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Lactose: Lactose for health and nutrition: 
breakthrough innovation or old news for new people?
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Lactose, or milk sugar, is a major component of milk

Cow: ~4.6%, Human: ~7%
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Lactose in the (social) media
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Lactose: an excellent osmolyte and energy source
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Lactose has low solubility (10% that of sucrose at 
25˚C) but great stability in solution. 

Lactose can therefore not diffuse out of the Golgi- and 
secretory-vesicles inside the gland cells. Lactose is easily 
secreted, and aids in drawing water into these organelles, 
thereby determining the volume of the milk produced.

Paques, M. and Lindner, C. (2019). Lactose. 1st ed. Academic Press

Golgi



Lactose has low sweetness and does not induce reward effects
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Photo credit: Jim French, FlickrPaques, M. and Lindner, C. (2019). Lactose. 1st ed. Academic Press
Clemens et al., Comp. Rev Food Sci Food Safety, 2016
Delaveau, Ann Pharm Fr, 2002
Timofeeva and Mitra, Sucrose: Properties, Biosynthesis and Health Implications, 2013

The neuronal network 
activated by sugar intake
VII – facial nerve; IX glossopharyngeal 
nerve; X – vagus nerve; Acb – nucleus 
accumbens; Amy amygdala; ENP – enteric 
nervous plexus; LS – lateral septum; NTS 
– nucleus of the solitary tract; PB – 
parabrachial nucleus; PVT – 
paraventricular thalamic nucleus; T1R2/3 
– sweet taste receptor subunits; VPM – 
ventral posteromedial nucleus of the 
thalamus; VTA – ventral tegmental area

Lactose is free of analgesic and reward effects
Impact on development of taste preference?

Impact on development of overweight/obesity?





Lactose is the least cariogenic of all fermentable sugars and 
causes no harm to dental surfaces when part of milk products
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Johansson, Scan J Nutr, 2002
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Benefits of lactose digestion
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Lactose is broken down in the small intestine by the 
enzyme lactase
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Lactose

Lactose

Lactase enzyme

Lactase

Lactase-Phlorizin Hydrolase

EC number: 3.2.1.108

Looking at the restricted expression of lactase in the small intestine, it 
seems unlikely that lactase is constitutively overwhelmed by lactose as 

lactase expression could be easily increased in the duodenum and 
ileum. So there seems to be no lactase capacity problem.

Almost all known mammals – including the majority (~65%) of humans – 
experience a 90% to 95% decrease in lactase production in the years after 
weaning (a condition known as Lactase Non-Persistence (LNP)). LNP individuals 
become lactose maldigesters (LD) and can suffer from lactose intolerance (LI) 
complaints when consuming milk and dairy products into adulthood. Most LNP 
individuals can still consume about 12 grams of lactose (~1 glass of milk) without 
LI complaints. 



Lactose in the (social) media
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Lactose has a low glycemic index (GI=46) and supplies the 
body with energy and building blocks (Glu & Gal)
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• Glycemic index is a nutritional property of an 
ingredient/food/dietary pattern

• Lactose has a low glycemic index (e.g., GI < 
55). 

• Many studies showed that low glycemic index 
diets contribute to diabetes prevention.
• A meta-analyses of intervention studies 

showed that low GI diets reduce blood sugar 
levels (Livesey et al, Am J Clin Nutr, 2008)

• A meta-analyses of cohort studies showed 
that low GI diets are associated with a lower 
risk of type 2 diabetes (Livesey et al, 
Nutrients, 2019; Hardy et al, Nutr Metab 
Cardiovasc Dis, 2020)



Shkembi and Huppertz, Foods (2023), 12, 453.14
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Dairy matrix effects:
• GI of lactose is lower than [GI(glucose)+GI(galactose)]/2

GI(glucose)=100, GI(galactose)=23
This due to slower hydrolysis and absorption of lactose.

• Milk:
• Slower gastric emptying due to caseins and fat.
• Buffer capacity of milk.
• Whey proteins activate incretins affecting gastric pH and 

glycaemic control.
• Milk is the only liquid product that can be consumed in the 

form of the whole food produced as primary commodity.
• Cheese:

• Hardly any lactose present.
• Yoghurt:

• In stirred yoghurt, whey proteins and caseins are subject 
to rapid gastric emptying.

• Lactate reduces gastric emptying rate.

“...glycaemic responses following consumption of 
these products vary widely and can also vary 
substantially from milk. Such differences can be 
attributed to compositional differences, but also to 
specific matrix effects for the milk matrix, which 
will add adequate control of postprandial blood 
glucose levels. For plant-based drinks, such effects 
have received only limited attention to date but 
should be considered to avoid excessive glycaemic 
responses following consumption.“

In plant-based dairy alternatives, carbohydrate 
type and content determine GI and GL for the 
most part. Effects on gastric emptying?



Lactose possesses interesting features as a carbohydrate 
source for exercise
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Lactose matches sucrose as an energy substrate

Hardly any complaints of GI discomfort!
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Lactose permits metabolic flexibility* during exercise

Sparing of glycogen 

Lactose, being less 
insulinogenic than sucrose, 

permits fat oxidation
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*Switching between energy substrates. 



Benefits of undigested lactose 
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Undigested lactose can exert microbiota shaping effects 
that improve gut microbiota composition

Lactose significantly increases the growth of Bifidobacteria and Lactobacilli

*Healthy breastfed infants without cow’s milk allergy. Breastmilk contains around 7% lactose (wet basis).
Francavilla et al, Pediatr Allergy Immunol, 2012 

Also in adults (especially LNP) lactose shapes the microbiota, a phenomenon associated with increased lactose 
tolerance (i.e., colonic adaptation)

20



21

§ induces colonic microbial adaptation § decreases symptoms of lactose 

intolerance

To assess whether repetitive consumption of an 
increasing dose of dietary lactose in LNPers:
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Study design -  Lactastic study
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Lactose intervention increases relative abundance 
of Bifidobacterium
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Lactose intervention increased lactose tolerance 
via adaptation of the gut microbiota
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Confidential

*  J AN S S E N  DUI J GHUI J S E N ,  L .  E T  AL .   ( 2023) .  AM J  C L I N  N UT R ,  S 0002- 9165( 23) 66349.

• Repetitive consumption of lactose increases beneficial bifidobacteria in the gut 
microbiome of LNP individuals. Lactose acts as a dietary fibre.

• This increase in bifidobacteria leads to an increased capacity to metabolize lactose 
without gas production.

• Lactose consumption up to 24 grams per day is well-tolerated by LNP individuals and 
results in a reduction in expired breath hydrogen.

• Regular consumption of lactose, whereby the amount of lactose is gradually increased, 
enables most LNP individuals to keep dairy products in their diet and thereby profit from 
the nutrient-richness of those foods.

Take-outs:



Take home messages
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• There is more to lactose than lactose intolerance! 

• Lactose is characterized by low sweetness and low cariogenic potential.

• In healthy infants and young children, lactose supports healthy growth & 
development by supplying energy as well as as building blocks (glucose and 
galactose) and beneficially impacting the (developing) gut microbiota. 

• In all other age groups, the physiological effects of lactose depend on the lactase 
level in the GI-tract. If lactase levels are normal, lactose behaves as a low-GI sugar 
and provides energy and building blocks, if lactase levels are insufficient (e.g., LNP) 
lactose behaves as a dietary fiber and interacts with the gut microbiota.

• Lactose permits metabolic flexibility due to its low insulinogenic character.





Thank you! 


