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Dietary emulsifiers—sweepers  
of the gut lining?
Patrice D. Cani

Refers to Chassaing, B. et al. Dietary emulsifiers impact the mouse gut microbiota promoting colitis and metabolic syndrome.  
Nature 519, 92–96 (2015)

Low doses of two commonly used dietary emulsifiers—
carboxymethylcellulose and polysorbate‑80—are reported to induce low‑
grade inflammation, metabolic disorders and increases in body weight in 
mice. These emulsifiers also promote colitis in mice that are susceptible 
to this disorder. Interestingly, changes in the gut microbiota were both 
necessary and sufficient to induce the metabolic alterations.

Obesity is characterized by a massive expan
sion of adipose tissue that is associated with 
the development of lowgrade inflamma
tion. Growing evidence suggests that this 
induction of inflammatory tone, which 
is observed in states of obesity and type 2 
diabetes mellitus, might be initiated in the 
gut.1 Unequivocal evidence has shown that 
under conditions of obesity and inflamma
tion, maintenance of appropriate gut barrier 
function is crucial. Moreover, several factors, 
such as the localization and the distribu
tion of tight junction proteins, production 
of antimicrobial peptides and presence of 
immune cells, as well as adequate mucus 
thickness and composition, have been impli
cated in the maintenance of this barrier 
func tion.2–5 Disturbance of any one of these 
mechanisms can contribute to the develop
ment of gut barrier dysfunction and, eventu
ally, can lead to lowgrade inflammation. 
Among the key factors, dietary composition, 
such as a highfat diet or low fibre intake, 
contributes to the onset of diseases associ
ated with leaky gut and the metabolic syn
drome.3,6 Changing dietary habits, therefore, 

represents an easy way to avoid develop
ment of these disorders. As such, reveal
ing the dietary products that exert these 
deleterious effects is of utmost importance. 
According to a new study, dietary emulsi
fiers might provide substantial contributions 
to de velopment of metabolic disorders.7

In an elegant series of experiments, 
Chassaing and colleagues showed that 
chronic ingestion of two commonly used 
dietary emulsifiers, carboxymethyl cellulose 
and polysorbate80, by wildtype mice 
results in alterations to the mucus barrier, 
induction of lowgrade inflammation, 
increases in levels of body fat and devel
opment of metabolic disorders.6 These 
effects were observed in strains of mice that 
were either prone or resistant to obesity. 
Strikingly, ingestion of lowdose emulsifiers 
promoted marked signs of colitis in Tlr5–/– 
mice and Il10–/– mice, which are two models 
of this disease with increased susceptibility 
to intestinal inflammation and changes in 
gut microbial composition.8 By contrast, 
ingestion of emulsifiers did not induce overt 
colitis in wildtype mice, despite observa
tions of subtle histological changes and evi
dence of chronic inflammation, including 
signs of epithelial damage, in these animals.6 
Thus, emulsifiers seem to promote degrada
tion of the mucus lining, which contributes 

to robust development of colitis in suscepti
ble host animals and induction of lowgrade 
inflammation and metabolic disorders in 
wildtype mice.

Chassaing and coworkers also clearly 
dem onstrated that the induction of low
grade inflammation and obesity by emulsi
fiers requires the presence of gut microbes; 
germfree animals were resistant to the 
onset of these diseases.7 Previous studies 
have identified putative pathobionts that 
are involved in metabolic disorders; abun
dance of the genus Bilophila is increased in 
Il10–/– mice, which have increased suscep
tibility to colitis when fed a highfat diet.8 
Interestingly, the increased abundance of this 
genus has also been associated with a high
fat diet and intestinal barrier dysfunction, 
whereas treatment with prebiotics mitigated 
this effect in mice.6,9 Thus, Bilophiladerived 
metabolites might serve as breakers of the 
mucosal barrier, which enables infiltration of 
immune cells and induction of in flammation 
in the gut.6,9

Given that Bilophila spp. are resistant to 
bile acids, it is probable that the increased 
abundance of this genus results from 
changes in bile acid flux induced by inges
tion of emulsifiers. In accordance with this 
hypothesis, in this new study, the bile acid 
profiles of conventional mice were altered,7 
which could either influence or be influ
enced by the composition of the gut micro
biota. Chassaing and colleagues exclude a 
purely direct role of the emulsifiers on bile 
acids and mucus, as germfree mice did not 
exhibit changes in mucus thickness or bile 
acid profiles. However, in germfree mice, 
bile acid metabolism is, by essence, com
promised; therefore, these mice might not 
represent an adequate model in which to 
address this specific question.

The modulation of bile acid flux that 
is observed in conventional mice might 
result from changes in reabsorption because 
emul sifiers can change the structure of 
micelles in the gut, which, in turn, could 
affect gut microbes—an effect which might 
not be detected in germfree mice. These 
data strongly suggest that both carboxy
methylcellulose and polysorbate80 modu
late the gut microbiota by changing its 
activity and composition. Another mecha
nism that could be interesting to investigate 

‘‘...under conditions of obesity 
and inflammation, maintenance  
of appropriate gut barrier function 
is crucial’’
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is the role of emulsifiers in altering produc
tion of antimicrobial peptides and the infil
tration of immune cells into the gut. Given 
the data presented in this new study with 
regard to changes in gut microbiota com
position, mucus layer thickness and levels 
of shortchain fatty acids and bile acids, it 
would be expected that emulsifiers could 
also have effects on production of anti micro
bial peptides and/or the immune infiltrate. 
More over, this assertion is supported by data 
that have shown an important relationship 
between the microbiota and the immune 
infiltrate in both colitis and obesity.3–6

Emulsifiers are generally recognized as 
safe by the FDA and are used in various pro
cessed foods at levels of up to 2%.7 Notably, 
in the current study, the authors assessed 
different doses of carboxymethylcellulose 
and polysorbate80 and found effects on 
host adiposity and intestinal morphology at 
concentrations as low as 0.1%. In addition, 
carboxymethylcellulose consumption was 
shown to have longlasting negative effects, 
such as increased adiposity and myelo
peroxidase activity in the intestine, whereas 
the deleterious effects of p olysorbate80 
were reversible.

But, the question remains: is the broad 
use of emulsifying agents in food products 
responsible for the contemporary pandemic 
obesity and inflammatory diseases? Probably 
not. The study was performed in rodents 
receiving chronic doses of the additives 
in their drinking water and/or diet, which 
resulted in levels of these compounds reach
ing at least 0.1% to 1.0% of the total amount 
of food ingested per 24 h.7 To directly trans
late these results to humans on the basis of 
these findings, we would assume that all food 
items ingested throughout the day contain 
from 0.1% to 2.0% of emulsifiers, which 

is probably an overestimation. However, 
increased daily exposure to emulsifiers might 
not be excluded in some populations, accord
ing to their dietary habits. Even so, the study 
has enough merit to highlight an additional 
potential weakness in the system that evalu
ates the safety of additive compounds used 
in modern diets.10 Moreover, we should not 
dismiss the idea that the multiple exposures 
and combinations of similar compounds 
might worsen some metabolic parameters 
in individuals who have increased sensitiv
ity, or might be predisposed, to the onset of 
metabolic diseases.

In conclusion, additional studies investi
gating the exact levels of exposures to these 
compounds in humans, as well as the mecha
nisms and the effects on obesity, lowgrade 
inflammation and the microbiota, are war
ranted. Without this additional data, we 
cannot completely refute the contributions 
of such environmental factors to the onset of 
colitis and other metabolic disorders.

Metabolism and Nutrition Research Group, 
WELBIO–Walloon Excellence in Life Sciences 
and BIOtechnology, Louvain Drug Research 
Institute, Université catholique de Louvain, 
Avenue E. Mounier, 73 box B1.73.11, 
1200 Brussels, Belgium. 
patrice.cani@uclouvain.be

doi:10.1038/nrendo.2015.59 
Published online 14 April 2015

Acknowledgements
P.D.C. thanks Amandine Everard for helpful 
discussions during the preparation of this 

manuscript. P.D.C. has received grants from FNRS 
(convention J.0084.15, convention 3.4579.11) and 
PDR (Projet de Recherche, convention: T.0138.14), 
ARC (Action de Recherche Concertée - Communauté 
française de Belgique convention: 12/17-047) and 
is supported by the Fonds de la Recherche 
Scientifique - FNRS for the FRFS-WELBIO under 
Grant n WELBIO-CR-2012S-02R. P.D.C. is a recipient 
of ERC Starting Grant 2013 (European Research 
Council, Starting grant 336452-ENIGMO).

Competing interests
The author declares no competing interests.

1. Cani, P. D. Metabolism in 2013: The gut 
microbiota manages host metabolism. 
Nat. Rev. Endocrinol. 10, 74–76 (2014).

2. Johansson, M. E., Larsson, J. M. & 
Hansson, G. C. The two mucus layers of colon 
are organized by the MUC2 mucin, whereas the 
outer layer is a legislator of host-microbial 
interactions. Proc. Natl Acad. Sci. USA 108 
(Suppl. 1), 4659–4665 (2011).

3. Everard, A. et al. Cross-talk between 
Akkermansia muciniphila and intestinal 
epithelium controls diet-induced obesity. 
Proc. Natl Acad. Sci. USA 110, 9066–9071 
(2013).

4. Vaishnava, S. et al. The antibacterial lectin 
RegIIIγ promotes the spatial segregation of 
microbiota and host in the intestine. Science 
334, 255–258 (2011).

5. Magalhaes, I. et al. Mucosal-associated 
invariant T cell alterations in obese and type 2 
diabetic patients. J. Clin. Invest. http:// 
dx.doi.org/10.1172/JCI78941.

6. Everard, A. et al. Microbiome of prebiotic-
treated mice reveals novel targets involved in 
host response during obesity. ISME J. 8,  
2116–2130 (2014).

7. Chassaing, B. et al. Dietary emulsifiers impact 
the mouse gut microbiota promoting colitis  
and metabolic syndrome. Nature 519, 92–96 
(2015).

8. Vijay-Kumar, M. et al. Metabolic syndrome and 
altered gut microbiota in mice lacking Toll-like 
receptor 5. Science 328, 228–231 (2010).

9. Devkota, S. et al. Dietary-fat-induced 
taurocholic acid promotes pathobiont 
expansion and colitis in Il10–/– mice. Nature 
487, 104–108 (2012).

10. Suez, J. et al. Artificial sweeteners induce 
glucose intolerance by altering the gut 
microbiota. Nature 514, 181–186 (2014).

‘‘...dietary emulsifiers might 
provide substantial contributions 
to development of metabolic 
disorders’’

© 2015 Macmillan Publishers Limited. All rights reserved

mailto:patrice.cani@uclouvain.be
http://www.nature.com/doifinder/10.1038/nrendo.2015.59
http://dx.doi.org/10.1172/JCI78941
http://dx.doi.org/10.1172/JCI78941



