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Intestinal dysfunction, whichmay cause a series of metabolic diseases, has become a worldwide health problem.
In the past few years, studies have shown that consumption of poultry eggs has the potential to prevent a variety
of metabolic diseases, and increasing attention has been directed to the bioactive proteins and their peptides in
poultry eggs. This review mainly focused on the biological activities of an important egg-derived protein named
ovomucin. Ovomucin and its derivatives have good anti-inflammatory, antioxidant, immunity-regulating and
other biological functions. These activities may affect the physical, biological and immune barriers associated
with intestinal health. This paper reviewed the structure and the structure-activity relationship of ovomucin，
the potential role of ovomucin and its derivatives inmodulation of intestinal health are also summarized. Finally,
the potential applications of ovomucin and its peptides as functional food components to prevent and assist in
the pretreatment of intestinal health problems are prospected.
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1. Introduction

The problem of intestinal health has become one of themost impor-
tant causes of human death. The deterioration of intestinal barrier func-
tion and intestinal permeability disorders may increase the absorption
of intestinal lumen antigens, promote the translocation of harmful sub-
stances and pathogens into the bloodstream, and cause ulcerative coli-
tis, Crohn's disease and other diseases. Besides, intestinal disorders are
early events of metabolic diseases (including cardiovascular diseases
and cancer) [1], almost all chronicmetabolic diseases are closely related
to intestinal and/or intestinalmicrobiota [2,3]. Therefore, the intestine is
an important target for early treatment and prevention of gastrointesti-
nal inflammation and metabolic diseases.

The integrity and function of intestinal structure are very important
to intestinal health, and the imbalance dietary structure is a high risk
factor for intestinal mucus damage. The intestinal mucus layer is a dy-
namic barrier that can be continuously replenished by goblet cell secre-
tion, but if the bacteria degrade mucus faster than the cell secretion
supplement, the integrity of this critical barrier will be compromised,
giving opportunities for intestinal bacteria to contact the inner mucosa
layer [4]. Antigen-presenting cells (APC) recognize intestinal bacteria
as pathogens and stimulate the production of excess reactive oxygen
species and free radicals. At the same time, they also produce a large
number of pro-inflammatory cytokines and activate immune responses,
leading to intestinal inflammation damage [5,6]. Food ingredients or en-
vironmental changes can induce imbalances in microbiota and mucus
degrade, thereby promoting the infection of pathogens and harmful
substances, and further inducing chronic inflammation and metabolic
diseases [7–9]. For example, the short-chain fatty acids (SCFAs) can be
released from the dietary residues using the digestive enzymes of the
intestinal microbiota. By regulating immune and gene expression, the
SCFAsmaintain the integrity of themucus barrier and inhibit inflamma-
tion. At the same time, protein residues and fat-stimulated bile acids
may also be metabolized by microbiota into inflammation and/or carci-
nogenic metabolites [9]. The above processes can be summarized in
Fig. 1. Therefore, potential intervention strategies to combat intestinal
damage should include maintaining the integrity of the intestinal
mucus layer, reducing the abundance or viability of mucus-degrading
bacteria (regulating the microbiota balance), inhibiting oxidative stress
Fig. 1. The effect of dietary structure on th
and inflammatory factors in the intestinalmucosa secretion, or a combi-
nation of the three above.

In the past few years, increasing interest has been directed to food-
derived bioactive proteins and their peptides, for their excellent poten-
tial formaintaining immunehomeostasis [11]. For example,milk casein,
rice albumin and eggwhite protein have been proved to have immuno-
modulatory activity [12]. Biopeptides with anti-inflammatory and anti-
oxidant activities can help prevent chronic diseases [13,14]. Egg-derived
proteins, including egg transferrin, lysozyme, and phosphoprotein are
showing excellent anti-inflammatory, antioxidant, immunomodulatory
[15] and other biological activities. As an important structural protein in
poultry eggs, ovomucin is an important linear high molecular sulfated
glycoprotein, which belongs to the mucin family [16]. It is mainly
found in the thick and thin proteins of egg whites, accounting for 2%–
4% of the total protein in egg whites, as well as in the frenulum and
the outer layer of the yolk membrane. The functions of ovomucin,
such as anti-virus [17–23], anti-tumor [24–27], anti-inflammation
[28], anti-oxidation [29,30] and immune regulation [31], have been con-
firmed one after another in the past decades. Based on the existing stud-
ies, this paper summarizes the structure, biological activity of ovomucin
and its peptides in the prevention and treatment of chronic metabolic
diseases, and looks forward to its further research. It is expected to pro-
vide a new strategy for the protection of intestinal mucosal barrier. The
potential application of ovomucin and its peptides as functional food in-
gredients for preventing and auxiliary pretreating intestinal health
problems are also highlighted.

2. Composition and structure of ovomucin

Previous interest in this protein aimed to understand its role in egg
white thinning, and it has been found that ovomucin is themain reason
for maintaining the gel properties and foam stability of egg white [32].
Recently, a variety of biological activities of ovomucin have been re-
ported. For example, ovomucin derivatives have superior antitumor ac-
tivities through inhibiting the formation of tumor blood vessel [33]. It
has potential to inhibit the growth and reproduction of some microor-
ganisms, preventing cells from being adhered by influenza viruses
[22]. However, as a novel functional food ingredient, ovomucin has
not been fully studied and utilized, probably due to its complex
e intestinal mucosal barrier [4,5,9,10].
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molecular architecture and little direct evidence for the structure-
activity relationship.

Ovomucin is a glycoprotein with high molecular weight. The linear
molecule of ovomucin forms a randomly curled structure at the end,
which is considered to have the same highly polymerized macromolec-
ular structure as mammalian mucin. The structural model of ovomucin
is depicted in Fig. 2. Briefly, ovomucin is composed of a carbohydrate-
rich β-subunit (Molecular weight is about 400 kDa) and a
carbohydrate-poor α-subunit with approximately 60% and 15% carbo-
hydrates, respectively [34]. Carbohydrates presenting in ovomucin
mainly are mannose, galactose, N-acetyl-D-galactosamine, N-acetyl-D-
glucosamine, N-acetylneuraminic acid and fructose, and sulfated sac-
charides [35]. These carbohydrate groups bind to long-chain molecule
in the form of N-glycosylated and O-glycosylated at specific amino
acid sites, and it has been confirmed that these carbohydrate groups
act as an important part to resist microorganism invasion [36]. The elec-
trophoretic study of α-ovomucin is further divided into α1-ovomucin
and α2-ovomucin, relative molecular weight is about 150 kDa and
220 kDa, respectively. These three subunits are polymerized into
ovomucin macromolecule by disulfide bond [34], and the correspond-
ing three peaks could be eluted by gel filtration [37]. In particular, theɑ-subunit mainly contains acidic amino acids such as glutamic acid
and aspartic acid; while the β-subunit mainly contains hydroxyl
amino acids such as threonine and serine [34].

Our previous findings had demonstrated that, ovomucin consists of
60% of carbohydrate content [40]. Kato et al. [41] had elucidated the
composition of three carbohydrates side chains of ovomucin, one
chain is composed of galactose, galactosamine, sialic acid and sulfate
in an equal molar ratio, another is composed of galactose and galactos-
amine in equalmolar ratio, and the last is composed ofmannose and ga-
lactosamine in equal molar ratio. Sialic acid, also known as neuraminic
acid, is a 9-carbon pyranose which was first extracted and isolated
from salivary gland mucin. Sialic acid is widely found in various biolog-
ical tissues and is an important component of glycoproteins, oligosac-
charides and glycolipids, which usually located at the ends of
glycoproteins and glycolipids [42]. Neu5Ac (N-acetylneuraminic acid)
and Neu5Gc (N-Glycolylneuraminic acid) are two types of sialic acid
and ovomucin only contains Neu5Ac. The sialic acid group on the glyco-
side glycoprotein terminal in ovomucin is thought to play an important
role in its functional properties because its strong negative electrical
charge may affect the diffusion of molecules and the interaction with
other molecules [43]. Sialic acid promotes the structural diversity of
complex carbohydrates and can directly participate in various recogni-
tion processes [44]. It is the most common ligand for pathogenic and
non-pathogenic viruses, bacteria and protozoa. Sialic acid can
Fig. 2. Linear structure of ovomucin with m
participate in various recognition processes in the body, and has
anti-infective activity against a variety of viruses or bacteria, such as in-
fluenza virus, cholera, coronavirus, Escherichia coli, and Helicobacter py-
lori [45,46]. In addition, sialic acid can also remove toxic hydrogen
peroxide in vitro and inhibit H2O2–induced cell death [47]. Therefore,
the existence of sialic acid groups may be one of the important reasons
why ovomucin has shown many biological activities in various studies.
As a kind of high molecular glycoprotein with multiple activities,
ovomucin has profound research value in revealing the relationship be-
tween carbohydrate side chains and protein functional properties.

3. Bioactivities of ovomucin and its peptides

Serial studies have shown that ovomucin and its peptides possess
good anti-inflammatory and anti-oxidant activities in vitro [28–30].
They can participate in and mediate the regulation of various cell func-
tions, stimulate the proliferation of macrophages and lymphocytes [31],
promote the synthesis of cytokines such as interleukin, tumor necrosis
factor, and interferon, thereby affecting the immune system and inhibit
tumorigenesis [25,26,33]. Furthermore, ovomucin can also reduce the
serum cholesterol level [48]. These important bioactivities reported
from ovomucin and its derived components using cell experiments
and animal models are given in Table 1.

3.1. Bioactivities of ovomucin and its subunits

3.1.1. Anti-adhesion activity
In the 1940s, Gottschalk and Lind [23] have demonstrated the anti-

hemagglutination activity of ovomucin against influenza virus, and
found that the interaction between viral enzymes and the viral hemag-
glutinin inhibitory components of ovomucin results in carbohydrate
peptide complex release. Through hemagglutination inhibition and
ELISA test, Tsuge et al. [17–19] found that ovomucin has a high affinity
for bovine rotavirus (RV), Newcastle disease virus (NDV) and human
influenza virus (IV). N-acetylneuraminic acid (NeuNAc) residues in
the β-subunit are the key to the binding of ovomucin to NDV, while
the disulfide bond between and within the subunit promoted the bind-
ing of ovomucin to antibodies. The decrease of binding force to NDV in
heated samples depends on the destruction of NeuAc residues in
ovomucin [19].

Many studies have reported the anti-infective activity of sialic acid
against bacteria such as Escherichia coli, Streptococcus, and Helicobacter
pylori [45,49], and ovomucin also showed similar characteristics.
Kobayashi et al. [50] proved that the sialic acid groups of pronase-
treated ovomucin have the ability of binding to Escherichia coli O157:
ultiple glycosylation sites [34,38,39].



Table 1
Bioactivities of ovomucin and its derivatives.

Bioctivity Active substance Model Effect References

Anti-inflammatory
activity

Low-molecular-weight ovomucin
hydrolysate treated with alkaline protease

TNF-α-induced human dermal
fibroblasts

Inhibit the activation of NF-κB pathway [28]

Antibacterial Ovomucin glycopeptide Binding to enterohemorrhagic Escherichia coli
O157: H7

[50]

Ovomucin Helicobacter pylori colonized mice Production and masking urease to inhibit
Helicobacter pylori infection

[51]

Ovomucin-Protex 26 L hydrolysate Porcine small intestinal epithelial cells Preventing the adhesion of ETEC K88ac [60]
Terminal β-linked galactose of
α-ovomucin

Porcine red blood cells Preventing the adhesion of ETEC K8 resistant 8 ac [59]

Antitumor β-ovomucin Meth-A sarcoma cells Heal proximal tumors and inhibit distal tumor
growth

[24]

β-ovomucin Xenograft sarcoma-180 cells in mice Inhibits cell growth and heals tumors [25,26]
Highly glycosylated fragment of
β-ovomucin

SR-180 tumor cells Binding to cytokine growth factor receptor bFGFR
inhibits tumors

[27]

Immune activation O-linked sulfated carbohydrate chain Mouse peritoneal membrane culture Macrophage activation [31]
Antiviral β-ovomucin High affinity for bovine rotavirus, human

influenza virus and Newcastle disease virus
[17–19]

Ovomucin Chicken red blood cells and Newcastle
disease virus (NDV) of La Sota strain

Inhibition of NDV hemagglutination, and high
affinity for NDV

[20,21]

Sialic acid group in ovomucin Anti-virus and bacterial infection [22]
Ovomucin Chicken red blood cells Inhibition of influenza virus hemagglutination [23]

Antioxidant activity LDEPDPL and NIQTDDFRT sequences
isolated from α-ovomucin

In vitro Free radical ABTS scavenging power [29]

Ovomucin hydrolysate In vitro Free radical scavenging ability, ACE inhibitory
activity, metal ion chelating ability

[30]

Hypocholesterolemic
action

Ovomucin Mouse Caco-2 cells Attenuates hypercholesterolemia in rats and
inhibits cholesterol absorption in Caco-2 cells

[48]
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H7, and this activity is lost after the ovomucin glycopeptide is treated
with sialidase. Ovomucin can also inhibit the adhesion of urease pro-
duced by Helicobacter pylori to gastric mucosa. Urease is located on
the surface of Helicobacter pylori cells, and ovomucin inhibits the adhe-
sion ofHelicobacter pylori to gastric mucosa receptors by predominantly
binding urease [51]. Sialic acid at the end of the carbohydrate chain can
not only be used as sites in “molecule-cell” and “cell-cell” recognition,
but also can mask recognition sites. Glycosides linked to sialic acid at
the end of glycoconjugates can effectively prevent some important anti-
gen sites and recognition markers on the cell surface, thus protecting
cells fromenzymatic hydrolysis and immune attacks. [45,52]. Therefore,
the anti-adhesion activity of ovomucin and its derivatives may be
caused by the sialic acid group, for they can occupy the recognition
site of pathogenic microorganisms.
3.1.2. Antitumor activity
Ohami [53] observed the cytotoxic effects of β-ovomucin on SEKI

(humanmelanoma) and 3LL (Lewis lung cancer cells) through scanning
electron microscopy, and the dose and time effects of toxicological to
sarcoma-180 (SR-180) cells were further studied [25,26]. The β-
subunit-treated tumor cells have a reduced number of microvilli in
the cell membrane, vesicle formation, irregular chromatin accumula-
tion, irregular nuclear shapes, swollen cytoplasmic organs, accompa-
nied by degradation and necrosis of cell deformation. Meantime, a
large number of neutrophils, macrophages and lymphocytes were
found in the marginal area of degenerate and necrotic tumor tissue.
These findings indicate that β-subunits and its fragments may exert di-
rect cytotoxicity on tumor cells by activating the immune system, and
may also produce indirect cytotoxic effects through the host's immune
system, leading to tumor regression [31].

Watanabe et al. [24] also found pronase treated ovomucin (220 and
120 kDa, highly glycosylated peptides) completely cured the proximal
tumor, directly and indirectly inhibit the growth of tumor surrounding
tissue. Asialization experiments showed that sialic acid residues in the
120 kDa fragment had an indirect effect on distant tumors. Oguro
et al. [33] later demonstrated that massive neutrophils, macrophages
and lymphocytes were found to accumulate, and angiogenesis (the
formation of new capillaries) is inhibited in tumor tissues of mice
injected with highly glycosylated fragment OVMa70F in the α-subunit
of streptavidin-treated ovomucin. Yokota et al. [27] found that highly
glycosylated fragment of β-ovomucin can bind with basic fibroblast
growth factor receptor (bFGFR) to competitively block the interaction
between basic fibroblast growth factor (bFGF) and bFGFR, which pro-
mote tumor angiogenesis, thereby indirectly inhibiting the growth of
SR-180 tumor cells.

3.1.3. Immune activation
Sulfated glycopeptides in ovomucin show strong macrophage-like

cells stimulating activity, and the active ingredient involved in macro-
phage activation is O-linked sulfated carbohydrate chain [31]. The
in vitro culture assay with macrophages showed that the protease E hy-
drolysates of ovomucin induced cell morphologic changes and in-
creased the generation of H2O2 and IL-1 at a low concentration
(100 μg/mL). In the immune system, macrophages play an important
role in phagocytosis, antigen presentation, tumor cell toxicity and anti-
microbial activity. Activated macrophages secrete TNF, interleukin-1
(IL-1), and accelerate the immune response through activating T cells.
Properly activated macrophages can enhance the immune system's
ability to eliminate foreign pathogens and even cancer cells. In addition,
ovomucin can also be used as an immune booster to promote the prolif-
eration of mouse spleen lymphocytes stimulated by lipopolysaccharide
[54].

3.1.4. Hypocholesterolemic action
Metabolic disorders of cholesterol at cellular and systemic levels

have been shown to induce cytotoxicity and inflammation, disorders
of cholesterol metabolism and inflammation have been involved in
the pathophysiology of many chronic diseases, and disorders of meta-
bolic and neurological tissues [55]. Ovomucin also showed a
cholesterol-lowering effect compared to casein: ovomucin inhibited
cholesterol uptake in Caco-2 cells which could significantly reduce
serum cholesterol in rats.Most peptideswith high bile acid binding abil-
ity can inhibit the reabsorption of bile acid in the ileum and reduce the
level of blood cholesterol (ileal effect), which may also be the
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mechanism of ovomucin [46]. The decrease of solubility of cholesterol
micelles may inhibit cholesterol absorption through the direct interac-
tion between cholesterol mixed micelles and ovomucin in jejunal epi-
thelium, which is also part of the mechanism of cholesterol lowering
induced by ovomucin (jejunal effect). Therefore, the cholesterol-
lowering effect of ovomucin may involve both jejunal and ileal effects.
Many previous studies have revealed the relationship between the sialic
acid group of ovomucin and its physiological activity, but whether the
cholesterol-lowering effect induced by ovomucin in vivo is related to
N-acetylneuraminic acid is currently being studied [48].

3.2. Bioactivities of ovomucin-derived peptides

3.2.1. Antibacterial activity
Existing reports have verified the in vitro bacteriostatic effect of the

ovomucin derivatives on common spoilage bacteria such as Escherichia
coli, Staphylococcus aureus, and Salmonella, and it has a certain degree
of thermal stability and acid-base stability [56]. The enzymatic hydroly-
sates (2.0 kDa–70.0 kDa average molecular weight) obtained by the re-
action of ovomucin and serine protease, papain, metalloprotease,
trypsin, and pepsin, etc. Fu, et al. [57] analyzed the antibacterial mecha-
nismof ovomucin by flow cytometry and scanning electronmicroscopy.
The result showed a strong inactivation effect on food poisoning bacte-
ria such as enterotoxigenic Escherichia coli, enteroinvasive Escherichia
coli, pathogenic Vibrio bacterium, Bacillus dysentericus, and Pseudomonas
aeruginosa [58]. Ovomucin can cause cell membrane damage or apopto-
sis in Staphylococcus aureus, Staphylococcus saprophyticus and Strepto-
coccus mutans, revealing that the bacteriostatic mechanism of
ovomucin derivatives is by affecting the permeability of the cell mem-
brane, leading to the cell wall and membrane eventually ruptured.

3.2.2. Anti-adhesion activity
Sun et al. [59] found that ovomucin hydrolysates prepared by acid

protease II, rather than intact ovomucin, can interferewith the adhesion
of K88 (Ac) enterotoxigenic Escherichia coli to porcine red cells and have
the potential to be used as an anti-adhesion agent for infectious dis-
eases. The glycopeptides ofα-ovomucin consists of the pentosaccharide
core of GlcNAc2man3 and a bisectingGlcNAc,whichmay contain termi-
nal β-linked galactose, are involved in this anti-agglutinating activity. In
a further study, ovomucin-Protex 26L hydrolysates can act as the decoy
receptors to prevent the binding of K88 (Ac) strain to porcine intestinal
epithelial cell line (IPEC-J2) [60]. Four high affinity fractions were iden-
tified from α-ovomucin hydrolysate, which significantly increased
(about 90%) adhesion of strain ECL 13998 to IPEC-J2 cells.

3.2.3. Antioxidant activity
Hydrolysates andmock digests of ovomucin have shown varying de-

grees of antioxidant activity. Chang et al. [29] evaluated the free radical
scavenging activities of oval transferrin, ovalbumin, lysozyme and
ovomucin, and found that under the same conditions, ovomucin had
the strongest scavenging efficiency. The antioxidant activity of
ovomucin hydrolyzed peptides was 6 times higher than that of un-
treated ovomucin. Two peptide sequences, LDEPDPL and NIQTDDFRT,
which mainly exert antioxidant activity, were isolated from α-
ovomucin. It is suggested that the antioxidant activity of ovomucin
may depend on their amino acid composition. Abeyrathne et al. [30]
found that the ovomucin hydrolyzed in alkaline condition showed the
best metal ion binding activity and antioxidant activity, and hydroly-
sates treated by papain and alkaline protease showed good ACE inhibi-
tory activity. The LC-MS result also proposed that the number and size
of peptides are closely related to the biological activity of ovomucin.

3.2.4. Anti-inflammatory activity
Sun et al. [28] tested the anti-inflammatory activities of different

ovomucin hydrolysates and their components in human skin fibroblasts
and found that desalted alkaline protease hydrolysates could
significantly reduce the expression of ICAM-1 (intercellular cell adhe-
sionmolecule-1) induced by TNF. The desalted alkaline protease hydro-
lysate is rich in lowmolecular weight peptides, while the free part only
contains highmolecularweight peptides. Only desalted components at-
tenuated the activation of NF-κB mediated by TNF, which further
proved that the specific anti-inflammatory potential of ovomucin pep-
tides may be mediated by its low molecular weight peptides. The anti-
inflammatory activity of these small molecular peptides is regulated
by inhibiting the activity of B cells activated by tumor necrosis factor-
mediated nuclear factor-κ light chain enhancer. This result further dem-
onstrates the key role of desalting and reducing themolecular weight of
peptides in enhancing potentially beneficial activities such as reducing
tissue inflammation.

4. Potential role of ovomucin in intervention of intestinal health

Based on the above studies, ovomucin and its derivativesmay act on
intestinal physical, immune and biological barriers, inhibit the incidence
of intestinal mucosal disorders and chronic inflammation by the
following ways.

4.1. Ovomucin and its peptides maintain the structure of healthy intestinal
microbiota

The intestinal microbiota, which consists of millions of microorgan-
isms that reside in the gastrointestinal tract and consistently interact
with the host, is the most important factor affecting intestinal inflam-
mation [8]. Host factors such as diet and disease status affect the compo-
sition of the microbiota, meantime the microbiota itself produces
metabolites that can further manipulate host physiology. The reduction
of beneficial bacteria and their metabolites, as well as the increasement
of harmful bacteria and their toxic metabolites have jointly changed the
micro-ecology in the host. Intestinal microbiota is an important charac-
teristic of patients with metabolic diseases, some of which are involved
in disrupting the host's intestinal epithelial barrier and altering the im-
mune system [61]. The pathogenic effect of dysfunctional intestinal mi-
crobiota is far greater than the contribution of genetic defects to
pathogenesis, and the contribution of dietary structure to the change
of intestinal microbiota is much higher than the effect of genotype [62].

Most researches on preventing or treating intestinal diseases focus
on regulating the intestinalmicrobiota. The homeostasis of intestinal bi-
ological barrier is realized by inhibiting the colonization of pathogenic
bacteria and promoting the metabolism of beneficial bacteria. A
promising strategy for the prevention of pathogenic infectious is to
use anti-adhesive agents to interfere with bacterial adhesion and colo-
nization on host tissues in the early stages of infection, or to isolate bac-
teria from tissues [59]. Adhesion ofmany infectious bacteria ismediated
by surface lectins in the formof submicroscopicmultisubunit organelles
designated as pili or fimbriae, with distinct carbohydrate specificities.
The glycosyl groups on the target cells will be recognized by lectins, fur-
ther lead to adhesion and infection. Anti-adhesion agents donot directly
kill bacteria, so they can effectively reduce the occurrence of
drug-resistant strains [63]. Ovomucin or its hydrolysate in vitro has a
significant inhibitory effect on the growth of environment-dependent
pathogens such as Escherichia coli [50,56]. And ovomucin has good ad-
hesion activity to Escherichia coli, Salmonella, and Staphylococcus aureus
[21] as we mentioned in the previous section, which can suppress the
colonization of these bacteria on intestinal epithelial cells [59]. Adhered
microbial antigens such as Escherichia coli are considered to be the acti-
vating factor for intestinal mucosal damage [5]. By activating the TLR4/
NF-κB pathway, the secretion of inflammatory cytokines is triggered
and exacerbates the inflammatory injury response [64,65]. Sun et al.
[66] also proved the potential of ovomucin hydrolyzed peptides as pre-
biotics, suggesting that they may be degraded in the infant gastrointes-
tinal tract by different Bifidobacterium or other members of the
intestinal microbiota and form SCFAs. SCFAs can regulate immunity,
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resist pathogenic microorganisms and anti-inflammatory, regulate in-
testinal microbiota balance, and protect intestinal mucosal function
[67]. SCFAs can reduce the expression of leukocyte adhesion molecules
and IL-6 and play an anti-inflammatory effect [68]. Therefore, ovomucin
or itsmetabolites are likely to prevent the intestinalmucus barrier dam-
age by interferingwith the structure of the intestinal microbiota, affect-
ing the colonization of intestinal Escherichia coli, then affecting the NF-
κB signaling pathway and secretion of inflammatory factors.

4.2. Ovomucin and its peptides regulate the interaction between reactive
oxygen species and intestinal barrier

The medical significance of oxidative stress has become increasingly
recognized. It is now considered to be a component of virtually every
disease process. Intestinal metabolic diseases are closely related to
changes in oxidative stress and redox status caused by excess reactive
oxygen species (ROS) [69]. Due to the over activation of phagocytes in
the mucosa of intestinal diseases, a large amount of oxidative sub-
stances are generated, resulting in continuous exposure of the intestinal
epithelium to endogenous or exogenous ROS. Excessive ROS can lead to
oxidative stress, inflammatory response, lipid and protein modification,
DNA damage, apoptosis or cancer cell transformation [70], and simulta-
neously activates inflammatory cells and induces proinflammatory cy-
tokines (IL-1β, IL-6, IL-8) secretion through the NF-κB signaling
pathway to induce inflammatory damage. The activated inflammatory
cells in the intestine will in turn produce more ROS and aggravate the
inflammatory damage of the intestinal mucosal barrier. The cellular an-
tioxidant system against ROS-induced oxidative stress has three antiox-
idant mechanisms [71]. Except for eliminating or reducing the
production of ROS through endogenous antioxidant enzymes and en-
dogenous non-enzymatic antioxidants, the third aspect of antioxidation
is exogenous antioxidants, including vitamin E, ascorbic acid and bioac-
tive peptides. The strategy of using ovomucin to scavenge free radicals
and reduce ROS obviously belongs to the third kind [72].The antioxida-
tive effects of ovomucin and the anti-intestinal inflammation of egg
white peptides have been confirmed in vitro [29,30,73], it can be specu-
lated that ovomucinmay have the potential to strengthen the intestinal
antioxidant defense system when chronic intestinal mucosal injury oc-
curs. Past research has confirmed that the cleavage of peptide bonds can
lead to the opening and exposure of some active amino acids, increasing
hydrogen donors and protons, and enhancing antioxidant activity.
Ovomucin-derived peptides have different acid-base amino acid com-
position and hydrophobicity from the peptide molecules in other egg
protein active substances, whichmaybe themain reason for their stron-
ger antioxidant activity [74]. However, whether ovomucin can still re-
tain its antioxidant and anti-inflammatory activity in the intestine
after dietary intake and maintain the intestinal mucosal homeostasis
has not been reported yet, which is worthy of further study.

4.3. Ovomucin and its peptides regulate the interaction between intestinal
immunity and intestinal health

The intestine is one of the tissues in which the animal's body is in
close contact with the external environment, and is the body's largest
immune organ. Intestinal epithelial cells and intestinal dendritic cells
sense different sources of infection and produce different effector re-
sponse factors. By acting on immune pathways, controlling cytokine ex-
pression is an important way for active substances to suppress
inflammatory responses. Clinical trials have shown that disorders of
the intestinal epithelial barrier, dysfunction of the innate immune sys-
tem and T cell-mediated adaptive immune system are closely related
to suppressing inflammation and the immune cascade of tumors.
Ovomucin hydrolysis can produce a large number of active low-
molecular peptides. These active fragments may inhibit the activation
of NF-κB pathwaymediated by various inflammatory factors to achieve
immune protection effects. Ovomucin sulfated glycopeptides can
activate artificially cultured macrophages and increase the production
of interleukin-1 (IL-1). Small amount of IL-1 expression induces an ap-
propriate inflammatory response that activates specific immunity. In
contrast, excess IL-1 causes a widespread inflammatory response. Be-
sides, Ovomucin contains a large number of sialic acid residues that
have been shown to have immunomodulatory activity. In mouse
models of respiratory and intestinal tract inflammation, sialic acid sig-
nificantly reduces the level of IL-17 secreted by Th cells and supports
regulatory T cells differentiation [75]. Th17 cells can secrete IL-17A, IL-
17F, IL-6 and TNF-a. These cytokines can collectively mobilize, recruit
and activate neutrophils, thus effectivelymediating tissue inflammation
[76]. Therefore, we believe that the presence of sialic acids make
ovomucin hydrolysates take part in signal-recognizing process in the
immune system, regulating the differentiation of T helper cells and the
expression of NF-κ B-related immune factors in the inflammatory path-
way. Moreover, ovomucin may also be used as an immune enhancer,
acting on spleen lymphocytes and macrophages, properly activating
the immune system, maintaining the normal secretion of inflammatory
factors and adjusting the level of H2O2 in the body, so that it can protect
the body from intestinal damage and cause inflammation.

4.4. Ovomucin and its peptides protects intestinal mucosal integrity

Intestinal injury always accompanied by the disturbance of intesti-
nal physical barrier function, such as the increase of permeability [77],
the decrease of goblet cells, the decrease of mucus layer thickness and
the changes ofmucin, phosphatidylcholine andother components. Gob-
let cells are secretory cells in the intestinal epithelium. The gel secreted
by goblet cells formsmucinMUC2, to prevent large granularmatter and
bacteria from invading the epithelial cell layer [78]. Mucin is critical to
the integrity of the intestinal mucosa [4]. Studies have shown that
MUC2-knockout mice will spontaneously form colitis [79]. Egg white
ovomucin is an importantmember of themucin family. It has a high de-
gree of genetic homologywithMUC2 in human intestinalmucus, it is in-
teresting that β-ovomucin was reported to be a homologous protein of
human MUC6; while α-ovomucin is highly homologous to MUC2 pro-
tein, lacks only a PTS domain [16]. We have reason to believe that
ovomucin and intestinal mucin have theoretical similarities in function.
Therefore, we are very interested inwhether ovomucin can enter the in-
testinal tissue in the form of exogenous protein in the case of intestinal
mucus damage, so that can replace the damaged intestinal mucin to
play the corresponding function. Some experiments have confirmed
that ovomucin can resist the effects of digestive enzymes such as pepsin
and trypsin to a certain extent [30,80]. This resistancemay be related to
its highly glycosylated molecular structure. Therefore, it can be specu-
lated that ovomucin has the potential to enter the gastrointestinal
tract after dietary intake. When various stimuli cause intestinal inflam-
mation, one of themost common phenomena is that the degradation of
mucus increases and the thickness of the mucus layer decreases [81].
Ovomucin is highly homologous with biological mucin MUC2, and has
great similarity in glycosylation structure (O-link glycosylation, N-link
glycosylation and terminal sialic acid group). The latest study of Takada
et al. [82] have found that ovomucin oligosaccharides are also a high-
quality source of carbohydrates for some bacteria, including certain in-
testinal microbes. These intestinal microorganisms that degrade
mucin in humans include Akkermansia muciniphila [83,84] which is as-
sociatedwith the reduction of obesity and type 2 diabetes, and probiotic
Bifidobacteriumbifidum. The sugars, produced by thedegradation ofmu-
cins by extracellular glycosidase in these species can not only be assim-
ilated by themselves, but also be sharedwithin the bacterial community
and consumed by specific microorganisms, which can potentially affect
the structure of intestinal microbiota. When the abundance of mucus-
degrading bacteria, such as Akkermansia muciniphila and Bacteroides
caccae abundance is too high [85], it will result in a sharp decrease in
the thickness of the intestinal mucus layer, and the thinned mucus
layer enables exogenous antigens to pass through the mucus layer and
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reach the intestinal epithelial cells without hindrance. Therefore, when
ovomucin and intestinal mucin coexist in intestinal tissue, microorgan-
isms using mucin as carbohydrate source may decompose ovomucin at
the same time, thus reducing the amount of decomposition of intestinal
mucin, helping to maintain the integrity of themucus layer of the intes-
tine. However, whether ovomucin hydrolyzed peptide can retain its
structure and function when it reaches the intestinal tract after dietary
intake, and what its metabolites under the action of digestive enzymes
of the body in cooperationwith the intestinal microbiota need to be fur-
ther studied.

5. Future perspective and challenges

Compared with other proteins which are widely studied in egg
white, the research on the biological activities of ovomucin and its de-
rivatives are still not comprehensive. Ovomucin treated by different en-
zymes have been reported to have free radical scavenging, antiviral and
bacterial activities, but most of the studies are still limited in vitro. In the
more complex microbiota structure in vivo, how ovomucin will adjust
the composition of microbiota and affect the metabolism of microor-
ganisms remain unclear. Further intervention of inflammation-related
metabolic pathway NF-κB, intestinal oxidative stress pathway Nrf2, in-
testinal epithelial cell apoptosis pathway JNK and other key pathways
to regulate the occurrence of acute and chronic intestinal diseases will
be the focus of our attention. Although sialic acid has been confirmed
to be the main active group in ovomucin, there are still many activities
that have not been confirmed to be related to sialic acid groups. Besides,
on the existing basis, it is of great significance to isolate or identify more
specific anti-tumor, antioxidant or immune-activating peptides by de-
salination, enzymolysis and purification to reveal the structure-activity
relationship of these protein peptide groups. Because of the special sim-
ilarity between ovomucin and human mucin, the possible substitution
or synergistic effect between ovomucin and endogenous mucin in the
process of maintaining intestinal mucosal barrier is a new direction in
research of ovomucin properties. To explore the bioactivities of
ovomucin and its peptides in different stages of digestion will be the
basis of this study. By using themethods ofmodern nutrition, immunol-
ogy and molecular biology, the effects of ovomucin on microecology,
immune regulation and gene expression mechanism will open a new
window for the further utilization of this important glycoprotein.
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