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Abstract

Various types of food additives are widely used in the food industry. Due
to their properties extending the usefulness for consuming food products,
they give them different colours, consistency, or taste. The products are
marked ‘E’ and the code is assigned to the subscription used. Many of the
supplements affect human health negatively. Emulsifiers or stabilizers can
lead to epithelial loads and the development of inflammation. Sucrose
and other sweeteners may change the composition of the intestinal
microflora and thus lead to intestinal blockage. Some additives classified
as preservatives are available and may predispose to intestinal dysbiosis.
Available substances belonging to food dyes may predispose to genotoxic
and cytotoxic effects and cause inflammation in the intestines. Substances
added to food can also cause disorders of intestinal homeostasis.
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Introduction

Inflammatory bowel diseases (IBD) are associated with a chronic
course and a complex aetiology that is not fully understood. They are
characterized by periods of disease activity and remission. In Crohn’s dis-
ease (CD), inflammation can occur along the entire length of the digestive
tract. The diseased sections are separated by healthy fragments. Exacer-
bation is most often manifested by diarrhoea with an admixture of mucus
and blood, abdominal pain, fever, weight loss. Fistulas and abscesses are
common complications. In ulcerative colitis (UC), the disease is located in
the rectum and/or large intestine, most often in the colon. The disease
symptoms in UC are similar to those in CD, including diarrhoea with blood
and mucus, and painful bowel movements. A late complication of both UC
and colonic CD may be colorectal cancer [1, 2].

Pathogenesis of inflammatory bowel diseases

Numerous studies have proven that the underlying cause of IBD may be
inadequate functioning of the immune system in correlation with a genetic
predisposition and the presence of environmental triggers [3, 4] (Figure 1).
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One of the factors that significantly affects
the occurrence of IBD is smoking [5]. In numerous
works, the authors agree on smoking as a protec-
tive factor in UC [6]. Ananthakrishnan found in his
study that smoking can increase the risk of CD
by up to two times [4]. In addition, smoking in
CD can worsen the course of the disease. Some
researchers present a significant relationship be-
tween smoking cessation in UC and the severity
of disease risk. However, they do not find such
a relationship in CD. Ananthakrishnan et al. also
described a link between IBD development and
environmental pollution [7]. In their research,
Lochhead et al. and Opstelten et al. did not con-
firm this relationship [8, 9]. Antibiotics are another
factor that belongs to the group of environmental
triggers. Kronman et al. observed a positive cor-
relation with antibiotic therapy used in children
and the occurrence of IBD; however, more in-
depth studies are required in this field [10].

Intestinal homeostasis

The preservation of intestinal homeostasis re-
quires proper functioning of the intestinal barrier,
which consists of intestinal epithelium, immune
cells and intestinal microbiota.

The intestinal epithelium is formed of various
cells such as enterocytes, goblet cells, Paneth cells,
tuft cells, enteroendocrine cells, and M cells (micro-
fold cells) [11].

It is separated from the intestinal lumen by
a layer of mucus, islanded by specialized goblet
cells which constitute the first line of defence.
Goblet cells also partake in the transport and
presentation of antigen to dendritic cells (CDs).
The small intestine is provided with a single layer
of mucus while that in the colon is divided into
several portions. The mucus adhering directly to
epithelial cells mainly forms a glycocalyx consist-
ing primarily of MUC2 (mucin 2-oligomeric mucus
gel-forming), and it blocks bacterial entry [12]. In
their study on animal models, Liso et al. observed
that a mutation in the MUC2 gene which causes
abnormal MUC2 synthesis thereby reduces mucus
and leads to intestinal dysbiosis and predisposes
to colitis [13]. On the other hand, the outer part
of mucus is of low density and rich in immuno-
globulins. It forms a habitat for mucolytic bacte-
ria such as Akkermansia muciniphila, Bacteroides
thetaiotaomicron and Bacteroides fragilis [14-18].
Parikh et al. observed that in UC, a protein with
antimicrobial activity (WAP Four-Disulfide Core
Domain 2 - WFDC2) secreted by goblet cells caus-
es mucus defects by reducing its expression [19].
Furthermore, in patients with UC, the mucus lay-
er may decrease and factors inducing goblet cell
differentiation may be induced. Often, phospha-
tidylcholine (PC) is decreased in the mucus of pa-
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Figure 1. Environmental triggers that may predis-
pose to inflammatory bowel diseases [4]

tients, which is a major phospholipid of plasma
membranes (up to 70%) [20]. The presence and
proper bacterial composition of the intestine is
essential for the proper functioning of the mucus
layer of the colon. An example could be Bacteroi-
des thetaiotaomicron, which has a beneficial ef-
fect on goblet cell differentiation; therefore intes-
tinal dysbiosis seen in IBD can have a direct effect
on mucus secretion [21].

The intestinal epithelium is not only a physical
barrier, but also participates in the body’s immune
response. Here, macrophages, dendritic cells (DCs)
and lymphocytes are involved. Toll-like receptors
(TLR) located on the cell surface or in endosomes,
as well as cytosolic receptors such as NLRs (nucleo-
tide oligomerization domain-like receptors) and
RLRs (acid-inducible gene | receptor) are responsi-
ble for the distribution of molecular patterns of mi-
croorganisms, retinoic acid-retinoic acid inducible
gene-I-like receptor) [22-24]. Caer et al. present
the major role of mononuclear phagocytes (mono-
cytes, dendritic cells, macrophages) —mononuclear
phagocytes (MNPs) in maintaining normal intes-
tinal homeostasis. This is due to immunological
tolerance to commensal microorganisms and to
food-derived antigens. Furthermore, MNPs induce
the body’s immune response to pathogens [25].
As specialized cells that present antigen to T lym-
phocytes, DCs play a major role in the body’s im-
mune response. DC and macrophages phagocy-
tose particles from the environment, e.g. apoptotic
epithelial cells [26]. Natural killer (NK) cells are
an important factor regulating intestinal homeo-
stasis. These cells belong to the lymphocyte group
and exhibit direct (cell lysis) and indirect cytotoxic
activity (with the participation of cytokines, e.g.
TNF-a, IFN-y, IL-10). Their action is the result of reg-
ulation of activation factors (e.g. CD94/NKG2 lec-
tin receptors) and inhibition factors (e.g. killer cell
immunoglobulin-like receptors — KIR). Decreased
MHC (major histocompatibility complex) class |
expression activates NK cells, thereby in some way
complementing the T cell immune response [27].
Due to the T cell receptor (TCR), NKT cells are
divided into NKT/iNKT type | and NKT type II.
INKT cells can regulate the commensal microflora.

Arch Med Sci 5, 15t September / 2022

1287



Sara Jarmakiewicz-Czaja, Dominika Piatek, Rafat Filip

Deficiency of CD1d (protein presenting lipid anti-
gens to T lymphocytes) and regulation of intes-
tinal microflora iINKT may cause an increase in
the number of commensal microorganisms in
the small intestine, by reducing the secretion
of antimicrobial peptides (AMPs). By releasing
AMP and controlling cell function, Paneth CD1d
and NKT can monitor the composition of the in-
testinal microflora. This is particularly important
for IBD [28].

Another factor to maintain intestinal homeo-
stasis is the preservation of a proper intestinal
microbiome.

The human body contains ca. 10 microorga-
nisms [29]. The intestinal microbiota comprises
bacteria, archaea, viruses and eukaryotes [30].
In a healthy host, the gut microflora is diversified
and displays a symbiotic activity between the hu-
man body and the population of bacteria living
in the intestine. Healthy intestinal microbiota
consists primarily of the bacteria Firmicutes, Bac-
teroidetes, Actinobacteria and Proteobacteria [31].
Maintenance of intestinal homeostasis depends
on the factor that affects the intestines, its patho-
genicity, and the location affected by the factor.
Changes in the proportion of commensal and
pathogenic bacteria that live in the intestines also
have a significant role in impairing the intestinal
barrier, and thus the maintenance of intestinal
homeostasis [32]. Lin and Zhang discuss the role
of intestinal microflora and its metabolites in main-
taining homeostasis, suggesting that commensal
microorganisms could regulate the responses of
T cells and in addition strengthen the mucosal
barrier. Furthermore, some bacteria metabolise
food to produce butyrate, which is a medium for
enterocytes and colonocytes [33]. Due to the re-
duction of the commensal bacterial flora, patients
with IBD experience a decrease in a-defensins
(antimicrobial peptide) and an increase of REGIIly
(regenerating islet-derived protein Ill-y). REGllly is
an antibacterial lectin produced by epithelial cells
in the small intestine; its role is to limit the growth
of Gram-positive bacteria on the mucosal surface
[34]. Schultz et al. indicate that increasing REGlIly
may have a compensatory effect of reducing
a-defensins in IBD patients [35]. Swidsinski et al.
report that patients with IBD have a significant
increase in bacteria that penetrate deep into
the mucus [36]. Moreover, changes in the functions
of ATG16L1 (autophagy-related gene 16 like 1)
and IRGM (protein immunity related GTPase M)
can cause the growth of Escherichia coli in pa-
tients [37]. They are also often found with a de-
crease in the population of bacteria that produce
SCFAs (short chain fatty acids) from indigestible
carbohydrates, which causes an immune response
disorder [38, 39].

Zhang et al. report that a modification of diet
(57%) has the greatest effect on intestinal micro-
biota changes and thus on homeostasis [40].
Usually, homeostasis disorders are attributed to
macronutrients such as carbohydrates, proteins
or fats, while food additives are of equal impor-
tance [41, 42]. Zeng et al. have widely described
the pathomechanism of occurrence of intestinal
microflora disorders. One of the most interest-
ing questions is dysbiosis caused by increasing
the amount of Enterobacteriaceae, which could
predispose to the occurrence of numerous dis-
eases. Enterobacteriaceae develop with increased
amounts of oxygen in the intestines and thus
the growth of anaerobic bacteria Clostridia and
Bacteroidia is inhibited. In inflammation of the in-
testine, this is caused, among other factors, by
the activation of intestinal epithelial enzymes pro-
duced by reactive forms of oxygen [43].

Mechanism of action of additives on colon

One of the proposed hypotheses of the mecha-
nism of action of emulsifiers is to limit the prop-
er functioning of the mucosal barrier by increas-
ing bacterial translocation from the distal part
of the ileum. Translocation occurs through M cells,
increasing their uptake and in the villi epithelium,
which leads to inflammation of the intestine. Due
to rupture of the mucosal barrier after administra-
tion of polysorbate 80, Chassaing et al. observed
in animal models a much larger number of bac-
teria adhering to the colon [44, 45]. Pereira et al.
came to similar conclusions by studying the effect
of food additives on the intestinal permeability
of human cell cultures (Figure 2) [45-47].

Impact on food additives on development
of inflammatory bowel diseases

Due to the amount of food additives that are
used in the food industry, their direct impact on
the occurrence of UC and CD is still studied. Never-
theless, the literature presents examples that ap-
pear to be relevant to the aetiology of IBD. One
study assessing the association with titanium diox-
ide and the risk of IBD was presented by Hummel
et al. They examined 88 children with IBD and
63 from a healthy control group for intestinal pig-
ment, consisting mainly of aluminosilicate and tita-
nium dioxide. They found that patients with CD had
significantly less pigment compared to the other
groups. This may have been the result of disturbed
macrophage autophagocytosis, which predis-
posed to induce inflammation [47]. Urrutia-Ortega
et al. observed in animal models that TiO, can
reduce the number of goblet cells in the colon
and cause dysplastic changes, which can affect
the normal function of the intestinal barrier [48].
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Figure 2. The effect of selected food additives on the colon [45-47]

Jimenez Loayza et al. studied the effects of food
additives such as saccharin, sucralose, polysor-
bate 80, and sodium sulfite on the bacterium
Faecalibacterium prausnitzii, which has protective
effects and can alleviate inflammation. The re-
searchers found that sodium sulfite and polysor-
bate 80 inhibited the bacteria, and thus the addi-
tives could predispose to intestinal homeostasis
disorder. The authors also recommended exclu-
sion of these substances from the diet to prevent
CD [49]. Martino et al. presented the effect of CMC
and carrageenans on inducing inflammation in
the intestines predisposing to IBD. Carrageenan
causes disturbances in ZO-1 expression, which
disturbs the tight junction function and thus may
lead to interruption of the intestinal barrier and
penetration of microorganisms and increased se-
cretion of proinflammatory cytokines. In addition,
the substance affects the action of DMBT1 (delet-
ed in malignant brain tumors 1 protein), which in
turn leads to an inadequate immune response to
bacteria and viruses [50]. Borthakur et al. also an-
alysed the effects of carrageenan on inflammation
in the intestines. They concluded that carrageenan
affects the activation of Bcl10 (the gene encoding
the B-cell lymphoma/leukemia 10 protein), which
increases the amount of NF-xB in the colon cells,
and thus determines the increase in IL-8 produc-
tion. The authors also describe Bcl10, which may
be associated with enteritis (Table | [51-63]).
Further research is needed to confirm the ef-
fect of food additives on the development of intes-
tinal homeostasis disorders and a predisposition
to IBD. However, given current research into food
additives that often exacerbate inflammation, pa-
tients should be educated in choosing foods that

do not contain substances that could adversely
affect the course of the disease.

Food additives

Food additives are defined as substances that
are intentionally added to food in a technological
process and are not consumed alone as food [64].

Emulsifiers, stabilizers, thickeners

Emulsifiers are surface-active substances that
lead to the mixing of water and fat and the forma-
tion of an emulsion. It can be formed due to the
hydrophilic and lipophilic structure of the emulsi-
fier. Thankstothis structure, it attracts water as well
as fats. They occur in natural and synthetic forms.
In food products they are marked with symbols
from E400 to E499 and are mainly found in highly
processed foods. These substances are designed
to homogenise the appearance of the product and
extend its shelf life. In recent years, many scien-
tists have been studying the relationship between
the consumption of products that contain emulsi-
fiers and their effect on the digestive tract [65, 66].
Chassaing et al. found in their study conducted on
mice that emulsifiers can cause disturbances in
the composition of the intestinal microflora, which
in turn can lead to enteritis and the development
of metabolic syndrome. In the study, rodents were
fed with carboxymethyl cellulose (CMC), which
in the food industry is designated as E466, and
polysorbate-80 (P80) — E433. The authors also
stated that it is necessary to conduct research on
the reconstruction of the “healthy” host microbio-
me. They also suppose that it is not enough to ex-
clude food containing stabilizers from the diet, but
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Table 1. Selected food additives that may cause enteritis and predispose to inflammatory bowel diseases

Example of food additive

Effects on enteritis

Titanium dioxide (E171)

¢ Activation and exacerbation of inflammation through the secretion of IL-18

and IL-1B (TiO, absorbed by phagocytic cells -> combining caspase-1 and NLRP3
-> cytokine secretion) [52]

¢ Causing microinflammation in the colon mucosa that promotes precancerous
changes (E171 accumulates in Payer’s patches -> increased DC activity) [53]

« Increased ROS (reactive oxygen species) production and increased intestinal

barrier permeability [54]

¢ Reduced SCFA and reduced MUC2 (in animal models) -> disturbed intestinal
homeostasis, increased immune cell activity and increased production
of proinflammatory cytokines [55]

« Intestinal dysbiosis [56, 57]

Carboxymethyl cellulose (CMC)

Maltodextrin (MDX

¢ Change in mucus structure and thickness -> bacterial translocation -> enteritis [58]

e Increase in IL-1B and Lcn-2 (lipocalin-2), susceptibility to intestinal damage

by activating the ER pathway (endoplasmic reticulum) in the intestinal
epithelium, changes in the intestinal barrier by reducing MUC2 expression
-> increasing susceptibility to enteritis [59]

Carrageenan (E407)

« Activation of NF-kB (nuclear factor kB), increase IL-8 [54, 60]

Sucralose

Saccharin

« Intestinal dysbiosis -> promotes the induction of inflammation [61, 62]

* Caco-2 cells by activating NF-xB, which leads to a change in claudin-1 function

-> intestinal barrier disorder -> inflammation [63]

additionally probiotics and prebiotics should be
introduced to rebuild the normal intestinal micro-
flora [44]. Viennois et al. also demonstrated that
food emulsifiers directly affect the intestinal mi-
crobiome by changing the expression of bacterial
genes, increasing their pro-inflammatory activity
[67]. In their subsequent study, Chassaing et al.
clearly described the negative effects of emulsifi-
ers on the gastrointestinal tract. The use of foods
rich in these supplements may be associated with
an increase in pathogenic microorganisms, their
translocation and the development of inflamma-
tion in animal models [68]. Glade et al. described
the widespread use of carboxymethylcellulose in
the food industry, at the same time highlighting
its adverse effect by weakening the intestinal bar-
rier, which may increase the body’s predisposition
to inflammatory episodes [69]. Swidsinski et al.
came to similar conclusions during a study on
CMC in animal models. They administered mice
a 2% CMC solution orally and water to the con-
trol group for 3 weeks. Bacterial overgrowth and
small intestinal inflammation were demonstrat-
ed in the study group [70]. Roca-Saavedra et al.
stated that emulsifiers (polysorbate-80) could
contribute to the translocation of Escherichia coli
(even up to 59-fold increase), due to which intes-
tinal homeostasis is disturbed [71]. Gillois et al.
described the formation of intestinal barrier disor-
ders caused by, among other substances, certain
emulsifiers and nanomaterials commonly used in
food [14]. Roberts et al. reported finding a correla-
tion between consumption of food rich in emulsi-

fiers and the incidence of CD. They also observed
displacement of bacteria through the intestinal
epithelium [72]. Even consumption of low doses
of emulsifiers with food can lead to damage to
the intestinal epithelium [73].

In their papers, many researchers cite the nega-
tive effects of emulsifiers commonly found in food.
They agree that in animal models there is a cor-
relation between consuming these ingredients in
the diet and the development of inflammation,
e.g. in the colon. However, they also stress that
further research is needed in this area in patients
to determine the dose that has a negative impact
on human health [74-77].

Preservatives

These are a group of substances belonging to
the group of food additives. They are marked with
symbols from E200 to E299. They are chemical
compounds or a mixture of substances that are
designed to limit the development of substanc-
es such as fungi, bacteria or viruses, thereby ex-
tending the shelf life of the food product. Many
researchers describe the effect of preservatives on
human health [78, 79].

Damas et al. demonstrated in their work
the possibility of reducing intestinal inflamma-
tion by avoiding foods rich in preservatives [80].
Ho et al. observed that chemicals used in pro-
cessed foods could affect the development of IBD
[5]. In their work, Hrncirova et al. studied the ef-
fect of food additive mixtures on the intestinal
microflora. They colonized the previously sterilized
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bacterial flora of mice with microorganisms from
healthy humans (human microbiota-associated —
HMA). Food additives were given to the animals
at a level that corresponds to consumption in the
European population. The mixture included po-
tassium sorbate (E202), sodium benzoate (E211),
and sodium nitrite (E250). The preservatives were
shown to reduce the amount of Clostridiales and
increase the Proteobacteria phylum, resulting in in-
testinal dysbiosis. In addition, the authors found
a strong relationship between the NOD2 gene
mutation and intestinal microflora disorders af-
ter administration of preservatives, compared to
the group without such a mutation. The researchers
also point out the need to study the effect of each
of the above food additives on the intestinal micro-
biome separately [81]. Hrncirova et al. also inves-
tigated the sensitivity of some bacteria in the hu-
man intestinal microflora to preservatives. They
observed that in many countries the consump-
tion of this type of food additive is several times
higher than the acceptable daily intake. They also
demonstrated that the strains susceptible to both
individual components (sodium benzoate, potassi-
um sorbate, sodium nitrite) and their mixture are:
B. coprocola, L. paracasei, B. longum. Strains sensi-
tive to sodium nitrite and to mixtures of additives
are C. tyrobutyricum and H. hepaticus [82]. Raposa
et al. conducted a study involving E202, E211, and
E250. They studied the effect of the above food ad-
ditives on the expression of NF-kB (nuclear factor
kappa-light-chain-enhancer of activated B cells),
MAPK8 (mitogen-activated protein kinase 8) and
GADD45a isolated from liver tissue. The preserva-
tives were shown to be able to express MAPK8 and
GADDA45a depending on the dose [83].

Colourings

Colourings are substances whose purpose is to
recreate the colour of a given food product or give
it a new one. They can be of natural origin or made
by chemical synthesis and are marked with sym-
bols E100-E199. Colourings are added to almost
every group of food product, from cereal products
to fats, meat or fish to sugars, drinks and dietary
supplements [84].

Research from Southampton is particular-
ly important in the history of research into food
colourings. It tested how tartrazine (E102), allura
red (E129), quinoline yellow (E104), cochineal red
(E124), orange yellow (E110) and azorubine (E122)
affect behaviour in children. Increased hyperactivi-
ty, anxiety or reduced concentration were observed
in the group [85]. Later studies in this area also
yielded similar results.

In the light of current research, colourings
commonly used in food may be associated with
allergic reactions. Vojdani and Vojdani describe

a strong relationship between tetrazine and
the occurrence of asthma or urticaria in suscep-
tible individuals. They also report that lymphocyte
infiltration and partial atrophy of the intestinal villi
after administration of tetrazine have been shown
in animal models. Some colourings, e.g. allura red
(E129), may cause angioedema or rhinitis [86]. In
turn, in their study Zsila et al. describe the impact
of colourings on human LL-37 peptide. LL-37 has
antimicrobial activity, but also has an effect pre-
disposing to the occurrence of certain diseases,
e.g. UC or CD. The researchers added to LL-37
molecules, among others, Allura red or tartrazine,
thanks to which the structure of the peptide was
changed, which may affect its biological activity,
and thus reduce the potential pathophysiological
effect [87]. After carrying out a study in animal
models, Dafallah et al. came to the conclusion
that synthetic colourings used in food produc-
tion have an adverse effect on the proper func-
tioning of the liver and kidneys, and cause lipid
metabolism disorders compared to natural food
colourings [88]. Raposa et al., examining the ef-
fect of certain food additives on gene expression,
discovered that tartrazine (E102) has a significant
effect on the expression of NF-xB and MAPK8 [83].

Titanium dioxide, widely described in the litera-
ture and designated with the symbol E171, belongs
to the group of colourings. Used in the production
of chewing gum, ice cream, toothpastes and med-
icines, it gives the products a white colour. Accord-
ing to the European Food Safety Authority (EFSA),
the average adult can consume 0.5 to 5.7 mg of ti-
tanium dioxide per kg of body weight per day [89].

Sycheva et al. carried out one of the first studies
to determine the genotoxicity of nano- and micro-
particles of titanium dioxide in mouse models.
The compound was administered to the mice dai-
ly for 1 week at 40, 200 and 1,000 mg/kg of body
weight. The study showed that the genotoxicity
was associated with inflammation. Titanium di-
oxide increases the mitotic index, among others
in the colon epithelium [90]. Proquin et al. came
to similar conclusions. They showed that titanium
dioxide has the ability to induce the production
of ROS as well as genotoxic properties [91]. Anoth-
er study has shown that in IBD patients titanium
dioxide can activate inflammation through uptake,
among others, by macrophages and activation
of IL-1B and IL-18 [55]. Faust et al. observed in their
in vitro study that exposure of tissue surface to
E171 nanoparticles at 100 ng/cm caused microvilli
loss [92]. Due to the different chemical structures
of the colouring agents anatase, brucite and rutile,
some researchers investigated them individually
and their effects on health. Tada-Oikawa et al. noted
that exposure to anatase at 50 pg/ml increases IL-
1B production by macrophages from the THP-1 cell
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line and increases IL-8 in Caco-2 cells [58]. Pinget
et al. investigated the effect of E171 on the intes-
tinal microbiome. The study was conducted on
animal models that were administered titanium
dioxide in water at doses of 0 mg, 2 mg, 10 mg and
50 mg per kg of body weight per day for 4 weeks. It
was shown that the largest changes are observed af-
teradministration of 50 mgofE171 through reduced
short chain fatty acid (SCFA) production. MUC2 ex-
pression was reduced, while Defb3 (defensin B 3,
which has antimicrobial activity as early as 3—4 h
after exposure to bacteria), was increased. The re-
searchers also observed a rise in the numbers
of macrophages and Th17 lymphocytes and the
amount of proinflammatory cytokines [93, 94].
TiO, particle size is not a factor that affects cytotoxi-
city or the transport of colouring across the intes-
tinal barrier [95]. Titanium dioxide may also alter
the absorption of nutrients from food [96].

Antioxidants

Antioxidants used as food additives are marked
with symbols E300-E399. Most of them display
beneficial effects on health, among others pro-
tective against cardiovascular or neurodegener-
ative diseases [97]. However, some studies draw
attention to propyl gallate (E310), butylhydroxy-
anisole (E320 — BHA) and butylhydroxytoluene
(E321 — BHT) and their potential harmful effects
[98]. These substances are synthetic antioxidants,
most often added to food [99]. Propyl gallate
(PG) is often used in the food industry to pre-
vent rancidity of fat-rich products. Hamishehkar
et al. observed that the food additive PG induc-
es cell cytotoxicity and genotoxicity. Moreover, in
the presence of Cu () PG may change its oxidiz-
ing properties into pro-oxidative [100]. Yang et al.
concluded that PG causes disorders in the proper
functioning of mitochondria [101]. BHA and BHT
are chemical antioxidants. Carocho et al. consider
that they may have harmful effects on health, but
underline the necessity of further research into
the topic [99].

Flavour enhancers

Flavour enhancers belong to the group of food
additives marked with symbols E6G00-E699. Mono-
sodium glutamate (E621) is one of the more fre-
quently mentioned additives in this group. In their
study, Holton et al. examined how monosodium
glutamate (MSG) affects the occurrence of symp-
toms with diagnosed irritable bowel syndrome.
They ascertained that exposure to this supple-
ment in food can cause a relapse of IBS symptoms
and thus degrade patients’ quality of life [102].
Avuloglu-Yilmaz et al. investigated the effect of
monopotassium glutamate (MPG) and magne-

sium diglutamate (MDG) in vitro on human lym-
phocytes. They observed that the addition of MPG
and MDG caused increased chromosomal aberra-
tions and damage to the DNA strand; this was es-
pecially visible when using higher concentrations
of substances [103].

Food additives of various applications

Sucrose is a compound belonging to the di-
saccharides. It is made of D-glucose and D-fruc-
tose molecules connected by a glycosidic bond. In
the food industry, food sugar, whose main ingredi-
ent is sucrose, is made from sugar cane or sugar
beet. Zeng et al. after a meta-analysis of studies
detected a positive risk of CD in correlation with
high sucrose intake [104].

Racine et al. in their study of eating habits and
their association with IBD revealed a relationship
between the consumption of sugar and sweet
non-alcoholic beverages and the occurrence of
UC in patients who were characterised by low
vegetable consumption. They also opined that
further research in this area is necessary [105].
In a multi-centre study, Wang et al. conducted
a case-control research over 3 years in 17 hospitals,
which showed that UC patients were more likely to
eat spicy foods and sugar compared to the con-
trol group [106]. In their next work they described
a positive correlation of sucrose intake (10 g/day)
with the risk of UC [107]. Bueno Hernéandez et al.
also confirmed in their research the link between
IBD and high sugar consumption by children [108].

Sucralose is another important food additive
that can affect the development of IBD.

This is a food additive designated as E955. Su-
cralose is a sweetener, a derivative of sucrose. It is
600 times sweeter than sucrose through conversion
of 3 hydroxyl groups to chlorine atoms. The ingredi-
ent is added to, among other things, “lite” products,
some sweeteners, soft drinks, dietary supplements
and jams [109].

Qin presents a relationship between the ap-
proval of sucralose for use in some countries and
the increase in their incidence of IBD. He hypothe-
sizes that saccharin and sucralose can cause
a change in the intestinal microflora and dam-
age the intestinal barrier by degrading mucus in
the intestines [65]. Rodriguez-Palacios et al. con-
ducted an animal model study in which a prepara-
tion containing sucralose and maltodextrin as fill-
er was administered for 6 weeks. They found that
the ingredient can cause an increase in Proteobac-
teria, which causes a change in the intestinal mi-
croflora. In addition, in individuals susceptible to
enteritis, it may increase myeloperoxidase (MPO)
activity, which may exacerbate inflammation
[110]. Polyols such as sorbitol or xylitol consumed
in large quantities may also increase intestinal
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dysbiosis or predispose to inflammation [111]. Cox
et al. draw attention to the limitation of the use
of fructans among IBD patients due to worsening
of gastrointestinal symptoms such as abdomi-
nal pain, flatulence and diarrhoea. They also ob-
served no significant exacerbation of symptoms
after sorbitol administration. However, they stress
the need for further research in this area, because
the amount of the ingredient taken may be of ma-
jorimportance forthe occurrence of ailments[112].

Modified starches

1,2-propylene glycol (E1520) is the most com-
monly described food additive in the group of
modified starches. Using animal models for this
purpose, Laudisi et al. proved that a diet rich in pro-
pylene glycol (E1520) may predispose to IBD due to
hyperplasia of cells that produce mucus, which can
change the intestinal microflora to an unfavour-
able one [113]. Propylene glycol is used as a pre-
servative or emulsifier, but belongs to the group
of modified starches. It appears in ready meals,
biscuits and as an addition to medicines and cos-
metics. Gonzalez-Bermldez, examining the effect
of selected thickeners on the intestinal microflo-
ra of infants, have shown that maize hydroxypro-
pylated distarch phosphate (Mhdp) could reduce
intestinal pH and increase production of acetate.
This type of action may limit the diversity of the in-
testinal microflora in early life [114]. Most food ad-
ditives belonging to the group of modified starch-
es are added as thickeners to confectionery, ready
meals, flavoured yoghurts or dressings, which also
contain other substances that have adverse effects
on health. In addition, foods are often supplement-
ed with maltodextrin (MDX), which is a product
of partial depolymerization of starch [115]. Malto-
dextrin (MDX) has been the subject of research
by Laudisi et al., who administered it in drinking
water to mice as well as the endoplasmic reticu-
lum (ER) stress inhibitor tauroursodeoxycholic acid
(TUDCA) and observed that the susceptibility to
inflammation after administration of MDX relates
to the stress pathway ER/UPR. They showed that
administration of a 5% MDX solution in combina-
tion with DSS or indomethacin can increase intes-
tinal inflammation. The administration of MDX
over a long period can maintain a reduced amount
of mucus in the intestines, which predisposes to
inflammation of the gut [62].

Conclusions

Food additives are commonly used to protect
food from damage and ensure its proper taste and
consistency. There are very few studies on the di-
rect impact of food additives on the occurrence
and course of IBD. However, selected substances

added to food in the technological process can
lead to dysbiosis of the intestinal microbiome,
and thus predispose to inflammation. In the fu-
ture, the role of metals and compounds used in
the production of plastics for the food industry in
the occurrence of intestinal homeostasis disor-
ders should also be analysed. Despite the great
progress in understanding the aetiology of IBD,
the role of food additives is still not sufficiently
understood. therefore further research is need-
ed to assess the impact of these ingredients on
the occurrence and course of IBD.
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