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The nourishment in milk 

• ‘Nourishment’ 

– Nutrition 

– Health 

– Food 



The complexity of milk 

Milk =  carbohydrates  +  fat  +  protein  +  minerals 
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Farrell et al. (2004) J. Dairy Sci. 87:1641–1674  





Milk oligosaccharides 

• Macromolecules comprising: 

– glucose, galactose, fucose, N-acetylneuraminic acid (sialic acid), 

N-acetyl-glucosamine, N-glycolylneuraminic acid 

 

Free glycans 

(oligosaccharides) 

Conjugated glycans 

Glycolipids Glycoprotein

s 

Aldredge et al. (2013) Glycobiology 23: 664-676 



Milk fat globule membrane 

• Milk fat globule membrane 

Dewettinck et al. (2008) Int. Dairy J. 18: 436–457 



The nourishment in milk 

• ‘Nourishment’ 

– Nutrition  

– Health 

– Food 

...protein quality 



Protein quality of human foods 

• FAO (2011) Dietary protein quality evaluation in human nutrition 

– recommended replacement of ‘Protein Digestibility Corrected Amino Acid 

Score’ (PDCAAS) by ‘Digestible Indispensable Amino Acid Score’ (DIAAS) 

 

 

 

 

 

 

 

 

 

 

– However, PDCAAS will continue to be used until a sufficient database of 

ileal digestibility values are generated for commonly consumed foods 

PDCAAS DIAAS 

 

Digestibility 

Protein Individual amino acids 

Total tract (rats) Ileal (pigs, calibrated against 

human) 

Maillard 

products 

Accounts for true ileal 

digestibility 

Truncation Values > 100% are truncated to 

100%. No recognition that high quality 

proteins (PDCAAS>100) can 

complement low quality proteins in 

meals. 

No truncation 



DIAAS versus PDCAAS 

Truncation penalises higher-quality proteins ‘PDCAAS values do not accurately predict 

ileal AA digestibility and it appears that 

specifically for low-quality proteins, values 

for PDCAAS overestimate the protein 

quality’ 
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concentrate 
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Mathai et al. (2017) Br. J. Nutr. 117: 490-499 

PDCAAS-like values and DIAAS both calculated from digestibility measured in pigs 



Generation of a DIAAS database 

• An international project is underway to facilitate the 

adoption of DIAAS1 

 

• "The global dataset [DIAAS]… will be used for assessing nutritional 

adequacy… planning for food security and sustainability… and for 

assessing the role of dietary protein in the maintenance of health and 

fitness of the worldwide population… It will also influence international 

trade in proteins as well as facilitating the establishment of claims made 

about protein in foods and beverages." 

 

 

1. ‘Proteos’ is a collaboration between Riddet Institute (Massey University), 

University of Illinois, Wageningen University and AgroParisTech 

2. Prof. Paul Moughan, Massey University. https://www.massey.ac.nz/massey/about-

massey/news/article.cfm?mnarticle_uuid=8EFD4A9A-BE62-E5B3-C8F9-072E3035B5A0 



The nourishment in milk 

• ‘Nourishment’ 

– Nutrition  

– Health 

– Food 



Dairy foods associated with: 

• Reduced risk of childhood 

obesity 

• Facilitation of weight loss 

• Neutral or reduced risk of 

type-2 diabetes 

• Reduced risk of 

cardiovascular disease 

• Higher bone mineral 

density 

• Lower risk of colorectal, 

bladder cancer, gastric 

cancer, breast cancer 



Dairy foods and health 

Clark et al. (2019) Multiple health and environmental impacts of foods. PNAS. 



Sarcopenia 

• ‘the decline of muscle mass and strength with age’ 

 

• Loss of muscle mass = 30-50% decrease between 40 and 

80 years of age1  

 

• Sarcopenia is a major predictor of frailty, hip fracture, 

disability and mortality2 

 

• Healthcare costs to the UK of more than £2.5 billion/year3  

1. Faulkner et al. (2007) Clin. Exp. Pharmacol. Physiol. 34: 1091-1096 

2. Reginster et al. (2016) Aging Clin. Exp. Res. 28:47–58 

3. Pinedo-Villanueva et al. (2019) Calcif. Tissue Int. 104:137–144  



Protein for sarcopenia 

• Amount 

– Current international RDA = 0.8g/kg BW, regardless of age1 

– Recommendation from ESPEN Expert Group = 1.0–1.2g/kg BW > 65 years of age2 

 

• Daily distribution 

– 2-3 meals/d each containing 25-30g high-quality protein optimal for 24h muscle 

protein synthesis3 

 

• Protein source 

– ‘The addition of nutrient-rich dairy proteins may… attenuate loss of muscle strength, 

thereby helping to prevent sarcopenia syndrome in the elderly population’4 

– Milk and whey proteins support greater increases in muscle protein synthesis than an 

equivalent amount of soya protein5 

1. WHO (2007) World Health Organisation Technical Report Series 935 

2. Deutz et al. (2014) Clin. Nutr. 33: 929-936 

3. Loenneke et al. (2016) Clin, Nutr. 35: 1506-1511 

4. Cuesta-Triana et al. (2019) Adv. Nutr. 10: S105–S119 

5. Wilkinson et al. (2007) Am. J. Clin. Nutn. 85: 1031-1040 



Dairy foods and sarcopenia 



Leucine: substrate and signal 

‘The mTOR pathway detects and integrates nutrient 

and energy availability before signalling for protein 

synthesis.  

 

Total amino acid withdrawal, or strictly leucine 

withdrawal in many cell types, inhibits mTOR signalling.’ 
Mahoney et al. (2009) Prog. Mol. Biol. Transl. Sci. 90: 53-107 

Dodd and Tee (2011) Am. J. Physiol. Endocrinol. Metab. 302: E1329 

Leucine is abundant in milk proteins, 

particularly in the major whey protein, 

β-lactoglobulin 



It’s not just for athletes and 

bodybuilders 



Dairy is the link between grass and 

muscle health 



https://www.ceh.ac.uk

/services/land-cover-

map-2015 



Dairy is the link between grass and 

muscle health 



The elephant in the room 

Tubb and Seba (2019) Rethinking Food and 

Agriculture 2020-2030. A RethinkX Sector 

Disruption Report. 



https://www.perfectdayfoods.com/mission/ 

The disruptive innovation of 

precision fermentation milk 

https://www.perfectdayfoods.com/mission/


Milk fat globule membrane 

• Milk fat globule membrane 

Dewettinck et al. (2008) Int. Dairy J. 18: 436–457 



MFGM and muscle health 

Sato et al. (2015) Nutrition J. 14: 85 

40 year old males supplemented daily with  

Milk Fat Globule Membrane (in tablet form) 

‘…results…indicate that dietary MFGM… increases 

motor unit recruitment and enhances muscle strength, 

probably owing to neuromuscular mechanisms’ 



Dairy fat as cheese or butter 

Thorning et al. (2017) Am. J. Clin. Nutr. Doi: 10.3945/ajcn.116.151548 

Cheddar 

Full-fat cheese 

Low-fat cheese + butter 

Butter, caseinate, calcium 
6 weeks cheese abstinence 

Full-fat cheese after 6 weeks 

cheese abstinence 

Subjects > 50y, 6 week intervention, 40g/d dairy fat  



The nourishment in milk 

• ‘Nourishment’ 

– Nutrition...protein quality 

– Health…sarcopenia 

– Food 



Food and the hierarchy of  

human needs 

Maslow (1943) A Theory of Human Motivation 



Modernity, tradition, naturality 

‘Modernity represents the values of progress, 

efficiency and prosperity… But modernity also has 

a negative face, in which modern developments 

are seen as destructive – a threat to natural and 

traditional values. 

 

Tradition. This side of livestock farming is often 

used to depict a situation in which humans and 

animals live in harmony. But, on the negative side, 

tradition can be regarded as dull, backward, old-

fashioned and static. 

 

Naturality. Agriculture is a prime example of 

humanity’s success in cultivating nature for human 

progress. However, the very success of this…puts 

nature under pressure, giving rise to social 

concerns about preserving naturality.’ 
 

Boorgaard et al. (2011) Animal 5: 1458–1466 

Naturality 

Tradition 

Modernity 



The nourishment in milk 

• ‘Nourishment’ 

– Nutrition 

– Health 

– Food 
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