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Changes in Allergenicity of Wheat Gliadin and Quality

Characteristics of Wheat Products by Physical Treatments

Jung—Soo Choi

Department of Food Science and Technology, Graduate School,

Pukyong National University

Abstract

The prevalence of food allergy to wheat has increased over the past 10
years among children as well as adults. Food allergy to wheat induces
various clinical symptoms. Atopic dermatitis with or' without asthma, occurs
mainly in children and urticaria and wheat—-dependent exercise—induced
anaphylaxis is most commonly found in adults. Major allergens were found
among gliadins and LMW-glutenin-subunits-das well as water—salt soluble
proteins. Currently, the effective way to reduce the allergenicity is the diet
elimination for the avoidance, but it causes the nutritional problems. To date,
various food processing techniques have been used to reduce the
allergenicity of allergic foods. However, the effect of physical processing on
allergenicity of wheat is not well known. The aim of our investigation is to
verify the influence of different physical treatments (high hydrostatic
pressure (HHP), gamma irradiation, microwave, autoclave, and autoclave in

combination with microwave) applied to wheat flour (strong, medium, and



soft), wheat dough (strong, medium, and soft) and wheat products (bread,
noodle, and cookie) on immunological reaction of gliadin proteins and quality
characteristics of wheat products. Furthermore, the changes in secondary
structure of gliadin proteins by the physical treatments were presented.
The HHP, gamma irradiation, and microwave were not able to decrease the
binding ability of gliadin in the strong, medium, soft wheat flours and dough.
When the strong, medium and soft flours were treated with autoclave at 50
min, three flours showed the lowest binding ability of 87%, 68%, and 82%,
respectively. In the autoclave in combination with microwave treatment, the
binding ability tended to decrease with increasing autoclaving time, but,
when three flours were treated with microwave for 5 min, the binding ability
decreased more than for 10 min. The three flours treated with autoclave (50
min)/microwave (5 min) showed the lowest binding ability. of 89%, 73% and
93%. When the strong, medium and soft dough were treated with autoclave,
the strong and medium dough showed the lowest binding ability of gliadin of
35% and 76%, respectively, at 30 min, and the binding ability of gliadin in
soft dough was 33% at 50. min. In the autoclave in combination with
microwave treatment, the binding ability of gliadin in the strong and medium
dough was 21% and 33%, respectively, at autoclave 50 min/microwave 10
min and the binding ability of gliadin in the soft dough was 26% at autoclave
50 min/microwave 5 min. When bread, cookie, boiled noodle were made by
dough treated with autoclave or microwave, in case of autoclave in
combination with microwave, the three products showed the lowest binding
ability of 15% (30 min/1 min), 61% (30 min/1 min), and 27% (50 min/1 min),
respectively, while the bread, cookie, and noodle made by flour treated with
autoclave or autoclave/microwave showed high binding abilities of gliadin to

IgG. The binding ability of bread, cookie, and boiled noodle to patient’s

Vi



serum was decreased to 56%, 54% and 58%, respectively, when three
products were treated with autoclave in combination with microwave. In the
results of Immunoblotting, IgG and patient’s serum reacted strongly with the
30-35 kDa band of gliadin proteins in the untreated dough and three
products, while IgG and patient’s serum did not react with gliadin proteins
when dough and three products were treated with autoclave in combination
with microwave. The changes in secondary structure of gliadin by autoclave,
microwave and autoclave in combination with microwave were measured.
Increase of autoclave, microwave and autoclave/microwave treatment time
shifted the negative maximum CD (mdeg) values into lower wavelength. It
indicates the increase-of random coil structure of.the protein. Especially, in
case of the autoclave in combination with microwave treatment, its structure
was severely disrupted, resulting in the decrease in allergenicity of gliadin in
wheat products. When /bread and noodle were made by flour or dough
treated with autoclave in combination with microwave, the pH, moisture
content and color 'did not differ from untreated products, but, the moisture
content of cookie made by dough treated with autoclave increased. In the
results of texture,. hardness, gumminess, cheéwiness and shear force
increased at breads- made by flour and dough treated with physical
treatments, noodle made by dough treated with physical treatments and
cookie baked made by dough treated with autoclave/microwave. In the
results of sensory evaluation, in the case of autoclave in combination with
microwave treatment, texture, inner shape, color and total preference of
bread and cookie scored low. These results are used from totally different
texture compared to existing products. Therefore, if improvement measures
against these problems are made, this physical processing is effective for

development of hypoallergenic wheat products.
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FEvete] AE dd27] S 5-38% Eettta ®HagEdl ¢l e v (Han
et al., 1997), AAAH 2= AA A+ 1-5%7}F 4
grth(Kanny et al., 2001). ol#1& AFdd 27 49 2 ~Ed 2~ F71¢)
o] A5 o mE A5 T/ vudst 2 A2 7] AE=
s A dHEr|o A= Frhstal e FAlolv

1984y wl=r dy27] H2A 9 W93 (American Association of Allergy
Asthma and Immunology, AAAAD®St =3¢ e =27] 79 A4 (National
Institute of Allergy-and Infectious Diseases, NIAID)ol| A += xS0 5 2=
2715 “2Fd g HF2-&(adverse reaction to food)” 2.2 A3t 2F
el 27] = Immunoglobulin E(IgE)S] ®jze] &3t WA ¥1-23 non-IgE #i 7|
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2 AFE¥ anti-rabbit IgG peroxidase antibody conjugates= SigmaAl(Sigma
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antibody peroxidase= KPLAMKirkegaard & Perry Laboratories, Inc.
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Table 1. Proximate composition of wheat flour

Moisture (%) Ash (%) Protein (%)
Strong flour No.1
(USA, Canada) 13.9 0.419 12.21
Medium flour No.1
(USA) 13.5 0.400 9.40
Soft flour No.1 13.5 0.410 847

(USA)




2. Y

2.1. Competitive indirect enzyme linked immunosorbent assay (Ci-

ELISA)S] Ad=x74

Gliadine] &¥A WstE dolr 7] 93] Lee 5(1998)9 W& wWsle] Ci-
ELISAE 2 A8kttt 0.2 M bicarbonate coating buffer (pH 9.6)& ©]-83}]

gliading 944 HE= 343 H, costar 96-well flat bottom plate(469957;
Nunc, Kamstrupvej, Denmark)2] welloll 100 plL® 53}t 4Tl A 5wt
Eob coating A7 F, HEo]AH<el wkES vyl Y& 1% gelatin NO =
blockingd}$t}h. 0.01 M PBS(Phosphate buffered saline, pH 7.3)& ©]-&3}%]
IgG+= 64 png/mL s== -FAEH L 1164 HERE 3|X st A3 FAS 7
Z} 50 plLA #F35ke] Wb A ZTE 22 - AE(anti-rabbit 1gG: 1:30,000, anti-
human IgE: 1:500) ¥2 t}S OPD(o-phenylenediamine, Sigma Chemical Co.)
gooz AMAZHY. 15 2 M H,S02 9HsS FAAAH ELISA reader
(Model 550, Bio-rad, CA, USA)2] 490 nm F-ZoA SH=E A &
A wbefe 37CeA 24171 7 ' ZE & wieid 0.01 M PBST
[phosphate buffered saline containing 0.1% tween 20(v/v)]& N o2 43H

A sk,

2.2. Ci-ELISA9] titration curve

Titration curves X U 12k Ao HA 4 4
7] §8te] A AoR Lee S(1998)9] WS ozt wWEHS e YIS
Coating buffer(pH 9.6)& ©]-&3}o] 100, 200 ¥ 400 pg/mL=Z 3|43k 3+ &
A4S welldl 53 ¥, 4CollA 3R over night AT 2 tF 0.01 M
PBS(pH 7.3)5 °l&3at 7 s & 34g 14 AE 100 uL? vH3A| 7T
P EE AL 219 Adxdn FdsiAl AdHAT. FL FA

maximum binding %+ Y 200 ng/mL, A= 64 pg/mL ©] S tHFig. 1).

o]

ol



2.3. Ci—-ELISAY] standard curve
213 7o o g FFEAS coatingrl 7! welle] 0.01 M PBS (pH 7.3)=
83t LS 200914 0.195 pg/mL7HA] & A8 v 7k7te] A MS well

of 50 uL® 3k 3 titration curveolA ZAAE A9 A FE= 50 pLA

o] 100% 23S 93] & 50 ul.et 0.01 M PBS 50 pLyHeS welld] #H7}
3k 0 blank®A 0.01 M PBS 100 pLE 78l t}. Anti-gliadin 1gGe} wh
$3l= gliadin® H4 #AE 5% W9 0.98-31.25 pug/mLo] A thFig. 2).

1.2

—&— 100 ug/mL
—O— 200 pg/mL
—W¥— 400 pg/mL

10

0.8

0.6+

04 r

Absorbance at 490 nm

0.0

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

Fig. 1. Titration curves of anti—gliadin IgG against different coated
gliadin to format analytical condition of Ci-ELISA. Secondary IgG
solution was diluted to 1:30,000 with 0.01 M PBS.
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Absorbance at 490 nm

00 1 1 1 1 1 1 1 1 1 1 1
0.24 0.48 0.9768 1.95 3.90 7.815 15.63 31.25 62.5 125 250
Concentration of Gliadin (ng/mL)

Fig. 2. Standard curve .of anti—gliadin IgG to gliadin by Ci—-ELISA.
Gliadin was used as a coating-antigen: Anti—gliadin IgG was used for

capturing gliadin. Gliadin was serially diluted from 250 to 0.24 pg/mL.
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2.5. W, F7] 9 WA Ax
2.5.1. W A|x

8
FEE 75% ZAA 907 soF 13 ©asdtar 30 g 5287 sl &%
35T, AU&E%E 85%94 4087 23 BES Z AA=Lln

190C 2. E(C3-128, MIBE, Arnstein, Germany)oll A 753F 79t} Q E oA

o e Aed A F Egstel Agsien.
2.5.2. AW Az

2 C
oW AzE W o

w3kslar AW 7] (Atlas 150, Marcato, Padova, Italy)oll 4] 5
EHAA WItEe FAE AR ZFAaAA 1.5X1.5 mm



2.5.3. F7] A=

714 % Table 49 W@vlo] wfe} ¢ (Creaming method) 22 4273

W=7 (5K5SS, Kichen Aid, Ohio, USA)E o]&3dlo] 42 A& o g 587F

d 5 AT, &, =9 "ete] gl 50R 5t wEEgit te A
()

1/2€ Hol WA m&oR 137 Yystn de AT Arksel 287 9y

M o

ut)

% =) }
gtk olod wyE Aol MRS Askslel Ae F, 5T YHelA 30

%
7 FXAFHT. FAA 7 9SS Dough sheeter(SH-500, FLAMIC, Schio,

ol

Italy)2 0.7 cm T2 2o 3.7 cm A4 dPFE=2 AP & SI&E 1907,
olgE 170CE g% 2E(C3-128 MIBE, Arnstein, Germany)ollA 12%%F

TRt

2.6. 214 Ad
2.6.1. vl A&

L7HE B "ERkRS ghs A AFAe] Co-60 ) kAR AE (M
11.1 PBq, *°Co)& olg8le] A0 AR 44 Mzkoz 1, 5 10 2 20

kGyel E4AFE JES 2SS

rl

A7 2 dAuksS 232 o 2 1197]1(215L-600 ULTRA, AVURE
Technologies Inc., WA, USA)9] processing chambero] ¥o] =& <k 8-10T
o A 100, 300 ¥ 500 MPa®] Aoz 747 383t =19t A3l

2.6.3. 7I471E A&

WAL AFE NG, WT BEHES FE EHS 3] 9

rr

rob

9, 7F4EE71(DW-AC 920, D.W. Industries, Korea)o] Y1 2% 1217T,
o] X%t 1 kg/cm®l A 5, 10, 30 & 508 Fot 7F7d A3k Ay &

207 9 gliading F%a1e] Ade] A4,

ok X
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Table 2. Recipe for preparation of the breads

Ingredients Content (%)
Wheat flour 100
Water 47
Salt 2
Sugar 12
Shortening 10
Defated milk flour 3
Egg 20
Yeast 4

Bread improver (s—500)

Table 2. Recipe for preparation of the noodle

Noodle noodle containing egg
Ingredients Content (%) [ngredients Content (%)
Wheat flour 100 Wheat flour 100

Water 50 Water 25
Salt 2 Salt 2
Egg 25

11



Table 3. Recipe for preparation of the cookies

Ingredients

Content (%)

Wheat flour
Butter
Shortening
Sugar
Salt
Starch syrup
Egg
Eggyolk
Vanilla

100
33
33
35
1
5
10
10
0.5

12



icrowave * &

. Mi
SHT 2 AL beakerol WIFFE7F BT AP E TG HNSS

go 3 =udty 1,5 9 10%7F microwave MW-272LB, LG, Seoul, Korea)
ATt o] Wl AFRSH FuE 2450 MHzolal AAnF3EwE 700 WO
ATt

2.7. Gliadin =
Leszczynska 5(2003)¢] = wel gdor AFEH gliadin ¥ =3

A A gh WrbRel MAg Wikse] 40% oEeS 111 vl &= 7hske] 101t
shakingste] gliadine F=3AH. =84 Agjd W3 b= HA7]el] Yo
3027t Edstd o, AW B GeHS AAste 9ot F2 WHoE FE3S
ot 1 % 94#e7l(Micro 17TR, Hanil Co., Incheon, Korea)g o]§3}¢]
2,500xgol A 10&1E A E# skl @R dE A S AR A&ttt g
5=+ BCA protein assay kit(Pierce, IL, USA)Z =43 &, I F==2 34

3t Ci-ELISA, SDS-PAGE ¥ immunoblottingol] A}-&-3}91t}.

2.8. SDS-PAGE ¥ Native-PAGE

Ao ARkt A7gA|E gliadin®] WSt webR 7] £13] Laemmli(1970)
< AR&3to] 17% separating gel¥}4.5% stacking gel2 T4 ¥ SDS-
PAGE(sodium dodecyl sulfate polyacrylamide geD)ES A3+ 1 mg/mL &
E5 31A3% A5t sample buffer(16 mM tris—-HCl; pH 8.0, 6.2 mM EDTA,
31% glycerol, 3.1% SDS) % 2-mercaptoethanols £33 & 28 %ol 7193}
Stk 2 % BPB €9(0.1% bromophenol blue, 50% glyceroD< 713t & WY&
Hsly g AL8-813 Tl Loadingd $9] gel> CBB £9%(50% methanol,
10% acetic acid, 0.1% coomassie brilliant blue R-250) 2.2 1A|7F &<t 44135}
a1, @A N (5% methanol, 7% acetic acid)& ©]-&3ste] @Attt B4

marker 2% protein marker(New England BioLabs, MA, USA)E A}-83}3 o,

1o,
of
o

oft

Al
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A standard+= 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)& °|&3tqlth. T8 Native-PAGE+ 10% running gelS A3} 2
™, SDS¢ B-mercaptoethanol A7} % 7FE A8 HAHES A stz SDS-
PAGES}H sdsHAl X8 = At

2.9. Immunoblotting

Towbin F(1979)2) W& Fuste] SDS-PAGEY] <& ®eld duds
methanol-activated polyvinylidene difluoride(PVDF) membrane(Bio—rad, CA,
USA)oll 150 mAd A 5AIZE &% HAAAIZL. & 7} stripe 3% gelatin®. 2 1A]3F
&<t blocking A1FHTH 1&F A& anti-gliadin [gGE 1% gelating A3}
128 png/mL %%, FAIHS 168} s|Aste] 3AzF 3087F vHAI F
TBST(tris buffered saline; pH 7.5) &°Ho = 33] A3t 221 FA=
anti-rabbit IgG % anti~human IgES TBSTZ 1:1,0003} 1:5009] H| &= 3
MAA  1AIZE RESARL & TBSTZ 33 Al&s 5, DABG3'-
diaminobenzidine tetrahydrochloride, Sigma Chemical Co.) &9 7122 A}
Goto] AN v b AES dEEelY. BE g A2 A2eA

=] At

IUN'

2.10. Mixograph ¥ #IA %=

G7hEel EelE Age] wmE 4rhE RS A4S dolry] fdte] 10 g
mixograph(Nathonal Mfg. Co, Lincoln, NE)& AF&3}¢lt}. Spring 22 129
2551, Al AACC method 54-40(1995)0 ofs] H7HF 10 g& 7|Eo=
=3 e A =S vlEol stA ARt H7beklvh. Mixographell A wES A[%E
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10802 3o d& ulA13 O 7 peak time, peak height, width at peak, 8
%9 width2 78 97179 AW 54 dotr ittt WA=+ Mixing 2
Hh=toll A 20 g& AF kel AACC ®H(10-09) (1983)l wet A3 =3

olgt=5 TI7}FE HFE3l 100 mL mass cylinderol] 2o 2% Az Hi=3)
12} Hgste] Hart 29 A5 FEA S 95 SIFES o] 79

=48

Me e

op o

ot
N

il

3
g

2.11. &4
Texture meter(T1-AT2, SMS Co., Tokyo, Japan)Z ©]-&3alo] W Ao 2t

S Wy 2 FY)= AX(hardness), A A4 (Fracturability), 24
(Adhesiveness), 2Z A (Cohesiveness), EF& A (springiness), A4

(gumminess), %@ A (chewiness), &YX (resiliene) ¥ A # (shear force)S
SA4sksith. AH 1
ot EAY A AL WMo 20%2.042.0 cm9 I7|=E AE T test speed

7 mm/s, load cell 5 kg, test distance 40%2] ZH o= =A% HHEHLS 1

Oll
3%

Az T4t Holl gjal 1743 (tensile \force)s 54

o

1.
X1 cm®z AFE 5 test speed 0.5 mm/s, load cell 5 kg, test distance 75%, <!

oN

22 test speed 10 mm/s, lead cell 5 kg, test distance 80 mme] ZH o=
SAsttr. 7= FAlA 1.5X1.5 cmZ AFE F test speed 10 mm/s,
load cell 5 kg, test distance 24%, A= distances 70%9 o= 54
ST

xEAS AAL WEE FHsle, F7]+ A= YA7|E 30%2 35k
747y 3.5 g FHstow, HE Ax T & HE 4.5 g& FHste] A4 celld] ¥
o] A=A (JC801, Color Technosystem Co., Tokyo, Japan)® Lx, a*, b* Zko
=

AMeE AT oy ALgd EEwde] #e 1L'=93.39, a'=0.28,
b*'=1.68°1%dtt. WS 7F=A A=27] A HAS 1A cellz2 SR oM, AH

15



S e FES 10 mL Aste] A4 M SFSHAh oW AHSE EFW R

& 1'=98.74, a’=0.20, b"=-0.33°]| { T}.

2.13.pH 2 &
Alg B2y 1 715 2 7](DY-3005SV, Yangji Produce, Incheon, Korea)

2 30x7 Hdstglon, AHe Aldste] 72 5 g HIE &, 10MFY S/
50 mL¥} &3H3te] 10,000 rpmollA] 2% 5ot TEA YA E o] &3t FH 3}
3k t}S pH meter(HM-30V, TOA, Kobe, Japan)® S5A3}A . FE& A8E

1 g #Hslo] 871 A(MB45, OHAUS, Switzerland) & =43} T}

2.14. #5397}
149 ¢] <A panel(FA N eta AFFHT A FALNLLATLL, & 39

of 119, 21274D< A4k A= A% 2dw, 7= <
ok 3 Az 2 AAZHG vjsEe] 7714 dE o= e
A,

aew), dew A, de FWHE B aSR), d2E ¥ U 2, 984 o
Gl

A4 5L 1071 GBoZ T8 AFHO= Frrshst.

2.15. Circular dichroism

Gliadin& 7}47FE, microwave 28|52 = BHES Wl XS 40% olets
F%% 0.01IM PBSZ 0.1 mg/mL=Z 3|43} CD
2 0.1 cm cell& ©o]&3}o] JASCO J-715 spectropolarimeter= <4331t}
CD9] Far-UV 372 190-250 nm o] 2w, CD datai millidegrees (mdeg)
= YEr S

J[N'
;
>
ofo
_OL
32
o
(@
)
A
o

2.16. TAAY
e Ayte] EAA 2= SAS program(Statistical analytical system V8.2,
SAS Institute Inc., Cary, NC, USA)S o]&3}o] Hif ks FEAHEAS &

16



Duncan®] U@ H ez p<0.05 FEollA 55 3he] Fo4 Aols HAS}

ATt
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. 2z ¢ n3
1. 2284 Azl g WS % @

AHk= gliadin®] LA Fx W)

AREAEE, FEE 2 vy 2 e, FE8 2 vl 100,
300 % 500 MPa®] Zi9h& A2l 5, gliading F%&3te] Ci-ELISA®} SDS-
PAGEE AAlste] A 8 aipd st =5 54353tk Ci-ELISA 23
(Fig. 3, 5, N,/ ZYE, T8+ 2 HHE S A7 gliadin¥ 1gGete] 23
°] 90% oo FA FA H3AoH, 500 MPa Aol A= & Wt §l
Atk wbsel HElslle AgolE FEHE, SHE R EE BF A9

g-olA el 2ol ¢lo] 95% o]

PAGE ZA¥o|M %= P&

-

A 2x)g e v waled zaret A

71+ (Fig. 4, 6, 8) X

% gliadin(eF 30-75 kDa) & 9]

o] =olrh(Rig. 9, 11, 13). SDS-

H2(Fig. 10, 12, 14) A&7l

HstE A4 E 4 gl Fig. 529 A3l v 5o Eu, 53] °f 35 kDa¥| &
Wdo] kel osf e WA %o} gliadin®] FAAE #HAid 2 FFS F
A e Aow AtaHT}

2 Age @] ARV A B A4 Age s A FxWst
= do7]=d], 1000 MPa g Aol o]&t3s} AsH2 thiol-disulphide exchange
kgl oJall FolAAY Auide] HARE FRASGS FFS A B
Pfister 5(2001)& @ e] 23 9 32 Fx= Z1Z 700 MPa ¥ 200 MPa

18



free 0b- % ol,2-gliadin® &< 800 MPa o= FgkS Hb-x] &gk
A jE, cysteine©] ¢t¥ ol U= a- R y-gliadins®] FF2 FIT] A
31 kA RE, RP-HPLC 4ol A disulphide A3l dwtolu} Ajujdo] o
A grob ZaLgtel ¢Jal disulphide ZAdo] @GS WA Fokrial B s3I
T3 disulphide 29 W37l A7) Gl de B2 A] gdtial gho &
A ARt FARE 235 Bl

H 228 Agd o8 MY a8 e ARSI A7 B gl
t}. Yamamoto 5(2010)-& wheat a—amylase inhibitorol}. 23119t 28] A] IgE<}

o] WkgAo] #ZAsTa Bars oMy Han 5(2006)8) AFolN & F&

(fa
of\
o
@)
=.
=)
(@)
[0je]
[eb)
=
=
il
0,
@,
(O
=
=
au)
Iz
==
i
Lo,
odk
(o,
oX,
o
N
N,
DX
ol
ol
&
rot
i
o
@,
(@)
=
<
o
o,

;S EE, HEEY 'R 2 ksl 100-500 MPa®| ZiL

=
&t A= gliading] &9 ool dFE 4 SAL
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High hydrostatic pressure (MPa)

Fig. 3. Binding “ability-of anti—gliadin IgG to gliadin in strong wheat flour
treated with high hydrostatic pressure (HHP). The binding ability was
measured by Ci-ELISA. Binding ability=Bt/Box100. Bt; binding ability of IgG
to gliadin in strong wheat flour treated with HHP, Bo; binding ability of 1gG
to gliadin in strong wheat flour non-treated.

aPMeans with different superscripts are significantly different (p<0.05).
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100 b

Ho

Ho

—~~ 80 [
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>
=
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©
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High hydrostatic pressure (MPa)

Fig. 5. Binding ability of anti—gliadin IgG to gliadin 'in medium wheat flour

treated with ‘high hydrostatic pressure (HHP). The binding ability was
measured by Ci—-ELISA. Binding ability=Bt/Box100. Bt; binding ability of IgG

to gliadin in medium wheat*flour treated with'"HHP, Bo; binding ability of 1gG

to gliadin in medium wheat flour non—treated. All samples are 0.5 mg/mL.

aPMeans with different superscripts are significantly different (p<0.05).
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o ™
20 e
[ . ‘
100 300 500

High hydrostatic pressure (MPa)
Fig. 7. Binding ability of ‘anti—gliadin IgG to gliadin in soft wheat flour treated
with high hydrostatic pressure (HHP). The binding ability' was measured by
Ci—ELISA. Binding ability=Bt/Box100. Bt; binding.ability of IgG to gliadin in
soft wheat flour treated-with HHP, Bo; binding ability of I1gG to gliadin in soft
wheat flour non-treated.

“Means with different superscripts are significantly different (p<0.05).
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100

)

Ho
Ho

60 -

40

Binding ability (%)

0 =
0 100 300 500

High hydrostatic pressure (MPa)

Fig. 9. Binding ability of anti—gliadin IgG to gliadin 'in strong wheat dough
treated with “high hydrostatic pressure (HHP). The binding ability was
measured by Ci—ELISA. Binding ability=Bt/Bo x .100. Bt; binding ability of
IgG to gliadin in strong-wheéatidough treated with-HHP, Bo; binding ability of
IgG to gliadin in strong wheat dough non—treated. All samples are 0.5 mg/mL.

Data are not significantly different.
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igh hydrostatic
arker, (1) gluten, (2) gliadin, (3)
untreated strong. wh ¢ lough extracts, (4)__1_0%3, ) 300 MPa, (6) 500

A

treated with

MPa. All samples ar
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High hydrostatic pressure (MPa)

Fig. 11. Binding ability of anti—gliadin IgG to gliadin in wheat dough treated
with high hydrostatic pressure (HHP). The binding ability’ was measured by
Ci—ELISA. Binding ability=Bt/Box100. Bt; binding ability of IgG to medium
wheat dough treated with HHP, Bo; binding-ability of IgG to medium wheat
dough non-treated. All samples are 0.5 mg/mL. Data are not significantly

different.
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100 | a a 2 2
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>
=
a2 60
@©
o
£
o 40
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20 |-
0 i
0 100 300 500

High hydrostatic pressure (MPa)
Fig. 13. Binding ability "of anti—gliadin IgG to gliadin in soft wheat dough
treated with “high hydrostatic pressure (HHP). The binding ability was
measured by Ci—ELISA. Binding ability=Bt/Bo><100. Bt; binding ability of IgG
to gliadin in soft wheat-dough-treated with"HHP,-Bo; binding ability of IgG to

gliadin in soft wheat flour non—-treated. Data are not significantly different.
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kDa

4 5 6

Fig. 14. S S—PA:GE treated :with igh hydrostatic
pressure (HHP). S'a__mpl ker, (1?_-"'g1ute , (2) gliadin, (3)

untreated sof Whea.%=dough (5) 300 Mlsa, (6).500 MPa.

1.2. Zvbd A
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Ab A E Sl gliadinel]l W9k F9d 9 G wstE Ci-ELISA 3 SDS-
PAGE® <tobmlobth. Ci-ELISA A¥H(Fig. 15, 17, 19), 1, 5, 10 & 20 kGy FA}
kel A= gliadin®] I1gGell ek A= FHEE 10 2 20 kGyolA, 59
=, ® O ELS 20 kGy AR AFelA g AdTEg foHoR 718kl
CBE AN 90% o4 H& weAS Hlth ek ZAbe] o)
gliadin®] #F944d ®st A7=(Fig. 21, 23, 25) %%
ROl 90% ool we ARHEs frAslen, A wEE 5-20
kGy Azl A, B2 20 kGy A%elA frold o F7hsiglon
2 A e vl fejH oz 2pol 7k A gttt
SDS-PAGE 23l M AHe, S, v 27F+(Fig. 16, 18, 20) %
Hr=9) (Fig. 22, 24, 26) #vhad Z2abel] 93 gliadin(ef 30-75 kDa) T3l 9]
Wshs A 2 Aol B Apgteh. Fig. 529 Astel W Fof 2,

53] ¢ 34 KDas] 48] gvbal ate] Slal P WA ol gliading] @

= o
)

= =] =]
ZHE 9 wer

rII
X

HEFO) Pubd 2AHE S Hw AR Al 9AE ezl dgurse oo
A e 2ol Wbt SOl SaL, RS A R A5l B 2

¢] cross-linking@ A4 2 REAZFSRE - FHsHAl Aok Choi et al,
2008). ol&&k vk A} T[S A FHAEe HAAT|=d o8] Ha
2+=Hl casein (shin et al., 2008), tropomyosin (Li et al., 2007), ovalbumin
(Lee et al., 2001), porcine serum albumin (Kim et al., 2010)2] &40l #4
Atk ¥k Leszezynska 5(2003)2 gliadin® E7FEe] 2.2-12.7 kGy9] 7t
nh 2ARE @8] o-gliadind} FA|eke] AgE S ST =T o]
© Ak 2ARA A E radicaldl of& fEE WUHRO vE ARy wapnk
ol og Aolztar skt

Ao Arbd AR gl o] wste dx AFolAet aFE T AE
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glof ThE P2 wolid] APAQ vhdel ¥ FFuch gkl A B
BAolA AR radicalol ols) wudel Mazl © A7 Qo]urhSimic,
1978). Yook &(1998)7 Li 5(2007)¢] SDS-PAGE ZA#}o|A 40 kGy % 20
KGyz 2AA, & 20 ALt gude) Barl dojtort BAwr|e}
Aol A Ak A gemi wuds] etk A9l glo] WrkE W W

=] SDS-PAGE Ao} AR dabs Bl
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Fig. 15. Binding ability of anti—gliadin IgG to gliadin in‘strong wheat flour
treated with gamma irradidation.- The binding- ability“was measured by Ci-
ELISA. Binding ability=Bt/Bo x 100. Bt; binding ability of IgG to gliadin in
strong wheat flour treated with gamma-irradiation, Bo; binding ability of IgG
to gliadin in strong wheat flour non-treated. All samples are 0.5 mg/mL.

“Means with different superscripts are significantly different (p<0.05).
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kDa

ig. 16. gd immunoblotting (b) of ; i
treated with gamma- ir at§amples are i-.) Htelr
untreated strong wheat flour; (3) 1 th!y,__g)-% Gy, (5) 10 kGy, (6) 20 kGy.

All samples are 1 mg/mL.
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Fig. 17. Binding ability of anti—gliadin IgG to gliadin in medium wheat flour
treated with gamma “irradiation. The binding ability was measured by Ci-
ELISA. Binding ability=Bt/Box100. Bt; binding ability of IgG to gliadin in
medium wheat flour treated with gamma irradiation, Bo; binding ability of
IgG to gliadin in medium wheat flour non—treated. All samples are 0.5 mg/mL.

“Means with different superscripts are significantly different (p<0.05).
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Binding ability (%)

flour treated with gamma-irradiation, Bo; binding ability of IgG to gliadin in
soft wheat flour non—treated.

““Means with different superscripts are significantly different (p<0.05).
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Fig. 21. Binding ability of anti—gliadin IgG to gliadin in strong wheat dough

treated with gamma “irradiation. The binding ability was measured by Ci-

ELISA. Binding ability=Bt/Bo+x 100. Bt; binding ability of IgG to gliadin in

strong wheat dough treated with gamma irradiation, Bo; binding ability of IgG

to gliadin in strong wheat dough non-treated. All samples are 0.5 mg/mL.

aPMeans with different superscripts are significantly different (p<0.05).
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samples are 1 mg/mL.
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Fig. 23. Binding ability of anti—gliadin IgG to gliadin in medium wheat dough
treated with gamma “irradiation. The binding ability was measured by Ci-
ELISA. Binding ability=Bt/Box100. Bt; binding ability of IgG to gliadin in
medium wheat dough treated with gamma irradiation, Bo; binding ability of
IgG to gliadin in medium wheat dough non-treated. All samples are 0.5

mg/mL. Data are not significantly different.
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Fig. 25. Binding ability of anti—gliadin IgG to gliadin in-soft wheat dough
treated with gamma “irradiation. The binding ability was measured by Ci-
ELISA. Binding ability=Bt/Bo><100. Bt; binding ability of IgG to gliadin in soft
wheat dough treated with gamma-irradiation, Bo; binding ability of IgG to
gliadin in soft wheat flour non—treated.

aPMeans with different superscripts are significantly different (p<0.05).
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.:"‘"___-\. H"‘-.\. - 4, k F F . g
Fig. 26. SDS-PAGE of soft wheat dough trea}gd with ‘gamma irradiation.

Samples are (*) prot (1) gluten, ( tﬁ adin, (3) untreated soft

mg/mL.
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AER, FR, v

i

A7bE 9wk 5, 10, 30, ¥ 50% w9 7tk
2] ¥ gliadin®} anti-gliadin IgG%}e] 2
Ci—ELISA Z3}(Fig. 27, 29, 31), &€&, 85 24

RS W 308 % 50% AHIA FoHoz frdgion, 53 508 AHA H
O

%

I
WE,
AV

Z,
i
e
oty
il
S
o
)
T
i

A=
i TYE 2 9 ES 247 87%, 68% R 82%% 7P w2 Aot whE
Ag nold WMol ARG AN AHE BEe ANl TABLE F

JFom st 308 A 35%9 AFES myor), 50¥ Aol

45% 2 S7Val o w(Fig. 33), BFE & Wk A g A|gto] F7hgel el 743}
Rom, 504 ATA 33%9] WHEAS HTHFig. 35). T WSS A Al
kol F7hghel wel o)A o g fFAasG o 50 M Al tha FUbske AT
S HSATHFig. 37). 3AIRE 30 A Al 76%° 7HE w2 AjES B

o

i 2 oHE R Bl gliadin®] 94 A7F 78 A Qv Rumbo 5(2001)2

A7LF9 a-, B, v, ¥ w-gliadin fractione] 100C, 10 7FExEA] anti-
gliadin rabbit serumel| "]sll B-gliadin®] F 40%, a-gliadin % y-gliadin®] ©°F
20% A= Aol HAFHAIL, w-gliadin®] A= Al gal Ao FF=
WA FSkthal Warsk itk 3 g-, B, R y-gliadine 22 @l giskal 3

o™, thioredoxin A& 2 <%k S-S A% 32 gliadin® P o] FAHAT
S

= AF7F Basal ek (Waga et al., 2008). whebA] sulfur rich gliadin®] S-
A3 Wzt Q] Aol FHAEE ploE Al T T EdE> XA o9

Aol Wsle] FTQR3 IS FH(Weegels et al., 1994) =75 2 Hk=o
160°C, 203 dA A H7HF9] &afeole= @afo] Ao whsoq= &l
7 3243 459 tHRumbo et al., 1996). wgtA WrFE R HESSo A
gliadin®] €a|%=7} o "Wz Hl= gliadin® A #AA4A7F o A YERt
Ho 2 AlgFH )
L7 9 gk gliadin(eF 30-75 kDa)oll tigh v

SDS-PAGEE 241§ A3}, Z¥Ee o 35 kDa o] wuldo] 308 2 50
B oA g Ao ZAErb oksly 9l on, 42-66 kDa @A &

u:

g
rE
ot
il
S

o
S
T
N
do
o)

o
o1
Az

1
I
>

N
N
N
N
N
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2o WA 308 Al BRIt oRF FaSRA, 508 A A= 4
A

=]
T = -
93] £dH0v, oF 55 kDa Atolel wMAL Ahghrtd Aol ola

SE7F oFsly d
sl AR HFig. 32). FEE 2 9EE w2 7rE A 9E)
gliadin @@ o] A3 AAHN o (Fig. 34, 38), T8 F HF52 30-35 kDa

ML

Abol ] whaldo] 5 B 10 A Alol Aw7F ofafA], 30 3 504 A g A ol

o
2 oukE i BESo A 50 AP oAM= gEA T HE FEE HY
gliadinell H]3] 7Fk7kgel o3t F3Fs 4 w2 Zo=w wlv, 7girtd
o 9%t A FHi+= Fig. 529 immunoblotting ZA3E H|Fo] Euj, ¢F 35
kDa®] w¥ld o] 50% 7Hd7EdE A AL 7L oFall Zlew Hol o] whulFo]
FEFE wek7] wiimo®2 AlnET. dA e o gliading &l W= T2
T wxf A osk Aolm, Schofiled 5(1983)2 gliadin®] <& A A
disulfide-sulfhydryl exchange ®¥F&o] =7}8lal sulfur-rich gliadinol 4] Ex}7F
o] Fs Aol doldrta Sklvh. Egk Hill# Skeritt(1990)5 @A A -
gliadine a-, B~, 9. y-gliadin (sulfur rich)X.t} Dol F3FS G Htom o]=
w-gliadin®] cysteine 5= 22 sulfhydryl groupite] 3 wAATS Qsl7|
mZolgkal shleh whebs H719%s Aol A (Fig. 34, 36, 38) w-gliadine] 2}
F4 5= 55-65 kDa Alole] @wA e T gliadin TH¥ e Hla] A Fo
=)

1
dotgle] ZHehrtdel %S @ we Aow maln,
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wheat flour treated with autoclave, Bo; binding ability of IgG to gliadin in

strong wheat flour non-treated. All samples are 0.5 mg/mL.

““Means with different superscripts are significantly different (p<0.05).
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Fig. 28. SDS-PAGE of trong wheat flour treateg_,,
AN
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Fig. 29. Binding ability of anti—gliadin IgG to gliadin in medium wheat flour
treated with autoclave.»The binding ability was measured by Ci—-ELISA.
Binding ability=Bt/Box100. Bt; binding ability of IgG to gliadin in medium
wheat flour treated with autoclave, Bo; binding ability of IgG to gliadin in
medium wheat flour non—-treated. All samples are 0.5 mg/mL.

““Means with different superscripts are significantly different (p<0.05).
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Fig. 30. SDS-PAGE ium wheat flour tre ed with autoclave. Samples

are (*) protein marker;(1) @ Ell g&-d medium wheat flour extracts,

(3) 5 min, (4) 10 min, (5) 30 min, (6) 50 min. All samples are 1 mg/mL.
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Binding ability (%)

heat flour treated

Ci—ELISA. Binding

Fig. 31. Bindi 'abili:dI 9f an liadi

e‘ﬁing“ abilit

ability=Bt/Box100. Bt;

with autoclave.

liadin in soft wheat flour

=

)
g

o

treated with autoclave, Bo; binding ability of IgG to gliadin in soft wheat
flour non—treated.

““Means with different superscripts are significantly different (p<0.05).
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min, (5) 30 min, (6) 50 min. All samples are 1 mg/mL.
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Fig. 33. Binding ability of anti—gliadin IgG to gliadin in strong wheat dough
treated with autoclave.wThe binding ability was measured by Ci—ELISA.
Binding ability=Bt/Box100: Bt; binding ability of IgG to gliadin in strong
wheat dough treated with autoclave, Bo; binding ability of IgG to gliadin in
strong wheat dough non-treated. All samples are 0.5 mg/mL.

ad\Means with different superscripts are significantly different (p<0.05).
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Fig. 34. SDS-PAGE 6ix§‘grong whea dough
are (*) protein ma }., 1 ~gluten, (2) glia

tregte'f withautoclave. Samples
i}n, untreated strong wheat

1 mg/mL.
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Fig. 35. Binding ability of anti—gliadin IgG to gliadin in medium wheat dough
treated with autoclave.wThe binding ability was measured by Ci—-ELISA.
Binding ability=Bt/Box100. Bt; binding ability of [gG to gliadin in medium
wheat dough treated with autoclave, Bo; binding ability of IgG to gliadin in
medium wheat dough non-treated. All samples are 0.5 mg/mL.

“Means with different superscripts are significantly different (p<0.05).
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dough, (4) 5 min, (5) 10 min, (6) 30 min, (7) 50 min. All samples are 1 mg/mL.
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Fig. 37. Binding ability of anti—gliadin IgG to gliadin in-soft wheat dough
treated with autoclave.»The binding ability was measured by Ci—ELISA.
Binding ability=Bt/Bo*x100: Bt; binding abhility of IgG to gliadin in soft wheat
dough treated with autoclave, Bo; binding ability of IgG to gliadin in soft
wheat flour non-treated.

“Means with different superscripts are significantly different (p<0.05).
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ZAEE SEE adR gyt d bk 1 5 2 108 59 microwave #

i

2] &, gliadin®] diet 94 WeE Ci-ELISAE Fd dotr sty 1 4 3h(Fig.
39, 41, 43), 8%, T8 2 9 E-LS microwave A ZA]l 96% o] = =
< AgES A A Haols Za7E gl W=l microwave €]
Alol &= 90% oo ® w2 A¢ES Blow, ZEiE 3 FEHE 52 108
YA FoH oz F7heta(Fig. 45, 47), BHEE-S 5-10% AAl o4 2
2 F7}etgth(Fig. 49). o]+ Leszczynska 5(2003)¢] Ao = HA7FFE 2
gliadinell 70, 200 ¥ 500 W] AZoz 1,2, 3 2 51k Aol Aol
7k skl o™, o]i= microwaveol 213k U gliadin®] F9A el 7=
Aot o & A 5 e FxE WAy wEolgdtn sglth. Alvarez-
Alvarez 5(2005)¢] A4 %= lupine flour®] microwave *g]A] &-dAle] ¥
sh7b giivkar Balstelct spA| vk & AFE Lzl oot s wwE s S
Tl Ao A= microwaveo] 3] &dde] ZAsto}, @ Aviy Fx7F det
microwave©l] ¢3F g3Fo] th24 vElr] wjEo g AlgE
SDS-PAGE= gliadin(®F 30-75 kDa)dl|l tigt & wists Mo Az, 7
HE, T ZuE RS oF 55 kDa &AL 5-10% A Al, ¢F 30 kDa
N5 105 A=A =7) sl Zalle Zo= ®HAtkFig. 40, 42,

44). 7FE & ¥ microwave 5 A2 Al oF 35 kDa @@ o] ks o 10
B AJYAE g Al E8tE Ae® HolW(Fig. 46), 3% 2 vz R
=2 oF 35 kDa ©w A o] microwave AT A & W37F I HFig. 48, 50).
2 WHSolA oF 55 kDa @2 5% 9 10% A4
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Binding ability (%)

wheat flour treated with microwave, Bo; binding ability of IgG to gliadin in

strong wheat flour non-treated. Data are not significantly different.
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Fig. 40. SDS-PAGE gha@] @& treated with microwave.

Samples are (*) protein marker (‘I) gliadin, (2) untreated strong wheat flour

(3) 1 min, (4) 5 min, (5) 10 min. All samples are 1 mg/mL.
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wheat flour treated with microwave, Bo; binding ability of IgG to gliadin in

medium wheat flour non—treated. All samples are 0.5 mg/mL.

Data are not significantly different.
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treated with microwave, Bo; binding ability of IgG to gliadin in soft wheat

flour non—treated.

aPMeans with different superscripts are significantly different (p<0.05).
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Fig. 45. Binding ability of anti—gliadin IgG to gliadin in strong wheat dough
treated with microwave: - The binding ability was measured by Ci—ELISA.
Binding ability=Bt/Box100: Bt; binding ability of IgG to gliadin in strong
wheat dough treated with microwave, Bo; binding ability of I1gG to gliadin in
strong wheat dough non-treated. All samples are 0.5 mg/mL.

aPMeans with different superscripts are significantly different (p<0.05).
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Fig. 47. Binding ability of anti—gliadin IgG to gliadin in medium wheat dough
treated with microwave: - The binding ability was measured by Ci—ELISA.
Binding ability=Bt/Box100. Bt; binding ability of IgG to gliadin in medium
wheat dough treated with microwave, Bo; binding ability of I1gG to gliadin in
medium wheat dough non-treated. All samples are 0.5 mg/mL.

aPMeans with different superscripts are significantly different (p<0.05).
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Fig. 49. Bind g'Lab}ﬁtX of Hnti-gli 2G to %lia’éih in/soft wheat dough
. . sured by Ci-ELISA.
Binding ability=Bt/Bo ! 45 gG to gliadin in soft wheat
dough treated with microwave, Bo; binding ability of IgG to gliadin in soft
wheat dough non-treated.

aPMeans with different superscripts are significantly different (p<0.05).
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, oE R, gEE ArkE g ukso] 7k 7E, microwave, URA H

A
7Ft7kE A 2let microwave AElE AHti= W A FH FAA
Ao r okt 7RE7EE 121°Cel A 10, 30, 2 507+e] 7

microwaves @3t on, 3AAE Ci-

)

B microwave A8 ZHo]

A

microwave 10 A2 Fzol|A 7Fb7td 50 A Al 30 AR ot 1gGe
o] Agtee]l Tkt 3k ZRb7EE 50% A e Aol microwave 5% A€
ABT 102 Aol IgGetke] whgAde] o3y F7hshes B3 B ATH(Fig.
51, 53, 55). ®Rt5dl 737k B microwave A A, AEE RE52 AP 9
) Asteo]l AA Ao 7F7EE 30+ /microwave 10+ A2 A] 21%9]
7P o2 A9 S BdtEig. 57). THE NS JH7EE AR Azte]l 7t
gqo =z ZhA35aL, 7HH7HE 30%/microwave 10+ A
YA 33%= 7Hd W2 2dEes BRAHFig. 59). HHEE S 7HrrE
microwave 83 #gjol] ola] FUAde] FAslen =3]) TRUME 30%
/microwave 5+ A 2lA] 26%= 7Hg W2 A3 S B AHFig. 61). wEkA 7F
A7t 2 microwave W3 AHzl= H7FF9 gliadin 394 HadE axprt
NAARE =9 gliadin G AadiE @t S 322 YEwth ol
ol B2 mbsol A YA 27RE B whol A g =Tt 346 Hdadt
o Wk gliadin®] YA A7 ¢ 2 Ao =2 HtHRumbo et al., 1996).

A7FFol 7F7tE 2 microwave W3 A gl ¥ SDS-PAGEE AAIgH A3
(Fig. 52, 54, 56), ZH¥&, T4% 2 #HE2 oF 35 kDa @¥jdo] 74tk
A AlZre] SRRl whel Aw7F HAasiler 1o 9] gliadin @A
Aok HlaA] F Zpol7E yhA] QT Immunoblotting Ao M= AdEE
THEZANAM = oF 35 kDa 3 30 kDacll A whg-o] dofxtom(Fig. 52, 54), ¥4
o= oF 30-35 kDa Atolel A 3709l band”} IgGe} wHg-3}3d aL(Fig. 56), 7F

y

A
i
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w1

2] O%/microwave 5+ A Al F#EHiolA ¢F 35 kDa @A o] [gG
o} Wkg-3}3 o™ (Fig. 52), vrelitol A= <F 30-35 kDa AbelolAl 371<] band<}t
Whg-ak R oWk (Fig. 54), Tl = whEskA Fdth(Fig. 56). A&, THE
2ok wkso] SDS-PAGE 2 #h=(Fig. 58, 60, 62) 55-66 kDa Ale]e] wh
Aol 7FH7tE 2 microwave A g]Felk dopglott U A gliadin T HE L
227, ol 7F7FE Y microwave W3] Aol ol& WS sulfur-rich
gliadin ¥ 9] disulfide 2ol e F&e] ¢ A dojut i S
sHANE F= o] FAaT Aow AtmdH

e

Immunoblotting A3 = FEE FAZFAME oF 34 kDa @] do]
o3l e (Fig. 58), oF 30 kDa @i d= ofetA IgGel whgatglon, 54
2 oErE i oAl oF 34 kDaoll slldshe @ Aol oFst A wkE-aF i tH(Fig. 60,
62). stAIRF 7F7EE 50+ /microwave 10+ W3 A2l Foll A= 1gGet vH&3s

Al

mN

-

W7} (Fig. 52, 54, 56) & wk=9](Fig. 58, 60, 62) Native—PAGE A} A+
A 50%/microwave 5%, 102 B3l A= FA2 ¢ vl o
A band7} WERAA 2ok ZQH7EE R microwaveo]| o3& &xjo] Ho] &=Fo
HA A E @ o] FaFs Wol FojE JoE AE H T
ol fo® WrbkE @ NSOl immunoblotting AdE E W ZhrtE ¥
microwave A @ Follie k=85 kDa®] i zlof A gh-3-o] doji} o] whulzy
TEHEL gliadin®] A4 WSl FFE FE AoR ARHH, W5
450w ZF7FE S microwaveE At AvET A AgA] wERo

gliadin &9A4 7229 29 azzel Aoz Alagdu)

o =
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Fig. 51. Binding ability of anti—gliadin IgG to gliadin in strong wheat flour
treated with autoclave and microwave. The binding ability was measured by
Ci—ELISA. Binding ability=Bt/Bo x 100. Bt; binding ability of IgG to gliadin in
strong wheat flour treated with autoclave and microwave, Bo; binding ability
of IgG to gliadin in strong wheat flour non-treated. All samples are 0.5
mg/mL. *‘Means with different superscripts are significantly different

(p<0.05).
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10 min+ 5 min, (4) 30 min+ 5 min, (6) 10 min+ 10 min, (7)

30 min+ 10 min, (8) 50 min+ 10 min. All samples are 1 mg/mL.
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Fig. 53. Binding ability of gliadin-IgG to gliadin in medium wheat flour treated
with autoclave and microwave. The binding ability. was measured by Ci-
ELISA. Binding ability=Bt/Box100. Bt; binding ability of IgG to gliadin in
medium wheat flour treated with autoclave and microwave, Bo; binding
ability of IgG to gliadin in medium wheat flour non—treated. All samples are
0.5 mg/mL. *9Means with different superscripts are significantly different

(p<0.05).
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Fig. 54. SDS-PAGE

wheat flour treated oclave and microwa A Samples are (*) protein
marker, (+x#) gluten, lia%mmeme im wheat flour extract, (3)

10 min+ 5 min, (4) 30 min+ 5 min, 0 min+ 5 min, (6) 10 min+ 10 min, (7)

30 min+ 10 min, (8) 50 min+ 10 min. All samples are 1 mg/mL.
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Fig. 55. Binding ability of anti=gliadin IgG to gliadin in soft wheat flour treated
with autoclave and microwave. The binding ability was measured by Ci-
ELISA. Binding ability=Bt/Bo><100. Bt; binding ability of IgG to gliadin in soft
wheat flour treated with autoclave and microwave, Bo; binding ability of IgG
to gliadin in soft wheat flour non-treated.

*Means with different superscripts are significantly different (p<0.05).
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(4) 30 min+ 5 min, (5) 50 min+ 5 min, (6) 10 min+ 10 min, (7) 30 min+ 10 min,

(8) 50 min+ 10 min. All samples are 1 mg/mL.

80



100

(o]
o
T

]
o
T

N

Binding ability (%)

b B bc b
C
20 / W
0
0 10+5 30+5 50+5 10+10 30+10 50+10
Autoclave + Microwave time (min)

Fig. 57. Binding ability of anti—gliadin IgG to gliadin in strong wheat dough
treated with autoclave -and microwave. The binding ability was measured by
Ci—ELISA. Binding ability=Bt/Box100. Bt; binding ability of IgG to gliadin in
strong wheat dough treated with autoclave and microwave, Bo; binding
ability of IgG to gliadin in strong wheat dough non-treated. All samples are
0.5 mg/mL. *‘“Means with different superscripts are significantly different

(p<0.05).
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wheat dough trea d% cle mi amples are (*) protein
vheat dough extract, (4) 10
min+ 5 min, (5) 30 min+ 5 min, (6) 50 min+ 5 min, (7) 10 min+ 10 min, (8) 30

min+ 10 min, (9) 50 min+ 10 min. All samples are 1 mg/mL.
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Fig. 59. Binding ability of anti—gliadin IgG to gliadin in medium wheat dough
treated with autoclave -and microwave. The binding ability was measured by
Ci—ELISA. Binding ability=Bt/Bo x 100. Bt; binding ability of gliadin in
medium wheat dough treated with autoclave and microwave, Bo; binding
ability of gliadin in medium wheat dough non-treated. All samples are 0.5
mg/mL. *%Means with different superscripts are significantly different

(p<0.05).
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10 min+ 5 min, (5) 30 min+ 5 min, (6) 50 min+ 5 min, (7) 10 min+ 10 min, (8)

30 min+ 10 min, (9) 50 min+ 10 min. All samples are 1 mg/mL.
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Fig. 61. Binding ability of anti—gliadin IgG to gliadin in-soft wheat dough
treated with autoclave and microwave. The binding ability was measured by
Ci—ELISA. Binding ability=Bt/Bo><100. Bt;binding ability of IgG to gliadin in
soft wheat dough treated with autoclave and microwave, Bo; binding ability
of IgG to gliadin in soft wheat flour non—treated.

ad\Means with different superscripts are significantly different (p<0.05).

85



427

27.0

20.0

14.3

6.5

|3

|
Fig. 62. SDS-PAGE ()
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min+ 10 min, (9) 50 min+ 10 min. A ples are 1 mg/mL.
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Giading 7}4714, microwave, ¥ 7}47FE 3 microwaveE W el A g3k T
40% e 2 FFslo] 234 WslE Ay wotth JtE A2ld CD 2
H=(Fig. 63) FAg ¢ o2 e A4S R +=dl, a-helix 725 YEH

1

= A&l 207 nm& nagative maximumeo] @ 3Fo] Fr}Egorm, mE3k
negative maxium CD7} 202-204 nm= ¢ & aFddi= avl# gt o)+
ordered structure®] #49} random coil T+E2Z2] F7IE ou|dit}, L3k 5-
10 Byt 30-50 A o $e = HAA 77k Alztel S
FE FERHEE 9 dojdzlez melth Microwave® A 49 CD A¥
=(Fig. 64) 713719 mz7bA 2 diedo] W3lslg =49 207 nme negative
maximume] °fgF w2 SR H7 Fou 1 syt e A4 &gtk 7
7td 2 microwave H3 A& & CD ZAI}(Fig. 65)°H%E 207 nme
negative maximumeo| Azl ¥ F7}sk$ o, TS negative maxium CD7F 201
nm= B S agdde vt o= AUt E A2 Ayet FAbskH 7kt
d o5 AgAl Bk B AAl 72 BsZE o AshAl dold Aew Hh
b 7heirtd 2 77 E 3} microwavesS M 8% 2] A ordered structure?)

27 71 7 a-helix 57} radom coil®Z A&EASS 2 = At
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Fig. 63. CD spectra of gliadintreated with autoclave. Concentration of gliadin

solution was 0.1 mg/mL.

88



CD (mdeg)

S S e 1 min
AOE R S A A TR . 5 min
. — 10 min
'50 T T T T T
190 200 210 220 230 240

Fig. 64. CD spectra of gliadin treated with microwave.” Concentration of

gliadin solution was 0.1 mg/mL.
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Fig. 65. CD “spectra of gliadin treated with autoclave and microwave

Concentration of gliadin solution was 0.1 mg/mLx
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3 4 7} AE gliading 4HAA W

U7EE e Qs wg 9o 27 7FbrtE, microwave 1E

3]
ol AH(Fig. 66) FHZFE °F 76%<]

°F 60%= °F7F FAe e HOlTh ks 2E
A%e] S dolE AFig. 67) FAEWS oF 81% AFHS HIYS
Q&) WA ¥ microwave 2| Wo] AgH L ok 77%E FH T A
o & Fole o 91%9 ;S Hol o3y Lol F1skih kst
A AE AE F7)AT 3 11% 2D 12%¢] AFHS ngow HAAHAE=

7
FNAE 24%, F71 52156 A=) AFHAL wol Jtas B AT
Aol FH] st

g g wel wEe A A F T gl s gAdgen 9

W7t Ee B84 xa & weo] SDS-PAGE Az A =(Fig. 69) A7, 7}t
7ta 2@ Aol A gliadin((Ex+% 30-75 kDa) w@r#a = ¢k 50-66 kDa,

Bl
35 kDa ¢ @ band7} #HATE. W= =24 Ae & w7] A59
SDS-PAGE ZA#+=(Fig. 70) A % microwave A g7-oA % gliadin ™
2 T °F 35 kDa @ Wi=rh #EE Y B3k B Al oF 50-66
kDa Ateleo] wuld o] 2wy, "7FFo 7ieh7td B e A & 7 W
°] Native-PAGE A¥}(Fig. 71), FA 27 A2+ 5% &3 band7} @3
H A ko) vkl 88 A Al =(Fig. 72), w713 microwave 1+ A2+
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oA (lane 7)%F lane 39 W7l FE5&E% FAFSE band7F #2E Y} [gGoll o
gk imunoblotting A¥}(Fig. 70), " F2]5"¢F microwave Aol = oF
30 ¥ 35 kDa Ho IgGeFe] Agte]l YE% oY, autoclave AP %
autoclave®} microwave W3 AT A= YEIYR] Skt A Aol ot
immunoblotting 2 3ol  E(Fig. 70) autoclave 8 % microwave W3] =g
Toll A whg-o] yrEREH] 2 Skt

ol Fe] AE FTIAMEH, ol ZEiE wWrE H I gksoA ] Anel 72
ol "rpFel EgH Ad F We AxIe W Ho WSl EgF AA
gliadin®] IgGeHe] REEA o]l B Zashe] gliadin® &4 il o avp4ol
Gom "ol 714 7tE ¥ microwave W3 X2 A] gliadin®] allergenicity 7+

soll 744 & A0k

II
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Fig. 66. Binding ability of anti—gliadin IgG to gliadin in bread treated with
autoclave, autoclave “and-microwave. The binding ability was measured by
Ci—ELISA. Binding ability=Bt/Box100. Bt; binding ability of IgG to gliadin
from bread treated with autoclave or autoclave and microwave, Bo; binding
ability of IgG to gliadin in strong wheat flour non—treated.

aPMeans with different superscripts are significantly different (p<0.05).
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Fig. 67. Binding ability of anti—gliadin IgG to gliadin in bread treated with
autoclave, microwave,autoclave and microwave. The binding ability was
measured by Ci-ELISA. Binding ability=Bt/Bo x 100. Bt; binding ability IgG
to gliadin from bread treated with autoclave, microwave, autoclave and
microwave, Bo; binding ability of IgG to gliadin from strong wheat flour non-
treated. *“Means with different superscripts are significantly different

(p<0.05).
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Fig. 68. Bindi abiffty of eat allergic patient’s serum to gliadin in bread

treated with aut alwi@rqwa}ve, aut_o_c_las!"e_"' icrowave. The binding
ability was measured c%xs{ﬁdgﬂa' ity=Bt/Bo x 100. Bt; binding

ability of wheat allergic patient’s serum to gliadin from bread treated with

-~

autoclave, microwave, autoclave and microwave, Bo; binding ability of wheat
allergic patient’s serum to gliadin from wheat flour non-treated.

“Means with different superscripts are significantly different (p<0.05).
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27
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270 |
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| » .
6 78" 9 10 410
® | N ©
b, ¢) of gliadin in bread made by
0 ..-.:‘:' mié(rblg'a e, autoclave and
.-__.-"

.
microwave. Sample %H_Qﬁj_) protein marlf_gp;"’ gluten, (2) gliadin, (3)

(a)
Fig. 70. SD—Bﬁ}iEx(a) d immu
strong whea @ugh treate

untreated strong wheéa flo@)_ﬁﬂéme, 5) autoclave 30 min, (6)
autoclave 30 min + oven, (7) microwave 1 min, (8) microwave 1 min + oven,
(9) autoclave 30 + microwave 1 min, (10) autoclave 30 + microwave 1 min

+ oven. (b) immunoblotting for IgG, (c) immunoblotting for patient’s serum.
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icrowave 1 min, (8) microwave 1
min + oven, (9) autoclave 30 + microwave 1 min, (10) autoclave 30 +

microwave 1 min + oven.

2.2. Aol &yAd W3t
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TEHE 2 AW Az 3o 7147, microwave, 7F47FE 2 microwave H
g Ay & Ao A B duwEe wists ST TEE e
30+, 7FE7FE 30+ 2 microwave 5 A2 ¥ WS Ax $HH Ci-ELISAES
A A (Fig. 73), T2k HlwA] [gGeke] whg-7do] vlszetAl =4 74
HA. FHEHEA E24 AgdS A Ado] & FAdo] HA gob AlTe A
7bato] AWF & FAAe] MstE Ay WRrh(Fig. 74). AR HbskA F
Aot HwA] F 2pol 5 Holx| gral F-A gt HluA] Ao A FA H
Aok AAS Axsta =94 A § Fdd WHstE A¥E A3(Fig. 75),
microwave 1% Ag77F FA27EY v gddo] Frtstdlon, 7Hdrtd

|

2 microwave s HZ Al 7HY7EE AR vEgAdo

)

7Fd 7 508 A Aol gliadin@he] ZAgt= o] oF 46% Bz 71 ol A
ST AWS 2 39 S AHE ZA3Fig. 76), microwave 1% A
Al FA TR ok gE F7F ke, 7kE7FE 2 microwave W A2 A] 7}

e wE Ao i ud 946 B Aasdd 5

of
N
3

0
N
N
e
1
(@]
i

1,
2 microwave 1t Aol Aol of 27%= 717 Wol Astitt. a2
o Aol 7h Bol Ah skl Sl visll Ci-ELISAS 413 2 34(Fig.
77), 7F47FE 50, microwave 1it, ZFE7HE 50+ 2 microwave 1% AT
v Ao R xpo| 7k A kA RE 7Rk E 50 2 microwave 1i- A g
TolA oF 54%= THE ol A skel ZFAZEE. Bimicrowave W& A A A
A gliadin®] &elzld zhaol &3 skt

SDS-PAGE 23}, THel 7k47td 2 3 A2 S AdS k= 45
T2l gtek BlalA] oF 55 kDaoll sj@ele w@ld o] ofstE Rl ot thE gliadin
i (oF 30-75 kDa)& 2 WstE Bolx Whth(Fig. 78). Algts ol A7t
sto] WS W= A, gliadin ©@¥ & 5 oF 55 kDaoll 338t ©ido] 7}
W7t B BE A Foll A=rF As]l daskdAwt oF 35 kDadll @ dake
Gl F xolE HolA FATHFig. 79). AW =84 AdS wel A
T 2ol dis) SDS-PAGEE ¥ A ¥(Fig. 80, 81), microwave 13 #1277}
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A

S

gliadin @92 (eF 30-75 kDa) & ¢F 55 kDa band®] %= 74 o] &
g QRS BAAT & ATl e gliadin Eldo] Fds] A
gl

Immunoblotting 230 M+=(Fig. 80, 81) AWy greweo] FHAg <
microwave 1% g 4E [gGee] wkso] 7FskAl YEsE oL, autoclave 30
A 2]} autoclave 30+/microwave 1<t B3 A+ oFstA 1gGeF whg-af
St skAIRE autoclave 50+ ¥ autoclave 50/microwave 1i- A 2] F-oll A=
Hhg-o] uEbAl skt Sxtd Aol tieiA = 42 F-AE T oF 35 kDa &
oA wkg-o] dojikort 7Rt b 50% B microwave 1% A= wbE
o] Yeh}A  ¢kgtrl. Native-PAGE  A¥FolME  w7kA R autoclave,
autoclave®} microwave 838 gl oA @¥Ad band7} YERFA] 22 o=
Kol wudo] FotE o] f=o] HA FAU HalH Aew BEH(Fig. 82,

et
fllo

83, 84, 85).
ooz AW ¥ 7Ikrtd 508 % 7IE7tE 50+ microwave 1% W
A Al gliaidn®] LA Fael] a4l em, 15 7}

W) 2g A gliadin®] allergenicity A&l 7F4 a3%<l Wi o=w Atz Hc),

2
N
T
e
g
2.
O
=
@)
=
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@
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Fig. 73. Binding ability of anti=gliadin IgG to gliadin in noodles made by flour
treated with autoclave,autoclave and microwave. The binding ability was
measured by Ci-ELISA. Binding ability=Bt/Bo x 100. Bt; binding ability of
IgG to gliadin in noodles treated with autoclave, microwave, autoclave and
microwave, Bo; binding ability of IgG to gliadin in medium wheat flour non-

treated. Data are not significantly different.
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Fig. 74. Binding ability of anti=gliadin IgG to gliadin in noodles containing egg
made by flour treated with autoclave, autoclave and microwave. The binding
ability was measured by Ci—ELISA. Binding ability=Bt/Bo x 100. Bt; binding
ability of IgG to gliadin in noodles treated with autoclave, microwave,
autoclave and microwave, Bo; binding ability of IgG to gliadin in medium

wheat flour non—treated. Data are not significantly different.

103



100 |

a
T
—_ 80 [
= b
N bC
> T
E 60 I cd
o) B . —
= T
> £
S 40}
£
m .
20

Untreated a30 m1 a3om1 a50 a50m1

Autoclave, Microwave time (min)

Fig. 75. Binding ability of anti=gliadin IgG to gliadin in noodles made by dough
treated with autoclave, microwave, autoclave and microwave. The binding
ability was measured by Ci—ELISA. Binding ability=Bt/Bo x 100. Bt; binding
ability of IgG to gliadin in noodles treated with autoclave, microwave,
autoclave and microwave, Bo; binding ability of IgG to gliadin in medium
wheat flour non—treated.

ad\Means with different superscripts are significantly different (p<0.05).
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Fig. 76. Binding ability of anti=gliadin IgG to gliadin in boiled noodles made by
dough treated with "auteclave, microwave, autoclave ‘and microwave. The
binding ability was measured by Ci—ELISA. Binding ability=Bt/Bo x 100. Bt;
binding ability of IgG to gliadin in noodles treated with autoclave, microwave,
autoclave and microwave, Bo; binding ability of I1gG to gliadin in medium
wheat flour non—treated.

ad\eans with different superscripts are significantly different (p<0.05).
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Fig. 77. Binding ability of wheat allergic patient’s serum to gliadin in boiled
noodles made by-dough treated with autoclave, microwave, autoclave and
microwave. The binding “ability was measured by Ci-ELISA. Binding
ability=Bt/Bo x 100. Bt; binding ability of patient’s serum to gliadin in
noodles treated with autoclave, microwave, autoclave and microwave, Bo;
binding ability of patient’s serum to gliadin in medium wheat flour non-

treated.

aPMeans with different superscripts are significantly different (p<0.05).
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flour, (4) untreated noodles, (5) autoclave 30 min, (6) microwave 1 min, (7)

autoclave 30 + microwave 1 min, (8) autoclave 50 min, (9) autoclave 50 +

microwave 1 min.
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143

6.5

wheat flour, (4) untreated noodles, (5) autoclave 30 min, (6) microwave 1
min, (7) autoclave 30 + microwave 1 min, (8) autoclave 50 min, (9) autoclave
50 + microwave 1 min. (b) immunoblotting for IgG, (c¢) immunoblotting for

patient’s serum.
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(5) autoclave 50 min, (6) autoclave

112

microwave 5 min.



(8) autoclave 50 min, (9) autoclave 50 + microwave 1 min.
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(8) autoclave 50 min, (9) autoclave 50 + microwave 1 min.

2.3. 719 &=z Wt
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HHEE B B $o 7FY7TE, microwave, 7F7FE 2 microwave W)
Ae] & F71E Alxsta gliadinQ] A B odulE WstE Qholr gkt Bhe
EUL !

g 7] & Ci-ELISAE &3 ddAHS ol A}(Fig.
52 FAE T fASE AFES 1ot 7FUrE A" Al w7 dele o
le)

7P &3E 1ol vl YA A & 7 F71d i SRFEFor o
HAAANE SAs A3 (Fig. 88), FAHZTE 74%, 7F47I49 Y microwaves oF
64% R 63%, A M T=.58%2 &HS Hol W Al o3 °oF 40%
A g @AY g3V ATk
ue fof 224 AE § F7]9] SDS-PAGE Aol A =(Fig. 89) F*d], 7}

d 2 gaAe oA gliadin(GEAE 30-75 kDa) ¥ 2 5 °F 55 kDaoll

4338 ZglEQ o} eF 35 kDa B gd e 2 W3
& H2lo] ol oF 42 kDaoltitMA el Frrt Frhsle
SHE A ematgEnt ti=d 9 A & w7 4359
SDS-PAGE ZA#=(Fig. 90) F*2 % microwave Az = oy
o] ztolE Holx 9Fgkom gliadin @ E(eF 30-75 kDa) & <F 35 kDa ©™
A Wert 37] Aol FA TS vlawA]l Wskr gloloh shARE e A g

Tol A band®] A7 oFstE AL, ZhvbE 50® AT £ o oksiAh
BE AP gliadin @9 F oF 50-66 kDa Ale]o] whuldoe] B4 A
glo s TS A wA ¢S oz YEpETh L] 7tgvtE 2 e
A2 & & F719 Native-PAGE A#(Fig. 91, W& FA 2ol Hlsf A
A, L AstE As & 5 odow, AEE FldAE FAYTe 2 Afolrt

i)
£ o
T

|
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it wk=o] 7kt 2 W8 A2 $9 Native-PAGE Z3H(Fig. 92), ¥4
2]+l B34 autoclave, autoclave®l microwave ¥d ATt A W7l

Sow, microwave 1% AgT= w7l dAHS AXA o A ol
band7} #ZE RN S™ microwave 1% A8 & F+& F7]= A djdo] 9
of A lo] A diAR Fo] dojt Ao E Ag ¥ Immunoblotting
Aol A =(Fig. 90) F7]1 FAe 4 2 microwave Aol ¢F 43, 35, #
30 kDa band7} IgGet ZshAl wbg-sielom, 7hei7kd 9 W8 A= 1gGst
HE-3-512] gttt xtd Ao tigk immunoblotting A 3ol A %= F7] FAH G
IgGe} frAFSHAl ¢F 43, 35, ¥ 30 kDa @¥ Ao w33l oy Walx g+ vk
o= SHAl FUTE oo AE T B I Al oef F7]o Il
4 A g3 P 3w YETH
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Fig. 86. Binding ability of anti—gliadin IgG to gliadin in cookies made by soft
flour treated with autoclave, autoclave and mierowave. The binding ability
was measured by Ci—ELISA. Binding ability=Bt/Box<100. Bt; binding ability of
IgG to gliadin in cookies treated with autoclave, microwave, autoclave and
microwave, Bo; binding ability of IgG to gliadin in soft wheat flour non-

treated. Data are not significantly different.
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Fig. 87. Binding ability of anti—gliadin IgG to gliadin in cookies made by soft
wheat dough treated with autoclave, microwave,. autoclave and microwave.
The binding ability was-meéasured by Ci—ELISA. Binding ability=Bt/Bo><100.
Bt; binding ability of IgG to gliadin in cookies treated with autoclave,
microwave, autoclave and microwave, Bo; binding ability of IgG to gliadin in
soft wheat flour non-treated.

*Means with different superscripts are significantly different (p<0.05).
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Fig. 88. Bindi abilityxof

g’%&iated wit au‘;ogalvé@ ywave, autoclave and

microwave. The bindi [‘Hg;

ability=Bt/Bo x 100. Bt; binding ability of patient’s serum to gliadin in

made by soft

cookies treated with autoclave, microwave, autoclave and microwave, Bo;

binding ability of patient’s serum to gliadin in soft wheat flour non—treated.
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Fig. 90. SDS , \ c) of IQQn in cookies made
by soft whea IQ!)’u , ; ave, 1ch ve, autoclave and

autoclave 30 + oven, (7) microwave 1 min (8) microwave 1 min + oven, (9)
autoclave 30 min + microwave 1 min (10) autoclave 30 min + microwave 1
min + oven, (b) immunoblotting for IgG, (c) immunoblotting for patient’s

serum.
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Fig. 92. Native-PAGE of gli t dough treated
| A N |
with autoclave W wave, al 3 ples are (%) protein
marker, (1) glute iadi treated soft'm t flour, (4) untreated
cookies, (5) autoclave. 3 i ) C oven, (7) microwave 1
min, (8) microwave 1 min + oven autoclave 30 + microwave 1 min, (10)

autoclave 30 + microwave 1 min + oven.
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e 71971rg Ae 5083 7HstrkE 508 2 microwave 58S Hal A

glsto] s A2 FAgE 238ate] Mixopgraphs ©]-8-3ko] W=
E

o
fllo
I
=l
off
ol
2
=
-
a
=3
9

5). H14d AlZHpeak time)< mixing curve’} peak
& °olF W7HA e AE SAT Aom wixA FFH 24s EHdAT= b
Had A BAZE dow, A Eel(peak height)s B7HFel =

D odude] F4S S5 f% AxE Fo shvelty. F49 F(width at
peak)< ®tHol ©AY HArE ¥ vk AEE YEhln, SHAZY
curve® #F2 wtx AT RO ¥ 27t valFol E4dc] NstE= B
T A siae ARE 2 AFAE 87

d v EolE FA33THGo, 2002)Peak time FATT7F 10, A7}
4.38, 2.09% L #asigloy, foldo & Aolrt A 29t} peak height
= FAPTE 10, 98.5890d| Hls) A FES 41.533 41.65% FolHoR
23}t Peak time¥ peak heigh: & walz sl =R 55290 olsjr AAH

tHGo, 2002).,Peak time< S FH I Sejotdl o] 3t 23 SFH9 B
TEE wEEd A8%EE AbelH, peak height® A Iy A=

(strength)9} #Ho] U=t 7F 7k e} 7EH71E 2 microwave W A 2]
ofsf WhHe] At FiRFTFEol gely] w2 A thGo, 2002). Peak
o] Fo FAE U 3.63%0d Wl AHEFE 27.659F 32.49% %2 @S e
W out oA o e Aoz EfA] @ Ao R YERT 8wddAY] Fi
LAY F7F 74603, 74rd Aelz 15113 Ha ATt 8.68% e e
U, el o2 abol7k YERA] gttt

A7LFo] 553 dekA (viscoelasticity)o] #Hojsle= 2L oln|= A3 SH
1E(thiol =% sulfhydryl) 2 o]33} 18(-SS-, disulfide), 422802 1}
= 7 Utk o] T WS x4 F83%F 9F8& st 2¥ES IREAYES st
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= & Afe] o) disulfide 2]t} Cystine®] o] &3} A9 wh=o] k=
(firmness)dll G FH, o] Adte] oJsto] HH=9] FA S & (viscous flow)
2" HCho et al., 2000). ©]&13t disulfide 23S F3317] 913 A=A
£ AFgShed 2 Yo AbgE Al EAl S Mixograph® 53] & wE5e] &
A SAHAA F adE HolX && AS=E YERTE Rombouts F(2011)
wheat gluteno] EAgE s} -SS- ZAse] 7A7E & ¥k oy, SDS
bufferol o] FE&THE A3tta Busdte] 71H7kE 2 Microwave A #E
&% A7} mixograph Aol A A2 A3 qh=o] WA o] AEE] WolA| =
Ao Aol Al

t

B Bro B2 Zo|7f Ho=m whso| HAo] & 13 H 7
Al = vl S FHlo ghEFo] Bofok ??}E]r(Hwang et al., 2004). =%

7t B microwave W3 g Iom=o) Ry AFIL-E =4
gt A3 (Table 6), 12 Ha-T 23 dg $ol= 79 FFEe FIHo=2 A
o7} ] g9kem, autoclave B W A FoAE 22 HE F 25 mL %
15.84 mL= FAg+<¢l 82.50 mLoll Hla| F-3] Bo] Fs] FHAsqiTt. o
© Y7FEC 7HErE 2 ) Aol o vESA] gluten F/do] A ke o] K-
3] Aol Aadt oz ALsET} Prakash®t Rao(1999)2] AGZA oAM=
7bEel 1533 30 &<t autoclave HEsIASW glutend] WAJo] Uojit
gluten@ A o] dojubA] EFPvhar sfo] E A4 nkel A&

Table 5. Mixograph characteristics of the strong flour treated with physical
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treatments

peak time peak height width at peak width at
(min) (mim) (mm) 8 min (mm)
Control 10.00 98.58 3.63 7.46
+0.00* +0.76 4 +1.514 +1.48%
Autoclave 4.38 41.53 27.65 15.11
50 min +4.18% +4.34" +10.80" +13.85%
Autoclave
50 min + 2.09 41.65 32.49 3.68
Microwave +0.04* +2.948 +3.88% +3.92%
5 min

ABMeans with different superscripts in the same column are significantly

different (p<0.05).

Table 6. Volume change of dough made by the strong flour treated with

physical treatments

(Unit : mL)
First fermentation Secondary fermentation
Control 87508245} 82.50+15.094
Autoclave 50 min 31.67+3.30% 25.0040.00%
Autoclave 50 min +
microwave 25.00£0.00" 15.84+11.55™

Smin

ABMeans with different superscripts in the same column are significantly

different (p<0.05).
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d A, 7I47FE# microwave WaAAE & A3
2wyl pH 9 3 &S 543 A3(Table 7, 8), autoclave A A+
fFelAow Zasidlon, WAL= Fo|Hor Frlsidloy 2 AolE
wolx erkrt. weEbA 7HE7EE B microwave A 27F W who] g 3 of
I+= pH o= v 2 s HAA &E= A2 YEHTh
ol Ao A BASE FEE FAHQA ®HIbl gded, =84
Aelgre]l 8 dFel FAYFEY vda m=A YEY dEe] =3t

%

riu
o2
1C_>1r',
[o
A

A
FEEE o] g3t 2w w=S ko] 23 WE $ microwavedt 7FUME
£ itk FAEe A4 AlgEe pHE 54 A (Table 9),
5.62~5.969 W= 7t47kE 9 microwave A pHel= & W37 glA
T 7E7rE AT pHZR A E el Blel thA w2 S Bd ole
A7 AE Al dARAZE BoF 2% Aol o3 aro &Aslyl 27y
o] JhrubAleko]l WoldA UEhFE= Zlo® d=FUl B e =As)
ZA3}(Table 10), microwave 27} @ A2 FE59]
ol microwaye *#A] =S RE FiEol S4AE ASR Algdn. 7HHrt
AYE FA Gl mE] 25 e FEEFS GEHAA T Z Aol 7F S

=
.
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Table 7. pH value of bread made by strong flour treated with physical

treatments
Control Autoclave 50 min AUt.O clave 50 m1r.1 *
Microwave 5 min
5.64+0.00%" 5.58+0.04" 5.69+0.01*

ABMeans with different superscripts are significantly different (p<0.05).

Table 8. Moisture content of bread made by strong flour treated with physical

treatments
(Unit : %)
Control Autoclave 50 min AUt.O {lave 50 m1r.1 *
Microwave 5 min
32.97+0.95* 34.35+1.26% 33.19+1.00%

Data are not significantly different.
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Table 9. pH value of bread made by strong wheat dough treated with physical

treatments
Control Microwave Microwave 1 min Autoclave
1 min + oven 30 min
5.83+£0.05"  5.96+0.04" 5.82+0.00° 5.68+0.04°
Autocle.We Autoclave 30+ Autoclave 30 .
30 min Microwave 1 min + Microwave 1 min
+ oven + oven
5.65+0.01¢ 5.73+0.03%¢ 5.62+0.01¢

ACMeans with different superscripts in are significantly different (p<0.05).

Table 10. Moisture content of bread made by strong flour dough treated with

physical treatments

(unit : %)
Microwave Microwave 1 min Autoclave
Control \ )
1 min +oven 30 min
33.444+0.35% 30.35+0.39"¢ 25.46%0.50F 32.86+2.18%

Autocle.lve Autoclave 30+ Aptoclave 30 +
30 min ) ) Microwave 1 min
Microwave 1 min
+ oven + oven
31.37+0.33"8 29.7840.35¢ 28.254+0.08"

ADMeans with different superscripts are significantly different (p<0.05).
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3.1.4. A
ZdE Eol 7Fd7E A e 50, 7FdUE 50%-3 Microwave 5% W3 A7
sto] RS Axs & mywalol % (Hardness), 54 @A (Fracturability),

524 (Adhesiveness), ¥4 (Springiness), -5% 4 (Cohesiveness), A
(Gumminess), % ¥/ (Chewiness), ¥4 (Resilience) ¥ A2 (Shear force)
& SASAHHTable 11). 4% 8 BFAHAAS Ae77F FA 25l vls) 79
Howm Frbstdvh. A FIA F AGE w3k FA o] HE] s

TAE HERA = AR el £ Aol 7] Ao HoZig, 1

l

ul

[}
"

Kol

of whg} FzpAgolu} vk 2 X" FJEHL FA 2] Wl HF v FAE
yUeldo] e el disk 7F7FE A El9F Microwave A 2|7 weo] S0 &
S A mRE AL I F gk Walde 5(2002)& Pl microwavez 7

ZA Rbs5ol A @8 o] flua splew, ol F e AS Zte
Bl 78 dde ATt 31t Prakash®t Rao(1999)+=
U7FFol autoclave A& 15 sl3lS W BEygo] Fagitta siglow,
o ZA=7F 7k v, SR HAekSITEL 83ty ol= autoclave A€
o 93] gluten? TFFo] FAFF7] wWEO R, E  AFoA X autoclave,
autoclave®} microwave W8 HZA] gluten®] o]l Hold EFH A&
shA] %2 WHTh A E7E SUHE AoE Bl
ZEEE o] gsto] AT NS 2% g S A AHEs 2o
S =43 A7 (Table 12), AEE Microwave AT AT v A
SO & zol7F A ko, 7itrkd # 7kt7FE ¥ Microwave 8 3
=9 A ol =/ YEelRth. o A 7idste] HAT W3 =

z

’

>

_]

o

JIN'

il
Lo
2

M o
rot

r;'i J
N

2

Sk ARSE A3E ugkth o= Rt Ael Al FER7F FgEo ' 24
vty 3o uwk=xo] Hx%3dle] e Ayg HoZtl Barcenas (2010)2

HPP(high hydrostatic processing) *g]ol 2|3t W Hlzo) o] Ao HEe}
Aadel Srkel Aol AE Haste] olE FnbR sl5a Qv vEAdS

23 2§93 2ol= HolA gty RARAEL Aot 2 gkl

>
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FrelAom Apol7b vx] ggtom, AL FAg el vl Aggtso] SHA
velgt 38y Ad8e Microwavex 2l 17F W @& How U
Aot FA e A 2ol T weEb whSoll microwave ©F
Fo2 AYAl 1oy 7E47EE A EA] glutend] &7 493 F19 4 (Prakash
¢} Rao(1999) Agst7] drtt F=, AA, AA, dddol AaA S7He A
o2 nolt,

1o
iy

3.1.5. 4%
Ao wko] oA Tt A v F Q3 AAAE FE Fo] R Mo Fo}
of WA ~HA B Bl ofygt T E AL AH(Kim. 2002). =24

Aelst Aot FAETY 2 W due] Mg vuwg A (Table 13),
HEE A7 A4 vEsen, 1 5 7HrE 50 AE T 77.530%
e @gs Btk AARE e Wl Hla =AM Wol A
G oW, FMEE Alggk F xolE BolH ¥Rt FAET Wl H
3l Al o] wrelx = AFS Btk W & Mol A9(Table 14), F
AME B ATy =2 s B

.
27 Wb\ By F BUA AYE del Be 771 AFd dEue dxg

Zob A= vE Aol HEl microwave 1 A#T7F GEs] A
SAEAG. 9 AEE Bad A3=(Table 16), W= FA 29} v as}e]
b7t A Tsel 9 Usteu microwaves A3 vk UE AT
So| Hl3] A vebgth HAwel g TE microwave Al ThE A g

2 Aozt ot Be ATE FATY wA S o dow
A R e A A FAEe] Sk @wsbh 1950 e 8
of Hs FhE Aom AREL TEla wEe] At AA BT A
Al o] Mol dark brownel| 7HhE M-S BT, ol HaEARE T
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el Faj= Qe AAE ofvinilo] =2 Lo A FAAIZE A 9% &
o] 23l W& (Vadlamani and Seib, 1996)0] XWX A] Adxlo] 1} Ay}
2 Kt}
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Table 11. Texture of bread made by strong flour treated with physical

treatments
Autoclave 50 min
Control Autoclave 50 min + Microwave
5 min
Hardness 41.654+0.93" 1136.46+68.49* 1040.15+137.65*
Fracturability 3.27+0.218 6.7+0.26" 7.03+0.50*
Adhesiveness 4.50+0.274 0.02+0.07" -0.24+0.06"
Springiness 0.99+0.014 0.88+0.01® 0.8+0.00¢
Cohesiveness 0.75+0.00* 0.53+0.01" 0.42+0.00°¢
Gumminess 31.5740.83 614.79+20.87* 431.71+£5.718
Chewiness 31.28+1.15 545.39+14.56 348.01+3.64"°
Resilience 0.384+0.02* 0.27+0.01" 0.240.00°
Shear Force 23.61+0.65¢ 124.08+1.25% 111.26+4.108

ABMeans with different superscripts in the same row are significantly

different (p<0.05).
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Table 12. Texture of bread made by strong wheat dough treated with physical

treatments
Comtrgg (M Mlmin A A30min+ AB30mint f‘lvzf(ifrlll;
lmin +oven 30 min Oven M 1 min

+ oven

Hard 38.89 45.29 68.31 211595 1379.93 2332.88 1902.21
-ness =+1.30° +0.06° +1.65° +3.61*" +40.68° +11.95*% =+161.15"
Fractura 7.64 5.91 5.58 7.05 5.98 6.99 6.05
-bility +0.04* +0.05* +£0.15* +£1.10* +0.70* +0.71* +1.07"
Adhesive 2.13 -0.23+ 122 -1.69+ -1.30+ -1.69+ 0.11
-ness +0.14% 0.08%% +0.13*" 0.09" 0.01® 0.08" +0.00%8
Spring- 0.99 . 0.92 0.97 0.94 0.94 0.94 0.97
ness +0.00* £0.01° £0.00*® £0.00%¢ +£0.015%¢ “+£0.03%¢  £0.00%8

. 078

Cohesive 7 0.69 0.70 0.77 0.78 0.77 0.80
“ness e +0.008 £0.01° +0.01¢  £0.00*®* 40,00  +0.00"
Gummi- 29.97 34.22  49.99 1630.40 1076.52 1804.10 1436.17
ness *1325% +0.36"Wa042° EEESY /+1625°0 42174 +0.88°
Chewi- 29.35% 31.54. 48.05 1539.92 1023.55  1715.84  1388.01
ness +0.89% +0,04% £0.37° +10.68% " +£872° +54.03* 877
Resilie- 0.37  0.28 0.32 0.38 0.38 0.40 0.38
nce +0.00* +0.00° +0.01® +0.00* +0.00" +0.01* +0.00%
Shear 23.58 25.38 33.43  230.54 199.56  235.36  224.90
Force +1.32° +0.15° #+1.04° <£12.65% £17.00® +£15.29*% +£5.91*

*M : microwave, A: autoclave.

AEMeans with different superscripts in the same row are significantly

different (p<0.05).
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Table 13. Color of outer bread made by strong flour treated with physical

treatments
Autoclave 50 min
Control Autoclave 50 min + Microwave 5
min
Lightness 58.844+0.13¢ 77.53+£0.124 75.25+0.11"
Redness 7.054+0.19* -1.36+0.15° 2.27+0.08"
Yellowness 32.45+0.25% 30.54+0.1" 29.2240.03°

ACMeans with different superscripts-in the same row are significantly

different (p<0.05).

Table 14. Color of inner bread made by strong flour treated with physical

treatments
Autoclave 50 min
Control Autoclave-50 min© + Microwave 5
min
Lightness 69.30£0.03" 73.64+0.09% 73.59+0.01*
Redness 4.604+0.15" 5.75+0.11% 5.81+0.08%
Yellowness 17.69+0.36" 20.80+0.014 20.90+0.11*

ABMeans with different superscripts in the same row are significantly

different (p<0.05).
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Table 15. Color of outer bread made by strong wheat dough treated with

physical treatments

A 30
) A 30 A 30 ;
M M 1 min A ; ; min+
Control ) ) min+ min+ )
1 min +oven 30 min . M1min
oven M 1 min
+ oven

59.17 79.89+ 58.61 59.61 56.28  60.77  57.35

Lightness ) oo 0954 10350 +0.07¢ +0.13"7 +0.04® +0.17°
Redness 5.27 -2.93+ 598 4.85 5.94 4.96 6.67
+0.325¢  0.06° £0.08%" £0.17° 0.24%" +0.09° +0.28*
32.89 18.02+ 33.19 29.8 2826 30.38  30.59
Yellowness

+0.22%  0.21%  £0.12% £0.10° £0.17° £0.04"¢ +0.28"

*M: microwave, A: autoclave.
ATMeans with different superscripts in the same “row are significantly

different (p<0.05).

Table 16. Color of inner bread made by strong wheat dough treated with

physical treatments

A 30
) A 30 A 30 .
M M 1 min A . ) min +M
Control : ] min+ min+ )
1 min: +oven 30 min ) 1 min
oven M 1min
+ oven

69.84 7278t 72.66 56.43 56.84 57.84 54.64

Lightness | o'a/5 1300 10110 20.09° +0.00° +0.07¢ +0.12°
Redness 3.84 4.30 581 7.71  8.57 8.65 8.59
+0.16° £0.15° 40.08° #0.23% +0.00* +0.25% +0.10%
16.95 17.16+ 16.98 24.13 2543 25.32  24.00
Yellowness

+0.19° 0.05° £0.13“ £0.14® £0.31% £0.29* +0.13"

*M: microwave, A: autoclave.
ADMeans with different superscripts in the same row are significantly

different (p<0.05).
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Table 17. Sensory evaluation of bread made by strong flour treated with

physical treatments

Autoclave 50 min

Control Autoclave 50 min + Microwave
5 min
Color-outside 5.46+0.78* 3.77+0.93" 3.77+0.93"
Color-inside 5.38+0.87% 3.77+0.83" 3.77+0.83"
Inner shape 5.46+0.88" 3.92+1.26" 4.00+1.22"
Smell 5.00+1.00" 4.08+1.12% 4.15+1.07"
Taste 5.00+1.08% 3.69+0.95" 3.69+1.11"
Texture 5.00+0.71% 3.46+0.97" 3.234+0.93"
Total o £0:75¢ 3.69+0.85" 3.62+1.19"

ABMeans with different superscripts. in the same row are significantly

different (p<0.05).
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Table 18. Sensory evaluation of bread made by strong wheat dough treated

with physical treatments

) A 30 A 30 A.SO
M M 1 min A ; ) min+

Control ) ) min+ min+ )

1 min + oven 30 min oven M 1 min M 1 min

+ oven

Color- 5.50+ 2.92+ 4.83% 3.54+ 2.77x 3.38% 3.00+
outside 0.90* 0.90" 1.03% 0.528 0.83% 0.65" 0.718
Color- 5.33% 4.50% 4.67x 3.69=% 2.85% 3.31% 2.77x
inside 0.894 1.0948 1.15%8 0.855¢ 0.55% 0.85% 0.60
Inner 5.50% 3.42+ 4,17+ 3.15% 2.85% 2.77x 2.23*
shape 0.674 1.165¢ 1.278 1.075¢ 0.90¢ 1.09¢ 0.60
Smell 5.00% 3.33% 4.83% 4.31% 4.15% 4.08% 4.00x
1.04% 0.98" LB4 0.85"8 0.80"8 0.95%8 0.9148

Taste 5.08% 300 4.58% 3.92+ 3.46% 3.77x 3.38%
1.00% 1.00% 1.0848 0.95%8 I @R 1.308 0.96"

Texture 4.58% 4.33% 3.92+ 4.00x 3.46+ 3.38% 2.85%
0.90% 1.50% 2458 | RE 1.668 1.3948 1.218

Total D ldst 3.4 4.50% 4.00x 3.00x 3.62+ 3.00+
otal - 10.83* | 0.87°C  1.09%Bem 1227%¢  0.829/7 [1.12B¢  1.29¢

A autoclave, M: microwave.

ABMeans with different superscripts in the same row are significantly

different (p<0.05).
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3.2. THE WF R wF =94 AP F Axd Ao FZ2 W3

3.2.1. Mixograph &4

syl 7Hd7rE 509, 7HE7EE 50+ microwave 5% WA EE g
F FEAxggtele] w548 Mixograph® B 13} tHTable 19). Peak time->
Aok kb AElas Felde® Aolrh v wskew, WE A

= 0.34% IA 7433 Peak heightdl A & FA g F>7k7ta>W 8 =0
2spglth. Hargoll M el F3p 8ol el F2 7ty A rE A e
| S7lstRq o, MaAAYT= ofF WA usith vk Fx0l 3lo] o]
<83 Jds sk, 7tE AYE sHAEY o3t Agte] #HAa
H37b vk (Rombouts et al., 2011). weka] 7F47FE 2 microwave
&3l gluten @740l 38| AstE o] w5 U g0l WojA= o=
=

THE 29 AEE & T AEE ¥ A
Mixograph® <o} 9fE(Table 20). -1 A, EE XA {94 ZF
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Table 19. Mixograph characteristics of the medium flours treated with

physical treatments

peak time
(min)

peak height
(mim)

width at peak width at 8 min
(mm) (mm)

Control 8.25+2.48"

Autoclave g 44y 9ga
50 min

Autoclave

S0min+ )46 058
Microwave

5 min

91.04+0.69%

63.57+1.90°

10.18+1.27¢

18.86+2.528 22.45+0.33"

44.78+1.47%  54.16+1.28"

2.20+0.18¢ 0.45+0.29¢

ACMeans with different superscripts in the same “column are significantly

different (p<0.05).

Table 20. Mixograph characteristics of flours containing egg treated with

physical treatments

width at peak width at 8 min

peak time peak height
(min) (mim) (mm) (mm)
Control 3.15+0.56* 75.77+1.35%  33.40+58.1*  32.53+5.16%
Autoclave ¢ o000 645142.800  49.0940.570  59.41+2.874
50 min
Autoclave
S0min+ ¢ o0i1 900 70.2449.88%  43.8645.51°  51.20+6.67°

Microwave
5 min

Data are not significantly.
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TR =4 AE sho] vhE W ks pHel RS54 A, pHE A
gtellM fFejH o Frpstglov, Aok 2 Aolw WA ke, i
dFE Aok FARTIE frefHer Aok uhA ekokth(Table 21, 22).

T3 TEHE =24 AYE st AdS Yol A= W pHE FAHZ A

o} vk A 7FUd7FE 9 microwave W A grolA fFoHow F7HEHS]
o & Aot & Aole HolA FkoH, FETHEFS Aol {Fo A
oz ZUtEIF e ol Ad Al odk Aoz HeltK(Table 23, 24). ulg}

A, 7HE7rE 2 WA e v He] pHeE s & TS MAA ge
Ao w e

THES ol &5t BHE A X F 594 AHHE & pHE SAHT 2=
microwave 1% A 257k F-A2g-ef ol Apol= HolA &Fkon,
Al T5S E5 pH7F detzl- Ao ® e tH(Table 25). 84" pH
5.93-5.98% FA ] 7¢46.07) & Afo]E HojA = &Sttt FES SAT
7FE7E 50w AETE AQstal Ee AT E0] FA T vE FEF
o] 743t tHTable 26). ol HESel microwave A A 2E=AcoZ <l

Y SE SR Qs sRiwe] gaw o Anay

o o
off & S

rot
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Table 21. pH value of made by medium flour treated with physical treatments

Autoclave 50 min +

Control Autoclave 50 min ) )
Microwave 5 min

6.04+0.04" 6.15+0.01* 6.08+0.00%8

ABMeans with different superscripts are significantly different (p<0.05).

Table 22. Moisture of noodle made by medium flour treated with physical

treatments
(unit : %)
Control Autoclave 50 min AUt.O R m1r.1 *
Microwave 5 min
30.13+0.314 30.78+0.214 30.00+1.54%

Data are not significantly different.
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Table 23. pH value of noodle containing egg made by medium flour treated

with physical treatments

Autoclave 50 min +

Control Autoclave 50 min ) )
Microwave 5 min

6.63+0.01° 6.61£0.01° 6.69+0.01*

ABMeans with different superscripts are significantly different (p<0.05).

Table 24. Moisture of noodle containing egg-made by medium flour treated
with physical treatments

(unit : %)

Autoclave 50 min +

Control Autoclave 50 min . )
Microwave 5 min

25.80%£0.078 28.27+0.314 28.824+0.11*

ABMeans with different superscripts are significantly different (p<0.05).
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Table 25. pH value of noodle treated with autoclave and microwave

A ) A 30 min+ ) AB0 min+
Control 30 min M 1 min M 1 min A 50 min M 1 min
6.07 5.94 6.08 5.95 5.98 5.93
+0.04* +0.00" +0.01* +0.05" +0.00%" +0.00"

*M: microwave, A: autoclave.

ABMeans with different superscripts are significantly different (p<0.05).

Table 26. Moisture of noodle-treated with physical treatments

(Unit : %)
A ; A 30 min+ . AB0 min+
Control 30 min M1 min . A 50:min M 1 min
24.73 16.27 18.36 14.99 23.89 15.97
+0.344 +0.30° 250 22 . +0 311 +0.56°

*M: microwave, A’ autoclave.

ADMeans with different superscripts are significantly different (p<0.05).
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THE 224 AgE @ W s 24e vagt A¥(Table 27), 4%,
s/, A, AYEA, 594, 2 A AT folHor Ao
W, @A W AgTeA folFom Hasdlt. SRS At
Al gzroll FolAl Apol7b YAl skt 1E S THEE A grel A
fre]lA o= asigion, WA e v W] duxo] e SHo] HA Ik
o @2 FAXEE Cho 5(2010)°] microwaveol 4 medium power=® Zg|3%t
noodle® =7} #agh AAdAdxe}t FAsGlTE 24 AYE & THECR

Aitss 9Ad o vkso] d&sto] S = AEZF FA 2 el vl 8

oA, BHA Aelst SR wEe] Y& gaAlE Ao Aud.
294 Aelg @ FYR ARS Azkstel wE T3 BHS 54U

= A
At A A A Fel vla] EA vhgker], gy 9 Hege A
TR felHa | Ael7k e @tk ooy Feil
ALE dol ARe AAY F Axd Wol FAex e wMuy 9
o

wolA =l A A TEHTwE 2480 AdE e A= et

T7F YobRal thE ATl s el A or yewt g e ddE
B AT, 3EE kv 302 A TE Asta BE A Ttol A
Ao 2 Vet WHoll microwave® E3 ] 39S

C 7} =, WL 40°C 7} Ho] HAiEYP=e]
337 TAlFol AR dojuttay M auEa gJoj(Mika et al., 2005), microwave
7h wel 24 Wste A Ao Ao AtmEn

N
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Table 27. Texture of noodle made by medium flours treated with physical

treatments
Autoclave 50 min
Control Autoclave 50 min + Microwave 5
min
Hardness 3318.87+11.11% 2983.48+70.88%  2755.36+97.27°¢
Fracturability 7.2840.13* 6.87+0.274 5.27+0.47%
Adhesiveness -121.16£11.20* -133.10+£11.96* -230.30+18.46"
Springiness 0.71+0.00% 0.71£0.02% 0.65+0.018
Cohesiveness 0.62+0.014 0.55+£0.01" 0.51+0.01¢
Gumminess 2003:65+£71.66" | 1638.35+50.74%  1432.71+£41.57¢
Chewiness 1456.24+21.2298 1171.40+1.97® 885.32+24.11¢
Resilience 0.24+0.00* 0.2240.018 0.20+0.00"
Shear Force 91.78+0.974 27162305 74.27+3.21°¢
Tensile Force 9.80+0.47% 6.11+0.378 =D

Y not done.

ABMeans with different superscripts

different (p<0.05).

in the same row are significantly
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Table 28. Texture of noodle containing egg made by medium flour treated

with physical treatments

Control

Autoclave 50 min

Autoclave 50 min

+ Microwave
5 min

Hardness

Fracturability

Adhesiveness

Springiness

Cohesiveness

Gumminess

Chewiness

Resilience

Shear Force

Tensile Force

4310.56+80.17*

3.64+0.49"

-84.49+5.25%

0.77+0:06"

0.69+0.02*

3045.48+7.86"

2403.884+100.54%

0.35¢0.01%

1270294+6.90*

15.46+0.28%

4182.31+60.714P

6.384+0.48"*

-123.08+0.60"

0.70+0.01*

0.624+0.01"

2575.94+26.828

2038.42+72.18"

0.33+0.01*

100.66+0.86"

9.94+0.08"

4030.34+90.68"

2.93+1.30°

-142.37+8.70¢

0.684+0.02*

0.59+0.01"

2407.82+21.85°

1717.89+£61.23°

0.33+0.01%

122.53+2.914

10.16+0.10"

ABMeans with different superscripts in the same row are significantly

different (p<0.05).
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Table 29. Texture of noodle treated with physical treatments

Control A M 1 min A 30 min+ A A 50 min+
30 min M 1 min 50 min M 1 min
Hard- 3132.58+ 5804.48+ 3001.60+ 5463.85+ 5518.67%+ 5069.80+
ness 19.13  113.47%  29.16° 27855 116.93* 111.83°
Frac- 4,96+ 6.80+ 3.56+ 6.64+ 5.45+ 501+
turability ~ 0.66% 0.24* 0.83% 0.25% 1.95% 0.524
Adhe- -236.67+ -150.77+ -286.62+ -62.31+ -130.97+ -67.27+
siveness 63.16°¢  9.68"° 4.13¢ 12.23%  33.73"P 9.66%
Spring-  0.66% 0.82+ 0.79+ 0.83+ 0.85+ 0.84+
iness 0.03°¢ 0.00%8 0.00" 0.0228 0.02% 0.01%
Cohe- 0.62+ 0.60=+ 057+ 0.68+ 0.62+ 0.62+
siveness  0.00°¢ 0 TS AL 0.00* 0.00" 0.00"
Gumm- 2002.63+ 3458.39+ 1676.10+ 3560.31£-3175.53+ 3255.54+
iness 139.49% -38.83*®  79.35° 117.27% - "98.65° 44.79"
Chewi- 1507.71+ 2815.17+ 1357.59+ 3215.69+ 2617.68+ 2614.08+
ness 83.70° .12 34.76° 53.14% 72.80° 91.29"
Resil- 0.23+ 0.26+ 0.19+ 041+ 0.33+ 0.33%
ience | (D 0.01°¢ 0.01° 0.01* 0.028 0.028
Shear 90.39+ 211:18%+ 130.48+ 201.78+ 153.07+ 128.39+
Force 0.76° 8.70% 2.97¢ 9.87% 2.538 6.46¢
Tensile 9.414+ 11.04+ 2248+ 2499% - 20.54+  23.20+
Force 0.33P 0.00" OME"S 0.99# 0.27¢ 1.30%8

*A! autoclave, M: microwave.

ADMeans with different superscripts in the same row are significantly

different (p<0.05).
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>

Nl microwave lmin A 2]t A KA 2ol e Wokou e AHat=
< =4 vEtsth S EE 7S 50 min, 7FE7FE 50 min + microwave
I min A2lgollA =4 detga & AgaE2 SA SAEAT a2 el
Me WES AAE B GAErE BAe o] Hlg) =84 A AEe] BRE E
ULy tHTable 37). £3], 717a Ado] 9&] FM=rt 974 =769 =1
ol A, AT Al ola] AAMsTE dojwty] wWEolth We a2 =
=9 A= HEs ATt Srrekden 59, 7kbrrE 501 2O 7k
50 & + microwave 1 A&7} F-AgTtol vl 7 wton, A= gl
A== A7t Fasded 58], 7F7EE 50 RO 7Rk 50 &+
microwave 1it A2]77F 7H w2 gk UEHATHTable 38). 2139 AL
QARG Tt wig- FQSHAl BULEE FEOE Mo] oW FHE FHAIA
Nexes SV F vk sHANE #57t Ao A (Table 39, 41), 53] 7}
#7tE B microwave W3 AT Ao MLl oA g A W2 HAeE T

o} AW ek Fdol FARL FUe TR AL
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Table 30. Color

of dough plate made by medium flour treated with physical

treatments
Autoclave 50 min
Control Autoclave 50 min + Microwave
5 min
Lightness 80.7340.34° 87.26+0.1" 90.82+0.07
Redness -1.240.2% -1.12+0.15% -0.81+£0.01%
Yellowness 17.17+0.05% 17.1440.00* 15.04+0.13"

ACMeans with different superscripts in the same row are significantly

different (p<0.05).

Table 31. Color of boiled noodle made by medium flour treated with physical

treatments
Autoclave 50 min
Control Autoclave 50 min + Microwave
5 min
Lightness 59.88+0.15% 58:17+0.32° 58.41+0.17"
Redness 1.33+0.06" 0.8+0.02* 0.9+0.21%
Yellowness 4,4940.28" 5.51+0.02* 5.77+0.08%

ABMeans with different superscripts in the same row are significantly

different (p<0.05).
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Table 32. Color of

physical treatments

soup of noodle

made by medium flour treated with

Autoclave 50 min

Control Autoclave 50 min + Microwave
5 min
Lightness 60.04+0.00* 48.14+0.29" 9.43+0.04¢
Redness 3.99£0.26" 1.74+0.00" 1.59+0.18"
Yellowness 17.2340.02"° 20.53+0.01% 4.34+0.07°

ACMeans with different superscripts in the same row are significantly

different (p<0.05).

Table 33. Color of dough plate containing egg made by medium flour treated

with physical treatments

Autoclave 50 min

Control Autoclave 50 min + Microwave

5 min
Lightness 77.56%0,37" 80.99£0.12" 82.06+0.28"
Redness -0.95£0.06" -0.83£0.15" -0.8140.15"
Yellowness 26.89+0.22° 27.98+0.34" 26.79+0.08"

ABMeans with different superscripts in the same row are significantly

different (p<0.05).
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Table 34. Color of boiled noodle containing egg made by medium flour treated

with physical treatments

Autoclave 50 min

Control Autoclave 50 min + Microwave

5 min
Lightness 63.35+0.24" 62.84+0.33% 63.07+0.28*
Redness 1.5940.02% 1.27+0.18% 1.7940.27%
Yellowness 9.46+0.08° 12.55+0.00" 11.9740.09"

ACMeans with different superscripts in the same row are significantly

different (p<0.05).

Table 35. Color of soup of boiled noodle made by medium flour treated with

physical treatments

Autoclave 50 min

Control Autoclave 50 min + Microwave
5 min
Lightness 74.1920.07% 70.55%0.03" 70.3440.20"
Redness 0.92+0.02" 1.16+0.04% 0.90£0.03"
Yellowness 16.4140.01¢ 18.26+0.01* 16.72+0.00"

ACMeans with different superscripts in the same row are significantly

different (p<0.05).
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Table 36. Color of noodle treated with physical treatments

A A 30 A A 50
Control 30 min M 1 min min+ 50 min min+

M 1 min M 1 min

Lichtness 80.03% 58.27% 64.28+ 60.27x 69.11% 71.26%
& 0.06* 0.12% 0.02° 0.07% 0.50¢ 0.33%
Redness -1.08% -0.51% -1.76% -0.87x 0.05=x 0.31%
0.07P 0.265¢ 0.29° 0.29% 0.05"8 0.01*

Vellowness 1841+ 15.92+ 10.33% 16.29+ 24.70x 27.21%
0.09% 0.13° 0.13% 0.12° 0.31% 0.374

*M: microwave, A: autoclave.

ATMeans with different superscripts in the same row are significantly

different (p<0.05).

Table 37. Color of boiled noodle treated with physical treatments

A 30 A A 50
Control 30 mmin M 1 min min+ 50 min min+

M 1 min M 1 min

Lichtness 58:45% 62.89+ 60.41% 62:38+ 59.72% 60.59+
& 0.14% 0.00% 0.04% 0, 0.18° 0.09%
Redness 1.50% 248+ W3 2.45+ 2.67% 2.85%
0.35% 0.08"8 0.145¢ 0.04"8 0.01* 0.33%

Vellowness 4.89+ 9.80% 6.25% 10.75+ 10.37x 11.20%
0.08% 0.28¢ 0.14° 0.10"8 0.138¢ 0.04*

*M: microwave, A: autoclave.

AEMeans with different superscripts in the same row are significantly

different (p<0.05).
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Table 38. Color of soup of noodle treated with physical treatments

) A 50
A . A 30min+ A ]
Control ) M 1 min ) ) min+
30 min M 1 min 50 min )
M 1 min

ikt 51.964 80.67+ 80.74+ 80.85+ 8554+  86.05+
1BANess 4 p1P 0.01¢ 0.05¢ 0.00¢ 0.30" 0.34%

Redness 1.164 0.58%+ 0.53% 0.61+ 0.16% 0.13+
0.03% 0.018 0.00" 0.028 0.10¢ 0.04°¢

Vel 17524 1245+ 12.26+ 11.8+  9.13+  9.03+
clowness = 4118 0.018 0.07" 0.02¢ 0.01° 0.07°

*M: microwave, A: autoclave.

ADMeans with different superscripts in the same row are significantly

different (p<0.05).
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of el AHLS 7472 2 microwave W3 A A, &2 Wl A5
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Bl Aegrel A Az, 3 oY dEA v s gk, a2 & 7kt
7bE A= olFHTE Fall ey Et A microwave WM AT o]
FERE ofyEt olmZt =AKY] wiZelty. o3k Ay= full powerd]
microwave #2]7} instant noodles® °¢]|FHE 7IAH 2t Lee 5(2010)¢ 23}
o} FrAbelith AWl A FejHQ Woll oA TistrtE AHE T e A E
o} zpol7} glovk 7k E 3} Microwave Hal @ 4= 7HEIHE A H
M, 4 Tl T gl "ot ol T4 &2 IS w2 A

4 A drrgel ARs go] WS Alxg A¥(Table 40), d
Adew =g Yepller, 7F7EE R microwave ¥ A9
B, A, FY R e FAEFl e e A
< WHel A, i gtel oA | BEE AHA7E AT

< HSlow, IrkE Eomicrowave We AHE e A¢ AR 3
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A3} (Table 41), A <]
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Table 39. Sensory evaluation of boiled noodle made by medium flour treated

with physical treatments

Autoclave 50 min

Control Autoclave 50 min + Microwave 5
min

C‘:;’g;zet 4.46+0.97> 477+1.01° 3.15+1.28"
COI;’Z;E;’:“ 4.85+0.69" 4.3140.85% 9.85+0.80"
Color-soup 4.314+0.85%8 4.69+1.03* 3.69+1.18P
Sﬁig;zet 3.92+1.38% 1:3841.04% 3.46+1.13
Smﬁg;gloeﬂed 4.23+1.174 4.46+1:05" 3.54+1.05"
Smell-soup 4.08%0.28% 4,00+0.414 3.774+0.60*
Tasrf;gl‘:led 4.3140.85 4.15+0.90" 3.62+1.04%
Texture 4.08+0,95" 4.85+0.80" 2.9240.648
Elasticity 362%1.26% 4.35F 7 od% 3.00+1.22%
Total 4.5440.784 4.69+0.85" 2.77+0.73P

ABMeans with different superscripts in the same row are significantly

different (p<0.05).
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Table 40. Sensory evaluation of boiled noodle containing egg made by medium

flour treated with physical treatments

Autoclave 50 min

Control Autoclave 50 min + Microwave 5
min

Color-wet noodle 4.084+0.76* 3.9241.044 4.31+1.18*
COlr‘l’g;gféled 4.54+1.20" 4.3140.85% 4.46+1.13"
Color-soup 4.38+0.514 3.77+0.60° 3.62+0.65"°
Smell-wet noodle 3.624+1.19% 4.544+0.974 4.00+1.15*
Smig;gf;ed 3.6940.63* 4.3140.95* 4.0040.82*
Smell-soup 3.62+0.514 4.08+0.64% 3.77+0.44%
Tasrff);gl‘éﬂed 4.08+1.04* 4.54+0.88" 4.3841.04%
Texture 4.2341.09% 4.15+1.07% 4.384+0.874
Elasticity 3:85+1.074 4.00€1:08" 3.77+1.30%
Total 4.00£0.82% 4.544+1.05% 4.15+1.07*

ABMeans with different superscripts in the same row are significantly

different (p<0.05).
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Table 41. Sensory evaluation of boiled noodle treated with physical

treatments
A A 30 A 50
Control 30 min M 1 min min+ A 50 min min+
M 1 min M 1 min
COIO{' 4.75 3.75 4.50 3.17 3.33 3.83
n(‘ﬁﬂe +0.97%  £1.06%¢  £1.00*®  £1.27°  £0.98%C  +(0.94ABC
Cbgﬁ’; 4.92 4.42 4.67 4.08 4.42 3.75
noodle +0.90% +0.90% +0.98% +1.38* +0.90% +1.14%
Color- 4.17 3.75 4.08 3.33 4.25 3.42
soup +0.83%% Q758 #2051 B~ 10.788 +0.75%  £0.67"P
Smeil' 3.75 4.42 4.17 4.00 4.17 4.00
e EY14M x067"  £0.94%  xOT4Y F072% £1.04°
Smell-
D iled 4.00 417 3.92 3.67 4.25 4.00
noodle +0.85 +1.034 +0.90* +0.78* +0.874 +1.04%
Smell- 3.92 4.08 4.00 4.00 4.08 3.92
soup +0.514 T 0% +0.43% +0.60% +0.29% +0.29%
Tast 4.08 3.92 3.92 3.58 4.08 3.92
aste +0.794. TH1.004  £0.90% = 1000  £1.000  £0.90"
Toxt 4.33 3.42 4.33 3.33 3.50 3.33
exture  410.89%  +0.90°  +1.15°  +0.89*  £1.09°  +1.07"
Blasticit 3.33 3.92 3.75 4.08 4.00 3.92
Y 40780 +1.38" +0.974 +1.51% +1.13* +1.24%
Total 4.33 3.50 458 3.25 4.33 4.00

+0.89%%  4+0.80%¢  +0.90% +1.06°  £0.65*  £1.0448¢

*M: microwave, A: autoclave.
ACMeans with different superscripts in the same row are significantly

different (p<0.05).
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3.3. & WIHE 2 wFe 24 AP F AxT F7|9 FZ2 W3

B Rl B4 Mg 3 & FI)E AXNES o FESFS SHS A
(Table 42), Agl7-50°] FAg ol vs) #=2 o] =

Tl Bl 7h7tE A o w2 FAE dEdledw 2 kel b YEEA]
orobth. pHE 283 AE= o my ol A4S HdAw g e 2
AFol S LER A e 9ktH(Table 43).

MRS o] g3 TAE AR F Beld AYE sho] SRS S4T 2

FEFFol A debsow, 53] Sk AYE T AeTEe FEFEo

A UdEbR L QB R EA SRRl e fAhste oR

pHE 7F4H7HE 30 3 microwave 1+ 8 w7] 58 A7 T3 2 ol 1))

A et en g8 AT ES 4 585 AL, 53] microwave 1# A
= pH S7H7F ZLA YEFsiE(Table 45).
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Table 42. Moisture of cookies made by soft flour treated with physical

treatments
(unit : %)
Control Autoclave 50 min Autp clave 50 m1r.1 -
Microwave 5 min
2.13+0.20" 2.66+0.06" 2.27+0.25%8

ABMeans with different superscripts are significantly different (p<0.05).

Table 43. pH value of cookie made by soft-flour treated with physical

treatments
Control Autoclave 50 min AUt.O glave 50 m1r.1 *
Microwave 5 min
6.124+0.04" 6.01+0.014% 5.90+0.04"

ABMeans with different superscripts|are significantly different (p<0.05).
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Table 44. Moisture content of cookie made by soft wheat dough treated with

physical treatments

(Unit : %)
A A ) A 30 A.SO
) ) M M 1 min ) min+
Control 30 min 30 min ) min+ )
1 min + oven ) M 1 min
+ oven M 1 min
+ oven
2.05 15.34 8.65 7.75 2.56 13.16 4.55
+0.29%  +£0.53*  +0.67° +1.09¢ +0.15%  +0.28" +0.32°

AEMeans with different superscripts are significantly different (p<0.05).

Table 45. pH value of cookie made by soft wheat dough treated with physical

treatments

A A . A 30 A.SO

i X M M 1 min J min+

Control 30 min 30 min . min+ )
1 min + oven ) M 1 min

+oven M 1 min

+ oven

5.81 5:80 5.84 6.31 5:90 5.83 5.75
+0.01%¢  £0.01%° " 40.02°¢  £0.00*  +0.02° - +0.07°¢  £0.04°

ACMeans with different-superseripts are significantly different (p<0.05).
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g 2 AN AR 7k microwave A2 A] o] A AL, THtUE
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Table 46. Texture of cookie made by soft flour treated with physical

treatments
Autoclave 50 min
Control Autoclave 50 min + Microwave
5 min
Hardness 7645.17+£154.22%  3619.38+52.84%  2505.44+166.40°
Fracturability 4.61+2.214 3.02+0.59* 4.69+1.05%
Adhesiveness -20.26+0.50% -12.52+1.10* -13.86+0.99"
Springiness 0.36+£0.01® 0.55+0.04" 0.58+0.09*
Cohesiveness 0.10+£0.01% 0.03+0.008 0.03+0.01°
Gumminess 678.00+88.224 118.51+4.65° 51.05+5.128
Chewiness 440.05+£9.17% 65.28+1.52° 29.40+2.96"
Resilience 0.70%+0.09" 0.62+0.008 1.71+0.25"

Shear Force

131%:53+16.85*

901.67£93.67"

4492.7145.77°

ACMeans with different superscripts in the same row

different (p<0.05).
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Table 47. Texture of cookie made by soft wheat dough treated with physical

treatments
A 30
A A ) A 30 ;

) ) M 1 min ; min+

Control 30min 30 min ) min+ )
1 min + oven . M1min

+ oven M 1 min
+ oven

Hard- 10263.40 3009.27 7383.06 1591.20 12406.14 7072.50 14843.15
ness +183.98° +182.59F +688.31° +66.89" +500.65% +9.55° +870.24*

Frac- 5.74 357+ 542+ 4.63 3.48% 5.30%f 11.80%
turability 4.32°  0.05" 053" 036" 048"  036°  0.13"

Adhe- -16.26% -4.47+ -0.86% -61.03 -14.41% -0.60f -0.45%
siveness  0.02°  0.30" 029" - 3.37° 026"  0.04"  0.05"

Spring- 0.38+ 0.83f 0.71+ 0.35% 038+ 0.83x 0.77%
iness  0.01°.  0.00* 0.02° 001" 001" 0.02*  0.00"

Cohe- 0.16+ ~ 0.48+4" 047+ | 09+ 0.20f 047+  0.44%
siveness 001 /0.02% ~ 0.01* ' 0.01° 001 _ 001*  0.00°

Gumm- 1648.91 1436.42 3192.83--304.97 2474.85 3299.34 8392.28
iness +152.45° +68.98° +28.05° +0.82° +17541% +45.20° +19.87*

Chewi- 65282 1198.62 :.2213.23 109.63 664.64 2486.35 6191.05
ness +3.33°P +251.86° £208.18°% +6.02° +6.42°P-+381.93" £376.94%

Resil- 0.36 0.23% _10.30&  _ 0.06% 10.32+ 0.34f  0.44%
ience  0.05"  0.00%-0.01¢. | 0:00% - 0.00 0.02"°  0.00*

Shear 1557.27 481.51 2089.46 152.19 1329.94 858.96 3701.63
Force +56.75° +39.66" +250.41° +7.86% +77.98° +90.74% +46.62%

*M: microwave, A: autoclave.

AGMeans with different superscripts in the same row are significantly

different (p<0.05).
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Table 48. Color of outer cookies made by soft flour treated with physical

treatments
Autoclave 50 min
Control Autoclave 50 min + Microwave
5 min
Lightness 78.07+0.33" 79.904£0.01% 77.2440.10°
Redness 0.7240.26" 1.36%0.05" 2.37+0.08%
Yellowness 28.43+0.17¢ 30.5040.27" 33.16+0.29%

ACMeans with different superscripts in the same row are significantly

different (p<0.05).

Table 49. Color of inner cookie made by soft flour treated with physical

treatments
Autoclave 50 min
Control Autoclave 50 min + Microwave
5 min
Lightness 64.362£0.20° 65.43+0.15* 60.61+0.16¢
Redness 5.91+0.01% 6.18+0.02% 6.50+0.274
Yellowness 20.05+0.11"% 22.96+0.05% 23.06+0.34%

ACMeans with different superscripts in the same row are significantly

different (p<0.05).
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Table 50. Color of outer cookie made by soft wheat dough treated with

physical treatments

A ) A A 30 min+
Control . 2  30min M MImn g, i+ M1mn
30 min 1 min +oven )
+ oven M1min +oven

78.28  65.37 62.28 70.84 76.43  67.53 65.76

Lightness | 01un 10008 +0.16° £0.07¢ +0.01° +0.18° +0.02°
Red 0.58  4.04 753 -0.58 0.93 3.82 6.24
CANESS 10,040 £0.14° +0.10* +£0.30° +0.06” +0.34¢  +0.14"
29.15 19.81 18.80 21.96 29.25 21.36+  26.53
Yellowness

+0.04* +0.10° +0.21% +0.12° +0.16* 0.30° +0.10"8

*M: microwave, A: autoclave.

ATMeans with different superscripts in the ~same row are significantly

different (p<0.05).

Table 51. Color of inner cookie made by soft wheat dough treated with
physical treatments

A ) A 30 in+
A . M M1mn 2°° A30min
Control ! 30 min i min+ M 1 min
30 min 1 min +oven .
+oven M1min +t+oven

Light- 61.28 61.51 65.37 57.45 61.82  65.38 62.82
ness +0.12°  £0.02°" +0.15" £0.23" £0.18° +0.02* +£0.01"

Red- 7.52 5.61 6.37 0.96 6.63 6.42 7.33
ness +0.02*  £0.23° +0.00° +0.03” +0.17° +0.11° +£0.30"

Yellow-  23.33 22.40 23.19 1542 2399  23.10 25.82
ness +0.31°°¢ +0.27° £0.01° £0.07" +0.26" +0.11°* +0.12*

*M: microwave, A: autoclave.

AEMeans with different superscripts in the same row are significantly

different (p<0.05).
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Table 52. Sensory evaluation of cookie made by soft flour treated with

physical treatments

Autoclave 50 min

Control Autoclave 50 min + Microwave 5
min

Color-outside 4.50+1.004 4.58+1.514 4.08+1.56"
Color-inside 4.58+1.00* 5.00£1.21% 4.33+1.37*
Inner shape 5.00+£1.13% 5.584+0.90* 5.42+1.16%
Smell 5.08+0.90% 5.00£1.04% 5.08+0.79%
Taste 5.25+0.87 5.084+1.08% 4.25+1.29*
Texture 4.4241.004 4.754+1.224 5.08+1.51%
Total 475+0.75% Sub+ 14024 4.75+1.06"

Data are not significantly different.
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Table 53. Sensory evaluation cookie made by soft wheat dough treated with

physical treatments

A 30 A 30
A A ) ) ;
) ) M M1min mint min+
Control 30 min 30 min ] }
1 min + oven M M 1 min
+ oven

1 min + oven

Color-  5.10& 3.40+ 3.50f 3.40%f 4.80+ 3.40+ 3.20+
outside ~ 1.29"  0.84°¢ 097" 135" 1.23" 070" 1.14°

Color-  5.10& 3.40+ 340+ 3.60+ 4.80+ 3.50+ 3.50+
inside  0.99*  0.84° 117° 143" 1.14% 0717 1.08"

Inner 510+ 420+ 3.80+ 4,00+ 500+ 3.90+ 3.70%
shape  1.10% 132" - 1.32% = 138"~ 094" 129" 142"

5.40% 3.9 04 4.00+  4.33x= 490  3.80x 4.10%x

smell 5 gia099¢ 0,005 0.67% “0.88%% 0.63¢  0.57C
Tage 40 [ 420% © 400% | 400+  540% . 390+ 370
0.97%  0.92" 0.67"® | 156 1.26° 099  0.95°
Toxtpe F10%| 440 310+ 880t  500f - 380X 270+
X 0.74% . 1.90% 1298  1.64% 105 /1.40"® 1258
530+ 410+ 360+ 3.60+ 530+ 390+ 280+

Total

0.82% L, 0.97" LSk 1.06%  1.10* 1.03"

ACMeans with different superscripts in the same row are significantly

different (p<0.05).
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1. 283 Aol g 971F 9 U9ut= gliadin®] 94 W3t

A7EE 9 Auksof] 239k, kA 2 MicrowaveE A 282w gliading]
A2 [gGoHe] whgA o] =A FAIH FA et & Aol 7t Al F kTt
7 SEE, 2 g AR vk A9 dls 49, 50 A Al 87%,
68%, 2 82%° AFHS Ho FUAFY FAa7F 7P Hon, TtdtdE 3
microwave W3 HsAS Aol 7HrrE A AIzke] Sl wEr 4
g o] A4S o1, microwave A A|7Fo] 10w Huk 58 A2 A] AgHE o]
T @A Yeby, 7htb7kd 504 2 mierowave 5% A Al, 89%, 73% %
93%= 714 S AP E HIT

ko] 7Rt AR ds A5
e B2 501 AYAl 33%8 A9H S B 7P @EE 3AdS YERAT
HEs5oll 74 7bE 2 microwave B3 A Al AEE, FEES 50%/10% A
Al 21%, 33%°1% o, BHEELS 50R/6E AHEA 26%= 7 e FUA
S HAT)

f
hd
A

2. 2813 A o " 7IEFAF gliadin®] <H 243 #s}

Whholl B2 A&k e, (5] 2aked s Axsils W, kb
2l microwave W& AHAl 242 15%(30%/1), 61%(30%/1%), B 27%(50
T/1H)=E Fe FddE Jerdidla 3138 He g W, 7], 2 e
gliadin¥}9] WHEAS 71h7tE 9 microwave M3 A2l Al 2+7; 56%, 54%, 2
58%= 71 WAl YES Y. Immunoblotting®] IgG 2 3xE Ao gk vkg-4
o A= FA el oF 30-35 kDa F-+¢] wuizo] whgo] ZshAl LERR S
U, w9 A 7S 7S % microwave W3 A g A] wkgo] yERLR| okt
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3. 2914 A 9% U/FE 9 Yuk= gliading @¥d 2 gliadin®] 2
AT% Wt

SDS-PAGE A#elA &, 78, T8 2 gt =
Alell= gliadin & (oF 30-75 kDa)el W37k fi9lot, 7F47kd 5L 7ktrh
E 7 microwave W AAlodl= AHEHE, TEE 2 drERo A oF 35 kDa H-

ze) wuldol Asttd A Aol Zuhdel we Awst oksE . AEE
EAR

ok =SS 7Ed7EE Aol o3l gliadin @A o] e A E AT

A7 9 wkso] 77, microwave, ¥ 74 7FE 2 microwave W A
g & W AW, 2 FIE Az A9, DU 2894 AgAlde 7
2

YA el A gliadin(E 2 30-75-kDa) @A F ¢ 50-66 kDa, 35
kDa %-+2¢] @A band7t e glom, T92 R Tl oF 35 kDa
Fo] w2 WStz QIATE REsol 294 Ae 3 ) B F719] HY
ASE #3482 microwave A8 FolARE gliadin B2 F °F 35 kDa o9
2 =7 AREIAT e A e A-6l A HAT i BE A3 T

6 kDa Atole] Tafdo] #AHAT AWl =94 A3s et
A WL microwave 13 A8 F7F gliadin & & (ek 30-75 kDa) =
F 55 kDa band®] L azelelells HIStek d S BAARE thE A E ol A
shol shole].

Gliadin®ll 7}H714, microwave, 7F7HE- 8 microwave A #A] 234-% =
4 Ay, 7kt 2w A2 Al 207 nme] negative maximum©] Y 3}
g2 ¥# o] ordered structure TZ%7} random coil2 F3tE FS & = U3
o™, microwave Aol T Al Ttel Wla] I ®E7E AU oldow
=94 A2 T 7H47HY 2 microwave Wa A2 A, gliadin® 22 27} 7}

A o] gyEA o e

+ gliadin @ &o] His] &4dd A

mlo

4. =99 Aol g% 4 7heAFY 2 54 W3

ZF7rE 3 7heh7tE 2 microwave W AHElE AEHE 2 FHIE QS
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&k Mixograph Bl 3% =4 Ay} w59 U440l Astd o= et

A7HE e dhsoll 747, microwave R W AEste] W 9 WS A
Z3e 8% pH, FEdE, AM=s Z Ao7t glley, F71= wks 7S
7HE AYPS A5 FedEel 4Fsl STt =42 =94 A o
B, A4, AP, ddgelA W drFE 9 wkso] AEA], Ao ¢ wk
o A Al F71= B YA S 7 F U We TV 2k W
F71 2 A #AeRIbAME dEAdd B adE Bl ke H
microwave '3 A2 7L W 5 F7)o] deolA Hzk, FH, A 3 dAA<
Z|Z oA v HeE wgtoy, g2l 49 BE AYE sl FAET
o} 2 AolZ UEhA Fgit) oo w w "l Tl W Aol 23
T2 ARSI e dA s T By Aol o LA

S

o] Azate AE ThLel Hdd Aow AbrE.

==

—
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