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Changes in Allergenicity of Gliadin in Wheat Flour and

Dough by Physical Treatments

Ji-Hee Kwak

Department of Food Science and Technology, Graduate School,

Pukyong National University

Abstract

Food allergies involve. severely hypersensitive reactions to the
consumption of certain allergic foods. Some foods such as milk,
eggs, fish, peanuts, ‘wheat and seafood commonly induce the
allergic reactions after ingestion. Recently, wheat flour has been
reported as a. causative agent of allergie reactions. Gliadin,
component of gluten, is~known ras ‘a important allergen which
cause allergic reactions to patients who have wheat allergy.
Currently, the best way to reduce the allergenicity is the
elimination diet for the avoidance, but it causes the nutritional
problems. So far, various food processing techniques have been
used to reduce the allergenicity of allergic food. However, the
allergenicity of wheat after physical processing 1s not

well-known. For this purpose, this study was conducted to



investigate the effect of physical treatments on the antigenicity
of gliadin in wheat flour and dough. The wheat flour was
treated with supercritical carbon dioxide (SC-COs) and knead
dough. Then the flour and dough were treated with gamma
irradiation (1, 5, 10, 20 kGy), high hydrostatic pressure (HHP)
(100, 300, 500 MPa, 3 min), autoclave (5, 10, 30, 50 min at
121 °C, 1 atm) and microwave (1, 5, 10 min) and
autoclave/microwave (10, 30, 50 min/5, 10 min). After
treatments, the conformational changes were observed by
SDS-PAGE and the binding ability of anti—gliadin.IgG to gliadin
was examined by Ci—ELISA and immunoblotting. Furthermore,
the binding ability of wheat—allergic patient's serum to gliadin
was measured by Ci—ELISA. The results showed that gamma
irradiation and HHP treatments were not able to decrease the
binding ability. of gliadin in wheat flour and dough. Also, the
microwave treatment didn't effeet the antigenicity of gliadin in
wheat flour and dough although conformational changes were
observed at 14, 27 and 30 kDa in wheat dough. On the other
hand, an important reduction in antigenicity after autoclaving at
121°C over 30 min was observed. When wheat flour was
treated with autoclave after SC-CO: treatment, it showed slight
decrease 1n the binding ability of anti—gliadin IgG to gliadin, and

there was also a little decrease as it treated with SC-COs,

_iv_



autoclave and microwave. In case of SC-CO: treated wheat
dough, it revealed more decreased binding ability as it was
treated with autoclave and microwave than autoclaved.
Especially, it showed the lowest binding ability of wheat flour
(50 min autoclaved and 5 min microwave heated, about 84%)
and dough (the binding ability of gliadin in all samples was
decreased more to below 40%) as treated with SC-COq
autoclave and microwave. In conclusion, the results indicated
that SC-COs, autoclave and microwave treatments on wheat
flour and dough were the most effective method to reduce
antigenicity of gliadin. Therefore, these methods may be useful

for applying to produce hypoallergenic wheat foods.
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o Hla] B]nlZ
2006). wepA AR AEEo] P E dow, wviuiet A A A}
of& <l vEVl= AR FR G arE dovle AFoRe 4
T, Al E, 3R, A, T2 A ol vk deEA

(Food and Agriculture Organization, 1995). $gluvzle] < =7]
A Fe g EAAI R wEE AlSE, S, WY, w3, dT
g, azol, A, A, ALY, Heol B EnpES] 127) A3Fo] g

A

el =2 Y275 fdets o2 ¥e Mt (Korean Food and
Drug Administration; 2011). B3k & 5(2002)2] Aol = gxv}

o Zpol7h AR =2 AR, S, i, HE R "ol 8 5t o4

@A, %0 a5 2 ABEF] FHOE St AT 4
o] nFse] We Mo olof Al 29 FHo= el A HAO
=

o, ¥ 7hE AEol A Sk HlE o] HA Eobxa T olFA |
A

Lo

&9 7k A gEEr] g Fle wsk Skl e
Aotk Ee] Fo U2/ Ao R=fiy AN DFE AT
gt AFEEA AN FE EAE= ARl 'Baker's asthma'dbil 3sf
AAlo] Yol B2l g-amylase inhibitor(20-25 kDa)7} =A% o] ¢l
lutenin®. 2 FA 5o 9+ gluteno] & L E7]

g
5 doy]= o diEz 4#A Jvi(Shon, 2000). Gluten =5

[

g A ZAAsS do 7= gluten @A Yol 94+= gliadine] &
T AYES EAAA YA ST Felvt HE A ES do it

o
=
~

2120 H+= gliadine a-, B-, y- %2 o-gliadin®. = ¥ ojAH, Z]



42 7h BAe] IgES W

17 9J o} (Battais et al., 2005).
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9 2xp8kA| 2 AR8E canti-rabbit IgG  peroxidase antibody
conjugates= SigmaAF(Sigma Chemical Co., St Louis, Mo, USA)9l
X Felate] Apgehalth,

2-1. Ci-ELISAY] A4d =24

Gliadin®] a4 W3E dolr7] 918 Lee 5(1998)9 WHS W
sl Ci-ELISAE A AT 0.2 M bicarbonate coating buffer
(pH 9.6)& o]&3slo gliading 94 Fx= 3A3 5, costar
96-well flat bottom plate(469957; Nunc, Kamstrupvej, Denmark)
9] wellell 100 plLA B3t 4TColA st &<t coating A7

‘—,‘6:—’ H]

J{m

ol H <l W& W] fldf 1% gelatin 4.2 blockingd}3l



t}. 0.01 M PBS(Phosphate buffered saline, pH 7.3)& o] &3l
Qe g 34 FqdH FAE 77 50 uly EFste] vhEA o
ZbzF1:30,0009 Hl&= A" 2x FAE ¥ o OPD(o
-phenylenediamine, Sigma Chemical Co.) &o & HWFAAHTH 1
< 2 M HSO42 wWHES FTAAIA ELISA reader(Model 550,
Bio-rad, CA, USA)¢ 490 nm

A wbg2L 37TAA 243kelw 2 dAZE &2 wettk 0.01 M

sgel ] EREE SAs. 4 @

PBST [phosphate buffered saline containing 0.1% tween 20(v/v)]

gN02 4314 A5k

2-2. Ci—ELISA9] titration curve

Titration curves= ¥ & FHF 13 gA¢e] A 2t A L&
otolr 7] ¢Jate] AAFF ASRE Lee 5(1998)¢] =S ekzk WMy s}

o] g3}t Coating buffer(pH 9.6)= o] 83} 100, 200 ¥ 400
ug/mLE 38Xk x5 AL welld] 23 F,.4ColA 54 over
night AlZTh 71 o 0.01°'M PBS(H 7.3)5 ol &3te] 7t ==
Mg 1A FAE 100 uLA WA olst e HAEL 2-19]

Az FdsHA A=A

2-3. Ci—ELISA9] standard curve
2-13 e ¥Hor FF4YUS coatingrlZl welle]l 0.01 M PBS
(pH 7.3)E o] &3l adLS 2009014 0.195 pg/mL7FA] 3]A sk s

7k 7ko] B|A S wello] 50 plLA 53k F titration curveolr ZAH



H3 A FgFE=z 50 plA EFSGLE ot RE B
Ci-ELISA?] Afx7¥ sdsid d+ g A9 100% 2=
s A 50 pLet 0.01 M PBS 50 pLwS welld] H7bsbgl o
blankZ4] 0.01 M PBS 100 pLE 37}tk

2-4. 283 g

1
Ao AlgH ZAdA F= A+ batch?] extractorE A3} T}

NEQ WIMRE Wl e T, JIANEe] oltsteas W7t
=& SHNA A3IA7) LG8k pumpEolgste] AR 2R U3

1, 5, 10 ¥ 20 kGy9 FF+AHS dx= XA T A4S Algs

4T W e A

A7 9 AWSs 3y AT v 23197](215L-600 ULTRA,

AVURE Technologies Inc., WA, USA)9] processing chamberel] ¥
2 °F 8-10ToA 100, 300, 500 MPa®] A4 o =z zHzt 3%



2-4-5. Microwave # &
THTE A beakero B7FEIH Sl Sle Aldd W WexFH
dul=s ge & =gy 1, 5 2 1087 microwave

(MW-272LB, LG, Seoul, Korea) #&3s}it}. o] u] Alg&3 Fu4=
2,450 MHzol T AZA1Fa=8L 700 Wol Sl o).

2-5. A7}F ur=
A7HEE 100% 71EoR 48%e 9FE AtEglon, AE dFsE

= 1%l 1 5 1083 wbEeiar, w2 o 2 mm Bk o

2-6. Gliadin & ¥4 55534
Leszczynska S(2003)9] =i we} ¥Fstdoz AF83 gliadin
2 =834 A ek AUrEet Ads dakse 40% oeeS 1:1 W&



N0

2 7}sle] 1087 shakingsle] gliading F=38tgth. 1 5 JA1EY
7](Micro 17TR, Hanil Co., Incheon, Korea)E ©¢]-&3}¢ 2,500 x
gl A 1083 e star o ASHS Ago] ARSIt o9

2 =% BCA protein assay kit(Pierce, IL, USA)Z =43 T

S

)

A 2R 3 A ste] Ci-ELISA, SDS-PAGE % immunoblotting®] A}

g3k,

2-7. SDS-PAGE ¥ Native-PAGE
7FEe ek gliading] W3S ol® 7] 98] Laemmli(1970)9]

U S A}8-3}o} 17% separating gel?t 4.5% stacking gelZ A<

e,

SDS-PAGE(sodium dodecyl sulfate peolyacrylamide ge)E& 2 A3+
A 1 mg/ml FEE 3A3s Alme sample buffer(16 mM
tris—HCl; pH 8.0, 6.2 mM EDTA, 31% glycerol, 3.1% SDS) %
2-mercaptoethanols &3k & 2859k 714319t 1 & BPB &
H(0.1% bromophenal blue, 50%  glycerol)S Z}3F & W% & 73}H
A& o A3t} LoadingsF 9} gelS CBB € 9(50% methanol,
10% acetic acid, 0.1% coomassie brilliant blue R-250)2.= 1A%t
FoF GAEta, g (5% methanol, 7% acetic acid)S ©]&3dfo] &
AETE. EFEA% marker®3i protein marker(New England
BioLabs, MA, USAE A3 on, ®Ex3H  standardE B
chain(2.3 kDa), insulin A(3.4 kDa), aprotinin(6.5 kDa),
lysozyme(14.3 kDa), trypsin inhibitor(20 kDa), triosephosphate

isomerase(27 kDa), thioredoxin reductase(34.6 kDa), MBP2(42.7



kDa), glutamic dehydrogenase(55.6 kDa), serum albumin(66.4

kDa), phosphorylase b(97 kDa), B-galactosidase(116 kDa), MBP-

B-galactosidase(158 kDa), myosin(212 kDa)S o|&3}it). w3

Native-PAGEYX 10% running gelS AF&3l3om, SDS9 B

-mercaptoethanol A7} 2 7149 A g HAS A3t SDS-PAGES}
LA P = A

2—8. Immunoblotting

Towbin 5(1979)9 RS Fa1ste] SDS-PAGEe] & #2d o

jud)

M 2S5 methanol-activated  polyvinylidene  difluoride(PVDF)
membrane(Bio—rad, CA, USA)e| 150 mAelA 5412k £k AAA| 7]
S 7} stripS 3% gelatin® &2 1A]7Hs<F blocking AZA Y. 12 &-A)
2 anti-gliadin [gGE 1% gelatine AF&38}e] 128 ug/mlL == 3
A3he] 3A17E 3087 HRg A7l & TBST(tris buffered saline; pH
7.5) Mo g 33 AMASAT. 23F A E anti-rabbit [gGE TBST
2 1:1,0009] HlER BNAIA 1ARE WS AIZL S TBSTZ 33 A%
st %, DAB(3,3'-diaminobenzidine tetrahydrochloride, Sigma
Chemical Co.) €4S 7|22 ALgslo] HAA7] L WHSALEE 3

Attt BE 3o AFo A Lo P E ATt
2-9. AAE

Ae Aol EAAEE SAS  program(Statistical analytical

system V8.2, SAS Institute Inc., Cary, NC, USA)S o|&3}o]

_10_
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1. Ci-ELISA

1-1. Titration curve
hyA

¥+ 9y Agtsl= A anti-gliadin [gGeFe] H & Ag 314

BEE 2] 9jael FUH AR A7 o wER 348

titration curve® IR I A3(Fig. 1), &L 4 200 pg/mL=
Ao B9 64 ng/mL=E A slS o) Z}zke] 3] A @ A
7V kAl wkgsldtk wak B Ao A AL&-3 coating 9]
84 FsEE 200 pg/mLlien, A= 64 ng/mLol ATt

1-2. Standard curve

200 pg/mL 559 39 64 ng/mL 34-5%9] anti-gliadin IgG
= standard curveZ 1% S W, anti—gliadin IsGe} HF-8-35F= gliadin
o] FEE US9 Aoz F& UG

(09756 —y )
0.243

X = e€

ko'
Il

anti—gliadin [gG¢} WH&-3}+= gliadin® &
y = absorbance value
o] w| anti—gliadin IgGe} WHE3sl= gliadin® H4 A= 5% HY
ﬁ

= 0.989 4 31.25 pg/mLol L (Fig. 2), &2 HY+=



Absorbance at 490 nm

Fig. 1.

gliadin

1.0
—— 100 pg/mL
—O— 200 pg/mL
—%— 400 pg/mL

08k ug

06

04

02

0.0 v

128 64 32 16 8 4 2 1 0.5
Dilution of anti-gliadin IgG (ug/mL)

Titration curves of anti—gliadin IgG against different coated

to format analytical condition of Ci—ELISA. Secondary IgG

solution was diluted to 1:30,000 with 0.01 M PBS.

_13_



0.8 I

06

04

Absorbance at 490 nm

OO 1 1 1 1 1 1 1 1 1 1 1
024 048 098 195 3.90 7.82 15.63 31.25 62.5 125 250
Concentration of gliadin (ug/mL)

Fig. 2. Standard curve- of anti—gliadin IgG to gliadin by Ci—-ELISA.
Gliadin was used as a coating antigen. Anti—gliadin 1gG was used
for capturing gliadin. Gliadin was serially diluted from 250 to 0.24

ng/ml.
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2. 224 Ae] ¢ LT @ Wntze] FU4 W3

2
a4 9lol(Winters et al., 1996; Xu et al., 2011), 71 & 97}
HolAar glth. Winters 5(1996)< trypsin, lysozyme, insulin T
deo] mfola 2 &3t AN QA o bstE A FHEH R AME-3)
& ul, dwde] 2z FE7F Weildn B sy, =3 Xu
(2011)¢] Ao ©std 20 MPa, 30-60C9 7 o& ZdA o4t
steba AelE skl w, fFEYEe] 2% 7 Wt dttal &
%

mjH| gk Agoltt, wEbA] ErddoA s dEl2r] dAE A W
WS 2] 98] "7kl 200 bar 60C 5417, 250 bar 60T 5417,
250 bar 60T 12A]7Fe] 7o 2 YA o]rtsterh AHEE 3+ H,
gliading FZ33th. F&5N& o]&3to] gliadind dieh Fd Wst
= Yolr7] 9&] Ci-ELISAE AAlstalth. 7 A3 (Fig. 3), BE A
oAl FAE T 2ol w2 AFHES FAElen, A g
Azbell W zjo]= Holx| kol YA o]ibsteA HEe) e B
A Ay e ofst Aol Wste] dia] Lot axl Qi) bt

It
il

w2



33
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a a a
100 il T T
—~ 80 [
>
>
=
a 60 - _
© £
o A
= € ™
o 40
=
m
20 |
O ‘
200 bar 5 hr 250 bar 5 hr 250 bar 12 hr

Supercritical CO, treartment condtions

Fig. 3. Binding ability of anti—gliadin IgG . to gliadin in wheat
flour treated with supercritical COgz. The binding ability was
measured by Ci—-ELISA. Binding ability=Bt/Bo x 100. Bt; binding
ability of anti—gliadin IgG to gliadin in wheat flour treated with
supercritical COs, Bo; binding ability of anti—gliadin IgG to

gliadin in wheat flour non-treated.
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st ZAvbd By Ao 9
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L

mK

5, 10 ¥ 20 kGy9 A¥o=

IeG

anti—gliadin

gliadin®}
| <ol A3 (Fig. 4, 5),

[

= B
= [}

Ci—ELISA
o} )

mK

Al =
Aok gliadin(EA, 2F 14-50 kDa) @92 3}

110

K

3

ool ] 9

s}

Ho|A &=

=
=

=

S
as

o=

AA

s

AT, 2 A2,

S

A A]

=
=

SDS-PAGE

NI

30 kDa %, HE

ol
=

7HE g 14
20 % 30 kDa < gliadin &9 (band®] 4%=7F ThA ofFal 3o,

=i
=

al

%

o8

band® =H7|%

w2

SN IR T

Aoz Yeti(Fig. 6, 7).

53] 20 kGy A#TolA

3

EdE

Hia

2517 JdrHKwon,-1997).

ok AR ey

ok

B
ojo

mhao] 2 o)

L
=

e

—_
10

T
Mo

o] radicale] @ &S

o] Z}-f radicalsS A

ol

e
gl
!
=
oy

To-

g, ARl 9

T
.

o 2, 3, 47} Fx W3pL Yo}

o} (Lee et al., 2003).

A%

Hl
=

Ak 24 7]

3

o] 2]

—_L
L

_%]
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epitope FI = FAAo] HAHTE AFAATE Bol v
(Shin et al., 2008; Li et al., 2007;, Lee et al., 2001). ¥bd Ziu}A
ALl o3 L3l Aol Sttt AT AR A=,
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Fig. 4. Binding ability of. anti—gliadin IgG to gliadin in wheat
flour treated with ‘supercritical COz and gamma irradiation. The
binding ability was measured by Ci—-ELISA. Binding ability=Bt/Bo
x 100. Bt; binding ability of anti—gliadin [IgG to gliadin in wheat
flour treated with supercritical COs and gamma irradiation, Bo;
binding ability of anti—gliadin IgG to gliadin in wheat flour

non-—treated.
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Fig. 5. Binding ability of anti—gliadin IgG to gliadin in wheat
dough treated with.supercritical COz and gamma irradiation. The
binding ability was measured by Ci—ELISA. Binding ability=Bt/Bo
x 100. Bt; binding ability of anti—gliadin IgG to gliadin in wheat
dough treated with supercritical COs and gamma irradiation, Bo;
binding ability of anti—gliadin IgG to gliadin in wheat dough

non-—treated.
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Fig. 6. SDS-PAGE .__Qﬁ‘h*;&he:’%t_g ?jfl(?;:f-'-:%iextracts treated with
supercritical COy and gamma irradiation. Samples are (*) protein
marker, (1) gliadin, (2) untreated, (3) supercritical CO, treated,

(4) 1 kGy, (5) 5 kGy, (6) 10 kGy, (7) 20 kGy.
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Fig. 7. SDS-PAGE- of wheat dough  extracts treated with
supercritical COy and gamma irradiation. Samples are (*) protein
marker, (1) gluten, (2) gliadin, (3) untreated, (4) supercritical
COs treated, (5) 1 kGy, (6) 5 kGy, (7) 10 kGy, (8) 20 kGy.
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ol & 297 gl AS & & Atk =3 29t A ¥
745 2 WlnkEe] gliadin(EAHE, oF 14-50 kDa) @l d W3lsS o}
w7] 98] SDS-PAGEE AAIg Ax(Fig. 10, 11), B7Fel 500
MPao.& 219t Has9S uwl, oF 14 kDa -+ whl @ o] #7]7} <F

b Aaskal, o9 gliadin W ESE AT vlalste 2 A

|

o5 Ho|x gkqtt), T WHkFe] Ao HAAHoRE FA <}
Hlwsto] & 2ol 7} YERA] gk}, o]Ake] A¥E Fs] 100, 300
2 500 MPa9] =3¢t A= @7k 9 ddk=o] 3 sl 2

£318 molX %t AT & 4 9tk
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Fig. 8. Binding ability of. anti—gliadin IgG to gliadin in wheat
flour treated “with supercritical COz and high hydrostatic
pressure(HHP). The binding ability was measured by Ci—ELISA.
Binding ability=Bt/Bo x 100. Bt; binding ability of anti—-gliadin
IgG to gliadin in wheat flour treated with supercritical CO2 and
HHP, Bo; binding ability of anti—gliadin IgG to gliadin in wheat

flour non-treated.
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Fig. 9. Binding ability of. anti—gliadin IgG to gliadin in wheat
dough treated - with supercritical COgs .and high hydrostatic
pressure(HHP). The binding ability was measured by Ci-ELISA.
Binding ability=Bt/Bo x 100. Bt; binding ability of anti-gliadin
IgG to gliadin in wheat flour treated with supercritical COs2 and
HHP, Bo; binding ability of anti—gliadin IgG to gliadin in wheat

dough non-treated.
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Fig. 10. SDS-PAGE. of wheat flour extracts treated with
supercritical COg and- high hydrostatic pressure(HHP). Samples
are () protein marker, (1) gliadin, (2) untreated, (3)
supercritical CO» treated, (4) 100 MPa, (5) 300 MPa, (6) 500
MPa.
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(*3 1 %) 3} 4 5 f 7

Fig. 11. SDS-PAGE..of wheat dough ext_r_acts treated with
supercritical COg and. high hydrostati(; '.pre.ssure(HHP). Samples
are (*) protein marker, (1) gluten, (2) gliadin, (3) untreated, (4)
supercritical CO» treated, (5) 100 MPa, (6) 300 MPa, (7) 500
MPa.
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71 A3 (Fig. 12), E7H#9] A5, 7F47t
7} anti-gliadin 1gG A2t AF=o] thi Aste ¢S Helu
53] 50 HEFNA F 89%°] ZAztHS HlTh WWFe] A9
(Fig. 13), & Ag7rollA Ao deteo] 40% oletz 7Aaskad
o, 77k 308 AHEA 14% L2 7P 9o A S Btk
T3 UhSrE AHEe "@rbE 9 "hkse]  gliadin(EAME,  oF
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07150l )3k SDS-PAGE A3}(Fig. 14), 2947 o]Atsletas A g
& A9 FAE T vkl F Aol 7F JAA T TFUE S Be A
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k5ol -, EA e "hkselA wuldE B
3B4H1 mAb, anti gliadin serum¥} gliadin¥}2] ZAgEo] ¥y 2%
7F Fotda s wolA = AE¥dS UEATh o2id Rk gliadin®
gAA Tas dAER Q3 gliadin %< 7
stoll ojg Axetar shaich

StH | a-, B-, y-gliadine 35S 2o] sf3taL A2, thioredoxin
A2 A% S-SAY AR gliadin®] FAA ] FaEATH= AT7F
HaEo] tf(Waga et al., 2008). gt do] S-SAFL 312 2]
Moty 7= sl Schofield  5(1983)d-. <lstd  EAHZ &
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b
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¥

rE

el A (Shimada et al.; 1988), % @& (Shimada et al., 1989) %
Bovine Serum Albumin(Steinrauf et al., 1958) oA 7I4 gl el
o3 disulfide bond7} Wt ATIAL Hiiskar gty wahbd 2 A9
ANA= 7 A A AL gliadin S A o] S-SA% WstE s 3
dol thAa Had Ao = stk
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Fig. 12. Binding ability of anti—gliadin IgG to gliadin in wheat
flour treated with “supercritical CO; and autoclave. The binding
ability was measured-by Ci—ELISA. Binding ability=Bt/Bo x 100.
Bt; binding ability of anti—gliadin IgG to gliadin in wheat flour
treated with supercritical CO2 and autoclave. Bo; binding ability

of anti—gliadin IgG to gliadin in wheat flour non-treated.
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Fig. 13. Binding ability of anti—gliadin IgG to gliadin in wheat
dough treated with supercritical CO2 and autoclave. The binding
ability was measured-by Ci—ELISA. Binding ability=Bt/Bo x 100.
Bt; binding ability of anti—gliadin IgG to gliadin in wheat dough
treated with supercritical CO2 and autoclave. Bo; binding ability

of anti—gliadin IgG to gliadin in wheat dough non-treated.
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Fig. 14. SDS-PAGE._ of ~wheat flour extracts treated with
supercritical COz and autoclave. Samples are (x) protein marker,
(1) gliadin, (2) untreated, (3) supercritical CO2 treated, (4) 5
min, (5) 10 min, (6) 30 min, (7) 50 min.
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Fig. 15. SDS-PA ﬂo%heﬁcl—licg!l I racts treated with
supercritical COz and autocigxg. Szrglz)les are (¥) protein marker,
(1) gluten, (2) gliadin, (3) untreated, (4) supercritical COg2

treated, (5) 5 min, (6) 10 min, (7) 30 min, (8) 50 min.
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microwave A2 7olA gliadin® A ete] A o] FAe]7-9 vl
A A frAEel F94 Fhdde F a2t fle AR YEET
(Fig. 16, 17).
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LER A 2 Skt

Microwaves WA ZAF=AS) €5 =9 71 7] wZl
AEe 28, Ax, e 2 JFEel 2y ol & Utk AFoly &
< microwavegd S5381H, 55E AUA= AEF Fo Eolu &
A 245 S ATl o2 AREEY A=Al o)

ol A2 vy A =o] 7tEdde] dojdth(Mullin, 1995). o] gt
A et ALY FEF] wep vwEe] Fxx wWslshA Hl.
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<9 StYZE microwaveE AFE3}al Atk Venkatachalam &(2002)
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Fig. 16. Binding ability of anti—gliadin IgG to gliadin in wheat
flour treated with supercritical COz and microwave. The binding
ability was measured-by Ci—ELISA. Binding ability=Bt/Bo x 100.
Bt; binding ability of anti—gliadin IgG to gliadin in wheat flour
treated with supercritical COs and microwave. Bo; binding ability

of anti—gliadin IgG to gliadin in wheat flour non-treated.
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Fig. 17. Binding ability eof anti—gliadin [IgG to gliadin in wheat
dough treated with supercritical COz and microwave. The
binding ability was measured by Ci—ELISA. Binding ability=Bt/Bo
x 100. Bt; binding ability of anti—gliadin IgG to gliadin in wheat
dough treated with supercritical COs and microwave. Bo; binding

ability of anti—gliadin IgG to gliadin in wheat dough non-treated.
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Fig. 18. SDS-PAGE of ‘wheaf | flour - extracts treated with
supercritical COz and microwave. Samples are (%) protein
marker, (1) gliadin, (2) untreated, (3) supercritical CO, treated,
(4) 1 min, (5) 5 min, (6) 10 min.
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Fig. 19. SDS-PAGE of wheat dough extracts treated with
supercritical COz; and microwave. Samples are (*) protein

marker, (1) gluten, (2) gliadin, (3) untreated, (4) supercritical
COg treated, (5) 1 min, (6) 5 min, (7) 10 min.

_42_



2-6. A o]ttt a, 7MY tE E microwave HWE Ao 9

I
rd
=2
rlr

F7HA o] =8 WS WE AsiAd =94, 3
A s W Aeste] A wiste dis] A A7 By
I AJHKim et al.,, 2002; Izquierdo et al, 2008; Grar et al.,
2009; Bonomia et al., 2000). we}A B Ao = FvpA, 319t
7F47FE B microwave 2] Foll gliadin® €4 a4 B @uld

o] W37t #FE 7Y 3 microwaveE W A gd F YA

o
b}

o
5
(@]
=
o
2
V)
<
D
i
S
k)
ol
9
(07
)
4
Ny
:Ll
2
0Q
[\l
&
)
D
}—l
2,
<
h
=

100%21 Aol vl °F 4% AEZ srdAo] 7HAHE AL Fels9th
ZAA olrtstErA AHE gk UVLFEE o] &35lo] HEES & 7itrtE I
microwaveE W3 AHEsglS w, & ATk

]
HS Bgow E3 7Iotrtd 308, microwave 5% AHE Al ¢F 10%

microwave Al7Fo] &S u] ¢ ¥ ZAHES WOl Aow YET

H
ok 14-50 kDa A}o]9] gliadin @22 W3S <o}

i)
N
-
o
i
12
o\

_43_



H7] 918 SDS-PAGE A#H(Fig. 22, a), 7F47bd A Azke] F7}
g5 @A band7h WA R ofstEglon, 53] Thtd = 50
B AR S w @A band7t 7P Bol AAEH
kDaol #l@gsts whulde 7hehrtd 10+ 2 308 A ol E W
7F sl e, 50 A7 Tl Al bande] &7
Ci-ELISA®} SDS-PAGE 23}, ¢F 35 kDa F-++9] w1 pande] 7
=7b ksl xS wl, ELISACA &gkl Ageo] ramo F A3
ANR7E dA 8= A BT w0 A9 7HSH7FE ¥ microwave
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% immunoblottingS AAlSIA T, LIkF-2 9, gliadin @9z =
°F 35 kDadll efgstz ©Ejdo]l Ao ol = [gGet Whgdte] o
WA F2RS7 gliadin®] AR ®ske & IS 75
#Eh(Fig, 22, b). =3k Wk59] (A5, °F 35 kDa 79| @ EE
25 2259 “immunoblottingd| = dA| 9} AgslA] e o=
HItH(Fig. 23, b).
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Al ol TREAA dio] FajE o=

(Fig. 25), A&7t vl =4A olitstetad Ao e 74
ol & Fio @A band® HE7F FaFlom, TitE =
microwave A 2]TolAe Tiido] pEE A eIty WA S 2 A
ol ofa} Eaprteolo] A, A A& ol 9ske] polymer ¥ Ej
2 FFo] doyr|e 3, S-SZAF so FHZ 3 FIAHIE
3ltH(Restani et al., 2004; Schofield et al., 1983). wa}A H A7

A3}, 77 3} microwaveS GE5A 07 A ujgto 7 guwzgo] B
o] YehbAl FUAY THE &Fo] HA F& AR d4d
=3

oo A#E FTFAME w, /T H =

microwave | W3 X g]Alo] < 35 kDa®] ©wAo] IS o}
gliadin®] Aol vk Ao ASHY, NHel dFo= 7447}
A3 microwaveE AHoldte AS-HTE W3 Ay ¥=9] gliadin 3

A4 7rzol OS5 B ALSE Selshlrt,
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Fig. 20. Binding ability~of anti— to gliadin in ‘wheat flour
treated with supercritical COg, 'autoclave.-and microwave. The
binding ability was measured by Ci—-ELISA. Binding ability=Bt/Bo
x 100. Bt; binding ability of anti—gliadin [IgG to gliadin in wheat
flour treated with supercritical COg autoclave and microwave.
Bo; binding ability of anti—gliadin IgG to gliadin in wheat flour

non-—treated.
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Fig. 21. Binding ability of anti- to gliadin in ‘wheat dough
treated with supercritical. COz, autoclave and microwave. The
binding ability was measured by Ci—ELISA. Binding ability=Bt/Bo
x 100. Bt; binding ability of anti—gliadin IgG to gliadin in wheat
dough treated with supercritical COg autoclave and microwave.
Bo; binding ability of anti—gliadin IgG to gliadin in wheat dough

non-—treated.
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extracts i . iti autoclave and
microwave. Samples are (*) protein marker, (1) gliadin, (2)
untreated, (3) supercritical COgz treated, (4) 10+5 min, (5) 30+5
min, (6) 50+5 min, (7) 10+ 10 min, (8) 30+ 10 min, (9) 50+ 10

min.
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kDa

f wheat dough
autoclave and
microwave. Samples are (*) protein marker, (1) gluten, (2)
gliadin, (3) untreated, (4) supercritical COy treated, (5) 10+5
min, (6) 30+5 min, (7) 50+5 min, (8 10+ 10 min, (9) 30+ 10
min, (10) 50+ 10 min.

_49_



Fig. 24. Native acts treated with

supercritical COg, Samples are (1)
gliadin, (2) untreated, (3) supercritical CO. treated, (4) 10+5
min, (5) 30+5 min, (6) 50+5 min, (7) 10+10 min, (8) 30+ 10

min, (9) 50+ 10 min.
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Fig. 25. Nati e—P@m ; treated with
supercritical COsq, }1}0 e o . Samples are (1)
gluten, (2) gliadin, (3) untreated, (4) supercritical COgy treated,
(5) 10+5 min, (6) 30+5 min, (7) 50+ 5 min, (8) 10+ 10 min, (9)

30+ 10 min, (10) 50+ 10 min.
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