account the minimum 
and the maximum provisions for energy as reported in annex I and II of EU Commission directive 
2006/141/EC.  
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Annex VI  
EU compositional provisions and overview of the 
standardised methods of analysis for Niacin 
(vitamin B3) in infant and follow-on formula 

 

Definition of compound (2006/141/EC): Preformed niacin 

 

Potential forms of the nutrient: Nicotinamide, nicotinic acid, and related phosphorilated forms, 
NAD, NADH, NADH, NADPH 

 

Limits (2006/141/EC) 

Infant formula  Follow-up formula 

Minimum Maximum Minimum Maximum  Minimum Maximum Minimum Maximum 

μg/100kJ mg/L*  μg/100kJ mg/L* 

72 375 1.8 11.06  72 375 1.8 11.06 

* Minimum and Maximum Values /L have been calculated taken respectively into account the minimum 
and the maximum provisions for energy as reported in annex I and II of EU Commission directive 
2006/141/EC.  
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Annex VII   
EU compositional provisions and overview of the 
standardised methods of analysis for Pantothenic 
acid (vitamin B5) in infant and follow-on formula 

 

Definition of compound (2006/141/EC): Pantothenic acid 

 

Potential forms of the nutrient: Pantothenic acid, CoA, dexpanthenol 

 

Limits (2006/141/EC) 

Infant formula  Follow-up formula 

Minimum Maximum Minimum Maximum  Minimum Maximum Minimum Maximum 

µg/100kJ mg /L*  µg/100kJ mg /L* 

95 475 2.375 14  95 475 2.375 14 

*  Minimum and Maximum Values /L have been calculated taken respectively into account the minimum 
and the maximum provisions for energy as reported in annex I and II of EU Commission directive 
2006/141/EC.  
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Annex VIII  
EU compositional provisions and overview of the 
standardised methods of analysis for Vitamin B6 
in infant and follow-on formula 

 

Definition of compound (2006/141/EC): Vitamin B6 

 

Potential forms of the nutrient: pyridoxine, pyridoxal, pyridoxamine and the related 
phosphorylated forms. 

 

Limits (2006/141/EC) 

Infant formula  Follow-up formula 

Minimum Maximum Minimum Maximum  Minimum Maximum Minimum Maximum 

µg/100kJ mg /L*  µg/100kJ mg /L* 

9 42 0.225 1.24  9 42 0.225 1.24 

* Minimum and Maximum Values /L have been calculated taken respectively into account the minimum 
and the maximum provisions for energy as reported in annex I and II of EU Commission directive 
2006/141/EC.
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Annex IX  
EU compositional provisions and overview of the 
standardised methods of analysis for Biotin 
(vitamin B7) in infant and follow-on formula 

 

Definition of compound (2006/141/EC): Biotin 

 

Potential forms of the nutrient: biotin, biocytin (e-N-biotinyl-L-lysine), oxybiotin. Protein 
bound biotin 

 

Limits (2006/141/EC) 

Infant formula  Follow-up formula 

Minimum Maximum Minimum Maximum  Minimum Maximum Minimum Maximum 

µg/100kJ μg /L*  µg/100kJ μg /L* 

0.4 1.8 10 53  0.4 1.8 10 53 

*  Minimum and Maximum Values /L have been calculated taken respectively into account the minimum 
and the maximum provisions for energy as reported in annex I and II of EU Commission directive 
2006/141/EC. 
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Annex X  
EU compositional provisions and overview of the 
standardised methods of analysis for Folic acid 
(vitamin B11) in infant and follow-on formula 

 

Definition of compound (2006/141/EC): Folic acid 

 

Potential forms of the nutrient: Folic acid, tetrahydrofolic acid (THF), 5-methyl-, 10-methyl-, 
5-formyl-, 10-formyl-THF as both monoglutammate and poliglutammate 

 

Limits (2006/141/EC) 

Infant formula  Follow-up formula 

Minimum Maximum Minimum Maximum  Minimum Maximum Minimum Maximum 

µg/100kJ μg /L*  µg/100kJ μg /L* 

2.5 12 62.5 156.4  2.5 12 62.5 156.4 

* Minimum and Maximum Values /L have been calculated taken respectively into account the minimum 
and the maximum provisions for energy as reported in annex I and II of EU Commission directive 
2006/141/EC. 



 
R
IK

IL
T 

R
ep

or
t 

20
12

.0
04

 
39

 

Ta
bl

e 
9.

 O
ve

rv
ie

w
 o

f 
th

e 
st

an
da

rd
is

ed
 m

et
ho

ds
 o

f 
an

al
ys

is
 f
or

 f
ol

ic
 a

ci
d 

in
 in

fa
nt

 a
nd

 f
ol

lo
w

-o
n 

fo
rm

ul
a.

 

M
et

h
od

 n
am

e 
Ty

p
e 

of
 s

ta
n

da
rd

 
S

ta
tu

s 
A

n
al

yt
ic

al
 p

ri
n

ci
p

le
 

Ta
rg

et
 c

om
p

ou
n

ds
 

M
at

ri
x 

va
lid

at
ed

 

A
O

AC
 9

92
.0

5 
A
O

AC
 o

ff
ic

ia
l 

m
et

ho
d.

  
C
od

ex
 t

yp
e 

II
 f
or

 I
F 

C
ur

re
nt

 
M

ic
ro

bi
ol

og
ic

al
 m

et
ho

d 
fr

ee
 f
ol

ic
 a

ci
d 

+
 f
re

e,
 u

nb
ou

nd
 

na
tu

ra
l f

ol
at

es
 

M
ilk

-b
as

ed
 li

qu
id

 r
ea

dy
-t

o-
fe

ed
 

in
fa

nt
 f

or
m

ul
a 

EN
 1

41
31

:2
00

3 
Eu

ro
pe

an
 s

ta
nd

ar
d.

 
C
od

ex
 t

yp
e 

II
 f
or

 I
F 

C
ur

re
nt

 
M

ic
ro

bi
ol

og
ic

al
 m

et
ho

d 
to

ta
l f

ol
at

es
 (

fr
ee

+
bo

un
d)

 
M

ilk
 p

ow
de

r,
 w

ho
le

m
ea

l f
lo

ur
, 

m
ix

ed
 v

eg
s 

an
d 

pi
g 

liv
er

 

G
B
 5

41
3.

16
-2

01
0 

C
hi

ne
se

 
C
ur

re
nt

 
M

ic
ro

bi
ol

og
ic

al
 m

et
ho

d 
Fo

lic
 a

ci
d 

 
Fo

od
s 

fo
r 

in
fa

nt
 a

nd
 y

ou
ng

 c
hi

ld
re

n,
 

m
ilk

 a
nd

 m
ilk

 p
ro

du
ct

s 

Q
fle

x 
te

st
 K

it 
FO

LI
C
 

A
C
ID

 
A
O

AC
 P

er
fo

rm
an

ce
 

Te
st

ed
 M

et
ho

ds
m

  
C
ur

re
nt

 
O

pt
ic

al
 B

io
se

ns
or

 
im

m
un

oa
ss

ay
 

fr
ee

 f
ol

ic
 a

ci
d 

+
 p

ro
po

rt
io

n 
of

 f
re

e,
 

na
tu

ra
l f

ol
at

e 
M

ilk
 a

nd
 in

fa
nt

 f
or

m
ul

a 

A
O

AC
 2

01
1.

05
 

A
O

AC
 o

ff
ic

ia
l 

m
et

ho
d 

C
ur

re
nt

  
O

pt
ic

al
 B

io
se

ns
or

 
im

m
un

oa
ss

ay
 

Fo
la

te
 a

nd
 5

-m
et

hy
l-

te
tr

ah
yd

ro
fo

la
te

 p
ol

yg
lu

ta
m

at
e 

M
ilk

 p
ow

de
r,

 in
fa

nt
 f
or

m
ul

a 
(N

IS
T 

S
R
M

 1
84

6 
A
N

D
 1

84
9)

 

A
O

AC
 2

01
1.

06
 

A
O

AC
 o

ff
ic

ia
l 

m
et

ho
d 

C
ur

re
nt

 
U

PL
C
 w

ith
 M

S
/M

S 
de

te
ct

io
n 

al
l t

he
 m

on
og

lu
ta

m
at

es
 f
or

m
s 

of
 

fo
lic

 a
ci

d 
In

fa
nt

 f
or

m
ul

a,
 b

ab
y 

fo
od

s,
 p

ro
te

in
 

po
w

de
r,

  

 C
on

tin
ue

d 
Ta

bl
e 

9.
 O

ve
rv

ie
w

 o
f 
th

e 
st

an
da

rd
is

ed
 m

et
ho

ds
 o

f 
an

al
ys

is
 f
or

 f
ol

ic
 a

ci
d 

in
 in

fa
nt

 a
nd

 f
ol

lo
w

-o
n 

fo
rm

ul
a.

 

M
et

h
od

 n
am

e 
M

et
h

od
 p

er
fo

rm
an

ce
 c

h
ar

ac
te

ri
st

ic
s 

A
cc

u
ra

cy
 

S
p

ik
e 

re
co

ve
ry

 
LO

D
 

Q
u

an
ti

ta
ti

on
 r

an
g

e 
R

S
D

r 
R

S
D

R
 

A
O

AC
 9

92
.0

5 
- 

96
.9

%
 

- 
- 

9.
35

%
 

25
.4

4%
 

EN
 1

41
31

:2
00

3 
- 

- 
- 

- 
6.

7%
 

16
.9

%
 

G
B
 5

41
3.

16
-2

01
0 

- 
- 

- 
- 

3.
5%

 
- 

Q
fle

x 
te

st
 K

it 
 

FO
LI

C
 A

C
ID

 
- 

- 
4 

μg
/1

00
 g

 p
ow

de
r 

8-
28

0 
μg

/ 
10

0 
g 

po
w

de
r 

4.
4%

 
8.

1%
 

A
O

AC
 2

01
1.

05
 

10
2.

3%
 -

 1
07

.5
%

 
- 

2.
5 

μg
/1

00
g 

po
w

de
r 

10
-1

00
0 

μg
/ 

10
0g

 p
ow

de
r 

 
3.

48
%

 
4.

63
%

 

A
O

AC
 2

01
1.

06
 

- 
94

.1
0%

-1
01

.3
4%

 
2.

0 
μg

/1
00

 g
 p

ow
de

r 
5 

μg
-2

g/
10

0g
 p

ow
de

r 
 

6.
25

%
 

- 

LO
D

 
=

 L
im

it 
of

 D
et

ec
tio

n;
 

R
S
D

r 
=

 R
ep

ea
ta

bi
lit

y 
re

la
tiv

e 
st

an
da

rd
 d

ev
ia

tio
n;

 
R
S
D

R 
=

 R
ip

ro
du

ci
bi

lit
y 

re
la

tiv
e 

st
an

da
rd

 d
ev

ia
tio

n.



40 RIKILT Report 2012.004  

Annex XI  
EU compositional provisions and overview of the 
standardised methods of analysis for Vitamin 
B12 in infant and follow-on formula 

 

Definition of compound (2006/141/EC): Vitamin B12 

 

Potential forms of the nutrient: Cyano-, hydroxy-, acquo-, methyl- and adenosylcobalamin. 

 

Limits (2006/141/EC) 

Infant formula  Follow-up formula 

Minimum Maximum Minimum Maximum  Minimum Maximum Minimum Maximum 

µg/100kJ μg /L*  µg/100kJ μg /L* 

0.025 0.12 0.625 3.54  0.025 0.12 0.625 3.54 

* Minimum and Maximum Values /L have been calculated taken respectively into account the minimum 
and the maximum provisions for energy as reported in annex I and II of EU Commission directive 
2006/141/EC. 
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Annex XII  
EU compositional provisions and overview of the 
standardised methods of analysis for Vitamin C 
in infant and follow-on formula 

 

Definition of compound: Vitamin C 

 

Potential forms of the nutrient: L-ascorbic acid, L-dehydroascorbic acid, ascorbyl palmitate 

 

Limits (2006/141/EC) 

Infant formula  Follow-up formula 

Minimum Maximum Minimum Maximum  Minimum Maximum Minimum Maximum 

mg/100kJ mg /L*  mg/100kJ mg /L* 

2.5 7.5 62.5 221.25  2.5 7.5 62.5 221.25 

* Minimum and Maximum Values /L have been calculated taken respectively into account the minimum 
and the maximum provisions for energy as reported in annex I and II of EU Commission directive 
2006/141/EC.  
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Annex XIII  
EU compositional provisions and overview of the 
standardised methods of analysis for Vitamin K 
in infant and follow-on formula 

 

Definition of compound (2006/141/EC): Vitamin K 

 

Potential forms of the nutrient: Trans- and cis-Phylloquinone (Vit K1), menaquinones (Vit K2) 

 

Limits (2006/141/EC) 

Infant formula  Follow-up formula 

Minimum Maximum Minimum Maximum  Minimum Maximum Minimum Maximum 

µg /100kJ µg  /L*  µg /100kJ µg  /L* 

1 6 25 177  1 6 25 177 

* Minimum and Maximum Values /L have been calculated taken respectively into account the minimum 
and the maximum provisions for energy as reported in annex I and II of EU Commission directive 
2006/141/EC. 
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Annex XIV  
EU compositional provisions and overview of the 
standardised methods of analysis for Vitamin E 
in infant and follow-on formula 

 

Definition of compound (2006/141/EC): Vitamin E  

 

Potential forms of the nutrient: D- and L- α, β, γ and δ tocopherol, tocotrienols and relative 
esters 

 

Limits (2006/141/EC) 

Infant formula  Follow-up formula 

Minimum Maximum Minimum Maximum  Minimum Maximum Minimum Maximum 

mg*/ 100kJ mg* /L**  mg*/ 100kJ mg* /L** 

0,5/g of 
polyunsaturated 

fatty acids 
expressed as 

linoleic acid as 
corrected for the 

double bonds 
(***) but in no 
case less than  

0,1 mg per 100 
available kJ 

1.2 2.5 35.4  

0,5/g of 
polyunsaturated 

fatty acids 
expressed as 

linoleic acid as 
corrected for the 

double bonds 
(***) but in no 
case less than  

0,1 mg per 100 
available kJ 

0.12 2.5 35.4 

*  α-tocopherol equivalent; 
**  Minimum Values /L have been calculated taken into account the minimum and provision for energy 

as reported in annex I and II of EU Commission directive 2006/141/EC; 
***  0,5 mg α-TE/1 g linoleic acid (18:2 n-6); 0,75 mg α-TE/1 g α-linolenic acid (18:3 n-3); 1,0 

mg α-TE/1 g arachidonic acid (20:4 n-6); 1,25 mg α-TE/1 g eicosapentaenoic acid (20:5 n-3); 1,5 
mg α-TE/1 g docosahexaenoic acid (22:6 n-3). 
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Annex XV  
EU compositional provisions and overview of the 
standardised methods of analysis for choline in 
infant and follow-on formula 

 

Definition of compound (2006/141/EC): Choline 

 

Potential forms of the nutrient: Choline, phosphatidylcholine, acetylcholine 

 

Limits (2006/141/EC) 

Infant formula  Follow-up formula 

Minimum Maximum Minimum Maximum  Minimum Maximum Minimum Maximum 

mg /100kJ mg/L*  mg /100kJ mg/L* 

1.7 12 42.5 354  - - - - 

* Minimum and Maximum Values /L have been calculated taken respectively into account the minimum 
and the maximum provisions for energy as reported in annex I and II of EU Commission directive 
2006/141/EC.  
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Annex XVI 
EU compositional provisions and overview of the 
standardised methods of analysis for inositol in 
infant and follow-on formula 

 

Definition of compound: Inositol 

 

Potential forms of the nutrient: Free myo-inositol, phosphatidylinositol, methyl esters, 
glycosides, phosphorylated forms and phytate 

 

Limits (2006/141/EC) 

Infant formula  Follow-up formula 

Minimum Maximum Minimum Maximum  Minimum Maximum Minimum Maximum 

mg /100kJ mg /L*  mg /100kJ mg /L* 

1 10 25.0 295  - - - - 

* Minimum and Maximum Values /L have been calculated taken respectively into account the minimum 
and the maximum provisions for energy as reported in annex I and II of EU Commission directive 
2006/141/EC. 
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More information: www.rikilt.wur.nl

RIKILT - Institute of Food Safety is part of the international knowledge organisation Wageningen UR (University & Research centre). 
RIKILT conducts independent research into the safety and quality of food. The institute is specialised in detecting and identifying 
substances in food and animal feed and determining the functionality and effect of those substances.

RIKILT advises national and international governments on establishing standards and methods of analysis. RIKILT is available  
24 hours a day and seven days a week in cases of incidents and food crises.

The research institute in Wageningen is the National Reference Laboratory (NRL) for milk, genetically modified organisms, and 
nearly all chemical substances, and is also the European Union Reference Laboratory (EU-RL) for substances with hormonal 
effects.

RIKILT is a member of various national and international expertise centres and networks. Most of our work is commissioned by the 
Dutch Ministry of Economic Affairs, Agriculture and Innovation and the new Dutch Food and Consumer Product Safety Authority. 
Other parties commissioning our work include the European Union, the European Food Safety Authority (EFSA), foreign 
governments, social organisations, and businesses.
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