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Importance of measuring milk MN 

 Lack of information on maternal nutritional status in lactation, 
and on nutrients in milk.

 Milk is sole source of MN for 6 mo, important for 24 mo.

 Milk concentrations are used to set recommended MN intakes 
for infants, young children and lactating women.

 Used to estimate MN gaps in complementary feeding; 
Requirement – amount from milk = gap

 Prevalence of low/inadequate milk MN concentrations in 
populations? How do we define low?

 Effects of low milk levels on infant status, growth, development?

 Need multiple MN supplements? In pregnancy and lactation?

 Are milk MN concentrations a population MN status biomarker?



MN groups in lactation (Allen 1994, revised 2019)

Group I
Milk MN ∝ to maternal 
status, infant depleted. 
Supplements can ↑ MN 
in milk.

Group II
Milk MN independent of 
maternal status, mother 
depleted. Supplements 
no effect on milk.

B-1, B-2, B-6, B-12, C
A, D, E, K
Choline
Iodine
Selenium

Folate
Calcium
Iron, copper, zinc



Development of analytical methods

5 platforms  
6 methodological approaches

≈1 mL of milk  

B12 via CPBA 

Vitamin A and E via 
HPLC-DAD

Total thiamin via 
HPLC-FLD

Free thiamin, riboflavin, FAD, nicotinamide, 
pyridoxal, pyridoxine, biotin, pantothenic acid 

via UPLC-MS/MS

Iron, copper, zinc, 
calcium, potassium, 

magnesium, phosphorus, 
sodium via ICP-AES

Carbohydrates, fat, 
protein via NIRS 



 Introduction to Current Knowledge on 
Micronutrients in Human Milk: 
Adequacy, Analysis, and Need for 
Research. 

 Overview of Nutrients in Human Milk.
 Limitations of the Evidence Base Used to 

Set Recommended Nutrient Intakes for 
Infants and Lactating Women.

 Micronutrients in Human Milk: Analytical 
Methods.

 Retinol-to-Fat Ratio and Retinol 
Concentration in Human Milk Show 
Similar Time Trends and Associations 
with Maternal Factors at the Population 
Level: A Systematic Review and Meta-
Analysis.

 Iodine in Human Milk: A Systematic 
Review.

 Vitamin B-12 in Human Milk: A 
Systematic Review.



Cross-sectional
Fortification

Intervention
Survey

37 articles + 7 in 
progress



                    

B-vitamin concentrations in milk vs. Adequate Intake (AI) value

 Our recent measurements of milk vitamin concentrations globally 
show median levels below current recommendations



Global values for milk B12: analyses from the Allen lab
Median values as % of Adequate Intake value

AI



Relative median concentrations of vitamin A and E in milk as 
% of Adequate Intake value



Randomized controlled trials

Perinatal Consumption of Thiamine-
Fortified Fish Sauce in Rural 
Cambodia A Randomized Clinical Trial.

Kyly C. Whitfield, Crystal D. Karakochuk, Hou 
Kroeun, Daniela Hampel et al.
JAMA Pediatr. 2016cal Trial



PI: Prof Gilberto Kac

PI: Dr Sophie Moore
PI: Dr Munir Islam

PI: Prof Kim F. Michaelsen

PI: Dr Lindsay Allen

Locations and Co-Investigators: Mothers, Infants, Lactation 
Quality (MILQ) Study



Measurement schedule (n=250 dyads x 4 sites)

Pregnancy Birth 1 – 3.49 m 3.5 – 5.99 m 6 – 8.49 m
Screen/enroll X X

Colostrum/milk x X X X
Milk volume, D2O X X X
Blood mother X X X
Blood infant X X (50%) X (50%)
Dried blood infant X X (50%) X (50%)
Urine mother/infant X X X
Anthrop. mother x x X X X
Anthrop. infant x X X X
Development X X
Diet mother (2 d) x X X X

Diet infant (2 d) x X X X

Feces mother/infant X X X



Analytes # Assays # Samples Methods

Milk vitamins (18) 5 3000 HPLC, LC-MS/MS

Milk minerals (10) 2 3000 ICP-AES, MS

Milk metabolomics, 
proteomics

2 3000 LC-TOF-MS, LC-CHIP Q-TOF, LC-
MS/MS

Macronutrients (3) 1 3000 IR-Spectroscopy

Milk volume 1 15,750 FTIR

Infant vitamins (13) 2 2000 HPLC, LC-FLD, e411, LC-MS/MS

Infant minerals (3) 1 2000 ICP-AES

Infant thyroid /iodine 2 5000 ELISA, GSP, Colorimetric

Infant metabolomics 1 800 Biocrates

Infant inflammation 6 2000 Integra

Fecal, milk microbiomes 2000

Mothers……… 3000 Diet, MN status, genetics …….

Some planned analyses



MILQ metabolomics

• New MxP® Quant 500 kit for analyzing ~630 metabolites

https://www.biocrates.com/products/research-products/mxp-quant-500

Sciex ExionLC couples to Sciex 6500+ QTRAP MS



Novel aspects of the study
• Reference values: nutrients in milk, maternal and infant 

biomarkers.
• Revise nutrient requirements, mothers/infants.
• Enables global comparisons.
• Population nutritional status biomarker? 
• Milk biology; new vitamers, metabolites, HMOs, 

antibodies………….
• Nutrient intake data 

• Maternal genomics
• Milk cell….
• Early MILQ



Policy implications

 Need to raise awareness of prevalence of low milk MN –
without causing alarm. Should focus on mother’s nutrition 
during lactation.

 Multiple MN supplementation is not (yet) recommended by 
WHO for pregnant women to improve maternal and perinatal 
outcomes. But might be needed to improve milk MN.

 If maternal supplements not effective enough, need infant 
supplements in some situations?

 More accurate intake recommendations may change estimates 
of nutrient gaps, and formulation of complementary foods, for 
infants, young children.
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