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1 Introduction

Gluten being the most important storage protein naturally found in several grains
like wheat, barley, rye, and spelt, comprises around 80% of whole grain proteins. It
arises entirely in the endosperm of grains and comprises of numerous diverse pro-
teins, mostly gliadins and glutenins in wheat, secalin in rye, hordein in barley, and
avenins present in oats, are all referred to as “gluten.” Wheat gluten attains a top
position amongst all the gluten proteins of various cereals due to the visco-elastic
polymeric network capable of exclusive baking performance of wheat flour (Wieser,
2007) as the gluten protein is responsible for the bread making as well as wheat
flour properties. In addition, it acts as a binder that holds the food together and thus
adding a “stretchy” quality. The gluten proteins are further classified into subgroups
as alpha, beta, gamma and omega gliadins depending on the primary structures
(Shewry & Lookhart, 2003). The exclusive parameters of gluten are attained from
the structure and interaction of gluten proteins bound through covalent and non-
covalent forces. The composition of these gluten proteins varies with different
wheat varieties (Wieser, 2007).
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2 Gluten Function for Bread Development

The visco-elastic characteristics of dough made with wheat flour makes it suitable
for bread making. The dough prepared may be either weak or strong depending
mostly on the quantity and quality of the wheat proteins. The protein content of
wheat grain varies widely but for bread making it should be at least 11% (Wilderjans
et al., 2008; Mariotti et al., 2013). The gluten must be strong enough for bread mak-
ing so as to hold the gas (carbon dioxide) produced during the fermentation process
which allows the bread to rise. The rheological properties of dough are improved by
kneading process that leads to development of the gluten structure which further
improves the expanding ability of dough owing to the production of carbon dioxide
gas through fermentation process (Edwards et al., 2003). This stage of gluten net-
work formation may be referred to as ‘ripening’ or ‘maturing’ of the dough and the
changes associated with gluten formation requires both the protein hydration of the
flour as well as energy application by the kneading process. Moreover, the final
bread quality is attributed by the quality of wheat flour from the mill as it contrib-
utes the proteins compulsory for gluten formation and beneficial for bread produc-
tion process. In addition, the ability of gluten formation is unique to wheat and the
quality and intensity of gluten proteins depends primarily upon variety of wheat,
environmental effects as well as agricultural procedures (Lee et al., 2001).
Furthermore, the bread production depends upon the chemical parameters of glu-
ten proteins that lead to the formation of leavened bread. The glutenin proteins that
give bonding and elasticity properties are rich in charged and non-polar amino
acids, that allow hydrogen bonding, hydrophobic and electrostatic interactions. In
addition to these interactions, the main important bonding of gluten proteins occurs
via disulphide bond formation and these bonds also lead to the development of
extended protein networks due to the binding of protein subunits. The elastic behav-
ior of gluten dough is achieved from the glutenin subunits which are categorized as
high molecular weight (HMW) and low molecular weight (LMW) subunits. The
dough elastic behavior can further be improved through several techniques wherein
glutenin concentration is improved in the wheat variety like in case of “Bobwhite”
wheat variety (Blechl & Anderson, 1996; Altpeter et al., 1996). The deviation in the
concentration leads to increased elasticity of dough (Barro et al., 1997).

3 Methods and Techniques for Gluten Degradation

There have been a lot of studies emphasizing gluten degradation and ways to
develop gluten-free food formulations. Various techniques used to develop gluten-
free foods for celiac patients are discussed below:



Novel Approaches to Gluten Degradation 229
3.1 Enzymatic Methods

Enzymes, due to their potency to catalyze various biochemical reactions and
due to absence of any negative impact on health, are considered to be novel solu-
tions and safe alternative against the usage of chemical ingredients for inhibiting the
immuno-reactivity of gluten present in food systems (Rosell, 2009). In the past few
years, enzymes have been utilised as a means for degradation of gluten present in
various foods. Various enzymes have been found to break the glutamine and proline-
rich gluten effectively inside the gastrointestinal tract. Clinical trials have shown
that enzymes such as prolyl endopeptidase (isolated from Sphingomonas capsu-
late), cysteine endoprotease (isolated from barley), and prolyl endoprotease (iso-
lated from Aspergillus niger) can degrade gluten effectively in the gastrointestinal
tract (Bethune et al., 2006; Ehren et al., 2008; Mitea et al., 2008). Prolyl endoprote-
ase (isolated from Aspergillus niger) is available as a dietary supplement in United
States market as GlutnGo™ (Bricker Labs, Chandler, AZ, USA) and SpectraZyme®
(Metagenics, Aliso Viejo, CA. USA), but is marketed as Tolerase®G by DSM
Nutritional Products (Heerlen, The Netherlands). Tolerase®G is aimed to degrade
unintentional gluten present in the gluten-free foods and should not be confused
with a means for prevention of celiac diseases or as a replacement of gluten-free
foods. In an experimental study, Sestak et al. (2016) determined the effect of oral
supplementation of Tolerase®G (at recommended dosage) along with reduced glu-
ten barley diet on gluten sensitive rhesus macaques model. The intake of 32—-64 mg
gluten per day from reduced gluten barley diet was found to get degraded by prolyl
endoprotease present in Tolerase®G and the overall effect was found to be similar
to that of gluten-free diet.

Another approach to hinder the reactivity of gluten peptides is to reduce their
binding ability with HLA-DQ?2/8 by introducing a bulky molecule into the system.
Transamidation of wheat flour using an enzyme and a suitable amine donor can be
used to block the gliadin immunotoxicity by hindering the secretion of interferon-y
by intestinal T cells of celiac diseased patients (Gianfrani et al., 2007; Mazzarella
etal., 2012).

Enzymes are widely used for shelf-life enhancement and for modification of
rheological properties of dough of various gluten-free products. They are known to
improve the rheological characteristics and product quality by forming protein
cross-linkages, and promoting hydrolysis and oxidation in the gluten-free batters
(Renzetti et al., 2008a, 2008b; Renzetti & Arendt, 2009; Rosell, 2009; Segura &
Rosell, 2011). Various enzymes such as transglutaminase, glucose oxidase, tyrosi-
nase, laccase, cyclodextrin glycosyltransferase have been found to modify the
dough characteristics resulting in formulation of gluten-free products with desirable
texture characteristics and functionality.
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3.1.1 Transglutaminase

Transglutaminase can be used to catalyze the formation of intermolecular cross-
linkages between protein molecules that may be from a single or multiple sources.
Major classes of these proteins include dairy proteins, pea legume proteins, myosin,
wheat proteins, oat globulins, lactalbumin, conalbumin, and soy proteins (Babiker
et al., 1996; Ikura et al., 1980; Larre et al., 1993; Marco et al., 2007; Rosell et al.,
2003; Siu et al., 2002). Transglutaminase has been widely applied to gluten-free
bread formulations to modify the viscoelastic behaviour of the batters, and help in
formation of protein networks, thus enhancing the quality of final product. For
instance, transglutaminase was found to ameliorate the consistency and rheological
characteristics of rice dough (Gujral & Rosell, 2004a; Pongjaruvat et al., 2014; Shin
etal., 2010). It was found to promote cross-linkage formation between protein frag-
ments present in rice and this was supported by the evidence that with increase in
concentration of the enzyme, the concentration of free amine groups was found to
decrease (Gujral & Rosell, 2004a; Pongjaruvat et al., 2014). With increasing enzyme
concentration, the water binding capacity of dough was also found to enhance
resulting in the structural modification of rice proteins. These structural changes and
cross-linking of rice proteins improve the visco-elastic properties and handling
behavior of dough, thus, making it suitable for formulating gluten-free breads and
other similar products (Gujral & Rosell, 2004a; Pongjaruvat et al., 2014; Shin
et al., 2010).

Rheological and processing attributes of gluten-free oat dough was found to be
enhanced significantly by addition of exogenous proteins and 1% transglutaminase.
The thermo-mechanical properties, cooking quality, elasticity, and hardness of noo-
dles made from this dough were found to be enhanced and the cooking losses were
lowered. Cross-linking between protein fractions was found to be catalyzed by the
transglutaminase resulting in formation of new covalent bonds (Wang et al., 2011).
Bread produced from brown rice flour, after treating it with transglutaminase was
found to have improved textural properties, better elasticity and enhanced consis-
tency due to polymerization of brown rice protein fractions to form bigger, insolu-
ble complexes. o and p-glutelin subunits were found to be the primary substrates for
this polymerization, while the globulin and albumin fragments were barely affected
by transglutaminase.

Microbial transglutaminase was found to revamp the dough-handling character-
istics of pre-gelatinised cassava starch and sorghum-based batter. Increasing the
concentration of enzyme was found to intensify the elastic recovery and zero-shear
viscosity of the resulting batter while reducing its resistance to deformation and
compliance. Chewiness and firmness of the resulting bread crumb was also found to
increase with increase in the concentration of enzyme while unaffecting its cohe-
siveness and springiness (Onyango et al., 2010). Rheological, biochemical and tex-
tural attributes of dough and batters prepared from damaged sorghum or wheat flour
were also found to be boosted by incorporation of microbial transglutaminase
(Onyango et al., 2010; Renzetti et al., 2008a, 2008b; Rosell, 2009). The enzyme was
also proven to promote formation of covalent bonding between lysine and
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glutamine residues in the gluten-free batter comprising of rice flour, cornflour, xan-
than gum and potato starch which resulted in better protein linkage in the resulting
batter (Moore et al., 2006).

Although, transglutaminase was found to have enhanced the rheological and tex-
tural properties of various gluten-free food formulations, its incorporation into food
systems should always be cautious. Studies have proven that the transglutaminase,
upon exposure to wheat proteins in the gut, can induce formation of autoantigen of
celiac disease (Dieterich et al., 1997; Marsh, 1997).

3.1.2 Glucose Oxidase (EC 1.1.3.4)

Glucose oxidase is a widely used oxidising enzyme in the food industries and is
steadily gaining importance in the bakery sector. It produces D-gluconic acid and
hydrogen peroxide upon oxidising the p-D-glucose under aerobic conditions. Its
ability to oxidise free sulphydryl units present in gluten proteins can be an advan-
tage to tailor the rheological behaviour of wheat dough (Primo-Martin et al., 2003).
Glucose oxidase can be used to enhance the rheological behaviour of gluten-free
dough formulations by inducing cross-linkage of water-soluble wheat protein frac-
tions, including both disulphide and non-disulphide linkages (Rasiah et al., 2005).
Studies have shown that addition of glucose oxidase at a level of 1 unit/g of flour
could promote disulphide bridge formation and therefore, reduce the amount of
sulphydryl groups by 41.3% (Gujral & Rosell, 2004a).

Glucose oxidase was found to enhance the elasticity of rice flour proteins and
modify their structural arrangement by oxidising the free sulphydryl units and form-
ing the disulphide linkages. This functionality was found to rise with increase in
level of the enzyme and thus results in formation of stronger dough. Rice flour, with
the enhanced elastic behaviour can be further utilised in formulation of gluten-free
foods (Gujral & Rosell, 2004b). In a study, Renzetti and Arendt (2009) examined
the effect of addition of glucose oxidase in various gluten-free dough formulations.
Elastic-like behaviour of sorghum and cornflour were found to increase by enzy-
matic treatment which was mainly due to polymerization of protein structures. The
aggregates formation, as a result of protein polymerization, was found to be favoured
by the surplus availability of free sulphydryl groups in these flours (Renzetti &
Arendt, 2009).

3.1.3 Cyclodextrin Glycosyltransferase

Cyclodextrin glycosyltransferase is a special enzyme that promotes breakage of
1,4-glycosidic bonds in starch molecules and simultaneously, forming the bond
between reducing and non-reducing ends to form cyclic compounds (Ohnishi et al.,
1997). It can alter the adhesive properties of various starches by formation of cyclo-
dextrins from their related sugars (Li et al., 2000; Liang et al., 2002). The cyclodex-
trin molecules, thus formed, can act as molecular container and can entrap
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hydrophobic fragments within them. Since the rice proteins are hydrophobic in
nature, they cannot be used as bread improvers and conditioners; therefore, this
enzyme can improve their rheological properties. Due to multiple catalysing nature,
cyclodextrin glycosyltransferase could act as a suitable means of modifying the
structure of rice proteins making them suitable for formulating gluten-free rice-
based bread and other products (Gujral et al., 2003).

Cyclodextrin glycosyltransferase was also found to enhance the baking charac-
teristics and lower the rate of staling of bread (Gujral et al., 2003; Lee et al., 2002).
The delayed staling could be attributed to the formation of complex networks
between cyclodextrins and proteins and lipids, which decreases the amount of inter-
facial tensile forces acting due to presence of emulsifiers (Liang et al., 2002;
Shimada et al., 1992).

3.1.4 Endopeptidases

The endopeptidases found largely in microorganisms and are used for the enzymatic
degradation of gluten peptides to small and lesser immunogenic fragments. The
process can also be performed by fungal and bacterial enzymes e.g., Latiglutenase
may degrade gluten within the intestinal lumen resulting in non-antigenic peptides
(Stepniak et al., 2006; Piper et al., 2004).

3.2 High Pressure Treatment

For the past few years, numerous studies have been conducted to modify the physi-
cal structure and the application of high pressure to cereal flours to improve the
functional attributes have been done (Barcenas et al., 2010; Hiittner et al., 2009;
Kieffer et al., 2007; Michel & Autio, 2001; Schurer et al., 2007). Most importantly,
it tailors the structure of carbohydrates and protein fragments in the food system to
induce desirable functionalities (Rastogi et al., 2007). Application of high pressure
has been proven to reform the structural and viscoelastic properties of various cereal
batters, including, rice, buckwheat, sorghum, teff and oats by changing the struc-
tural orientation of protein fractions and gelatinizing the starch present in them
(Hiittner et al., 2009; Vallons et al., 2011). It is evident to be a suitable technique to
improve the structure of gluten-free batters and doughs (Angioloni & Collar, 2012a,
2012b; Vallons et al., 2011). Various studies have demonstrated utilization of high
pressure varying from 100 to 1000 MPa to enhance functionality of proteins and
starches in gluten-free foods where it enables the gelatinisation of starch and allows
it to swell up without disturbing the integrity of its granular structure (Gomes et al.,
1998; Vallons & Arendt, 2009).

High pressure alters the structure of proteins in the same manner as thermal or
chemical induced denaturation, although the mechanism of structural alteration var-
ies greatly in this technique. Application of high pressure promotes occurrence of
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hydrophobic interactions, Van der Walls interactions and hydrogen bonding in the
biomolecules which accounts for a greater packing density of the molecules (Knorr
et al., 2006). Depending on the amount of pressure applied, this technique can
enhance the reactivity of sulphydryl groups and can easily distort the tertiary and
quarternary protein structures, however, primary and secondary structure of pro-
teins (a-helices and P-sheet structures) remain unaltered due to their incompress-
ibility (Boonyaratanakornkit et al., 2002; Rivalain et al., 2010). High pressure also
promotes polymerisation of protein fragments and can enhance the rheology of bat-
ter by improving its elasticity (Renzetti & Arendt, 2009). It acts as a promising
technique for development of gluten-free dough using nutritionally rich cereals like
sorghum, oats, and millets by improving their machinability and textural attributes
(Angioloni & Collar, 2012a, 2012b).

In order to improve consistency of gluten-free batters, formation of a rigid gel is
highly favorable. Gelatinization temperature reduces significantly upon application
of high pressure to the batters which modifies its rheological attributes (Bauer &
Knorr, 2005; Liu et al., 2008; Muhr et al., 1982). High-pressure processing induces
formation of creamy texture in barley starch, similar to that of corn, wheat, and tapi-
oca starches, which enhances its rheological properties and help in formulation of
gluten-free products using barley flour but having texture similar to that of wheat-
based products (Stolt et al., 2000).

High-pressure processing technology have also been found to affect the gluten
and gliadin fractions in wheat flour by rearranging the disulphide bonds, thus alter-
ing the rheology of dough and batter produced from it (Kieffer et al., 2007).
However, it should be noted that these rheological modifications vary greatly with
the amount of pressure applied. A low-pressure treatment of gluten at 200 MPa and
30 °C was found to lower the strength of gluten network. An increase in pressure
and temperature leads to increase in concentration of insoluble protein fragments
which in turn, increases the strength of gluten and its resistance to extend further.
However, gluten was found to completely lose its cohesive character upon applica-
tion of extremely high amount of pressure of 800 MPa at 60 °C (Apichartsrangkoon
etal., 1998; Kieffer et al., 2007). Hence, it is very important that high pressure treat-
ment should be applied to enhance the properties of doughs and batters only after
proper optimization of processing parameters.

3.3 Sourdough Fermentation Technique

Sourdough is the dough prepared by incorporation of starter culture of lactic acid
bacteria and yeasts into flour and water. These starter cultures can either be present
in flour as contaminants or may be added intentionally (De Vuyst & Degeest, 1999).
This fermentation process is well-known to enhance the flavour, texture, volume,
and nutritional attributes of the bread and hinders its spoilage by bacterial or mould
infestation (Tafti et al., 2013). In the past few years, this technique has been widely
applied for enhancement of the dough-handling attributes of gluten-free batters (De
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Vuyst & Degeest, 1999; Houben et al., 2010; Moroni et al., 2010; Schober et al.,
2007). A detailed knowledge of microbial interactions happening during the fer-
mentation process is highly required to control their growth and to maintain the
uniformity in quality attributes of the gluten-free dough. In this type of fermentation
method, the carbohydrate profile of the gluten-free flour is of key importance. For
instance, Galle et al. (2010) found that deficiency of maltose in sorghum sourdough,
during initial stage of fermentation, was found to hinder the growth of starter strain
(Lactobacillus sanfranciscensis), while presence of glucose in excessive amount
favoured growth of Weissella spp.

Sourdough fermentation technique also involves degradation of proteins which
alters its viscoelastic characteristics, improves its overall quality and promotes for-
mation of precursors for the flavouring compounds. Various functionalities of sour-
dough fermentation method are described below:

3.3.1 Gluten Detoxification

An important application of sourdough fermentation method is the exclusion of
gluten present in flours by hydrolyzing the toxic metabolic substances. Rizzello
et al. (2007) found that gluten (Triticum aestivum) concentration could be reduced
to less than 10 ppm by using suitable Lactobacilii and fungal proteases together.
This technique was found appropriate for formulation of pasta for celiac patients
using a mixture of pre-fermented durum wheat semolina (7riticum turgidum L.var.
durum) and buckwheat flour (Fagopyrum esculentum). In another study, wheat
semi-liquid dough was initially allowed to ferment with selected Lactobacilii for a
period of 24 h at 37 °C, and was then blended with miller, oat, buckwheat flour and
baker’s yeast. The resulting dough was then fermented at 37 °C for 2 h and was then
baked at 220 °C for 20 min which produced bread tolerated to coeliac patients (Di
Cagno et al., 2004).

3.3.2 Formation of Extracellular Exopolysaccharides

Lactic acid bacteria, due to their ability to release extracellular exopolysaccharides,
have drawn ample interest of researchers working on development of gluten-free
food formulations. These compounds were found to have potential applications as
bio-thickeners which can stabilize, emulsify, viscosity and induce gelation of
numerous gluten-free foods (De Vuyst & Degeest, 1999; Waldherr & Vogel, 2009).
The rheological properties of resulting gluten-free dough were enhanced due to the
potency of these polysaccharides to act as replacement for hydrocolloids (Galle
et al., 2011, 2012; Katina et al., 2009). Moreover, these extracellular exopolysac-
charides were found to promote growth of Bifidobacteria in the gut.
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3.3.3 Development of Dried Sourdough

Dried sourdough has been used as an appropriate bakery ingredient for over four
decades due to consistent quality, lower transportation cost and lesser end-product
quality variations in comparison with fresh sourdough (Brandt, 2006). Tafti et al.
(2013) produced spray-dried sourdough and determined its physico-chemical and
functional attributes. Drying of sourdough was found to drastically decrease the
population of lactic acid bacteria. Incorporation of spray-dried sourdough was
found to delay the staling process of bread and improve its overall flavour. Although,
studies have been performed to formulate and use stable dried sourdough as a cru-
cial ingredient for wheat-based bakery products (Kulp & Lorenz, 2003) its usage for
modification of gluten-free formulations still needs an in-depth research in future
(Deora et al., 2014).

3.4 Extrusion Technology

Extrusion technology has been proven to improve the functional characteristics like
water solubility, rheological attributes, water absorption index, and breaking
strength of starch-based food formulations (Choi et al., 2008). Extrusion of rice
flour at a moisture level of 20 mL/100 g and barrel temperature of 180 °C was found
to modity its functional attributes by gelatinising the starch granules. The resulting
extruded rice flour can act as a substitute for gluten in formulating the gluten-free
foods. This modified functionality is mainly acknowledged to the formation of
ample hydrogen bonds with water which is a result of pre-gelatinisation of starch
(Jeong et al., 2011). Clerici et al. (2009) developed gluten-free bread using a mix-
ture of raw rice flour and acidic extruded rice flour which was found to have better
textural attributes with improved crust colour. The results advocated for the suit-
ability of acidic extruded rice flour as a novel alternative to gluten for formulating
bread for coeliac patients.

The effect of incorporating extruded maize flour in the gluten-free bread formu-
lations with buckwheat flour, rice flour, maize flour and extruded maize flour have
been studied (Ozola et al., 2011) and the addition of extruded maize flour was found
to impart uniform porosity, higher softness and moisture content to the gluten-free
bread. Although, extrusion technology can be greatly used as a cost-efficient and
novel method of developing gluten-free bakery products, its application on utiliza-
tion of other cereals is still a major area of research in near future.

Extrusion technology can also be used to fasten the process of liquefaction.
Extrusion-enzyme liquefaction method is based on the principle that extrusion
degrades and gelatinises the starch in a thermo-mechanical manner which makes it
more prone to be affected by the enzymatic attack. This technique can also be
applied to concentrate protein fragments (de Mesa-Stonestreet et al., 2012) which
can be further used as replacement for gluten in gluten-free food formulations due
to the deficiency of proteins. Proteins from sorghum flour have been successfully
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concentrated by this method which were further utilized to enhance viscoelastic
nature of the gluten-free dough (de Mesa et al., 2009). Liquefaction of starch
becomes easy and fast due to extrusion and the sorghum protein concentrate, thus
obtained, has better digestibility and desirable functional attributes for its potential
usage in food formulations and beverage industries (de Mesa-Stonestreetetal.,2012).

3.5 Genetic Modification

One of the methods to reduce the toxicity of gluten is genetic modification. Wheat
has a hexaploid genome AABBDD, wherein chromosomes 1 and 6 predominantly
harbor the genes known to code for immunotoxic components of gluten (Marino
et al., 1996). Genetic modification of wheat has been done to attenuate immunotox-
icity effect which however, may also alter the gastronomic properties of wheat, the
yield etc., if these properties are governed by the same or neighboring genetic loci.
A study explored a variant formed by the removal of genes on chromosome 1 that
code for f, v, and o gliadin fractions. While the toxicity was attenuated, the mechan-
ical properties of wheat were not altered. However, when o fraction was attenuated
instead, the mechanical properties were compromised while also significantly
reducing the dose of immunogenic T cell epitopes (van den Broeck et al., 2009).
The International Wheat Genome Sequencing Consortium delivered a high-quality
annotated reference genome sequences of the Chinese spring wheat. This has the
potential to fast track development of genetically engineered wheat with attenuated
immunotoxicity while preserving its gastronomic or agronomic properties.

3.6 Microwave Treatment

Microwave treatment has been used to detoxify wheat gluten proteins (Bevilacqua
et al., 2016). The microwave energy is applied prior to milling, for a few seconds to
cleaned, hydrated wheat kernels at 15—-18% humidity, to reach a high temperature
within a short period of time. The process is repeated over several cycles until a
temperature of 80-90 °C and moisture of 13—-13.5% in the grains is reached. After
this, grains are dried over 24 h at room temperature and milled. This process had
been proposed to attenuate the immunotoxicity of gluten by 99%, as detected by the
R5 monoclonal antibody method, which is a method of detection of gluten immu-
nogenic peptides (Lamacchia et al., 2016). The bread from this flour was called
“gluten friendly or GLUFR.” However, a later study found the immunotoxicity of
this flour to be unchanged, when checked by the G12 method (another antibody-
based gluten immunogenic detection test), mass spectrometry-based proteomics
and in vitro assay with T cells of celiac subjects (Gianfrani et al., 2017). The micro-
wave treatment causes reconfiguration of the gluten structure that interferes with
detection of gluten immunogenic peptides by R5 ELISA method.
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3.7 Immune Modulation

The immune modulation may restore gluten tolerance and for this a vaccine may
induce immune tolerance to some of the gluten immunogenic peptides. The celiac
disease can also be treated by the use of nanoparticle-based therapeutic agents that
reverse gluten sensitivity and stimulate immune tolerance by delivering encapsu-
lated gliadin to tolerogenic immune cells (Akbari et al., 2006). Tolerogenic thera-
pies using vaccines have been developed to hypo-sensitize the adaptive immunity
and is a potential therapeutic approach to allergic and autoimmune diseases. In a
departure from their traditional use of immunization, vaccines are now being tested
for desensitization. Examples in the case of Ced, the peptide-based vaccine called
NexVax2. It was developed by a US based company, ImmunoSanT, Inc. NexVax2 is
composed of three proprietary, immunodominant gliadin peptides named NPLOO1,
NPLO002, and NPL0O3 each of which is 15-16 amino acid long. The vaccine target
is the HLADQ?2.5-epitope-TCR complex linking the antigen presenting cell to the
gluten-reactive CD4+ T cells. It engages specific immune cells and a signature path-
way has been discovered based on that. In animal studies in HLADQ2.5 transgenic
mice having gluten-sensitive T cells, it was found to be efficacious (Anderson &
Jabri, 2013).

The use of oral agents that acts locally in the gut is another way of inducing
immune tolerogenesis. The Lactobacillus lactis, genetically engineered to release
modified, non-toxic gliadin was administered orally to secrete a deamidated DQS
gliadin epitope in the intestinal lumen of transgenic NOD-2 mice with ABoDQS8
haplotype. This induced suppression of the lamina propria and systemic DQS8-
restricted T-cell responses, downregulation of IL-12 secretion, systemic production
of IL-10 and TGF-p and induction of Foxp3+ Tregs in the lamina propria. These
findings suggest development of mucosal tolerance to the gliadin (Huibregtse et al.,
2009). Similarly a study used Bacillus subtilis spores as a long-lived, protease-
resistant adjuvant system for administering gliadin peptides to HLA-DQS8-transgenic
mice. The spore-adsorbed gliadin activated the dendritic cells and elicited a T-cell
response in the gut. This mechanism (Bonavita et al., 2015) can be utilized for
developing immune tolerance.

3.8 Probiotics

Probiotics play a significant part in the intestinal microbial imbalances of individu-
als with celiac disease due to increased Bacteroides spp. and decreased
Bifidobacterium spp. irrespective of gluten-free diet. The patients suffer from per-
sistent gastrointestinal symptoms due to gut microbiota composition but certain
strains of probiotics may act on gluten immunogenicity, assist with intestinal heal-
ing, and improve patients’ symptoms (Fasano, 2009). Studies have found a reduc-
tion in the relative proportion of Firmicutes, Proteobacteria, Bifidobacterium and a
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relative increase in Bacteroides and E. coli in celiac disease patients compared to
controls. Oligofructose-enriched inulin a prebiotic, increased the Bifidobacterium
count in the gut significantly, with no side effects (Drabinska et al., 2018). These
findings point to a possible causative role of gut dysbiosis in celiac disease, although
the exact mechanism remains obscure. Many studies have suggested low use of
short chain polysaccharides like fructans, lactose, mannitol, sorbitol etc. which are
hard to digest, resulting in fermentation in the bowel and flatulence, and are impli-
cated in causing some of the symptoms of Irritable Bowel Syndrome (IBS) (Magge
& Lembo, 2012).

4 Conclusions

The gluten replacement with different ingredients and processing techniques in
various food products has been done but the feature of these foods is not equal to
gluten foods. In addition, the low accessibility, high cost and frequently critical
sensory and textural parameters of food products from foods free from gluten add
as a burden to celiac individuals. The gluten is removed from the food products by
different mechanisms either by using enzymes like peptidases or microbial trans-
glutaminase, microwave treatments or genetic engineering. The superior quality of
foods free from gluten can thus be developed with these products (wheat, barley and
rye) after removal or degradation of gluten.
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