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Cel�ac d�sease �s a l�felong �ntolerance to gluten d�sease, 
caused by the �ntake of gluten-conta�n�ng cereals such as 
wheat, rye, barley, oat, kamut, spelt and the�r products. 
(Korus et al. 2009; Padal�no et al. 2016; Wang et al. 2017). 
Cel�ac d�sease can appear �n the early ch�ldhood and people 
w�th the Cel�ac d�sease have some symptoms such as chron�c 
d�arrhea, fa�lure to thr�ve, fat�gue and we�ght loss when 
consumed gluten-conta�n�ng foods (Korus et al. 2009; 
Dem�rkesen et al. 2010; Fosch�a et al. 2016). Nowadays, the 
only and effect�ve treatment for people w�th Cel�ac d�sease �s 
str�ct keep to a gluten-free (GF) d�et, wh�ch means a 
permanent w�thdrawal of all types of bread and food 
prepared w�th wheat flours and s�m�lar prote�ns �nclud�ng 
kamut, spelt, tr�t�cale, barley and rye from da�ly food 
(Mar�ott� et al. 2013; Lamacch�a et al. 2014; Fosch�a et al. 
2016). 

Gluten, the prote�n present �n wheat wh�ch conta�ns 
gluten�n and gl�ad�n fract�ons, �s a major prote�n component 
wh�ch �s respons�ble for water absorpt�on capac�ty, 
cohes�v�ty, v�scos�ty elast�c�ty and gas hold�ng ab�l�ty of 
bread dough and produc�ng h�gh qual�ty baked goods w�th 
des�red volume and texture (Gallagher et al. 2004; 
Dem�rkesen et al. 2010; Janawal� et al. 2016; Tsatsaragkou et 
al. 2016). The product�on of bread us�ng gluten-free flours �s 
a major problem for bakers and researchers. Because, �t can't 
be produced des�rable bread wh�ch has some qual�ty 
propert�es such as taste, texture, spec�fic volume, flavour, 
colour and nutr�t�onal value w�thout gluten (Matos and 
Rosell 2014; Tsatsaragkou et al. 2016). 

Nowadays, numerous stud�es have been �nvest�gated on 
GF to elem�nate these problems wh�ch means manufactur�ng 

GF breads w�th s�m�lar qual�ty propert�es to wheat breads 
such as the use of r�ce flour (Dem�rkesen et al. 2010; Torb�ca 
et al. 2010; Hager and Arendt 2013; Mohammad� et al. 2014; 
N�colae et al. 2016), corn flour (Sanchez et al. 2002), 
soybean flour (Sc�ar�n� et al. 2012), patato flour (L�u et al. 
2018), buckwheat flour; (Torb�ca et al. 2010; Hager and 
Arendt 2013; Mar�ott� et al. 2013; Buresova et al. 2016), 
chestnut flour (Dem�rkesen et al. 2013; More�ra et al. 
2013a;b; ), corn starch (Lazar�dou et al. 2007; Korus et al. 
2009; Agu�lar et al. 2015), qu�noa wh�te flour (Elget� et al. 
2014), hydrocollo�ds (Lazar�dou et al. 2007; Dem�rkesen et 
al. 2010; Hager and Arendt 2013; Mar�ott� et al. 2013; 
Mohammad� et al. 2014; N�colae et al. 2016; M�r SA et al. 
2016; Ferrero 2017; L�u et al. 2018;), emuls�fiers 
(Dem�rkesen et al. 2010; Houben et al. 2012; Sc�ar�n� et al. 
2012), enzymes (Gujral and Rosell 2004a,b; Moore et al. 
2006; Renzett� et al. 2008; Buresova et al. 2016), water-
soluble d�etary fibres (Tsatsaragkou et al. 2016; Capr�les et 
al. 2016), da�ry �ngred�ents (Buresova et al. 2016) as 
alternat�ves to gluten, to development of propert�es of GF 
bakery products.

Effect of some d�fferent flours and starches on the 
qual�ty of GF breads and batters

Cereal flours such as r�ce, corn, m�llet spec�es, sorghum, 
finger m�llet and foxta�l m�llet are w�dely used for GF bakery 
products due to they don't conta�n gluten form�ng prote�ns 
(Houben et al. 2012; Fosch�a et al. 2016; Padal�no et al. 
2016). These flours are used for enhanc�ng the texture of 
several bakery products such as tarhana, cook�es, bread, 
pasta, tagl�atelle, cake and spaghett� (Jnawal� et al. 2016).
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Stud�es �n recent years have shown that the market demand for gluten-free products �s cons�derably �ncreas�ng to fulfill 
cel�ac pat�ents' needs. Cel�ac d�sease �s a food allergen�c d�sease �n humans �nduced by gluten �n wheat, barley, rye, 
kamut, spelt and hybr�ds l�ke tr�t�cale. For �nd�v�duals w�th th�s d�sease, the one and only cure �s to keep away from 
gluten-conta�n�ng foods for perpetu�ty. Because of th�s reason, product�on and development of gluten-free bakery 
products, part�cularly bread because �t �s a bas�c food consumed da�ly �n the world, have become popular and have been 
�mproved by the add�t�on of d�fferent cereals, flours and starches, dough treatment or chang�ng process�ng cond�t�ons and 
the method of bak�ng. It needs to �mprove gluten-free bakery products' qual�ty because the absence of gluten �s a b�g 
problem for the qual�ty of dough and bread. For example, a bread made from gluten free flour has lower volume, weaker 
texture and aroma than the trad�t�onally ones . However the �ncrease of gluten-free market, there are st�ll some problems 
such as the�r h�gh pr�ces, l�m�ted var�ety, and ava�lab�l�ty and low nutr�t�onal qual�ty. Th�s rev�ew focuses on the find�ng 
su�table alternat�ves for gluten free bread to �mprove the�r bak�ng and sensory qual�ty and nutr�t�onal propert�es.
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In add�t�on general appl�cat�ons used to �mprove GF 
pasta and bread such as add�ng d�fferent GF flours, 
hydrocollo�ds, prote�ns, and enzymes was �nvest�gated by 
Padal�no et al. (2016). These researchers also expla�ned that 
dough heat�ng and cool�ng pract�ces are more �mportant than 
starch gelat�n�zat�on and starch retrogradat�on for GF 
products technology. Fosch�a et al. (2016) reported that r�ce 
flour 59.3%, ma�ze flour 40.7%, buckwheat flour 22.2%, 
whole gra�n ma�ze flour 18.5%, tap�oca flour 11.1%, potato 
flour 7.4%, m�llet flour 7.4% and qu�noa flour 3.7% were 
used �n commerc�al GF bread formulat�ons. Among these 
flours, r�ce flour �s espec�ally �nterest�ng because of �ts 
hypoallergen�c propert�es, bland taste, wh�te color, 
d�gest�b�l�ty and easy ava�lab�l�ty (Sanchez et al. 2002; 
Torb�ca et al. 2010; Fosch�a et al. 2016).The use of r�ce flour, 
corn, and cassava starch to replace wheat flour �n the 
product�on of free-gluten wh�te bread has been produced 
(Lopez et al. 2004). Evaluat�ng the phys�cal parameters 
(crumb appearance, spec�fic volume, and mo�sture) and the 
sensor�al parameters (flavor, appearance, crumb texture, 
crust color and sat�sfact�on) they reported that r�ce flour 
bread presented the best parameters, followed by corn starch 
bread and cassava starch bread. They also opt�m�zed a 
m�xture of flours that composed of 45% r�ce flour, 35% corn 
starch and 20% cassava starch. 

S�m�lar results were obta�ned from GF bread conta�n�ng 
some d�fferent flours such as r�ce, husked buckwheat or 
unhusked buckwheat flour by Torb�ca et al. (2010). They 
have expla�ned that the rheolog�cal propert�es of GF bread 
formulat�ons conta�n�ng m�xtures of these flours by us�ng 
M�xolab. They have also �nvest�gated textural and sensory 
propert�es of GF bread formulat�ons. They found that GF 
products w�th unhusked buckwheat flour had h�ghest water 
absorpt�on values, lowest stab�l�ty, and weakest prote�n 
network structure �n cons�sted of husked buckwheat flour. 

Add�t�on of starch �n GF products �s one of the used 
methods as a replacement for gluten. Starch and �ts der�vates 
(chem�cally mod�fied, res�stant starches, maltodextr�ns etc.) 
are very �mportant for bread mak�ng because of the�r ab�l�ty 
to gelat�n�ze, pos�t�vely affects on bread volume and crumb 
softness (Naqash et al. 2017). In a study by Sanchez et al. 
(2002), r�ce flour, corn starch, and cassava starch were used 
�n GF breadmak�ng to stat�st�cally establ�sh opt�mal amounts 
of each �ngred�ent by us�ng a central compos�te des�gn. 
Accord�ng to the obta�ned results, the opt�mal GF bread can 
be prepared from 74.2% corn starch, 17.2% r�ce flour, and 
8.6% cassava starch. In the same study, �t was also found that 
add�t�on of soy flour �mproved crumb-structure qual�ty of 
bread. In another study, Korus et al. (2009) showed that the 
add�t�on of corn res�stant starch preparat�ons gave GF bread 
w�th less hard crumb than bread w�thout res�stant starch 
add�t�on. 

Impact of d�etary fibre and pseudocereals on the 
qual�ty of GF breads and batters
D�etary fibres have a s�gn�ficant role �n �mprov�ng GF 

bread qual�ty because of �t �ncreases the nutr�t�onal value of 
bread and also uses for �mprov�ng rheolog�cal, texture 
character�st�cs of dough and sensory propert�es of final 
baked products (Gomez et al. 2003; Tsatsaragkou et al. 
2016). Saturn� et al. (2010) reported that the�r use �n GF d�et 
can help to �ncrease fibre �ntake �n cel�ac d�sease pat�ents. 
Moreover, some researchers have �nvest�gated the add�t�on 
of d�etary fibres �n GF bakery products formulat�ons. For 

example, Talens et al. (2017) appl�ed two d�fferent orange 
fibres; one obta�ned by hot a�r coupled w�th m�crowave 
dry�ng of orange peels and the other commerc�ally ava�lable 
to effect on texture and sensory propert�es of GF muffins. 
W�th the appl�cat�on of hot a�r coupled w�th m�crowave 
dry�ng of orange peels, total d�etary fibre, water retent�on 
capac�ty, v�scos�ty and v�scoelast�c propert�es were h�gher 
and resulted �n a new alternat�ve for c�trus by-products 
valor�sat�on and transformat�on �nto a fibre �ngred�ent 
su�table for GF bak�ng. In a prev�ous study, some d�fferent 
cereal fibres based on wheat, ma�ze, oat and barley were used 
to �mprove the qual�ty, sensory and nutr�t�onal propert�es of 
GF dough and bread by Saban�s et al. (2009). Results showed 
that among the d�etary fibres ma�ze and oat fibres had 
s�gn�ficantly affect the loaf volume and crumb softness of GF 
bread. In the same study, researchers have also found that the 
add�t�on of wheat fibre resulted �n decreased bread volume 
and a much firmer crumb texture than the control due to the 
h�gh water b�nd�ng capac�ty of th�s fibre. S�m�lar results were 
expla�ned �n a rev�ew by Tsatsaragkou et al. (2016) and they 
�nd�cated that the each category of d�etary fibres such as 
flours/seeds, �solated fibres/commerc�al formulat�ons 
(�nsoluble and soluble fibres), fru�t/vegetable fibres and 
products alternat�ve flours etc. can be pos�t�vely affected the 
final qual�ty of GF product due to the�r ab�l�ty to �ncrease 
bread volume, �mprove water and gas hold�ng capac�ty of 
dough. 

In add�t�on, the pseudocereals, wh�ch are cons�dered as 
prote�n supplementat�on on GF products, such as amaranth, 
yellowpea, ch�ckpea and lent�l flour, psyll�um flour, teff flour 
(fermented), qu�noa flour, dehulled buckwheat flour, and 
puffed buckwheat flour are often used for GF bakery 
products because of �ncreas�ng batter volume, elast�c�ty and 
shelf l�fe; �mprov�ng essent�al am�no ac�ds, d�etary fiber, 
fatty ac�ds, m�neral and ash content, and bak�ng propert�es of 
GF bakery products (Alvarez-Jubete et al. 2010; Houben et 
al. 2012; Elget� et al. 2014; Lamacch�a et al. 2014; Alencar et 
al. 2015; Naqash et al. 2017). Because many GF bakery 
products are made us�ng GF flours or starch and �n th�s way, 
they do not conta�n the same levels of B-v�tam�ns, �ron and 
fibre as the�r gluten-conta�n�ng counterparts (Alvarez-Jubete 
et al. 2010). Among these pseudocereals, buckwheat flour 
was �nvest�gated due to �t has h�gh nutr�t�onal value and 
health benefits for humans by Mar�ott� et al. (2013). They 
have been also used hydroxypropylmethylcellulose 
(HPMC) on the breadmak�ng propert�es of commerc�al GF 
bread m�xtures and found that the comb�nat�on of both 0.5% 
HPMC and 40% dehulled buckwheat flour �ncreased �n 
bread he�ght and spec�fic volume and also decreased 
s�gn�ficantly crumb hardness of GF bread. 

Elget� et al. (2014) �nd�cated that the add�t�on of qu�noa 
wh�te flour gave GF bread w�th s�gn�ficantly h�gher spec�fic 
volume and homogeneous and finely d�str�buted gas bubbles 
crumb compared to the typ�cal GF control rec�pe based on 
r�ce and corn flour. S�m�larly, Alverez-Jubete et al. (2010) 
po�nted out that the qu�noa, amaranth and buckwheat flours 
have been extens�vely used �n formulat�ons of GF products 
due to the�r h�gh nutr�t�onal propert�es such as h�gh prote�n, 
fiber and m�neral content and health-promot�ng effects. In a 
study by Alencar et al. (2015) evaluated the temporal profile 
and �nstrumental analys�s of d�fferent GF bread's 
formulat�ons conta�n�ng amaranth and qu�noa flours and 
sweeteners. The researchers found that the add�t�on of 
pseudocereals and sweeteners was shown to be s�m�lar 
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effects on sensory and phys�cochem�cal propert�es of GF 
bread, compared to starch-based formulat�ons wh�ch 
cons�st�ng of potato, cassava and sour tap�oca starches.  

Appl�cat�on of hydrocollo�ds and emuls�fiers �n GF 
bread
Hydrocollo�ds, also known as water-soluble gums, are 

one of the food add�t�ves w�th the �ntent�on of �mprov�ng 
dough handl�ng propert�es and result�ng on pos�t�ve effects 
of crumb structure, taste, acceptab�l�ty and stal�ng of GF 
breads due to the�r ab�l�ty to �ncrease water retent�on 
capac�ty, rheology, v�scos�ty and texture of dough (Anton 
and Artfield 2008; Padal�no et al. 2016; SAM�r et al. 2016; 
Wang et al. 2017). The GF bread qual�ty �s �nfluenced by the 
presence of hydrocollo�ds wh�ch �ncrease dough rheology 
and qual�ty of final bread (Houben et al. 2012; N�calae et al. 
2016; L�u et al. 2018). 

Among hydrocollo�ds, cellulose der�vates such as 
carboxymethylcellulose (CMC) and HPMC; guar gum and 
xanthan gum are extens�vely used �n rec�pes of GF bakery 
products (Wang et al. 2017). For example, Sc�ar�n� et al. 
(2010) showed that hydrocollo�ds such as carrageenan, 
alg�nate, xanthan gum, CMC and gelat�ne �ncreased batter 
cons�stenc�es of GF bread made from r�ce, corn and soy 
flours and 158% water. S�m�larly, L�u et al. (2018) reported 
that hydrocollo�ds such as HPMC, CMC, xanthan gum and 
apple pect�n �mproved the m�x�ng and thermal behav�our of 
GF potato dough. In part�cular, they also suggested that the 
add�t�on of hydrocollo�ds �n the GF potato steamed bread 
was �mproved the spec�fic volume, hardness and poros�ty of 
the crumb. 

GF dough structure �s h�ghly affected by the add�t�on of 
hydrocollo�ds, such as CMC. Lazar�dou et al. (2007) used 
d�fferent hydrocollo�ds �nto GF bread made from r�ce flour, 
corn starch and sod�um case�nate and stud�ed the�r effect on 
dough rheology and bread qual�ty. Among the hydrocollo�ds, 
they found that CMC and pect�n seemed to be the best 
hydrocollo�d �mprovers of GF bread, at 1% for CMC and 2% 
for pect�n, resulted �n bread w�th s�gn�ficantly �ncreased 
volumes and h�gh values of crumb poros�ty and elast�c�ty and 
also the add�t�on of these hydrocollo�ds d�d not alter the 
firmness of the crumb, and the supplemented bread had h�gh 
acceptab�l�ty rat�ngs by consumer panel. L�kew�se, 
Buresova et al. (2016) exam�ned that the effect of calc�um 
and sod�um case�nate was compared to the effect of xanthan 
gum and CMC on the behav�our of r�ce-buckwheat dough 
and bread qual�ty. At the end of the study, they found that the 
�ncorporat�on of calc�um and sod�um case�nate could be used 
as an alternat�ve supplement pos�t�vely effected of the both 
rheolog�cal propert�es of r�ce-buckwheat dough and bread 
qual�ty. 

Hager and Arendt (2013) stud�ed the effects of d�fferent 
gums such as HPMC and xanthan gum and the�r 
comb�nat�on on GF model systems cons�st�ng of r�ce, ma�ze, 
teff and buckwheat flours us�ng response surface 
methodology. They showed that w�th the add�t�on of HPMC 
and xanthan gum at very low levels contr�buted to �mprove 
bread propert�es, but m�ght also deter�orate loaf qual�ty. 
Moreover, Saban�s and Tz�a (2011) suggested that 1% and 
1.5 % add�t�on of HPMC promoted to �ncrease loaf volume 
and color than control GF bread and also bread conta�n�ng 
1.5% HPMC was preferred by a tra�ned panel for sensory 
evaluat�on. These pos�t�ve �mpacts of HPMC on GF bread 
qual�ty can be expla�ned by because of �ts mo�sture 

absorpt�on ab�l�ty, gas b�nd�ng capac�ty (Houben et al. 2012). 
In another study, McCarthy et al. (2005) opt�m�zed 
formulat�on for GF bread based on r�ce flour conta�n�ng 
d�fferent levels of HPMC (0.5-2.5% flour/starch base) and 
the water levels (70-95% flour/starch base) us�ng response 
surface methodology. They found that the opt�m�zed 
formulat�on was at the level of 2.2% HPMC and 79% water. 
They also determ�ned that the �ncreas�ng water add�t�on 
cons�derably effected on bread qual�ty propert�es and HPMC 
and water showed s�gn�ficant �nteract�ons �n the�r effect on 
crumb gra�n structure. 

Mohammad� et al. (2014) determ�ned the effects of 
xanthan gum and CMC on the development of GF flatbread. 
Evaluat�ng the mo�sture, firmness, elast�c�ty, crumb and 
crust color, sensory evaluat�on, poros�ty appearance, dough, 
bread y�eld and we�ght loss, they reported that the xanthan 
gum showed the best bread qual�ty propert�es as compared to 
all the samples. 

The effects of hydrocollo�d add�t�on on rheolog�cal 
propert�es and breadmak�ng performance of r�ce-buckwheat 
batter at d�fferent water levels have been reported (Peress�n� 
et al. 2011). In the�r study, xanthan gum and propylene glycol 
alg�nate were added to r�ce-buckwheat blend (60:40) at 
levels of 0.5-1.5%. The researchers showed that propylene 
glycol alg�nate prov�ded h�gher qual�ty bread regard�ng 
spec�fic volume, crumb mechan�cal propert�es and crumb 
structure than xanthan gum and also �t gave prom�s�ng results 
for the product�on of h�gh qual�ty to r�ce-buckwheat bread. 

A n o t h e r  h y d r o c o l l o � d  l � k e  S o d � u m 
Carboxymethylcellulose (NaCMC) has been tested for 
rheolog�cal propert�es of GF dough (N�colae et al. 2016). 
They found that the add�t�on of 1% NaCMC was the most 
appropr�ate dose for a good qual�ty GF product comparable 
as structure and volume w�th a standard wheat bread. 
Contrary to common op�n�on, Sc�ar�n� et al. (2012) 
expla�ned that add�t�ves used �n GF bread l�ke emuls�fiers, 
enzymes and hydrocollo�ds d�d not �mprove final bread 
technolog�cal qual�ty and they also showed that the presence 
of add�t�ves �s not essent�al for GF bread product�on. 

Bourekoua et al. (2018) �nvest�gated the effect of agar-
agar, gum arab�c, locust bean gum, tap�oca starch and corn 
starch and the�r comb�nat�ons on the qual�ty of GF bread. GF 
bread was made from r�ce semol�na supplemented w�th field 
bean semol�na and thermal propert�es of add�t�ves and GF 
bread were evaluated us�ng d�fferent�al scann�ng calor�meter 
(DSC). Accord�ng to results, they reported that gum arab�c 
was found to be the best add�t�ve for produc�ng opt�mum GF 
r�ce-based bread (w�th 1.5% of gum arab�c and 71.5 g/100 g 
of water). 

Morreale et al. (2018) stud�ed w�th HPMC to understand 
the role of hydrocollo�ds v�scos�ty and hydrat�on �n 
develop�ng GF bread. They confirmed that the role of the 
HPMC �n effect�ng the v�scoelast�c behav�our of the GF 
batter and �nfluenc�ng the rheology character�st�cs of bread 
by the �nclus�on of a 2.2% of HPMC 15000 cP w�th hydrat�on 
level to 110%. And finally they obta�ned des�rable GF bread 
regard�ng crumb hardness, cohes�veness and res�l�ence. 

Add�t�ves such as emuls�fiers have also been used �n GF 
bread for �mprov�ng bread structure and stal�ng (Houben et 
al. 2012; Selomulyo and Zhou 2007). DATEM �s an�on�c o�l-
�n-water emuls�fiers that are used for �mprov�ng dough and 
bread qual�ty by �mprov�ng m�x�ng tolerance, gas retent�on 
and res�stance of the dough to collapse (Selomulyo and Zhou 
2007).
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Dem�rkesen et al. (2010) conducted stud�es to show the 
effect of d�fferent gums and emuls�fiers on GF bread made 
from r�ce flour. In the�r study, they found that emuls�fiers �n 
add�t�on to gums were necessary to obta�n the des�red 
phys�cal propert�es �n dough formulat�ons. In another study 
by the same researchers, they evaluated that the GF bread 
formulated w�th d�fferent chestnut/r�ce flour rat�o 
w�th/w�thout gum blend and emuls�fier DATEM us�ng 
rheolog�cal, bak�ng and sensory measurements. They found 
that the bread conta�n�ng chestnut/r�ce rat�o 30/70 w�th an 
add�t�on of the blends of xanthan-guar and emuls�fier had the 
best qual�ty parameters. 

Onyango et al. (2009) stud�ed that the effect of cellulose-
der�vat�ves and emuls�fiers on creep-recovery and crumb 
propert�es of GF bread made from sorghum and gelat�n�sed 
cassava starch. At the end of the�r study, they found that 
emuls�fiers strengthened the doughs and decreased crumb 
firmness and stal�ng rate when compared the control. These 
effects were most pronounced at 2.4% w/w fwb 
concentrat�on. S�m�larly, the effects of some emuls�fiers 
such as lec�th�n, DATEM, d�st�lled monoglycer�des or 
sod�um stearoyl lactylate were stud�ed by Nunes et al. 
(2009). It was found from the�r study that emuls�fiers have a 
pos�t�ve effect on the GF bread. For example, they suggested 
that the bread conta�n�ng w�th d�st�lled monoglycer�des at 
h�gh levels the spec�fic volume reached a max�mum 
�mprovement as well as reduc�ng s�gn�ficantly the stal�ng 
rate of the crumb. 

Conclus�ons
The pr�mary focus of th�s rev�ew �s to d�scuss the current 

approaches used to develop the rheolog�cal and  bak�ng 
propert�es of GF bread. Because people suffer�ng from cel�ac 
d�sease cons�sts �n a l�felong GF d�et. W�th th�s a�m d�fferent 
k�nds of add�t�ves such as d�fferent flours, starch, d�etary 
fibre, pseudocereals, hydrocollo�ds, enzymes, d�ary 
�ngred�ents, and emuls�fiers have been commonly used for as 
alternat�ves to gluten and to �mprove the propert�es of GF 
bakery products. They have been used for d�verse purposes 
l�ke to make GF bread w�th good bread qual�ty, sensory and 
nutr�t�onal propert�es ava�lable to consumers w�th cel�ac 
d�sease pat�ents and also to �ncrease the var�ety of these 
products. The obta�ned results have been showed that more 
research �s needed �n th�s area, �n part�cular �mprov�ng 
nutr�t�onal qual�ty and �ncreas�ng var�ety of GF products. 
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