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Surfactant food emulsifiers are among the most extensively used food additives. Like all authorized food
additives, emulsifiers have been evaluated by risk assessors, who consider them as safe. However, there
are growing concerns among scientists about their possible harmful effects on intestinal barriers and
microbiota. It is also suggested that emulsifier consumption might be one of the main causes of the rising
incidence of a number of diseases, such as allergic diseases, celiac disease, type I diabetes and Crohn’s
disease. Moreover, it has recently been suggested that emulsifier consumption might contribute to the

{-'(?cg‘c/‘l/:ﬁilsiﬁers development of metabolic syndrome and can promote colitis-associated colorectal cancer also. This paper
Surfactants provides an overview of the current scientific knowledge on possible effects of surfactant emulsifiers on

intestinal barriers and also of regulatory risk assessment approaches. Our main objective is to reveal the
reasons for the discrepancies between the opinions of risk assessors and the scientific world. We would
like to draw the attention of the academic world to the need of specific in vivo and/or clinical studies
for each emulsifier in order to help risk assessors make adequate evaluations and rule out with certainty

Intestinal barriers
Crohn’s diseases
Microbiota

Risk assessment

EFSA that authorized food emulsifiers pose a safety concern to consumers’ health.
© 2019 “Society information”. Production and hosting by Elsevier B.V. on behalf of KeAi
Communications Co., Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Most food emulsifiers are surface active (surfactant) substances,
meaning these are amphipathic molecules that consist of both a
hydrophobic and a hydrophilic part. Owing to their structure, they
tend to accumulate at interfaces making them suitable to stabilize
emulsions. In fact, the name “emulsifier” refers to the technological
function of a food additive and thus represents a wide range of
food additives capable of stabilizing emulsions, thus in addition
to surfactants, a lot of macromolecules (e.g. modified celluloses or
algae derivatives) are emulsifiers as well. In this paper we discuss
only surfactant type food emulsifiers and use the terms “surfactant”
and “emulsifier” synonymously.

There are almost 30 types of surfactant food emulsifiers autho-
rized in the European Union (Table 1). These are used in staple foods
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such as bakery products or dairies and even infant formulas [1]. This
leads to a very high dietary intake of most emulsifiers in developed
countries.

Recently, a number of studies have suggested that food emul-
sifiers can have a causative role in rising incidents of numerous
diseases linked to impaired intestinal barrier functions and/or
changed intestinal microbiota (e.g. allergic, autoimmune diseases
and Inflammatory Bowel Diseases) [1,2]. Moreover, they can also
increase the absorption of contaminants from foods [3,4].

As the intestinal lumen contains a huge amount of harmful sub-
stances (e.g. bacteria, toxins, allergens), an essential function of the
gastrointestinal tract is to keep those agents away from the inner
body (barrier function). If the barrier function is disturbed, the door
is open to the development of numerous diseases [5].

It has long been known from pharmaceutical science that sur-
factants can increase the permeability of intestines in a number of
ways [6]. Surfactants can impair the barrier function of the mucus
layer by decreasing its hydrophobicity [1,7] and by breaking non-
covalent bonds of the mucus gel [1,8] allowing macromolecules
and nanoparticles and even pathogens to pass through the mucus.
Furthermore, surfactants can increase the fluidity and permeabil-
ity of the epithelial cell membranes facilitating the absorption of
hydrophobic molecules and also the penetration of bacteria. More-
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Table 1
Surfactant food emulsifiers used in EU and their HLB values [60,92].
Name E number HLB Note
Lecithins E 322 3-4 high exposure
Hydrolysed lecithins (lysolecithins) 10-12
Polyoxyethylene sorbitan monolaurate (polysorbate 20) E 432 16.7
Polyoxyethylene sorb1tan monooleatg (polysorbate 80) E433 154 high exposure of high consumers. Main contributors: fine
Polyoxyethylene sorbitan monopalmitate (polysorbate 40) E 434 15.6 bakery products, food supplements, desserts [11]
Polyoxyethylene sorbitan monostearate (polysorbate 60) E 435 144 ! '
Polyoxyethylene sorbitan tristearate (polysorbate 65) E 436 10-11
Sodium, potassium and calcium salts of fatty acids E 470a 16-18
Mono- and diglycerides of fatty acids E 471 3-4 high exposure, widespread usage including the most
frequently consumed products such as bread and rolls and
infant formula
Acetic acid esters of mono- and diglycerides of fatty acids E 472a 2-3
Lactic acid esters of mono- and diglycerides of fatty acids E 472b 3-4
Citric acid esters of mono- and diglycerides of fatty acids E 472c 10-12 widespread usage including the most frequently consumed
(CITREM) products such as bread, rolls and special infant formulas
Tartaric acid esters of mono- and diglycerides of fatty acids E 472d
Mono- and diacetyl tartaric acid esters of mono- and E 472e 8-10 widespread usage including the most frequently
diglycerides of fatty acids (DATEM) consumed products such as bread, rolls
Mixed acetic and tartaric acid esters of mono- and E 472f
diglycerides of fatty acids
Sucrose esters of fatty acids E473 3-16 widespread usage including the most frequently
consumed products such as fine bakery products and
special infant formulas
Sucroglycerides E474
Polyglycerol esters of fatty acids E475 5-13 usage examples: fine bakery products, chewing gum
Polyglycerol polyricinoleate E476 1.5 usage examples: fat emulsions, ice cream, chocolate
products
Propane-1,2-diol esters of fatty acids E477 2-3
Sodium stearoyl-2-lactylate E481 10-12 (according very high exposure. Used also in bread and rolls, flavored
to other data: 21) fermented milk products, fine bakery products
Calcium stearoyl-2-lactylate E482 5-6
Stearyl tartrate E483
Sorbitan monostearate E491 3-6
Sorbftan tristearate £492 21 usage examples: flavored fermented milk products, fat
Sorbitan monolaurate E493 8.6 ) .
Sorbitan monooleate £494 43 emulsions, chocolate products, non-alcoholic beverages [16]
Sorbitan monopalmitate E495 6.7
Sucrose acetate isobutyrate E444 1
Glycerol ester of wood rosin E445 no data

over, surfactants can increase the pore size of tight junctions which
make it possible to absorb macromolecules (e.g. peptides, proteins).
On top of all, some surfactants can inhibit certain transport proteins
(p-glycoprotein, breast cancer resistance protein) found in epithe-
lial cells membranes causing increased absorption of the substrates
of these proteins (e.g. pharmaceutical drugs or even environmental
toxins such as phthalates, aflatoxin B1, benzo-(a)pyrene, a num-
ber of bacterial toxins, heterocyclic amines). It has been recently
discovered that surfactant emulsifiers can also alter intestinal
microbiota, increasing its proinflammatory and mucolytic potential
[9].

The absorption enhancing property of surfactants has been used
for decades to increase the bioavailability of drugs in pharmaceu-
ticals. However, even the pharmaceutical literature warns of the
risk that non-specific absorption enhancers - like surfactants - in
pharmaceuticals can also enhance the absorption of undesirable
substances (e.g. contaminants) present in the lumen [10]. In phar-
maceutical formulations some risk can be acceptable considering a
reasonable risk/benefit ratio. Since the application of surfactants in
medicines may pose a risk with regard to their non-specific absorp-
tion enhancer property, their everyday use in foods should be even
more reconsidered.

Like in the case of all authorized food additives, the safety of food
emulsifiers is evaluated under the authorization procedure. Addi-
tionally, they have recently undergone re-evaluation processes in
Europe [11-19]. Thus, the question may be raised: “How is it pos-
sible, that these surface active food additives are still considered
as safe for human consumption and subsequently are still on the
market?”

In order to resolve the controversies we take a closer look at the

risk evaluation approach and also the existing and missing studies
concerning the effects of emulsifiers on intestinal barriers. In this
paper we will focus on the European practice, although the situation
is similar worldwide. We would like to draw the academic world’s
attention to the urgent need of specific toxicity data on this issue
in order to provide sufficient data for proper risk evaluation. We
would also like to raise food industry researchers’ awareness of the
need of harmless alternatives to synthetic surfactant food additives.

2. Studies on the impact of surfactants on intestinal
barriers

In this section we consider the studies that have found that sur-
factants impair intestinal barriers or enhance absorption of harmful
substances or act as co-carcinogenic agents. We are focusing only
on the surfactants which are now authorized as food additives and
we are only looking at studies that are relevant in terms of exposure
through oral route.

2.1. Early studies

The earliest studies investigated the co-carcinogenic potential
of surfactants. As early as in the 1950s, Wong and cowork-
ers published that polysorbate 80, when fed together with a
known carcinogen (a polycyclic aromatic hydrocarbon: methyl-
cholanthrene) significantly potentiates the local as well as distant
carcinogenic activity in mice [20]. As polysorbate alone did not
show any carcinogenic activity, authors concluded that polysor-
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bate is co-carcinogen. Three other studies in the 1970s also
showed increased carcinogenic activity of another known carcino-
gen (N-methyl-N’-nitro-N-nitrosoguanidine, MNNG) with several
surfactants (polysorbates, sorbitan monolaurate, glyceryl monos-
tearate, and sucrose monopalmitate) in rats [21-23]. These studies
showed that rat groups fed with MNNG together with the
surfactants developed undifferentiated adenocarcinomas and sev-
eral sarcomas. Undifferentiated adenocarcinomas showed a high
degree of anaplasia, and showed lymphatic invasion and direct
spread to the omentum and liver. The mesenchymal tumors
showed metastases and invasive growth. On the other hand, none
of the rats in group fed MNNG alone (without surfactants) had
undifferentiated adenocarcinomas or sarcomas, and neither lym-
phatic invasion nor metastasis was found, and they only exhibited
well-differentiated adenocarcinoma.

The impacts of surfactants on intestinal barriers were investi-
gated already in the 1980’s. Tagesson et al. [24] in 1984 warned
that surface-active food additives might impair the function of the
mucosal barrier and increase the permeability of the gut to poten-
tially toxic and pathogenic substances. In this paper polysorbate
60 and polysorbate 80 were studied on rat intestinal mucosa and
found mucosal damage and increased permeability. It should be
noted that this paper warned more than 30 years ago that increased
absorption of macromolecules may facilitate the development of
celiac disease, inflammatory bowel diseases and food allergy. Let us
quote verbatim from their conclusion: “it is possible that certain food
additives may facilitate the intestinal absorption of potentially toxic
and pathogenic compounds. This possibility should not be overlooked,
since alterations in intestinal permeability may underlie a variety of
diseases, not only in the gastro-intestinal tract itself but at distant sites
such as the liver and joints.” Unfortunately, too little attention has
been paid to this very important suggestion at that time.

2.2. Pharmaceutical studies

Despite the fact that the possible role of intestinal barrier dam-
age in pathogenesis of numerous diseases has been known for over
30 years, the possible harmful effects of surfactant food additives
on intestinal barriers passed into oblivion for about 20 years. How-
ever, the continuously evolving pharmaceutical science provides
useful data for food safety aspects also, as a lot of surfactants are
excipients in pharmaceutical preparations.

Surfactants have multiple functions in medicines such as mod-
ulating solubility of the active ingredients, stabilizing emulsions,
increasing the stability of ingredients and also increasing the
absorption of active ingredients, in other words they are absorption
enhancers. Accordingly, the pharmaceutical science has intensively
studied the effects of surfactant on intestinal mucosa. Surfac-
tants can increase the permeability of intestinal mucosa through
both paracellular and transcellular mechanisms simultaneously
[25,26] although the efficacy is largely dependent upon their
specific properties. Water solubility is a key factor in general
in absorption enhancement efficacy of surfactants, namely the
more water-soluble (high hydrophilic-lipophilic balance, HLB) a
surfactant is, the more effective enhancer it is both transcellu-
larly and paracellularly [27,28]. In addition, other factors (e.g.
size and shape of the alkyl chain and the polar group) also
influence their absorption-enhancing ability [29]. Surfactants may
cause increased mucosal permeability in such small concentra-
tions that no lysis or micellar solubilisation occurs [28]. Some
surfactants can inhibit p-glycoprotein and/or breast cancer resis-
tance protein, although this is not a general characteristic for each
surfactants.

In the pharmaceutical literature we can find studies connected
with surfactant absorption enhancers which are also used as food
additives [1]. Such substance is the most investigated food emulsi-

fier polysorbate 80[30-33], butamong others sucrose esters of fatty
acids [27], polyglycerol esters of fatty acids and monoglycerides of
fatty acids [34] are also included.

Surfactant impact on intestinal mucus is a relatively less inves-
tigated issue. Oberle et al. [35] studied the effects of polysorbate
80 on intestinal mucosa by a single-pass in situ perfusion model in
male rats. They found that polysorbate 80 induced an increase in
mucus release. Bernkop-Schniirch et al. [36] showed that polysor-
bate 20 decreased the viscosity of porcine mucus gel in vitro.
These results are explained with the ability of surfactants to break
non-covalent bonds within the mucus network leading to a net-
work with larger pore size. These discoveries raise the question of
whether surfactants can make mucus gel penetrable to intestinal
bacteria facilitating their invasion, since the commensal intestinal
microbiota is limited to the outer loose mucus layer but the inner
layer is devoid of bacteria [37]. If the inner mucus layer becomes
also permeable to bacteria the way is open for their invasion. This
mechanism could be especially relevant to Crohn’s disease develop-
ment as the permeable inner mucus layer to bacteria is considered
to be a critical etiological factor in IBD. However, as we will see later,
additional mechanisms (connected with microbiota) also exacer-
bate the mucus loosening effect.

Itis important to note that although the above mentioned inves-
tigations are related to enhanced absorption of drug molecules
by surfactants, there is every reason to expect that these surfac-
tants will also increase the absorption of other substances (e.g.
antigens, toxic substances or pathogens), since surfactants are
non-specific absorption enhancers. For example, knowing that
polysorbates or sucrose esters effectively increased the pore size
of tight junctions to enhance the absorption of macromolecular
drugs [30], we can seriously believe that these very same sur-
factants in foods also enhance the absorption of macromolecular
antigens, allergens with similar molecular size. Similarly, we cannot
believe seriously that by inhibiting p-glycoprotein (e.g. monoglyc-
erides [38], polysorbates [39], polyoxyethylene (40) stearate [40])
surfactants will only increase the absorption of p-glycoprotein sub-
strate drugs but not p-glycoprotein substrate food contaminants
(e.g. numerous pesticides). In the same way, when a surfac-
tant (e.g. polysorbates, sorbitan monolaurate [41]) increases drug
absorption by inhibiting breast cancer resistance protein (BCRP),
it suggests that it can also increase absorption of BCRP substrate
food contaminants (e.g. aflatoxin B1, heterocyclic amines, 2-amino-
1-methyl-6-phenylimidazo[4,5-b] pyridine, benzo[a]pyrene [42])
when applied as food additive.

We might well ask, of course, how those surfactants impact on
intestinal barriers which are not yet examined. The answer is not
known yet.

2.3. Recent studies

Since the 2000s the food safety concerns have been in the spot-
light again. By that period the mechanism of surfactants impacting
intestinal mucosa was known and the 40 years of intensive usage
of food emulsifiers has created the opportunity to investigate epi-
demiological impacts.

From epidemiological data it has become increasingly clear by
now that the incidence of autoimmune diseases is increasing over
the last several decades world-wide. A growing number of stud-
ies have suggested that consumption of surfactant emulsifiers in
foods promote Crohn’s disease, allergic and autoimmune diseases
and, moreover, the consumption of these additives might be the
main cause of the rising incidence of these diseases in developed
countries [1,2,43].

The role of impaired barrier function in the pathomechanisms
of a number of diseases is now becoming more apparent also.
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It was hypothesized as early as the 1980’s that the intestinal
barrier dysfunction is not only a consequence of various diseases
(e. g. celiac disease, food allergy, inflammatory bowel diseases) but
it also plays a causative role in their development [24,44]. A grow-
ing number of scientific evidence now supports these assumptions
[45,46].Itis now generally accepted that in the case of autoimmune
diseases intestinal barrier dysfunction is one of the key pre-existing
conditions (in addition to genetic susceptibility and antigen expo-
sure) [47,48]. Scientific evidence proves that increased intestinal
permeability precedes numerous diseases concerned, for exam-
ple in the case of type 1 diabetes [49,50], celiac disease [50] or
relapse in Crohn’s disease [51-53]. Intestinal barrier dysfunction
and altered microbiota is associated with a number of additional
diseases, including nonalcoholic fatty liver disease [54], colon can-
cer [55], metabolic syndrome [56], irritable bowel syndrome [57]
and even various mental disorders [58,59].

As previously indicated, surfactants can increase the pore size
of tight junctions when applied in pharmaceuticals. The question
therefore arises whether these surfactants in foods also enhance the
absorption of harmful macromolecules (e.g. antigens, allergens).
This issue has been in the focus of some recent studies.

One group of the most investigated food emulsifiers is sucrose
esters of fatty acids. These additives consist of a mixture of
mono- di- and triesters of sucrose edible fatty acids. Depending
on its degree of esterification and chain length of the consist-
ing fatty acids, sucrose esters can have a very wide range of
hydrophilic-lipophilic balance (HLB=1-18). This wide variation
in water solubility makes sucrose esters suitable for a variety
of applications [60,61]. These substances are used for example
in fine bakery products, flavored drinks, dairy-based drinks and
special infant formulas. Owing to the intensive usage of sucrose
esters, their dietary exposure is very high in Europe, not only for
high consumers but the mean intake also exceeds even the ADI
(40 mg/bw/day) established by the European Food Safety Author-
ity (EFSA) for many population groups [62]. Moreover, as it will be
shown later, the ADI level does not protect against barrier impair-
ment. In pharmaceuticals the sucrose esters levels that are used
to enhance the absorption of macromolecular drugs through tight
junctions are far lower than the ADI level [1,63].

Mine et al. studied the effect of sucrose monoester fatty acids
(a highly water soluble sucrose ester) on intestinal epithelial Caco-
2 cells [64]. They found that sucrose esters significantly increased
the permeability of tight junctions and the paracellular uptake of
ovomucoid (a major allergenic egg protein) antigens even in low
concentrations which are relevant to special infant formulas.

Recently, Glynn et al. investigated the effect of sucrose esters on
intestinal permeability both separately and when co-administered
with some surface active food contaminants (natural toxins chaco-
nine and solanine and an environmental pollutant perfluorooctane
sulfonate) in vitro [65]. Their results indicated that sucrose esters
compromise tight junction integrity in concentrations far below
than used in food applications. The authors point out that surfac-
tant mixtures may act additively on the integrity of tight junctions,
which should be considered in risk assessment of emulsifier autho-
rization processes.

Weangsripanaval et al. investigated the effects of corn oil and
sucrose ester on the absorption of a major soybean allergen (oil-
body-associated protein Gly m Bd 30K) in mice [66]. It was shown
that the soybean allergen was absorbed from the gastrointesti-
nal tract into the blood in some degree. By co-administrating
corn oil with the soybean allergen, the absorption was signifi-
cantly increased. Similarly, sucrose ester also increased the allergen
absorption to an extent comparable to corn oil. The combination of
30% corn oil and 3% sucrose fatty acid ester increased the absorp-
tion of the soybean allergen to an even greater extent than corn
oil or sucrose ester alone. As the investigated soybean allergen is

a hydrophobic substance, the increased bioavailability in presence
of oil is not surprising. It is however noteworthy that absorption
enhancing effects of natural food components (oil) and synthetic
surfactant cumulated, causing significantly higher allergen absorp-
tion.

For example, in 2010 Roberts et al. [67] investigated the effect
of polysorbates on the translocation of E. coli isolates from Crohn’s
disease patients in vitro. They found that 0.01% polysorbate 80
increased E. coli translocation through Caco2 monolayers by 59-
fold, and at higher concentrations, increased translocation across
M-cells was found. The used surfactant concentrations were rel-
evant to the levels that might occur in the distal ileum after
consumption of processed foods.

Scientific breakthroughs were published in this topic in Nature
in 2015. Chassaing et al. (hereinafter Chassaing study) investigated
the effects of two emulsifiers (polysorbate 80: a non-ionic sur-
factant and carboxy methyl cellulose, CMC: a polyelectrolyte) on
intestinal microbiota and on colitis promoting potential in vivo
[9]. They used a wild type and also two types of genetically sus-
ceptible (knockout) mice to intestinal inflammation and metabolic
syndrome respectively. Multiple important scientific discoveries
were made in this study.

The localization of bacteria within the mucus was measured by
confocal microscopy. In the case of control animals there was a safe
distance between the closest bacteria and epithelial cells (10 um).
In contrast, in the case of emulsifier treated mice, not only the
average distance was reduced significantly but also some bacteria
were in direct contact with epithelial cells. Measuring the intestinal
permeability by FITC-labelled dextran method it was shown that
emulsifier treatment increased gut permeability in both wild-type
and knockout mice genetically susceptible to IBD. As the intestinal
permeability of these knockout mice are originally much higher
than of the wild type mice thus the increased permeability was
really high in their case after emulsifier treatment.

It was shown that food emulsifiers (polysorbate 80 and also
CMC) promote the extent and incidence of colitis in genetically sus-
ceptible animals but they do not induce colitis in wild-type ones.
We believe that it is an in vivo evidence that food emulsifiers can
trigger IBD in genetically predisposed individuals. Knowing that
dietary intake of a number of food emulsifiers is very high even
among average consumers in developed countries, this result gives
reason to believe that food emulsifier consumption can be one of
the most significant contributing factors in the rising incidences of
Crohn'’s disease. As colitis was not induced in wild type animals,
this study also explains why toxicity data in original authoriza-
tion dossiers did not indicate any sign of Crohn'’s disease (or other
genetically predisposed disease) promoting potency.

In wild type mice it was shown that polysorbate 80 and carboxy
methyl cellulose in low concentrations induced low-grade inflam-
mation, increased food consumption, increased body weights and
caused metabolic syndrome. These effects were due to alteration
of microbiota composition, increasing its proinflammatory and
mucolytic potential. It was proven by experiments with germ-free
mice as follows: On the one hand, emulsifiers did not induce either
low-grade inflammation or metabolic syndrome in germ-fee mice,
on the other hand, faecal transplantation from emulsifier treated
mice triggered these conditions.

Since the main aim of this review is to reveal the causes of the
discrepancies between the opinions of risk assessors and of the aca-
demic world, we would like to make a few remarks on this point.
EFSA re-evaluated polysorbates [11] after the Chassaing study was
published. In the re-evaluation report this study was discussed, but
it was not taken into account in the risk assessment on the ground
that “The Panel considered that if such effects occurred with polysor-
bates, then an increase in body weights would have been expected
in subchronic, chronic toxicity and carcinogenicity studies” (i.e. by
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National Toxicology Program, hereinafter NTP study [68]). “No such
increase has been observed, and therefore the relevance of the observed
effects remains unclear”.

On this basis the entire study was neglected by EFSA, even the
very important evidences of the potential of polysorbates to pro-
mote colitis and increase intestinal permeability. Therefore it is
essential to reveal the possible causes of the differences between
the Chassaing and NTP studies regarding the body weight gain.

Here we would like to make some comments connected with
the body weight issue. It is worth considering whether the men-
tioned differences in body weight gains is a real contradiction or
only a consequence of the different experimental designs or even
possibly the difference between the analyses of their experimen-
tal data. As a preliminary point, it should be pointed out that the
aims of the two studies were different. The NTP study is a standard
toxicological study aiming to determine the no observed adverse
effect level (NOAEL) in order to calculate acceptable daily intake
(ADI) and also exclude unacceptable effects (such as genotoxicity,
carcinogenicity, developmental toxicity) for regulatory purposes.
In this manner the main purpose is to detect serious changes in
animal health.

By contrast, the Chassaing study is a specific toxicity study aim-
ing to prove or disprove the hypothesis that emulsifiers can alter
intestinal microbiota, and promote inflammatory bowel disease
and metabolic syndrome. In the Chassaing study the body weight
gain was demonstrated by the relative body weight values (Figure
3a in the study) which are percentages of the initial body weight
for each experimental animal. This method is suitable to present
modest but significant effects. Seeing the raw body weight vs time
data from the supplementary information of this article [69] (Fig-
ure 3bin supplementary information), it is apparent that there is no
significant difference in raw body weight data between the control
group and the polysorbate group. It does not mean that there is no
difference between the weight gains of the two groups but rather
it indicates that the variations in original body weights of the indi-
vidual animals hide the effect in this representation. In contrast,
in the NTP study report (Table 10. on page 36. of the study) the
body weight data were averaged over one group (in other words
the mean body weight of 10 animals) both in initial and in final
cases. This data analysis method is unsuitable to detect such a small
effect. As we cannot see the raw data of the NTP study, it is impossi-
ble to decide if there was any body weight gain due to polysorbate
consumption or not.

Another point to consider is that the experimental designs were
not the same in the two studies. There were differences between
the rodent feeds, namely in the Chassaing study the feed con-
tained more fiber, the fat types were different (animal fat vs soy
oil) and administration routes were also different (in the Chas-
saing study it was via drinking water, on the contrary in the NTP
study it was mixed with feed). The differences between the exper-
imental designs might also explain the differences in their results,
since polysorbates can impact the absorption of nutrients depend-
ing on a number of factors (e.g. fat droplet size) [70,71]. Since the
altered microbiota was the reason of the body weight changes in
the Chassaing study, the fiber content can also be a relevant factor.

As surfactants can impact on body weight in a number of ways
(e.g. through nutrient absorption, microbiota, causing diarrhea), it
is also conceivable that the resulting effect in body weight is not a
monotonic function of surfactant dosage. In this manner it is also
possible that there are not enough measuring concentration points
to detect the increasing part of the function in NTP study.

It would be important to clarify the supposed contradictions
between body weight gain and the related clinical findings as
described in the results of the Chassaing and NTP studies. It would
also be an important step to get risk assessors to take into account

the very important evidences of the Chassaing study in further
evaluations.

After the mentioned discoveries were published, increasing
attention is being paid to the impact of food emulsifiers on
intestinal microbiota. Jiang et al. studied the impact of glyceryl
monolaurate (another emulsifier) on microbiota, and found that
relatively low-dose (150 mg/kg) of emulsifier consumption pro-
motes metabolic syndrome, gut microbiota dysbiosis and systemic
low-grade inflammation in mice [72]. Their results showed that
the body weight, weight gain, food intake, body fat percentage and
epididymal fat in the emulsifier group significantly increased com-
pared to those in the control group. Here we would like to draw
the risk assessors’ attention that the body weight gain was demon-
strated by the relative body weight values which are percentages
of the initial body weight for each animal.

The authors urge the reassessment of the safety of glyceryl
monolaurate. We would like to make some brief remarks on this
specific emulsifier. As we will see later, the legal denomination of
an emulsifier can refer not to one specific chemical exclusively, but
in several cases to a chemical group. The official name of the emul-
sifier in question is mono- and diglycerides of fatty acids (E 471).
The commercial product is a mixture of mono-, di- and triglycerides
and their exact content is not specified. So mono- and diglycerides
of fatty acids can be glyceryl monolaurate and according to the
European specification they are also synonyms [73]. Mono- and
diglycerides of fatty acids are the most extensively used surfactant
food emulsifiers permitted in numerous food categories (namely
in 84 food categories [12]) including infant formula in 4000 mg/kg
level. The main application area of monoglycerides is in bakery
products (e.g. bread, sponge cakes) [60]. Consequently the dietary
exposure is very high for this type of emulsifier.

In their subsequent studies Chassaing et al. [74,75] showed by a
human microbiota model (M-SHIME) that polysorbate 80 and CMC
directly alter microbiota, increasing its proinflammatory potential.
It was also shown by colitis-associated colorectal cancer model that
polysorbate 80 and CMC exacerbated tumor development [76]. This
effect was associated with alteration of microbiota. These findings
are of great importance to public health since colorectal cancer was
the third most common cancer in 2018 according to WHO data
[77]. We would also like to mention here that in real conditions,
when carcinogenic contaminants are unavoidably present in foods,
additional mechanisms can exacerbate tumor promoting potency
of emulsifiers, namely by enhancing the absorption of carcinogens.

The complexity of the emulsifier effect on mucus gel was
demonstrated by Lock et al. [78]. They studied the direct impact
of emulsifiers (polysorbate and CMC) on mucus structure and on
the diffusion of nanoparticles and E. coli through a mucus layer
obtained from porcine small intestine. They found that the emul-
sifiers changed structural properties of mucus gel, and polysorbate
increased E. coli speed in the mucus.

Another serious concern with food emulsifier consumption is
connected with their effects on transport proteins (p-glycoprotein
and BCRP). Is it possible that surfactant food emulsifiers signifi-
cantly increase the absorption of a number of food contaminants by
inhibiting the mentioned transport proteins? To find the answer to
this question, one should look at the results of several in vivo studies
recently published. Phthalates are environmental endocrine dis-
ruptor contaminants, which are substrates of p-glycoprotein. In the
following studies food emulsifiers were investigated that had previ-
ously been proven to inhibit p-glycoprotein. Lu et al. demonstrated
that polysorbate 80 significantly increased the absorption of di-(2-
ethylhexyl) phthalate in rats [79]. In their subsequent studies the
effect of glyceryl monostearate on the bioavailability of six phtha-
lates by in vivo rat model was investigated and they also found
significant absorption enhancing effect [80]. They have also shown
a greater reduction in testosterone level and exacerbated damage
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of testis and liver by co-administrating glyceryl monostearate in
male rats [4,81].

In view of the above it can therefore be concluded that surfac-
tant food emulsifiers can impact on intestinal barrier in various
ways simultaneously in one direction, namely to disrupt intestinal
barriers.

Now let us examine why these harmful agents are still present
in our foods, namely review the risk assessment practice in Europe.

3. Safety evaluation of food emulsifiers

Each food additive, as part of the authorization procedure, must
be assessed before they are placed on the European market. Before
2002 the risk assessments were carried out by the Scientific Com-
mittee on Food (SCF) in Europe, and then EFSA became responsible
for it. The toxicological data requirement for authorization of a food
additive is described in a guidance published in 2012 [82]. The origi-
nal authorization processes of emulsifiers were carried out decades
ago. Recently EFSA has re-evaluated most food emulsifiers accord-
ing to a re-evaluation program. The mentioned guidance is also
relevant for re-evaluations of food additives. The main difference
between the original evaluation and the re-evaluation is that in the
case of incumbent additives there is no single applicant to provide
toxicological data. Instead, EFSA launches a public call for data rel-
evant to safety assessment. In a re-evaluation process toxicity data
from the original opinion and dossier, information submitted to
the call for data and also the latest scientific publications must be
considered.

The mentioned guidance introduces a tiered approach for toxic-
ity testing requirements of food additives. For each additive testing
of absorption, genotoxicity in vitro and extended 90-day toxicity
data are required (Tier 1). If additives which are absorbed demon-
strate toxicity or genotoxicity in Tier 1 tests, need to be tested to
generate more extensive data (Tier 2). It has to be noted that Tier
1 and Tier 2 tests are unable to detect the impairments in barrier
functions. These effects could be detected only by specific toxic-
ity data. Specific toxicity data requirements are in Tier 3. However,
according to the guidance, Tier 3 testing should be performed on a
case-by-case basis when Tier 2 tests show that specific endpoints
are needed.

How can we interpret this requirement? At first sight one might
assume that the common absorption enhancer characteristic of
surfactants gives sufficient reason for additional tests. One would
also think that the actual usage of a certain emulsifier as absorp-
tion enhancer in pharmaceuticals also gives sufficient reason for
additional tests. One would also think that the fact that indepen-
dent in vivo scientific studies show that a certain emulsifier causes
intestinal inflammation and colitis in genetically susceptible ani-
mals also gives sufficient reason for additional tests. Furthermore,
the fact that independent scientific studies show that certain emul-
sifiers significantly increase the absorption of phthalates could
easily give the impression that there is sufficient reason to require
additional tests. However, these are false assumptions.

None of these conditions provide sufficient grounds for EFSA to
require specific toxicity tests from industry. Specific toxicity tests
will be required only if the general toxicity testing (Tier 1) from
original application for authorization demonstrates its necessity.
This explains why emulsifier re-evaluation reports connected with
the effects on intestinal mucosa contain the following: “even though
some of these endpoints are not systematically included in toxicity
studies performed according to toxicity testing guidelines, they would
be investigated on a case by case basis if indicated by the results of
the general toxicity testing as recommended in the guidance of the
ANS Panel on food additive evaluation (EFSA, 2012)” [11-19]. As
there are no investigation requirements on intestinal permeabil-

ity or intestinal microbiota in Tier 1 it cannot be expected that
the original toxicity studies will suggest these effects. Further-
more, most of the diseases related to impaired barrier function are
multifactorial, namely there are more than one main pre-existing
conditions that lead to their development. For example, in the case
of autoimmune diseases, not only the increased intestinal perme-
ability is the precondition, but also a genetic susceptibility and the
presence of antigen in the lumen. As the original toxicity studies
for applications were not carried out with genetically suscepti-
ble animals, it cannot be expected that these tests show any sign
of inducing autoimmunity or Crohn’s disease. As we have seen in
the Chassaing study, colitis was not induced by emulsifier in wild
type animals only exclusively in genetically predisposed knockout
animals. These effects can only be demonstrated through specific
toxicity testing.

It is of another serious concern that surfactants can significantly
increase the absorption of food contaminants including potent
carcinogens (e.g. PAHs) or endocrine disruptors (like phthalates).
The potential co-carcinogenic or tumor promoter effects were not
tested either in the original toxicity studies, as there are no toxic-
ity study requirements with mixtures. Consequently, is it possible
that effective co-carcinogens or tumor promoters are present in our
foods on a daily basis? We cannot yet answer this question, since
the opposite is not proven. Knowing that some food contaminants
unavoidably present in foods and cancer is one of the leading causes
of death in the developed world, more attention should be paid to
this issue.

However, the situation described above shall not mean that risk
assessors do not give particular attention to specific toxicity stud-
ies by the academic world. The mentioned re-evaluations indicate
that additional studies would be needed for each emulsifier to show
the relevance of recent studies. Similarly, in response to our sub-
mission [83] Joint FAO/WHO Expert Committee on Food Additives
(JECFA) concluded in the evaluation of citric acid esters of mono-
and diglycerides of fatty acids (CITREM) usage in infant formula
that no in vivo studies were carried out with the special emulsifier,
therefore it is not possible to conclude that CITREM itself will affect
the intestinal barrier under in vivo conditions [84]. However, these
uncertainties concerning possible harmful effects on intestinal bar-
riers do not prevent risk assessors from concluding that there are
no toxicological concerns about the use of these emulsifiers.

The mentioned effects on intestinal barriers of food emulsifiers
came into view of EFSA in 2014 when the Emerging Risks Exchange
Network of EFSA considered this topic as an emerging issue and
the network suggested EFSA to monitor the scientific literature in
connection with this topic [85].

In simple terms, risk assessors are awaiting scientific evidences
from the academic world, but in the meantime those are considered
to be safe.

Although, the re-evaluations of most food emulsifiers have been
carried out by EFSA already, their safety should be reassessed once
new scientific evidences show possible health concerns.

As long as the effects on intestinal barrier functions are not
involved in the toxicological studies on the basis of which the ADI
is determined, ADI is no guarantee as regards the safety exposure
level of these additives.

4. Necessary studies: the way for solution

Taking into account the above, let us see what options we have
to stop the rising occurrence of the mentioned diseases.

The European legislation states that a food additive may be
included in the Community list if “it does not, on the basis of the
scientific evidence available, pose a safety concern to the health of
the consumer at the level of use proposed” [86].



132 K. F. Csdki, E. Sebestyén / Food Science and Human Wellness 8 (2019) 126-135

In Europe EFSA is competent to decide whether or not there is
safety concern. A food additive is removed from the Union list for
safety reasons if EFSAis not able to confirm the safety of the additive
(Precautionary Principle) or EFSA deems it unsafe.

As we have seen above, the original toxicological studies do not
include endpoints connected with compromised intestinal barrier
function or microbiota. These tests are unsuitable to reveal the
emulsifiers’ role in the development of the mentioned diseases.
Whilst it is true that there are numerous very valuable scientific
studies, most of the authorized emulsifiers have not been investi-
gated yet at all to this aspect. It means that at this moment there are
not enough scientific evidences to prove the barrier disrupting and
disease promoting effects for each emulsifier. Although it is some-
what surprising, the final conclusions of the re-evaluation reports
show that in the absence of necessary evidences, surfactant food
emulsifiers are considered to be safe by risk assessors. However,
they mention that additional studies would be needed to show the
relevance of the studies that demonstrated the outlined effects of
emulsifiers.

Consequently, surface active food additives will be present in
foods in high quantities until new experimental data are available
for all permitted emulsifiers.

On this basis the question may be raised: Who will carry out the
tests that would be necessary for proper safety evaluation of food
emulsifiers?

According to the official risk assessment approach discussed
above, there is nobody to be obliged to carry out the necessary
specific toxicity tests.

Meanwhile - possibly at least partly owing to the intensive
usage of food emulsifiers - the incidence and prevalence of such
devastating diseases as Crohn’s or Type 1 diabetes rapidly rises [87].
It is no coincidence that the European Crohn’s and Colitis Organi-
sation (ECCO) urge testing the intestinal inflammation potential of
food emulsifiers [88].

Thus, there is no other option than for the scientific world
to carry out the necessary tests in order to stop the increase of
incidences of the concerned diseases. It therefore seems that the
burden of proof is not on producers but on the independent sci-
entific community to provide new relevant scientific evidences to
prove or disprove the harmfulness for each emulsifier for each
mode of actions one by one.

As almost 30 different types of surfactant food emulsifiers
(Table 1) are on the market, it requires a lot of experiments.

In addition, the situation is complicated by the fact that in
numerous cases a food emulsifier's name and its E number can
denote different materials. It means that there is a possibility that
an emulsifier’s name covers both a harmless and an intestinal dis-
ruptor food additive simultaneously. For example lecithins (E 322)
denote both natural lecithins and their hydrolyzed derivatives.
While natural lecithins can be even beneficial to intestinal health,
their hydrolyzed derivatives (lysolecithins) having much higher
HLB value can significantly increase the absorption of macro-
molecules [29]. Another example is sucrose esters of fatty acids
whose composition can vary according to the ester composition
and can have very different HLB values, and therefore different
absorption enhancing activity [89].

In order to prioritize the testing of food emulsifiers, a number
of aspects can be considered. It would be preferable to investigate
emulsifiers for which dietary exposures are high or authorized in
the most frequently consumed foods such as bread (e.g. sodium
stearoyl-2-lactylate, DATEM, mono- and diglycerides of fatty acids)
or infant formulas (CITREM, sucrose esters of fatty acids, mono-
and diglycerides of fatty acids) and/or have high HLB values (see
Table 1). Greater emphasis should be given to testing of emulsifiers
permitted in infant formulas, as barrier dysfunction is a key factor
in the pathogenesis of several early infancy autoimmune diseases

including necrotising enterocolitis and allergic gastro-enteropathy,
and intestinal barrier dysfunction in infancy is also a risk factor for
inflammatory and autoimmune diseases during adulthood [90]. It
is particularly regrettable that water soluble surfactants are used
in hypoallergenic infant formulas. This is because, these formulas
contain partially and extensively hydrolyzed proteins leading to the
absence of natural emulsifying macromolecules in these emulsions.
That is why emulsifiers are needed to stabilize them. However, it
also means that exactly those infants are exposed to water soluble
surfactants who are genetically predisposed to allergy or hypersen-
sitivity.

in vitro studies can be useful prioritizing methods which could
also indicate the possible mode of actions (e.g. transcellular, para-
cellular, modulate p-glycoprotein or BCRP, altering microbiota,
making the mucus layer penetrable). However, risk assessors do
not take into account the results of in vitro tests as it has been stated
in re-evaluation of polysorbates regarding the study (discussed in
detail earlier in this review) demonstrating increased E. coli translo-
cation through Caco2 cells [67]: “as this suggestion was based solely
on in vitro results and ex vivo results, and its relevance to the in vivo
situation remains unclear in the absence of relevant clinical studies,
the Panel could not use the results of these studies for risk assessment.”
[11]

In this manner, specific in vivo and/or clinical studies would be
needed from the academic world for each emulsifier, for each mode
of action in order to help risk assessors make adequate evaluations
ruling out with certainty that authorized food emulsifiers pose a
safety concern to the health of consumers.

With regard to the test methods, the academic world enjoys
freedom of choice, as there is no official guidance for scientists
to demonstrate the possible risk of a food additive. However, it is
reasonable to assume that the Guidance for the industry by EFSA
[82] will also guide us on what type of evidence risk assessors
will accept. This Guidance describes that only animal studies are
required to prove the safety of an additive even in Tier 3 level
and generally no human studies are needed. On this basis, in vivo
studies using experimental animals should be enough to show the
potential risk, in other words, risk assessors should accept substan-
tiated evidence from animal studies. Although, the polysorbates
re-evaluation mentioned above says that in the absence of relevant
clinical studies, EFSA could not use the in vitro results in their risk
assessment [11], we consider it is highly unlikely that EFSA applies
double standard between industry and independent scientists. This
is all the more true given that demonstrating a serious health risk of
an emulsifier can raise ethical questions. To give an example, look at
a situation in which we want to highlight an emulsifier triggering
Crohn’s disease by human studies. As we have seen earlier, sur-
factants can increase intestinal permeability and alter microbiota
to a greater extent in genetically predisposed people to Crohn’s
than in healthy ones [74,91]. Therefore, we believe that studies in
healthy volunteers would not show colitis triggering potential of
an emulsifier but only studies in Crohn’s patients (or in genetically
predisposed ones). However, such a study would likely constitute a
serious risk to these subjects. Accordingly, it would contradict EFSA
Guidance [82] namely “Studies of food additives in humans should
only be performed if there are adequate data from animal and other
related studies to demonstrate the likely safety in humans.”

Nevertheless, in some cases human studies might also pro-
vide useful information. Obviously, only the cases when they do
not pose considerable risk to subjects (e.g. microbiota study in
healthy volunteers or short term absorption enhancement study
with model p-glycoprotein substrate contaminant with no acute
toxicity). However, as described above, these studies are unlikely
to demonstrate the most serious health concerns (e.g. triggering
autoimmunity or promoting cancer). Therefore it is questionable
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that the results of these studies provide sufficient grounds to force
risk assessor to change their opinion.

For all these reasons, after the above mentioned prioritization,
we propose to study the possible role of each priority food emul-
sifier in triggering the concerned serious diseases using knock-out
animals (predispose to colitis or to type 1 diabetes or to other dis-
ease associated with impaired intestinal barrier function) similarly
as Chassaing study [9]. As we described in 2.3 section it would
be beneficial to clarify the supposed contradictions between body
weight gain results of the Chassaing and NTP [68] studies.

Moreover, any other studies, either in animals or in humans,
which scientifically prove that a food emulsifier disrupts intesti-
nal barrier function and/or alters microbiota will assist assessors in
more proper safety evaluation.

When sufficient evidences will be available demonstrating that
a certain emulsifier poses a safety concern to the health of con-
sumers EFSA will have to reassess its safety.

5. Conclusions

A number of scientific studies suggest that consumption of
surfactant emulsifiers in foods promote numerous diseases (e.g.
autoimmune diseases like type 1 diabetes, celiac disease, IBD) by
impairing intestinal barrier function and altering intestinal micro-
biota. Moreover, they can increase the absorption of several envi-
ronmental toxins including endocrine disruptors and carcinogens.

However, the toxicity tests of original applications for authoriza-
tion process are unable to demonstrate these possible effects. The
effects on intestinal barriers and microbiota can only be demon-
strated by specific toxicity testing. As there is no such requirement
on industry, risk assessors are awaiting these data from the aca-
demic world.
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