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Conventional and emerging methods effective on improving the
quality of gluten-free products

Conventional Methods _ Emerging Methods
e — OO .55 ] ..............
2 Physical treatments
Proteins Hydrocolloids Sour dough Engymes |
!
Non-thermal Thermal
treatments {reatments
1 1
Particle size Dry-heating
High pressure Heat-moisture
Cold plasma Microwave
Extrusion

Infrared

Fig 1 Conventional and emerging methods effective
on improving the quality of gluten-free products

sk OY grome CulS 55 slrol -
S

lex.ﬁuuz” -\-Y

s 5IS 5o 03951V -Y

ol e 3 Ladl o s el g S5 50m
Dokt SV oamen Zig 3 I8 5 Ol 4 Wl s
0> Jsdome sln s Lo S o0n 50 ealinal (508
B P A P P s L R R e
[V ] asd e oM laer 5l S Ol et
P05 03 SS 5 edoas ol d Olpe 4 Ll audflS 5 5ue
ALS anes an 53 0l o 1) A 5IS 5 e L5 s esliz]
adoz 5l o pad gluadb s b5 S plend s
5Ol ol s (0 Jels alS b
OB 5 i ke BLLS Sledd ol sl (Y QLSS
Shse (S 5 8 oo Lile alS DLyl 5 (7

otk 5 28 o S P Sl e le Lokl
ﬂl..w B JYS S Cy\__.,al LQL_AA.:..A:L....__»" 5 g Lsalio (O

Voo

G 05k gl S pame A5 Sl Sl e 55 (S
Olis e gblpe alox 5105, 515 eslinal 55
035 Lls e ois my VL oS VU ldis 230l (i )l8
sl VL Olin 5 (5355 wel Sladel 5 o sladnd
Sleedd S5 bl ad 5 ol LS s [A] b e Sdae
slasyl cimen 5 Ly Lo SUBL o a8l b )
Olpe 4 5Dy 5 OS50k (S0 sl dslulS 5ot ags
2ol el i b s o gl sl s 3l
R e NP LU TR P, PRSP PO
Lil e OLLS (sl s Salida s S o Fage Laazulis
5 Sasby S il et sl bl ool U
Lol sy b s aalis aoyls e olg CokS
S e bl SLS an pdu s sl le G e S Gl
(S g 3 Bdes (ol 518 0o glaanalis
pdS i Yoo A Jle 51 [AT Wsd e g LIS 5 3
Ghls Laazalis ol .l 5 50 510 L3 58 5508 O
(0S5 53 6,5 ko o) S8 5kl s 51 S 5,18
o Sl Bl e e SUL Ohle ST gl 5
Qs V3 AT ol Sl s el S5 glaaali
Sl s oS5 bl 5 ol a5 5 S ks,
o ool glawalis sl o WOl 35 4 jamis placd
3ol L s S e Bl bt lasles Lo s
s Sl Al e s Lt g b slaanall
[A] K oslanal o150 OV pemme 3L 53 ol Chlaal
s dsle Glagsls 5 os e addlae ol 5 s
ol Al e 5508 O slaes sl 5 kS Sl g
Sla s dbails 5 Lages 5l eslinal Jold a2,
5 S e 5 Lol sl sl dile (055585 5
2 ol s ol sl bld g sla s
s JKS 0 S il e S Dk DY s WS
Laol 4 Juade 5 4 (e aalsl 3 5 ol o Ol 4D

1. Plantin



kS B G s s Jaline Glas sls (55 5

el Ogn 5 ol e Lo

il B SKS Gl jatlh ek e Olpe OB
B Sladisad o Sl orn SRS o O pas 2l
%303 0L gl Gozman i dald £sad 4 Sl (IS
Cogby bl oLl Fo—e ol ladipal Lk b
L1250 e 5 dald 4 ged dn ol 5 03 (S RN
S 5 eV oz V0] Wiy 5 (5 2 ) ke
03d K8 2 GBS 5 0Ll rews Sl s L (YN 0)
b jrane ol 51 eslizal Ll OLES 3 5 3,1 5ok g 58
5ol i JalS (S e s b Rl o e
5P DV LS S b S cosbs (g5 115
s L s 5l eslizaltis S 3055 (Y4171) O Kes
e S 05 S 05N sn b o sl s ey
Wby e Pl et At S s
35S IVT el ods Jyams o 2y 5 JolsS
53 0Ll & A amls (YVA) o,
P IS B S C P L PR VR g pen Joge!
(lbdas Rl comr e oS 5 0 aelld 23
PSS et Al 5 (SeS Sl 5 635 e

Sl ol el 5 Cush) iaman 43S S8 6l

o )\ ool

3 Sl Rl S e el S OB pee 51
wlice ez By OB e Ao 3 ¥ (g3l OV s 6
OLSen 5 sds DAT @l 1 paS 151 Jols (S8
Ha S 5s LU feo 5 0LS1 fees 5L (Y19)
33 atalis Sleld a8 O 0L plerd 5G5S
Aol 3 axdllas 3550 1y W8l sk cne) o azulis
o 42li Ly OB e S5 ol oy S
0L (Bl Slhopa s 5 5 o RIB e S
OseeV g0 3 4 LU oo 035580 555003 gl ol Ll s S
oo 0333 (B b 3l s Bl el o i 51>
il gsl 58 050 06 OV se 3 3 LB 5 Ol
O aa s cnl ool Bdd e |y elin s )3
ot S5 Sleo st i slS e S0 L S 0Ly
52 eslinl 5 anali @ ol Ol 4 IS 05 0L

(Y12) OLLSn 5 pomwls VAT il s O gV g

Vol

Dl e Al e SIS i LS Sla IS e
5 sl el i gl olis
S5 P S Jan Sk Kb oty
G5 0S5 e 5 S e 5 S e
55 (Y5) oS Loz 5 (OLl3) oy Koo Lo L (6 5

L;.JJ)J:A 4&@}.\5}).&.& u_.»“g“_»).) JJ}JLs_A oslaul

bad 5 5lS 5 s

1 eslizal o 2 OB fes OF 3 day 5 Ik Jie Jus
O3 e agh 53 il (58 sy Y peames U503
SV s Sy sl gl Al aaS IS 5 08 (o )18
b S Cdl e b Rl 55l s
Jos e S Ll e oalial 45 Sy s ol
lad s g Ly o8 ol €50l a3 a3 flS 550
Eoel g ols L2alS |y Laol jLasl 5 arils SSeh ol
5 5 DLl iagar IA] 55 e s (L
s a s OF s J o Ll = S 5S
A5 s eSS sl pee QST slad iS5 0s
Al 5 s ol an el Dbl sl ol 3T
e s IS 5w cilsn iy 4 4 Ol slad 5S04
Ly JsSse 005 (Gl glail b 5lilps s
23 O OLLSen 5 5 o [N ] Jln bu g oo
oesat 4 IS 5 0kl Glaias Lals OLES mliiiagy
ol a5l csby (sl sedle oS 5l s
S S5 25 5 gy sy (SRS (o pasis o
S5 eds g 508 0L S miw halS 5
5l DY wus B0k s SO b N§U~‘“
0Ll oo 5 0555 g 351 035381 bl > (VW4E) OllSen
N GT L3I R S Pu R UERENCUP P I
DYl eas S sl o5 e oo Ll
T A Dak K L5 0y (7)) LIS 5 s s
303 Sl i bl 1S 5 Ol e S 5 sl
J 58 40 0 S (5508 amalid 4l S als ST
OBl g A (YV) OLs 5 ool s D8] A3l s
5 3,150 3T L el dse b o 4lS L S s

oo Rl L sdal ey il b sl 3 e



YYaA )JT AR 092 Aio)u

bl LS e @ TS O S OV pe
5 ot bl S e 515 L el s 4
e bl 8l Ll S s Ol ke 0058
Eom2 5 ied gl S (gl ladisai a5 sl 0L 5
352 2 St S e Sl ald & pes 4 s QLIS
L sl olis (174 0LLSan 5 o3l wloe [TV 105 5
Ol gn O3 fos 5 (e gl s 0,81 S ealic
sl ol [TY] i opp ) ol S ks
Lo i el Sl eslizad disls 0LE3 (1¥47) 0 an
Sl e alS o pase e 1S el
LS 5 b [YV] S 3 sl by opilS osu
Ol s 0 bS5 23551 03 5,0 bl 5 (YY)
A S eslinal ol g s Cidine lalaed w4 iy
Aoy Ve 5 05l a5l deeys A L e ag slagdla
ALl 1y JS S 0 e g e o A (5 0 BLS
LS g iy T s 0SS S eslinal e
5 il [YE] 4 Ladpd ool ColB 2058l 5 i
Eoel iy olets sl eslizad L5 S 0l (YY) ol
S8 b e Al 5 o gt o s 5
53 (YY) dle 5 65 [Y0] cnl olis S o508 05
53 38 ol en i O o lnS eslinal s,
52 A3l A s 250 L S Dok (S5 OV
W3 e el e 5301 oS 5 S iy ol
5 g Dl g 0 Sl 5 b eslinad 0 5 085 5
Gt e e el Al e 53 5 1S s
il s e Rl L sl OLis s s S
GeS a5 kb O3 s PSS e s alis
P o 5 S Oy (e 3L S (S8 50
G e )8 5 o (Dda s S S s 5 I
e e 31 Sl bl ceats s bl
L s Ve s s Ol mlcS dsps Vo Lt

DT 35 Lls 1) e 5y Olge o SYL

VoV

Slopas 1 CSBE1 5 el pee G605 SR
@l S 05k KIS e s bt S5
o Lnras ol 5l slisd 38 0y 5 sl plonil [ 5
Soomn 5 S e Gl g et an 3 Sy Rl
VO (55l wsm ekl s gl Gl 3 S SIS osb,
e SIS o o33 VO 5 b res Ao

LYo Tsm Lls by e G5y

Uacyetig g 035580 —¥Y-1—¥
Sbeasslp 5 53 S ool e Sl ootz
s g A ST s oS il e SIS O
oalitl Jsmmme 53 (i dis S50l GRIB 5 SIS wlis
A o3 ealinl 55 SlanS s ade IS s
Aile Sl slanetis o35S Ol slmes sl
ALS Slaots g s fr o35 sl 5 st
OB o Gty Al e Sl 5 L s L
Cl 5 S e b STy a3l s ags
Slaitis g daxr 51 OLEE 50 508 05k &Y paes
S 4 3B 5 3l g Gl gl gl oS ol
I3 IS s g ol Lot g A3l e
e O Sl Vb Sl 4 s s s e
23 5 f e o SlanSs ol L O Jlasl b b
3o S Sl Usie a8 D sleeny sl
i Sla g Sl (S Gl S o 13 eslind
Laol (50 ol Cdlad s 4y 48 Wil o § mess
5 b oS sbl (S eias 1555 ele Olge & L5
53358 13 el 35 5m 635518 53 olin S0 S sy
250 i b G8sn sl b5 Lsw 3T LS s o
L Y wals] Ol slls o8 26,8 o )3 ealind
3 e Sk e e I3 S G b Sl s Al
PSS e S L3S 0 s o 515
LS5 glp s esls g8 J5 IS oS wil e Sl Sos

35 O e 50l

0Ly o [A] Kb s el ul i

5315 0 fa 3 o plaly oS (OFAY) 011



kS B G s s Jaline Glas sls (55 5

e O 5 Gl e Lo

Table 1 Traditional methods used to improve the quality of gluten-free products

Conventional methods

Results

Reference

Hydrocolloids

Use of xanthan gum and guar gum in
rice cake formulation

Use of xanthan gum and guar gum in
formulation of sorghum cake

The effect of adding sorghum flour
and xanthan gum on gluten-free cake
formulation based on rice flour

Using xanthan gum and tragacanth in
gluten-free cake made from rice flour

Use of xanthan gum, whey protein and
inulin in gluten free cake formulation

Use of xanthan gum in gluten-free
cookie formulation derived from corn
flour, corn starch, rice starch and
potatoes

The effect of xanthan gum and tara
gum on the physicochemical properties
of gluten-free bread made from corn
starch and potato starch

Application of Persian gum and
tragacanth on physicochemical and
sensory properties of gluten-free cake
based on rice flour and kinoa

Decreased stiffness, weight loss and enthalpy
of starch regression
Increased moisture, specific volume, porosity,
Reduced tissue stiffness
improve sensory properties
Increased specific volume, porosity
Reduced tissue stiffness,

Increased the porosity and volume of the cake,
decreased the firmness of the cake and
increased the moisture content of the cake
during storage
Increased the viscosity of the batter
Increased moisture content, porosity and
sensory acceptance of the product

Increased brightness, stiffness, crispness,
thickness, moisture, and water activity
Decreased the spread ability factor

Combining Xanthan Gum with Potato Starch:
Increased the Size and Improving the Textural
Characteristics of Bread
Combining Xanthan and Tara Gum with Corn
Starch: Increased the Size and Improved the
Textural Characteristics of Bread

Increased the dough viscosity
Increased the volume, porosity and moisture
content of the cake

Sumnu et al. (2010)

Naghipoor et al.
(2013)

Khatami et al. (2015)

Hojjatoleslami et al.
(2015)

Herranz et al. (2016)

Gul et al. (2018)

Vidaurre et al. (2019)

Ghasemi et al. (2019)

Proteins

Effect of sweet almond meal and
xanthan gum on gluten free rice cake
formulation
Application of Mixed Millet Flour and
Whey Protein Concentrate to different
Ratios in Maffeine Preparation

The Effect of Using Sweet Almond
Protein Concentrate and Xanthan Gum
on Rice Cake Quality
Use of soy protein isolate in rice cake
formulation
Use of Whey Protein in Gluten Free
Cake Formulation

Use of whey concentrate with sucrose
in gluten-free cookie formulation
based on sweet potato, corn, sorghum
and rice

Increased the viscosity of the batter
Increased moisture content, volume, porosity
and sensory acceptability of the product

Increased the volume and porosity
Increased the elasticity of the specimens,
decreased tissue hardness

Increased specific volume
Decreased tissue stiffness
Increased moisture content during shelf life

Increased the specific volume
Reduced the firmness of the cake texture
Increased prosity, specific volume and
decreased firmness of cake texture
Increased cookie thickness and firmness
Weight loss, diameter and extensibility
coefficient
Increased crude protein and fiber
Reduced carbohydrate, fat and calorie content

Sufian et al. (2013)

Jyotsna et al. (2016)

Abbaszadeh et al.
(2017)

Talebi et al. (2017)

Yildiz et al. (2017)

Giri etal. (2019)
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Table 2 Biotechnological methods used to improve the quality of gluten-free products

Biotechnological methods

Results

Reference

Enzymes

Use of transglutaminase enzyme with
three protein sources of whey powder,
soy flour and egg powder in gluten
free bread formulation

Effect of guar gum and microbial
transglutaminase on the
physicochemical properties of gluten-
free sponge cake and sponge cake

Application of Protease Enzyme in
Rice-Based Gluten-Free Bread
Formulation
Application of Pomegranate Seed
Powder and Transglutaminase Enzyme
in Gluten Free Cake Formulation

The Effect of Transglutaminase and
Protease on Gluten-Free Bread Based
on Kinova

Transglutaminase along with whey
protein and egg protein had a greater
effect on bread quality than soy protein,
such as increased volume, porosity,
water uptake capacity, decreased
firmness and increased sensory
acceptance.

Increasedthe volume and porosity of the
cake
Increased moisture content during shelf
life
Reduced cake firmness

Increased volume, porosity
Decreased firmness of bread texture and
speed of staling process

Reduced weight loss
Increasing moisture content

Increased volume and porosity
Reduced stiffness and reduce stale bread
Creation of bitter-tasting peptides and
darkened of brain color and bread crust
by the protease enzyme

Moore et al. (2006)

Mehrabanshandi
(2012)

Kawamura et al.
(2013)

Saeidi et al. (2018)

Romano et al.
(2018)

Sourdough

Use of Lactobacillus plantarum and
Lactobacillus parallimentarius species
in Amaranth based gluten-free bread
formulation

Application of three species of
Lactobacillus plantarum, Lactobacillus
paralimentarius and Vesellakibaria in
dough from Buckwheat and Teff flour
Use of Lactobacillus amylurus as
starter in gluten-free bread formulation
Application of Sourdough and
Saccharomyces cerevisiae on the
characteristics of gluten-free bread
Application of Lactobacillus species in
the formulation of millet bread and
buckwheat bread

Improved the viscosity and elasticity of
the dough
Improved the structure and texture of
bread and rheological properties similar
to wheat dough

increased in the consistency of the and
resulted pulp network

Reduced stiffness
Increased bread volume and shelf life
Increased specific volume, porosity,

softness, moisture content and shelf life

Increased volume, porosity
Reduced the firmness of bread texture

Huben et al. (2010)

Moroni et al.

(2011)

Alex at al. (2015)

Cappa et al. (2016)

Bender et al.
(2018)
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Table 3 Modern Thermal Methods Used to Improve the Quality of Gluten-Free Products

Thermal methods Results Reference
Dry-heating
Reduced of tissue stiffnesa and Specific
The effect of heat treated pea flour weight loss KarimiAbdulmaliki

on gluten free cake formulation
based on rice flour

The effect of dry heat treatment of
sorghum flour on the quality of
gluten free cake and bread
The effects of heat treatment
process on the rheological
properties of cake and bread

Increased the volume and porosity of the
tissue
Increased the viscosity of the dough
Increased specific volume, porosity and
overall acceptability

Increased viscosity and strength and firmness
of dough

et al. (2016)

Mareston et al.
(2016)

Bucsella et al.
(2016)

Heat-moisture

The Effect of Heat-Moisturized
Raw and Treated Brown Rice on
the Texture and Baking Quality of
Noodles Containing Wheat Flour
Mixture and Germinated Brown
Rice

Use of Steamed Rice, Sorghum,
Finger Millet and Pearl Seeds in
Printed Formulation

Use of white rice flour, brown rice,
germinated brown rice as a
substitute for wheat flour in cookie
making

The Effect of Heat-Moisture
Treatment on Millet Cake Quality

Application of heat-moisture
treatment of brown rice flour in
gluten-free cake formulation
Effect of Heat-Moisture Treatment
of Ordinary Millet Grain on Rice
Millet and Cake Storage

The Effect of Heat-Moisture
Treatment of Common Millet Seed
on Flour and Cookie
Characteristics

Reduced the stiffness and tensile strength of
the noodles
Increased baking and water absorption

Improved the consistency and integrity of the
dough
Improved texture

Reduced tissue stiffness, moisture
Increased the spread factor

Reduced the specific weight of the batter
Increased the consistency of the batter
Increased the softness and volume of the cake

Decreased brightness and decreasing firmness
of cake texture

Reduced baking loss
Increased the texture, volume, porosity and
moisture content of the cake during storage

Increased water storage capacity and
decreased millet oil absorption capacity
Reduced baking loss, water activity and

cookie stiffness
Increased the spread ability of the samples
and darkened the color of the cookies

Chung et al. (2011)

Vidya et al. (2013)

Chung et al. (2014)

Fathi et al. (2016)

Kim et al. (2017)

Mohajerkhorasani
(2019)

Karami et al. (2019)

Vo
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Extrusion

The effect of adding extruded rice
flour on gluten-free cake

Effect of replacement of rice flour
with extruded rice flour on gluten-
free bread formulation

Use of extruded bean flour in
glutenfree cake formulations

Effect of Millet Flour Extrusion on
Gluten-Free Cake Quality

Effect of Extruded Sorghum Flour
and Xanthan Gum and Almonds on
Gluten-Free Cookies

Improved volume and porosity
Reduced texture hardness
Increased sensory acceptance

Increased the consistency of bread dough
Improved bread volume and porosity

Increased water absorption capacity and water
solubility
Increased sensory acceptance
Increased degree of gelatinization
Reduced special gravity and increasing the
consistency of the dough
Decreased firmness and increasing moisture
content of cake crumb
Reduced cookie tissue stiffness
Increased in expandability, porosity, and shell
thickness

Jeong et al. (2013)

Martinez et al.
(2014)

Gomez et al. (2015)

Fathi et al. (2016)

Hassanpoor et al.
(2017)

Microwave

Effect of microwave radiation on
physicochemical and structural
properties of cereal starch (wheat,
maize and waxy maize)
Changes in rice starch during
microwave treatment
Influence of microwave heat
treatment on starch properties of
waxy and non-waxy rice

Effect of microwave treatment on
physicochemical properties of
potato starch granules

Effect of microwave radiation on
physicochemical properties of corn
flour

The effect of microwave treatment
of rice flour gluten-free bread

Changed the gelatinization range to higher
temperatures
Decreased in their solubility and crystallinity

Increased starch content by increased
microwave temperature and power

Increased viscosity failure in non-waxy starch
Reduced viscosity in waxy starch

Destruction of morphology and crystal
structure
Changed in the rheological properties of
starch
Increased the amount of swollen starch
granules, increased the viscosity of flour
Changed in starch crystal structure and
formation of amylose-lipid complex

Increased the specific volume of bread
Increased nutritional value and sensory

Lewandowicz et al.
(2000)

Pinkrova et al.
(2003)

Anderson et al.
(2006)

Xie et al. (2013)

Roman et al. (2015)

Perez et al. (2017)

characteristics
Application of Microwave-Treated Increased poro(silty andhc all; .rfnmsture content Mohaierkh .
Millet Grain Flour in Cake  curng shelt 11ie ohajerkuorasant
. Reduced weight loss and firmness of cake (2018)
Formulation
texture
Infrared
Effect of infrared heat treatment on Increased the amount of digestible starch
A . . Deepa et al. (2013)
corn flour Inactivation of peroxidase and lipase
Infrared Heat Process of Corn Decreased phe;nol.lc compoul}ds Zilic et al. (2013)
Flour Increased antioxidant capacity

The effect of infrared treatment on
sorghum flour storage
The effect of using infrared-treated
corn flour on pasta quality

Inactivated of lipase and decreased in free
fatty acid content during storage
Increased stiffness
Improved color and structure

Swaminatan et al.
(2015)

Deepa et al. (2017)
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Table 4 Modern non-thermal methods used to improve the quality of gluten-free products

Non-thermal treatments

Results

Reference

Particle size

Influence of particle size of bean
flour on quality of gluten-free batter
and cake

Influence of particle size of rice
flour on gluten free cake
characteristics

Use of sorghum flour with smaller
particle size in gluten-free bread
formulations
Use of corn flour with smaller
particles in gluten-free cookie
formulation

With reducing the size of rice bran
particles:
Increased the volume, reduced the firmness
and make the cake more refined

With reducing the particle size of rice
flour:

Increased amount of damaged starch, water
binding capacity and flour brightness
Increased the dough viscosity and volume
and porosity of the cake
Reduced the firmness of the cake texture
Increased volume, porosity and water
absorption
Reduced the firmness of bread texture
Increased water absorption, volume and
firmness of cookie tissue
Decreased expandability factor of cookie

Majzoobi et al.
(2013)

Kim and Shin (2014)

Trappey et al. (2014)

Belorio et al. (2019)

Cold plasma

The effect of cold plasma treatment
on physicochemical and microbial
properties of brown rice grain
Treatment of semi-cooked rice flour
by cold plasma method

Reduced the germicidal barrier
Increased amylose activity and water
absorption rate of grains

Improved the hydration properties
Increased gelatinization temperature
Increased amylose leakage and terminal

Lee et al. (2016)

Sarangapani et al.
(2016)

The effect of cold plasma on rice viscosity Thirumdas et al.
starch Reduced the gelatinization temperature of (2017)
starch
High-pressure
Application of high pressure treated Improved quality

sorghum flour in gluten-free bread
formulation

Influence of High Pressure
Treatment on Yield of Oat Bread

The effect of high pressure
treatment on different gluten-free
flours

Decreased the staling

Increased the volume and improve the
texture of bread
Decreased the staling

Improved functional features such as water
absorption

Vallons et al. (2010)

Hiittner et al. (2010)

Vallons et al. (2011)
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Today, with the increasing population of celiac patients worldwide, producing and improving the
quality of gluten-free products for celiac patients is one of the major challenges in the food industry.
Celiac disease is a type of autoimmune gastrointestinal disease caused by intolerance to gluten protein
and currently, the only way to treat it is to use a gluten-free diet. Removing gluten from bakery
product formulations is accompanied by serious technological problems in product production that
ultimately results in poor quality, poor mouthfeel and taste in the product. Therefore, due to the
importance of this protein in creating a suitable texture and appearance of the product, finding a
suitable alternative to gluten or technologies capable of compensating gluten in the formulation is
always one of the biggest technological challenges in producing gluten free products. So, researchers
and producers are trying to find a suitable processing method to promote gluten-free products and
produce products of similar quality to wheat flour products. The aim of this study was to review
different process technologies to improve the quality of gluten-free products. These process
technologies include the use of conventional methods such as gums and proteins, biotechnological
methods such as application of enzymes and sourdough and emerging technologies including thermal
and non-thermal treatments in producing gluten-free products.
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