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Disclosures
 No financial disclosures
 Comment: Human milk 

composition variation 
information is derived from 
breastfeeding studies of 
individuals who were cis-
gendered females, and I will 
refer to participants in the studies 
variably as breastfeeding 
women, breastfeeding 
individuals, and mothers.

 However, there are increasing 
cases of successful lactation 
induction in transgender women. 
Breastmilk variation in 
transgender women, as well as in 
transgender men, is an important 
area of current research.



Objectives

Know

Know current 
average 
reference 
values for milk 
macronutrients 
at different 
stages of 
lactation

Recognize

Recognize that 
milk 
composition 
varies within 
and between 
women

Understand

Understand the 
factors that may 
play a role in 
shaping milk 
macronutrient 
composition

Increase

Increase 
awareness of 
role of human 
milk 
macronutrient 
and 
oligosaccharide 
(HMO) in infant 
health



Outline of this presentation

Review

Review of the 
literature on causes 
and consequences 
of milk macronutrient 
concentrations 

New data

MILK Study data on 
individual-differences 
in milk composition in 
an exclusively 
breastfeeding cohort

Hot topics

Milk composition in 
transgender women
Cannabis during 
breastfeeding
Lab-grown milk 
substitute



Importance of breastfeeding to national 
health
Infant health: If 90% of US families had the opportunity to breastfeed 
exclusively for 6 months, the United States would save $13 billion/year 
and prevent an excess 911 deaths, almost all of which would be infant 
deaths 
Maternal health: Low breastfeeding rates may cause as many as 5,000 
cases of breast cancer, nearly 54,000 cases of hypertension and almost 
14,000 heart attacks each year in the US. 

Falling short: Only 37% of Minnesotan and 25% of US families meet these 
targets and their own breastfeeding goals, with significant disparities 
across race and ethnic groups

Sources: CDC 2022 Breastfeeding Report Card; Bartick et al, Matern Child Nutr. 
2017 Jan;13(1): e12366



Breastfeeding and lactation: A socioecological model



Mammary gland



Cellular 
processes 
involved in 
human milk 

synthesis



Human milk co-evolved 
with human physical 
development

Human milk is rich in carbohydrates but 
relatively poor in amino acids and fat 
compared to non-primate milk.
High milk sugar supports large, rapidly 

growing infant brain
Lower protein and calories supports 

slower human physical development



Mature milk 
composition: 

Major 
components

87%

~7%

~4%

<1%

~1%



Macronutrient reference 
values: where do they come 
from?
 Nutritional analyses of human 

milk: 1950s–1980s
Gold standard milk collection 

o 24-hour pooled sampling

Gold-standard laboratory milk 
analysis methods
 Usually exclusively breastfeeding, 

highly educated participants

Elsie Widdowson, PhD
British Nutritionist







Human milk 
energy in US and 
Canada 1980-2017 
(kcal/100 ml) 



US milk 
composition 
data: In need of 
updates

2018 USDA review of US milk composition 
data (Wu et al., 2018)
Only 28 US and Canadian milk 

compositional studies
Out of date: Only 6 studies since 2000
Small: 26/28 had N< 60
Variety of methods of milk collection and 

analysis
Gaps:

oNeed method-specific reference values
oNeed greater diversity and participants 

reflecting typical US body weight and 
diet

oNeed info on lactation > 7-12 months

Source: Wu et al (2018) Curr Dev Nutr 2018;2:nzy025.



Best to refer to 
large systematic 
reviews and meta-
analysis rather 
than single studies



Macronutrient changes during prolonged lactation: 
Beyond 12  mo

Method = Miris; Total N = 136; Poland Source: Czosnykowska-Łukacka et al. Nutrients. 2018 Dec 3;10(12):1893. 



What explains differences in milk composition?



Components of 
human milk and 
colostrum vs
mature milk

Source: Caba-Flores (2022) Front. Nutr., 12 May 2022; 
Volume 9 – 2022. https://doi.org/10.3389/fnut.2022.867507



Determinants of 
human milk fat 
variation

Source: Picciano, Ped Clinics N. Amer. 2001; 48(1):53-67, 
2001 



Time of day effects Chronobiology of Milk

Source: Caba-Flores (2022) Front. Nutr., 12 May 2022; Volume 9 - 2022 
https://doi.org/10.3389/fnut.2022.867507



Storage effects
 In unpasteurized milk, storage can result in 

a reduction in antioxidant activity and an 
increase in lipolysis even when frozen at -
20 C 
 A study comparing paired samples of raw 

milk and frozen milk (at -20 C) found:
o Clinically significant decrease in total 

lipids and calories
• 3% reduction after one week
• 9% reduction after 3 months

o Lactose and protein relatively stable

Source: Garcia-Lara et al. Breastfeed Med. 2012 Aug; 7(4): 295–301.



Maternal weight status effects

Source: Nommsen et al Am J Clin Nutr 1991; 53:457-651.



Effects of maternal dietary intervention

DIETARY INTERVENTION MILK COMPOSITION

High dairy fat vs Low dairy fat intake + Total milk lipid

Fish Oil supplement +  DHA, EPA

Alph lineoleic acid (ALA) supplement +ALA

DHA supplement +DHA

High Fat diet vs isocaloric High CHO diet* +13% total milk fat and energy (no effect on 
lactose, protein)*

Sources: Keikha et al Breastfeed Med. 2017; 12(9): 517-27
*Mahmoud et al. AJCN 2009 89(6): 1821-7



Rapid changes in milk composition over 12 hours on a high 
carb or high sugar controlled diet

Lactose increases after meals High carb diet results in higher milk fat

Source: Ward et al Matern Child Nutr. 2021;17:e13168.



The importance of HMOs for infant health



HMOs and 
preterm infant 

necrotizing 
enterocolitis

(NEC)

 NEC is the most common, serious 
gastrointestinal disease affecting 
newborn infants, and is a medical 
emergency. It is most commonly seen in 
premature infants.
 Preterm infants fed human milk have far 

lower risk of NEC than those fed formula
 Particular HMOs in human milk likely 

explain this benefit:
o Infants with NEC had lower relative 

abundance of Bifidobacterium longum and 
higher relative abundance of Enterobacter
cloacae than controls

o Breastfed infants and infants fed formula with 
2’FL had 29-83% lower concentrations of 
plasma inflammatory cytokines and TNF-a 
than infants fed control formula

Sources: Puccio et al Pd Gast Nutr 2017; 64: 624-31; Masi et al. Gut. 2021 Dec; 
70(12):2273-2282;. Goerring et al J Nutr 2016; 146: 2559-66



Milk macronutrient 
concentrations and 
infant growth and 
adiposity



Milk 
composition 

and Infant 
Growth:

Few studies; 
Little consensus

Sources: Puccio et al Pd Gast Ntur 2017; 64: 624-31; Masi et al. Gut. 2021 Dec; 
70(12):2273-2282;. Goerring et al J Nutr 2016; 146: 2559-66



Milk composition and infant weight (BMI) at 12 months

Source: Prentice et al., Acta Pædiatrica 2016 105, pp. 641–647



Effects of milk macronutrient concentration on breastfed 
infant growth are fairly modest

Source: Prentice et al., Acta Pædiatrica 2016 105, pp. 641–647



Summary:
What do we 
know about 
human milk 
macronutrients?

 No single reference value for milk macronutrients gives you the full picture 
of normal variation in human milk; US data are old and larger updated 
studies are needed, with meta-analysis for US population

 Prolonged lactation may be associated with higher concentrations of fat, 
energy, and protein, probably due to lower volume.

 We know some of the technical and biological reasons why milk 
macronutrients vary (maternal diet, time of day of expression, stage of 
lactation, storage and method of measurement)

 Yet, there is much we do not know about what causes differences in HMOs 
and other bioactive elements of human milk

 Further, there is a major gap in knowledge on the consequences of inter-
individual differences in milk composition for the breastfed infant
o Studies on infant growth and adiposity dominate
o Effects tend to be modest, studies can rarely estimate actual intake 

(versus concentration), little replication/consensus
o Infant microbiome, gut development and cognitive studies are 

needed



The MILk Study
 N=550 mother-infant dyads followed from third 

trimester of pregnancy to 6 months post-
partum for serial milk sampling and infant 
body composition assessment

o Oklahoma City and Twin Cities MN
o Non-smoking, alcohol-abstaining mothers 

who intended to exclusively breastfeed, 
and their term, AGA, singleton infants

o 100% exclusively breastfeeding at 1 month 
postpartum by inclusion criterion

o 75% still exclusively breastfeeding at 6 mos.
o Mostly White and Non-Hispanic, college 

educated; variation in income
o Focused on non-nutritive milk bioactives



Milk collection protocol

 Study visits at 1, 2, 3, and 6 months 
postpartum 
 Arrive 8 am – 11 am
 Nurse infant as usual upon arrival
 Single full breast milk expression

o 2 hours after infant feeding (range 9:30 
am – 2:00 pm)

o Medela Symphony breast pump with 
various sized breast shields

o Instructed to pump until milk no longer 
copiously flowing

 30-180 ml obtained
 Milk gently mixed, volume and weight 

measured, and aliquoted into cryotubes for 
storage at -80°C
 Macronutrients measured using the Miris HMA



Individual Milk protein concentrations from 1 to 6 months
(MILk Study)



Individual Milk fat concentrations and energy content from 1 to 6 
months (MILk Study)



Relationship 
of milk 

protein to 
maternal 

and infant 
factors (MILK 

Study)



Relationship 
of milk 

carbohydrate 
to maternal 

and infant 
factors (MILK 

Study)



Hot topics in milk composition



Milk macronutrients in a transgender woman

Patient produced 150 ml milk per day after undergoing lactation induction (estradiol, progesterone, domperidone) 

Source: Weimer. Journal of Human Lactation. 2023. 39(3): 488-94. 



Cannabis during breastfeeding

Cannabis use increasing 
in women before and 

during pregnancy

Delta-9 and other THCs 
detected in milk days to 
weeks after use (half life 

17 days)

THC concentrates in 
breast milk relative to 
maternal plasma (6:1)

Milk concentration peaks 
1-2 hours after inhalation

Insufficient current 
evidence linking 
infant exposure 
through milk to 

infant outcomes

No amount of cannabis is 
known to be safe during 

pregnancy or 
breastfeeding 

Sources: Young-Wolff et al 2019 JAMA Netw Open. 2(7):e196471; Wymore et al JAMA Peds 
2021);Moss et al. Pediatr Res. 2021 Oct;90(4):861-868;  Baker et al., 2018 Obstetrics & 
Gynecology 131(5):p 783-788. Tennes et al., 1985. NIDA Res Monogr 59:48-60



Impact of 
cannabis on 
milk 
composition?

 Impact on human milk: Relative to non-users (n = 17), lactose 
levels were higher and IgA levels were significantly lower in 
the milk of subjects who used cannabis during lactation 
(n = 14) (Josan et al., 2023)
 Impact on milk composition in a rodent model: Chronic 

CBD, THC and CBD + THC treatment of lactating mouse 
dams resulted in broad reductions in milk lipids and fatty 
acids

Source: Johnson et al BBA Advances 2 (2022) 10005



Lab-grown human milk substitute: A superior “formula”?
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Artist in Residence
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Questions and Answers



Evolution of the 
mammary 
gland:
From protecting 
the skin to 
feeding the 
infant

Sources: Goldman. Evolution of immune functions of the mammary gland. 
Breastfeeding Medicine Vol 7 (3) 132-42 and Oftedal (2012) Animal 6:3,pp355–368



How does the Miris Human Milk Analyzer work?

 FDA approved diagnostic device for measuring breast 
milk nutrients

 Broadly used in the dairy industry and now in human 
clinical practice

 Quick and easy to use

 Repeatable and reproducible results

 Validated against benchmark laboratory methods  with 
high inter-method correlation of 0.85-0.99 and low bias

o Fat: +6%
o Crude protein: -6%
o Carbohydrate: -3%
o Energy: +0.3%

 How it works: Mid-infrared spectrometry
o Measures the absorption of infrared radiation by 

different functional groups of macronutrients
o Height of absorption intensity provides relative 

concentrations 



Human milk fat in 
US and Canada 
1980-2017 
(kcal/100 ml) 



Human milk 
lactose in US and 
Canada 1980-2017 
(kcal/100 ml) 



Human milk total 
protein in US and 
Canada 1980-2017 
(kcal/100 ml) 





Milk maturity is the strongest driver of macronutrient 
differences

• Fat increases by 50-93%, lactose increases by ~20% and true protein 
decreases by 50-60% from colostrum to mature milk

• Magnitude of change in fat differs for preterm and term milk 



Outline

• Infant outcomes related to milk macro concentrations-----
• MILK Study

• Maternal Determinants (heat maps) (2 slides)
• Infant growth and body comp (heat map?) (1 slides)



N= 57 Correlation
P value

R-Square CV% Paired T-test.
p-value

Fat 
(gm/100ml)

<.0001 0.98 3.2% 0.41

Carbohydrates 
(gm/100ml)

<.0001 0.92 0.8% 0.12

Total Sugar 
(gm/100ml)

0.99 0.98 1.0% 0.26

True protein 
(gm/100ml)

<.0001 0.91 7.2% 0.39

Crude protein 
(gm/100ml)

<.0001 0.91 6.8% 0.45

Energy 
(kcal/100ml)

<.0001 0.98 1.7% 0.34

Reliability statistics for Miris (MILK Study)



Protein and Lactose in term ( ) and preterm ( ) milk
* Relatively low variability between individuals
* Relatively similar between term and preterm after 3 weeks

Inter-individual range 4.5-7 g/100 ml (10%)

Inter-individual variation 1-1.5 g/100 ml (3%)



Range 1.5-5.5%: +/- 75%

Fat in term ( ) and preterm ( ) milk
* Relatively high variability between individuals
* Relatively similar between term and preterm



Fat concentrations at 1, 2, 3, and 6 months (MILK Study)



Energy concentrations at 1, 2, 3, and 6 months 
(MILK Study)



Somewhat richer milk with exclusive 
breastfeeding
• Study of 614 dyads at 4-8 weeks postpartum in England
• Gold standard laboratory assessments of macronutrients
• Milk of exclusively breastfeeding mothers compared to mixed feeding 

mothers contained:
• ~3 kcal/100 ml higher calories and 0.3 g/100 ml higher fat
• Slightly lower protein and carbohydrate

Prentice et al  Acta Pædiatrica 2016 105, pp. 641–647
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