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Abstract Gliadin and glutenins comprising the prolamins

of gluten present in wheat flour are well recognized for

allergic properties. There are four kinds of symptoms of

adverse reactions to wheat flour: celiac disease, Baker’s

asthma, atopic dermatitis and food-dependent-exercise-

induced anaphylaxis. Studies have shown that wheat flour

becomes hypoallergenic by hydrolyzing peptide bonds near

the essential proline residues of the epitope structure.

Present study was framed with the main objective to

develop modified gluten flours by various bio-processing

methods and to study their rheological, biochemical and

immunological characteristics. T. durum semolina was

incubated with proteolytic enzymes such as pepsin, pan-

creatin and protease for 4, 6, 8, 10 h and overnight. Sim-

ilarly, the semolina flour was treated thermally using

microwave heating at different wavelength such as 360,

540, 720, 960 W. Apart from this, non-gluten blend was

prepared by blending semolina with 40% of non-gluten

flours. The resultant samples were subjected to different

biochemical and immunochemical studies. Microstructure

and Rheological characteristics are also studied. Results

revealed affected microstructure of gluten matrix and

rheological properties of the microwave- and enzyme-

treated flour. The electrophoresis pattern of pepsin-treated

flour showed decrease in the intensity of protein bands

corresponding to allergen profile than control. The flour

treated with protease also showed distinct bands than

control. The electrophoresis pattern of non-gluten blends

also showed decrease in the intensity of the bands

corresponding to allergens. Immunochemical studies con-

firm the use of proteolytic enzymes is efficient method for

reducing wheat allergens.

Keywords Wheat allergen � Dot-Blot � Electrophoresis �
Microstructure � Pasta � Rheology

Introduction

Food allergies and other food sensitivities are individual-

istic adverse reactions to foods [1]. Food intolerance is

used to describe non-toxic, non-immune-mediated reac-

tions, and food allergy relates to immunological reactions

[2]. Adverse food reactions can include IgE and non-IgE-

mediated primary immunological sensitivities, non-immu-

nological food intolerances and secondary sensitivities.

These various types of reactions are often considered col-

lectively as food allergies. The components of food that

elicit these abnormal immune responses are typically nat-

urally occurring proteins in the foods. Studies on the

prevalence of food allergy have shown that the clinical

manifestations of food reactions are most commonly

observed in the first 3 years of life. In prospective studies,

in 80–87 situations, a child once proven reactive to a food

can be shown to clinically tolerate that food by 3 years of

age. Wheat allergy is most frequent in children and infants,

wheat being one among six most commonly implicated

allergen [3].

Food allergic reactions to wheat can give way to an

array of clinical manifestations that can be immediate or

delayed [3]. There are at least four kinds of symptoms of

adverse reactions to wheat flour: celiac disease, Baker’s

asthma, atopic dermatitis and food-dependent-exercise-

induced anaphylaxis [4]. Celiac disease or gluten-sensitive
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enteropathy is a permanent condition of wheat of gluten

intolerance in children and adults [2]. Baker’s asthma is a

typical occupational allergic disease caused by the inha-

lation of wheat flour and is a serious problem in the food

industries [5]. IgE-mediated reactions to wheat have been

demonstrated as early as the beginning of the twentieth

century for ‘‘Baker’s asthma’’ [3]. Baker’s asthma is

atypical occupational allergic disease caused by the inha-

lation of wheat flour, which is a serious problem in the food

industries.

The major grain storage proteins in wheat are alcohol-

soluble prolamines. In wheat, the polyamines comprise

the major components of gluten. The amino acid

sequences of individual prolamins fall into three groups

namely sulfur-rich (S-rich), sulfur-poor (S-poor) and high

molecular weight (HMG) prolamins [6]. a-amylase

inhibitor and gliadin are identified as allergens occurring

in wheat. Tanabe et al. found that glutenin was allergenic

for most patients allergic to wheat and also have eluci-

dated a Gln–Gln–Gln–Pro–Pro motif as the IgE-binding

epitope structure [7, 8]. Based on the above-described

epitope structure, Gln–Xaa–Xaa–Pro–Pro, it was assumed

that wheat flour becomes hypoallergenic by hydrolysis of

peptide bonds near the essential proline residues of the

epitope [4]. With the above idea, using the food-usable

enzymes with high activity to hydrolyze peptide bonds

near proline residues and also having less amylase activity

to minimize the development of sweetness, Watanabe

et al. [9] proposed a novel method for producing hypo-

allergenic wheat flour. Bromelain and actinase were

selected for the purpose. The team also proposed methods

for the preparation of different wheat-based products such

as hypoallergenic bread, pasta like noodles. It is also

reported that hypoallergenic flour could be prepared by

washing the soluble allergenic fraction of the wheat flour

[10]. Leszczynska et al. [11] studied the effect of

microwave heating on the immunoreactivity of gliadin

and wheat flour and found that microwave heating of food

could not be applied for the elimination of allergic

properties of wheat gliadins.

Pasta a traditional food product has become more pop-

ular among the consumers for its handling, cooking and

storage properties. Among cereal products, pasta possesses

unique nutritional features. It is considered as slowly

digestible food, hence promoting low plasma glucose

response. The annual per capita consumption of pasta

varies among the countries around the world. Italy had the

highest consumption at 28.3 kg/person/year. Ireland had

the lowest at 1.0 kg/person/year, and the quantity of pasta

sold in the United States was [404 million kg in 1998.

All modifications by different processing methods to

wheat flour can affect the biochemical characteristics and

rheological behavior of the dough, which influences the

product quality. The first objective of the present work was

to develop modified gluten flours with different bio-pro-

cessing methods with the aim of producing pasta for wheat

allergic patients. The second objective was to study the

immunochemical, biochemical and rheological character-

istics of the modified gluten flours.

Materials and methodology

Raw materials

Triticum durum semolina and other non-wheat flours such

as maize oats and sorghum flours were procured from local

market. Gliadin was procured from Sigma chemicals, USA.

Molecular marker for SDS-PAGE, Anti-rabbit IgG-ALP,

BCIP/NBT (5-bromo-4-chloro-3-indoyl phosphate/nitro

blue tetra-Zolium) and para-Nitrophenylphosphate were

procured from Bangalore Genie, India. All other chemicals

used were of analytical grade.

Methodology

Enzyme treatment: T. durum semolina was treated with

0.5% pepsin and pancreatin in combination and also with

0.5% protease (from Aspergillus orizae) according to the

method of Tanabe et al. [12]. Pepsin and pancreatin (from

porcine pancreas) were dissolved in 30% water and incu-

bated at 37 �C for 2, 4, 6, 8, 10 h and overnight. Similarly,

0.5% protease was dissolved in 30% water and incubated

for 2, 4, 6, 8, and 24 h. The mixture was then freezed at

-20 �C and then freeze-dried. Freeze-dried samples were

powdered and used for further analysis.

Thermal treatment: With the idea that microwave heating

may produce conformational and chemical changes in the

gliadin structure that have important consequences on

immunoreactivity of the wheat flour. Semolina samples

(each 500 g) were heated using microwave at 360, 540,

720 and 900 W for 5 min, cooled and used for analysis.

Non-gluten blend: Non-gluten blend was prepared by

replacing 40% of the durum flour by other non-wheat

cereal flours such as Maize, Sorghum and Oats flour.

Biochemical characterization—electrophoresis

Different flour samples treated with different methods

along with T durum semolina flour were analyzed by

Electrophoresis. SDS-PAGE was carried out as per the

method adopted by Prabhasankar [13]. Twelve percent of

acrylamide gel was used to separate the protein fractions of

the modified gluten flour. Gels were stained with coo-

massie brilliant blue R250.
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Immunochemical characterization

Production of polyclonal antibodies

Immunization of rabbit with gliadin was carried out according

to the previously published reports (Prabhasankar [13]).

Dot-Blot analysis

Dot-Blot analysis was carried out according to the method

described in Prabhasankar [13]. The 2.0 mg of treated flour

was extracted with 70% ethanol, and 4 lL of extract

(10 lg) was spotted on NCP (sigma chemicals, USA)

followed by blocking with 2% gelatin in PBS-T (phos-

phate-buffered saline, pH 7.4 containing 0.05% Tween)

followed by treating with anti-gliadin antibodies. Then, the

blot was washed with PBS-T and then treated with anti-

rabbit IgG-ALP conjugate. Finally, the blot was treated

with BCIP/NBT substrate.

Enzyme-linked immunosorbent assay (ELISA)

Flour samples were extracted with buffer containing 6%

1 M Tris–HCl, 50% Glycerol and 20% SDS, and the

allergenicity of the extract was tested by ELISA. Microtiter

plates were coated with 200 lL of flour sample extracts

(10 lg of protein/well) and incubated overnight at 4 �C.

Sites in the wells were saturated by incubating 200 lL of

0.5% gelatin in PBS buffer containing 0.05% Tween-20 at

37 �C for 2 h. IgG, obtained from Anti sera of New Zealand

white rabbit immunized with gliadin, were used at the

dilution of 1:8,000 as primary antibody. This was incubated

at 37 �C for 2 h followed by the incubation of Goat Anti-

rabbit IgG ALP conjugate, at 37 �C for 2 h. The wells were

washed between each addition with PBS buffer containing

0.05% Tween-20. Color development was carried out using

substrate pNPP in diethanolamine buffer (1 mg/mL). The

OD value was read at 450-nm filter using an ELISA reader.

Dough physical characterization

Rheological characteristics

Pasting characters of all the flour samples treated with dif-

ferent methods were studied using Brabender-visco-amylo-

graph (Brabender OHG, Duisburg, Germany), following the

AACC methods, and Farinograph was determined by AACC

method 54-21 [14].

Microstructural characterization

The modified gluten flour samples were scanned under

scanning electron microscope according to the method

described in Prabhasankar et al. [15]. The samples were

mounted on the specimen holder and sputter-coated with

gold. Then, each sample was transferred to electron

microscope (LEO 435 VP, USA) and observed under

5,0009 magnification.

Results and discussions

The preparation of modified gluten flour was carried out

with two different methods along with one non-gluten

blend preparation. In first trial, the flour was incubated with

proteolytic enzymes such as pepsin in combination with

pancreatin and with protease (each 0.5%) for different

duration. These enzymes are used because of their low cost

and effective proteolysing activity. The resulted mixture

was freeze-dried and powdered. Color of the enzyme-

treated flour was not affected than control flour. Moisture

content of the flour was decreased to 7.70%, whereas

protein content was not affected.

In the second method, the flour was heated using

microwave oven at 540, 720 and 900 W for 5 min. This was

cooled and packed immediately to avoid the moisture

absorption. Hence, the moisture content fell down to 4.28%.

Protein content of this flour remained same as control flour.

Similarly, to prepare non-gluten blends, 40% of wheat

flour was replaced by non-gluten flours like sorghum, maize

and oats. The blend was mixed thoroughly to get the uniform

distribution. The moisture content of the blend was 8.5%,

whereas the control flour contained 9.32% of moisture. The

protein content (10.03%) of the flour was not affected by the

addition of gluten when compared with control (10.83%).

Rheological properties

Pasting characteristics

The Fig. 1 and Table 1 show the amylographic character-

istics of the flours treated with different methods. The

results indicated that the gelatinization temperature of the

blends with the non-gluten flours decreased to 75.5 �C than

the control, which has 80.9 �C. But the gelatinization

temperature of the microwave-treated and enzyme-treated

sample was increased to 82.6 and 85.2 �C, respectively.

Non-gluten blend showed the increase in maximum vis-

cosity 604–640 BU, hot paste viscosity from 497 to

633 BU and cold paste viscosity from 1,047 to 1,066 BU

compared to control. Also, breakdown and setback values

were higher than the control. This corroborates well with

the findings of Indrani et al. They report the early onset of

initial viscosity of wheat starch in the presence of other

starch from different grains. They also reported that there

was an increase in the viscosity of starch and multigrain
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system upon heating from 30 to 95 �C, which was caused

by the amylose and low molecular weight amylopectin

promoting the formation of polymer complexes. Increase in

the cold paste viscosity, which represents the cooked paste

after cooling, indicates a strong tendency for the retrogra-

dation of starch molecules. Similarly, increased breakdown

values represent the resistance of starch granules to thermal

treatment and mechanical shearing [16]. The maximum

peak viscosity of the microwave-treated flour was

decreased to 370 than the control flour, indicating the

considerable damage to starch with the degradation of its

macromolecules, due to microwave heating. Similarly, hot

paste viscosity and cold paste viscosity, breakdown and

setback values were decreased than the control. The flour

treated with enzyme also followed the similar trend of

decrease in maximum viscosity than the control. Hot paste,

cold paste setback and breakdown values also were

decreased than the control, indicating the damage of starch

and protein molecules by enzymatic degradation. Amylo-

graphic results suggested that modifications occurred by

enzymatic and microwave treatment greatly affected past-

ing characteristics of wheat flour, which is one of the main

rheological characteristics that influence the product qual-

ity especially cooking quality of pasta.

Farinograph characteristics

Figure 2 and Table 2 show the farinograph results of the

different samples. Figure 2c shows the graph of non-gluten

blends. Results indicate the increased percentage of water

absorption from 61.1 to 62.6% compared with that of con-

trol flour (Fig. 2d). Similarly, the dough development time

was increased from 4.5 to 8.0 min. This could be due to

delay in hydration and gluten network formation due to the

presence of starches and fiber particles coming from the

non-gluten flours added in the blend. Indrani et al. [16] also

reported the increase in water absorption and dough

development time with the use of multigrains in the prep-

aration of bread. Bahnassey and Khan also found the higher

water absorption when supplemented semolina with legume

flours or their protein concentrates. They also observed

higher dough development time and stability for blends

containing bean flours [17]. Microwave-treated sample as

shown in the Fig. 3b indicates the very high water absorp-

tion of 71.9% and the dough development time of 20 min.

This could be due to the denaturation of the gluten proteins

by microwave heating affects the gluten network formation

even at higher water absorption rate. Similarly, the Fig. 3a

shows the graph of enzyme-treated flour. It showed very

low water absorption of 45.2% but the dough development

time of 19.9 min. This clearly shows the degradation of

gluten network by enzyme treatment, that made flour very

week and unable to form complete dough even after 19 min.

Since gluten network was affected, water absorption rate

was decreased due to its inability to hold water between

gluten matrixes. It is evident from the results that the water

absorption rate of dough development was much affected

by microwave heating and enzymatic treatment when

compared with blend of non-gluten flours.

Rheological studies suggests that pasting and farino-

graph characteristics were much affected by enzyme

treatment and by microwave heating, which makes the

flour unsuitable to use as such in the preparation of wheat-

based products. Non-gluten blends showed better rheo-

logical characteristics compared to microwave- and

enzyme-treated flour, suggesting its suitability in product

preparation. Since aim of the study is to reduce allergen-

icity without affecting the product quality, study suggests

that microwave-treated flour and non-gluten blends require

further processing to reduce antigenic property of flour.

The ELISA results confirm that use of proteolytic enzymes

is very efficient method for reducing wheat allergens.

NGB

ET

MTControl

Fig. 1 Pasting characteristics of different flours. NGB non-gluten

blends, ET enzyme treated and MT microwave treated

Table 1 Pasting characteristics of modified flours

Samples Beginning of gelatinization

temperature (�C)

Maximum

viscosity (BU)

Hot paste

viscosity (BU)

Cold paste

viscosity (BU)

Breakdown

(BU)

Setback

(BU)

Control 80.90 ± 0.04 604 ± 0.05 497 ± 0.04 1,047 ± 0.01 1 ± 0.01 429 ± 0.06

Non-gluten blends 75.50 ± 0.00 640 ± 0.10 633 ± 0.01 1,066 ± 0.05 110 ± 0.04 530 ± 0.01

Microwave treated 82.60 ± 0.01 370 ± 0.04 242 ± 0.00 708 ± 0.04 0 ± 0.00 332 ± 0.04

Enzyme treated 85.20 ± 0.04 449 ± 0.06 449 ± 0.00 661 ± 0.05 126 ± 0.01 335 ± 0.02
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Fig. 2 Farinographs of the different flours. a Enzyme-treated flour, b microwave-treated flour, c non-gluten blends, d control flour

Table 2 Farinograph

characteristics of modified flour
Dough development

time (min)

Stability

(min)

Water

absorption (%)

Mixing tolerance

index (FU)

Control 4.5 ± 0.02 6.0 ± 0.05 61.1 ± 0.10 27 ± 0.05

Non-gluten blends 8.0 ± 0.05 5.9 ± 0.10 62.6 ± 0.02 39 ± 0.07

Microwave treated 20 ± 0.03 7.4 ± 0.04 71.9 ± 0.05 456 ± 0.01

Enzyme treated 19.9 ± 0.02 10.4 ± 0.04 45.2 ± 0.04 428 ± 0.05

b

c d

a

P

S

Fig. 3 Microstructure of the

flours. a Control flour,

b enzyme-treated flour,

c microwave-treated flour,

d non-gluten blends
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Validation of modified gluten flours

Biochemical characterization

Earlier studies by Watanabe et al. and Tanabe et al. [12]

have shown that enzymes which have the ability to

hydrolyze the peptide bonds near proline residues in IgE-

binding epitope structure can make wheat flour hypoaller-

genic. They used bromelain, actinase and protease for this

purpose. With this idea, we selected protease along with

pepsin and pancreatin, which are low of cost and effective

when used in combination. Figure 4 shows the SDS-PAGE

pattern of the flours with different treatment. The lane G

and H shows the protein profile of pepsin- and pancreatin-

treated flour. In this pattern, bands corresponding to

43 kDa were seen when compared to control flour as

shown in the lane C and other high molecular bands were

not visible. This could be due to high molecular weight

proteins were converted to low peptides. The present study

observation was corroborated with the results of Tanabe

et al. [12], where they have reported that by treating wheat

flour with bromelain, most of the wheat proteins converts

to low molecular peptides of nearly 20–40 kDa, which

were considered to be non-allergenic peptides. The lane I

shows the similar pattern of protein profile of protease-

treated flour and confirms the conversion of wheat proteins

to low molecular weight peptides. Watanabe et al. [18] also

reported that actinase-treated product contained low

molecular weight of proteinacious components, but colla-

genase- and transglutaminase-treated products retained

high molecular weight proteins. The lane E and F shows

the flour treated with microwave heating at 720 and 900 W,

respectively. The protein profile was not much distinct

when compared to control, showing the less efficiency of

microwave heating in reducing the allergenicity. The lane

D shows the low gluten flour prepared by blending 40% of

non-gluten cereal flours. The protein profile showed intense

bands corresponding to allergen profile than the control.

Immunochemical characterization

The Fig. 5 shows the Dot-blot pattern of all flours with

different treatment. The spot B shows control flour. The

spots E and F show the pepsin with pancreatin- and pro-

tease-treated flour. The colors developed in these were less

intense, showing less immunoreactivity against IgG. The

spot shows the non-gluten blend with less intensity of color

developed, but the spot D, which is microwave-treated

flour, shows the similar kind of color development com-

pared to control flour as shown in the spot B. This supports

the data of SDS-PAGE pattern confirming the less aller-

genicity of enzyme-treated flours. Zorzi et al. have studied

the allergenicity of durum wheat proteins after in vitro

digestion using pepsin and pancreatin as influenced by

pasta drying temperature. In this study, immunoblotting

analysis with polyclonal antibody reveals that antibody

recognized the same bands in all the undigested pasta

samples confirming the heat resistance of some compo-

nents of the wheat prolamines. The same protein fractions

were immune-detected after pepsin digestion, but after

pancreatin digestion, the binding of the antibody was no

longer detectable. Hence, they reported that prolamines

that are recognized by the antibody although showing

pepsin resistance were degraded by pancreatin to fragments

with the molecular weight so low as to allow them to run

off the electrophoresis gel [19]. Pasini et al. also observed

similar kind of results during in vitro digestion of bread

dough, crumb and crust. They observed that during pepsin

treatment of bread dough, the HMW prolamins were rap-

idly converted into smaller number of bands with Mr

Values between 66 and 31 kDa, which tended to disappear

after the addition of pancreatin. Similar results were

observed for the bread after baking [20]. Leszczynska et al.

studied the effect of microwave treatment on the immu-

noreactivity of gliadin by immunoblotting method. They

reported that immune response decreased in comparison

with the level at the maximum energy and for the energy of

90 kJ the immunoreactivity of microwave-treated gliadins

fell down to the level comparable with that of the untreated

[11]. The data also supported by ELISA pattern, and the

205kDa

97.4kDa

66kDa

43kDa

HMG

LMG

Gliadin

+

_

A B C D E F G H I

Fig. 4 SDS-PAGE pattern of hypoallergenic flours. A molecular

marker, B gliadin, C control flour, D non-gluten blends, E microwave-

treated 720 W and F 900 W, G flour treated with pancreatin and

pepsin, H and I ET with protease enzyme

A B C D E F

Fig. 5 Dot-Blot pattern of the different flours. A Gliadin, B control

flour, C non-gluten blends, D microwave treated, E and F ET with

combination of enzymes
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Fig. 6 shows the ELISA pattern of allergens extracted from

flours with different treatment. The graph reveals that flour

treated with enzyme (protease) showed less immunoreac-

tivity against IgG, which was negligible, whereas the

antigenic property of flour treated with microwave heating

and flour with non-gluten blends was not much signifi-

cantly reduced compared to control flour. Watanabe et al.

also reported less ELISA values in flour treated with

collagenase and transglutaminase. And they confirmed that

wheat flour can be made hypoallergenic when treated with

enzymes like actinase, collagenase and transglutaminase

[18]. Leszczynska et al. have also studied the immunore-

activity of microwave-treated gliadins and wheat flour by

ELISA. They observed immunoreactivity at lower doses

of applied energy. But at the level of 500 W, there was

drop in reactivity of gliadins for 2 min and reactivity

reached the level of untreated sample after 3 min expo-

sition [11].

Results of the immunological studies (Dot-Blot, ELISA)

reveals that the proteolytic enzymes such as pepsin in

combination with pancreatin and protease are effective in

reducing the antigenic property of wheat flour compared to

microwave treated and blend with non-gluten flours. This

was supported by SDS-PAGE pattern as it shows the dis-

tinct bands corresponding to allergen profile than the

control flour. SDS-PAGE pattern of the blend with non-

gluten flours showed decrease in the intensity of allergen

profile, whereas microwave-treated flour showed not much

decrease in the intensity and distinct allergen profile,

requiring further processing.

Ultrastructure of hypoallergenic wheat flours

Figure 3a, d shows the images of control flour and blend

with non-gluten flours. The micrographs highlight the

importance of continuous protein network in the entrap-

ment of starch and good cooking quality. Indrani et al.

reported that increase in the level of incorporation of

multigrain mixture in the preparation of bread interrupts

the continuity of the matrix. They also observed thin pro-

tein matrix owing to the disruption of continuity because of

higher level of incorporation of the multigrain mixture.

Ryu studied the influence of additives on preparation of

waxy barley and wheat flour bread. SEM images of bread

demonstrated non-continuous, loose protein–starch matrix,

where in starch granules were dispersed. But more con-

tinuous structure was observed in the dough made with

barley flour along with additives like hydroxypropylmethyl

cellulose [21]. Findings of Prabhasankar et al. [15] supports

the data by reporting that incorporation of seaweed beyond

2.5% level disturbs the microstructure of pasta. The Fig. 3c

shows the images of microwave-treated flour. The image

clearly indicates the denature of gluten proteins by

microwave heating when compared to control that is sup-

ported by rheological studies. Similarly, the microstructure

of enzyme-treated flour (Fig. 3b) also shows the much

affected gluten matrix, which explains the inability to form

dough. Image of the enzyme-treated flour clearly shows the

digested protein components that affected the formation of

gluten network, during dough development that supports

the rheological data of decreased water absorption and

inability to form dough even after 19 min of mixing.

Ultrastructure of the enzyme-treated flour which showed

much disturbed and digested protein matrix also showed

less immune reactivity. Similarly, microwave-treated flour

did not show significant reduction in the immunoreactivity

than the control, and also not much affected gluten matrix

in the ultrastructure study. The non-gluten blends also

behaved in the similar way, which showed not much sig-

nificant reduction in the immune reactivity and also not

much change in the ultrastructure.

Conclusions

The present study represents an attempt to compare the

effectiveness of different processing methods in reducing

allergenicity of the wheat flour and their effect on the

rheological and microstructure characteristics. Since the

proteolytic enzyme treatment and also microwave heating

affects the rheological characteristics, the flour as such is

not suitable for end-product development. Further modifi-

cation and addition of additives may improve the quality

and makes the flour suitable for products. Further combi-

nation of thermal and enzymatic treatment may result in

better hypoallergenic or low-gluten wheat flour than that of

the individual methods. This also provides suitable flour to

use in the preparation of wheat-based hypoallergenic or

modified gluten products suitable for the consumption by

wheat allergenic or celiac disease patients.

Fig. 6 ELISA pattern of hypoallergenic flours. NGB Non-gluten

blends, ET enzyme treated and MT microwave treated
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