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Abstract 

 

Celiac disease is the inability of the small intestine to tolerate some cereal prolamin with 

sequence specific oligopeptide. Wheat gliadin, rye secalins and barley hordenine are the 

main proteins involved in the disease mechanisms and may provoke an inflammatory 

process to damage the small intestine. There are different methods to overcome the  

problems for such patients; one of them is using gluten-free diet. Bread has the main role 

in the human diet and gluten is its main structure forming component. Gluten-free breads 

are produced by either cereals like wheat, barley and rye with removed prolamin or no 

prolamin containing ingredients. Considering the fact that gluten is the main protein in 

the formation of dough viscoelastic network, which is necessary to create the high quali-

ty bread, the aim of this review article is studying different factors with ability to im-

prove quality of gluten-free bread produced for consumption of the vulnerable persons. 

 

 
 

Introduction 

   Celiac disease is a chronic disease with the inability  

to tolerate some cereal prolamin, containing sequence  

specific oligopeptide (Arentz-Hansen et al., 2004; 

Ludvigsson et al., 2013; Sturgess et al., 1994). It is in-

duced by consumption of gluten proteins from commonly 

prevailing food sources like wheat, rye, barley, and prob-

ably oats (Dicke et al., 1953; Hardy et al., 2015; Londono 

et al., 2013). The intake of gluten provokes an inflamma-

tory process which damages the villous structure of the 

small intestine (Shan et al., 2002). Currently about 1% of 

the world's population are encountered with the celiac 

disease and the only useful way to its treatment is the 

strict constant abandonment of gluten containing foods 

(Feighery, 1999; Ronda and Roos, 2011). 

 

                                                           
*Corresponding author 

    E-mail: mohamdif@ut.ac.ir 

 

 

   Gluten network is a key structure to keep gas and  

acquire the pleasing volume and texture in a bread dough 

system (Abbasi et al., 2012). It is important not only for 

bread appearance, but also for its structure formation in 

dough systems (Gallagher et al., 2004). Glutenin and 

gliadin are two main fractions of gluten (Abbasi et al., 

2012). Whereas glutenin is necessary to make an elastic 

and consistent structure in dough, gliadin is responsible 

for viscosity and extensibility of a dough system (Abbasi 

et al., 2015; Gujral and Rosell, 2004). 

   Considering that cereal products, particularly breads, 

are the main components of the diet in different coun-

tries, there are increasing demands for gluten-free breads. 

In view of the fact that gluten-free breads have poor qual-

ity compared to complete one,  in this  review  article  the  
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ingredients used to improve the quality of gluten-free 

bread are discussed. 

Gluten-free bread 

Gluten-free breads are technologically poor with low 

specific volume (SV); crumb softness and higher staling 

rate compared to complete breads owing to the lack of 

gluten structure (Arendt et al., 2007; Gallagher et al., 

2003). Various non-gluten components have been  

incorporated in gluten-free breads to supply their  

structure. They are also involved in mimicking gluten 

network and improve their nutritional quality (Mariotti et 

al., 2009) which is discussed in the next. 

Non-gluten components used to improve the quality of 

gluten-free bread 

Starch and gums/hydrocolloid 

Gums and thickening agents are mainly used in gluten-

free breads for different reasons, including gelling, thick-

ening, and texture expansion (Balaghi et al., 2011). They 

are in the form of polysaccharides and/or protein which 

are originating from different sources of seeds, fruits, 

plant extracts, seaweeds and microorganisms 

(Mollakhalili Meybodi et al., 2014). Starches and hydro-

colloids are two main groups which are extensively used 

in bakery products formulation to improve their texture 

and appearance properties (Anton and Artfield, 2008; 

Demirkesen et al., 2010; Kohajdová et al., 2009).  

Different studies have investigated the possibility of a 

wide range of starches with gums/hydrocolloids to make 

high quality gluten-free breads (Kohajdová et al., 2009; 

Lamacchia et al., 2014; Linlaud et al., 2009).  

Comparison wheat starch with non-wheat starches, for 

gluten-free bread making, showed that the latter is more 

pleasing since some celiac patients cannot endure even 

wheat starch (Chartrand et al., 1997; Ribotta et al., 2004). 

Rice starches are usually accessible and potentially  

applicable as replacement in the formulation of  

gluten-free baked goods (Hoover et al., 1996). However, 

lack of gluten in rice creates problems in bread making. It 

has been noted that some gums including hydroxyl pro-

pyl methyl cellulose (HPMC), locust bean gum (LBG), 

guar gum, xanthan gum and agar can be used to form rice 

bread and HPMC create the optimum volume develop-

ment (Demirkesen et al., 2010; Hager and Arendt, 2013). 

Previous studies revealed that the substitution of rice 

flour instead of wheat flour in amount as high as 30% 

makes the most acceptable gluten-free bread quality. 

Effect of binding factors (xanthan, guar gum, LBG and 

tragacanth) as a replacement agent of gluten in gluten-

free bread formulations containing corn starch have been 

also studied (Acs et al., 1996). Results indicated that 

binding agents are significantly able to increase loaf vol-

ume and decrease the crumb structure. Investigation of 

gluten-free breads showed that the replacement of 10% 

and 20% soy flour increased the batter consistency 2 and 

4 times, respectively compared to batters completely 

made of rice flour. However, it has recently been antici-

pated that lower consistency pleasurably increases the 

batter development (Nunes et al., 2009a). Different glu-

ten-free formulations including hydrocolloids have been 

studied to imitate the viscoelastic properties of gluten. 

Dietary fiber  

Diets which have average amounts of cereal grains, 

fruits and vegetables are likely to supply enough fiber 

(Buttriss and Stokes, 2008). Considering the fact that 

gluten-free breads are usually not fortified, and prepared 

from refined flour or starch, they will not have the same 

amounts of nutrients as the gluten containing ones. So, 

doubt still exists about the nutritionally balanced diet of 

celiac patients received a gluten-free diet. In a study in-

vestigated the intake of nutrients by 49 adults with celiac 

disease receiving a gluten-free diet, the results indicated 

that their fiber intake was lower compared to a control 

group with a normal diet (Grehn et al., 2001). The  

fortification of gluten-free baked goods with dietary  

fibers has consequently been investigated by different 

teams of technologists. Inulin, as a non-digestible  

polysaccharide and prebiotic component, is able to  

develop loaf volume and slice ability, to increase dough 

stability and to produce an even and finely grained crumb 

texture (Korus et al., 2006). In a similar work carried out 

by Gallagher et al. (2004) to encompass inulin (at 8% 

level) into a wheat gluten-free formulation, it was  

revealed that the dietary fiber amount of the bread  

increased from 1.4 (gluten-free bread) to 7.5% (inulin 

containing gluten-free bread). Results also designated the 

higher browning color of inulin containing sample which 

can be attributed to its hydrolyzing by yeast enzyme, 

resulting in the creation of fructose that is more prone to 

crust browning (Gallagher et al., 2004). The fortification 

of gluten-free products with dietary fibers has been veri-

fied to be required, regarding the lower intake of fibers 

ascribed to their gluten-free diet (Korus et al., 2006).  

Whey protein 

The first studies to find an appropriate alternative for 

gluten in gluten-free baked goods come back to 1960. In 

gluten-free products, batter is used instead of dough (Gal-

lagher et al., 2004; Torbica et al., 2010). Therefore, the 

gas produced during the bread formation is not stable due 

to the lack of viscoelastic structure of gluten network. 

Special characteristic of wheat flour in bread making is
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mainly derived from its ability to create a mesoscopic 

structure (Fessas et al., 2008). This structure retards the 

water movement in bread structure and creates a softer 

crumb. In the absence of gluten, water diffusion is  

facilitated in a way to create a harder crumb with softer 

crust (Lazaridou et al., 2007). 

Whey proteins are also able to create mesoscopic struc-

ture in batter and cause appropriate characteristic like 

strain hardening which is necessary to have a dough-like 

mixture, too (van Riemsdijk et al., 2011c; van Riemsdijk 

et al., 2011b). Previous studies revealed that the addition 

of 6% whey protein powder in gluten-free bread is able 

to enhance its protein content two times but have no ef-

fect on its dietary fiber amounts (Gallagher et al., 2003). 

Whey protein is a functioning agent which is added to 

bread to enhance its water absorption, and nutritional 

value (Kenny et al., 2000). Gluten-free breads  

supplemented by whey protein have a preferred brown 

color compared to gluten-free bread which this matter is 

mainly due to higher maillard browning reaction and 

caramelization (Nunes et al., 2009b). Whey protein  

replacement also improves the gluten-free breads tissue 

characteristic like its kneading properties, size and  

volume of loaf. In other word, it is a suitable substitute of 

gluten to improve gluten-free breads appearance and 

retard its rate of staling. The mixing tolerance of dough 

supplemented by whey is not as much as those containing 

gluten; while the mixing tolerance of complete wheat 

dough is about 96%, it is about 83% in the case of whey 

protein is used instead of gluten (Indrani et al., 2007). 

The rheological properties like spread ability and viscoe-

lasticity (of structure formed in dough) are weakened in 

the case of using whey protein. The structure formed by 

whey protein is more rigid compared to gluten containing 

one which can be attributed to the number of disulfide 

bands, higher in whey protein supplemented dough. 

According another research conducted to investigate 

the effect of N-ethyl maleimide (NEM) as thiol blocking 

agent in whey protein added dough, it was revealed that 

the blocking treatment will enhance the bread loaf  

volume almost eight times and improve its rheological 

properties. The increase observed in bread loaf volume 

could be attributed to its higher swelling rate and weaker 

protein networks. So, the higher swelling rate is not the 

only reason for whey proteins higher ability to improve 

gluten-free bread quality, in the presence of NEM (van 

Riemsdijk and van der Goot, 2011; van Riemsdijk et al., 

2011a). Finally, the addition of NEM to whey protein 

makes it a suitable replacement of gluten. Considering 

that NEM is not food grade, using other blocking agent 

like ovalbumin or heating treatment is suggested.  

It is worthy to consider that gluten-free bread enrichment 

by dairy powders containing lactose is not suitable for 

celiac patient, since their intolerance induced a villous 

atrophy. So, they are exposed to lack of lactase enzyme 

and finally lactose intolerance. 
 

Sourdough  

Considering the fact that gluten-free breads are highly 

poor in vitamins, iron, folate as well as dietary fiber 

(Hallert et al., 2002), and the growing demand for  

producing high quality, natural and affordable gluten-free 

breads, the addition of sourdough is suggested to be a 

good solution (Di Cagno et al., 2008; Moore et al., 2008; 

Moroni et al., 2009). Sourdough is a combination of 

flour, water, and/or other components which is fermented 

by naturally occurring starter culture containing lactic 

acid bacteria (LAB) and yeasts (Gobbetti, 1998). The 

sourdough supplementation creates different positive 

effects on appearance, texture, nutritional quality, and 

shelf life of gluten-free breads which is mainly resulted  

from the metabolic activity of LAB. Acidification,  

exopolysaccharide production, proteolytic, lipolytic and 

phytase enzyme activity are some examples of these  

organisms performance (Ravyts et al., 2012) which are 

discussed in the next.  

Gluten network is responsible for slowing down the 

water transfer and maintaining of gas produced during 

yeast fermentation and oven-rise (Demirkesen et al., 

2010). Using sourdough fermentation postpones the 

starch retrogradation and staling of gluten-free bread 

(Rojas et al., 1999). Biological acidification, amylolytic 

and proteolytic activities of sourdough starter culture are 

the main mechanisms involved in retardation of  

retro-gradation. It is notable that some LAB have no 

amylolytic activity. So, in order to create an  

appropriate condition to produce gluten-free bread with 

longer shelf life, using of sprouted grains is suggested 

(Tabassum and Rajoka, 2000). Sourdough containing 

yeast and LAB is also able to produce phytase to reduce 

phytic acid and boost the mineral bioavailability and thus 

lead to improvement of the nutritional value (Poutanen et 

al., 2009). 

Sourdough starter culture addition to gluten-free bread 

is also able to enhance the immune system of celiac  

patients by producing prolin/glycin-rich peptide via 

proteolytic activity (Rollan et al., 2005). It is also proved 

that the addition of sourdough to gluten-free bread make 

it prone to be a functional food. This function is mainly 

due to the ability of LAB to produce exopolysaccharide 

especially fructooligosaccharide (Schwab et al., 2008). It 

is worthy to note that the ability of LAB to produce 

exopolysaccharide is type and species dependant. It is 

known that sourdough is the foremost fermentation used 

for baking purposes and it has been proven to be ideal for 

improving the texture, palatability, aroma and shelf life 

of different types of bread. Also, regarding the fact that
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lactic acid and acetic acid are two main flavoring agents 

in final aroma of bread, it is possible to achieve the same 

flavor in gluten-free bread by adding LAB.  

Conclusion 

Celiac disease is a common intestinal disorder with  

only treatment the constant adherence to a gluten-free 

diet. However, gluten is a major component of wheat and 

rye flours, and its replacement in bakery products  

remains a significant technological challenge. Using 

starches, gums, and hydrocolloids are the most prevalent 

method to imitate gluten structure in the manufacture of 

gluten-free bakery products. Novel attitudes as well as 

applying the dietary fibers, other protein sources and 

additives which enhance the gluten-free breads  

nutritional value are also promising. However, regarding 

the current increasing awareness of celiac disease due to 

superior diagnostic methods, more comprehensive  

researches in the field of gluten-free cereal-based  

products are necessary. 
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