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Recent Trends in Buckwheat Allergen Research : a mini review

Chaeyoon Lee, Sujin Lee, and Sangsuk Oh*

Department of Food Science and Technology, Ewha Womans University

Abstract

Buckwheat (Fagopyrum esculentum) is one of the traditional crops and there is a growing global attention as a
healthy food because of its rich nutrition. Buckwheat allergy is an IgE mediated immediate-type reaction and it is
considered to be a critical allergen because it causes severe allergic reactions by small amount of intake particularly
in children. In this issue of Buckwheat allergy, research papers about various topics - major allergens of buckwheat,
clinical reports, detection methods and methods to reduce allergenic reaction - were reviewed. Major buckwheat
allergens reported and listed on IUIS are Fag e 1 with molecular weight 24 kDa, Fag e 2 with molecular weight
16 kDa and Fag e 3 with molecular weight 19 kDa. PCR and ELISA methods have been used to detect buckwheat
allergens. Recently, the LC/MS method has been developed to apply to detect buckwheat allergens. In addition to
detection methods development, there have been efforts to reduce buckwheat allergens using chemical and/or phys-

ical methods, but not commercialized yet.
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W& ] Z 3 (Polygonacea)oll &3he A ER, S0
A1 1000 BCHE Aufsle oAl GALE Ad A=oltt A
AAAeZ A=l s HEFTS 9Fo] der, F
A2 = WY F2 RS WU(Fagopyrum esculentum)>}; T
S| U (Fagopyrum tataricum)©|th. B 3=t}
A, FolA FE2 ANEE, dEFHE S Bx, e
2 2ol A2k 3L 9)EK(Christa & Soral-mietana, 2008).
o] Bfol| = gjrjo}, S-Agto|u}, SEMU o}, ERE, 7,
Bepd ol ME ARSI QI th(Kreft et al, 1999; Li &
Zhang, 2001; Bonafaccia et al., 2003). 74 %2 HdS A}
ek Uhe gAokR, AR 9 BAR 29SS40
1 & dlo]7] o]e] EX|oA HAEet2 G 34 =9] WY
A 2Fghtt(Alekseeva, 1993). - HAE wW-S Bl A &
= Yebs FFoln 1 A"k oo]A oo EA A
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o ge] WE e *ﬁ*&iﬂiv} n)=ofl M= EERY, Y-,
HUo} 5 theFet A GoA wWdS Aaketar O‘E} Bl
o] A7k w™Y AYAES 17,000-20,000 = LR F
tH(Li & Zhang, 2001).
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(Nmcov et al, 2011). W'd-2 OV\]O]-Z]""J% ZAJo} 4]
FAZZE o] &3t At} FHAAME WE7FFEE ‘French
Gallettes’, 59| ‘Poffertjes’, ©|€&]o}2] ‘pizzoccheri’ <}
‘Polenta Taragna’s & =219 ANEE AMEslAL o™
(Heffler et al,, 2011) YoM = AFF2 Avl=F2
AF e HZole WEZRE Ao wE FYV giE
T3 o] 853 JtH(Morita et al., 2006). H=ol| A HH o
e Hxo 7152 13 A7) AEgE Al E3E <%
SR H R T ol A FokE ¢ 1o, o] At

HHERE S5 5o Hdtke 715°] 23(Choi et al,
2003) HZell= WL7HFE W9, v, EE 52
AzE da] o] &3t AtH(Hong et al., 1997).

g o] G 7Hx7F FEAHA A AAAHQD HH Y
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< 16, 19, 24 kDa S o] X9k H $kx} IS o]&-3h
allergenicityS ERIgt AFEAAME o] Al 714 o]9o=
9kDa, 14 kDa, 30 kDa, 43 kDa, 67 kDa#} split 19 kDa &
S gel dyEdos WAL WY 7] S0
Re Ao A% 24kDa, 16kDa L 9kDa?t Agt
sl A0 2 YR (Park et al., 2000) W2 L= of
St wo} At AAHQ Ao Hado]l tiFE 9
T} EESH 21F S 2] aAEE Hols A9 B
o G ENS i AFF] wapghgAde] FH o
(Park et al., 2000) T2 2% FE| 24374 HwE &3
g2 AF7E &o]8A] ol ZxbAl AFvE Hadk
Aoz AgHTh do g T Wt ol A gl
= WE dH S ddEe e ke v A ES
Arket7] 918k 712 AFEA AF7HA AFE T8 Y

271 54, A&H, Ast 59 72T+ A5E do

B2, B69| 9o 5
=THBonafaccia et al., 2003). WHol| $hf
AT HAA R MAEHE HolH, &
ZHZHE FEE AN A 715748 AEF0 48R AR
7]1% 3FK(Choi et al., 2003). =3+ W22 Zn, Cu, Mn, Se
5o m A A o}(Stibilj et al, 2004) K, Ca, Mg S(Wei et
al,, 20032 i3t ok wge] EZgtEo] & rutin
catechine H| &3 o8] Z2]¥ &2 ditsA| 24 28311
(Oomah & Mazza, 1996; Wanatabe, 1998), 2]o]d5-2] 3
8 FEdeEA vYk B oo A85t7] g AT
% 3= 3 Ak (Brennan, 2005). WY whulde tiE2 ot
Wz of Hla| o)Ak A3 2] o] & gtFoix] oW (Li
& Zhang, 2001) 53] A1 FENA F=3 arginine
(10.5 mg/100 g)2} lysine(6 mg/100 g)°] F5-34A gH-5 o] U
THBonafaccia et al, 2003). €3 H|ZP-S W lysine}
arginine> 2F 2 ¥l threonine} tryptophana <F 1.5 8] ©]
el 5 ofrAbel] gk FdeHE 717}
=THEggum et al, 1981). Table 1> USDA<S| National
Nutrient Database®l Al #IE 2] FFeHd] HJES EX3 =}
FO|THUSDA, 2011).
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A2, A3F 2 FAZE FAsts AN ARESolH 219
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Table 1. Nutritional Composition of Buckwheat.

Nutrient Unit Value per 100.0 g
Water g 9.75
Energy keal 343
Proximates Proteu‘l ' g 13.25
Total lipid (fat) g 3.40
Carbohydrate, by difference g 71.50
Fiber, total dietary g 10.0
Calcium, Ca mg 18
Iron, Fe mg 2.20
Magnesium, Mg mg 231
Minerals ~ Phosphorus, P mg 347
Potassium, K mg 460
Sodium, Na mg 1
Zinc, Zn mg 2.40
Thiamin mg 0.101
Vitamins Rl.bo‘ﬂavm mg 0.425
Niacin mg 7.020
Vitamin B-6 mg 0.210
Uehtr] 744 do] ZAele AA¥ WES-o|Tth(Table 2).
A dElErle duEe At e A=l wet Al1d
2 A2Y AF dEE7|2 RS AY AF EHET]
= T4 5 A S o3 dearoly &3}
7E Ba A A8 Suesle $A8 G2
A= ok, dEdlo] Mo 22EF IgE AZ mast cell
S A=31H mast cello| A S|2El, AI2EY, 3ad 5
o 85 A2 Bdo] FYHo] 1 4O IS MEH
del=27] S0l vEhuA "rkFig 1). A8 A5 L
27]0 #ofstes g = 8792 ikl (glycoprotein)
S22 10-70kDa B=2] Z7]o|H, Do} A}, &8 B
Soll esiA HAHA 2 A FAHE FAskE Aol &

Auelgen
o & ()
o

< Allergen specific
IgE antibody

<——— Fcreceptor for IgE

Mast cell —>

Granule
(contain mediators)

.o" : 0.‘.

Degranulation

Fig. 1. Mechanism of food allergy.
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Table 2. Four types of hypersensitivity reaction mediated by immunological mechanisms that cause tissue damage (Janeway et al.,

2001).
Type 1 Type 1 Type 111 Type IV
Immune reactant IgE IeG Tyl cells T2 cells CTL
Anti Soluble 'Cell- or Soluble Soluble Soluble Cell- or matrix-
ntigen . matrix- associated . . . . .
antigen . antigen antigen antigen associated antigen
antigen
Effector Mast cell Phagocytes, FcR" cells Macrophage Eosinophil Cvtotoxici
mechanism activation NK cells complement activation activation e ty
Exampl_e .Of Allergic thmm?’ Some drug Serum sickness, Contact dermatitis, Chron_l ¢ asthrqa, Contact
hypersensitivity ~ asthma, systemic . . . . chronic allergic ..
. . allergies Arthus reaction  tuberculin reaction . dermatitis
reaction anaphylaxis thinitis

a2l Alzke] ZojA opb@etalz ul
7] W =

1o dosle B9E ek W,
A28 AF G271 golshe FA AL AP B
o PxAoz BAYsT o} Raol o8] 47 2ol
HE 54l Atk ole O FEH0] Jt FY
a2 Eo] mANSS Fai 4ol W,
)

Dixon, 1997).

Y dHEr]s dubor Ay dHEr]el &b H
U A 27)e] S 2= FE817], allergic rhinoconjuctivitis,
= o] A3 (Wieslander, 1995), 413+ 7
ol oA 2 0] g4 I stE <l =8
Al A3k Wol7|x ST} (Christa & Soral-mietana, 2008).

1Y elEs)s EaAE eouk g e ool dule
AomE J8 F4L wol7] vEe] Be Qe|zdoE
o} 721 tH(Yoshimasu et al., 2000).

Mutiah & Kagen(1990)2 9-40 kDa®] T o] we] =9
g 2AE FAsAeH o] AF7HA] 73k IgE AT
S Hole WY dHEACZMN 17, 50, 100 kDa(Yanagihara,
1980), 8-9kDa(Yano et al., 1989), 24 kDa(Urisu et al., 1994),
19, 16, 9kDa(Park et al., 2000; Lien & Kreft, 2005), 14,
18 kDa(Yoshimasu et al., 2000)°] H I = om, W] &=
44 BYEZFE 22, 36, 39-40, 70-72kDa © &#H =71
Tl Aol BT E A THNair & Adachi, 1999; Nair et al.,
1999). o]utol &= 22 kDa(Yoshioka et al., 2004)3} 15 kDa
(Morita et al., 2006) =gt Wde] 8 gP=Edoz By
H Atk &3] Park et al.(2000)2] A-olA = Urisu et al.
(1995)9] QoA Fo vl dyzAoz deizl 24kDa
o] A v e 2r] S 5 B Aol A
EF 9SS Hou, 19kDa A vE HH T
H27] 4 Bl SRl AA T SolAQl Bhg-S Ko
19kDa &#l271¢] AR RZA ] 7hsdE Arlskdtt
(Park et al., 2000).

ZA A 7|Bo 2N, G224 AR 7|ZHOZ International
Union of the Immunological Societies(IUIS) Allergen

Nomenclature Sub-Committee % Allergome®] AT}, tF-&
o] dg=7] FEZLS [UIS Allergen Nomenclature Sub-
Committee®l] &J3] F215 o2 HHE L Allergome H|©]E
woj 2o ZIETE A Z Q] LEl27] HH Aol A
g 27] FEEHAES WHOdI 2iE $ do]Eju o] 2o
Z&H} IUIS Allergen Nomenclature Sub-Committee <)
At EoA] o] 8 7Hagt Ho|E &2 Allergome H] o] & H] o]
2o % FAsH AFEY, Bt 94 W - =
7184 7120l w8 E B EAMETE] IUIS Allergen
Nomenclatureol] *Z3HEth WHO-IUISO= REFH2e]
8 dYEASE 24kDaoE L4H % Fag e 13} 16kDadl
Fag e 2, Z8]3L 19kDa®] Fag e 3 Al 71X d#24l0] 5
Z5 o]t} v Allergome©ll= WHO-IUISO| 55¥ 3 7}
A GH 2 Q]e] Fag e T1°]2k= trypsin inhibitor= Z 3%
o] A THTable 2). Fag e 1 Urisu et al.(1995)°] 2]&] gt
5171 24 kDa®l 8 L E2AE ofv|st AR7HA| 7HE
B AolA Fo wE deEEeR gFa e o
Folt}. o= 11-12S globulin®] B chain® 2 FZHT}
(Urisu et al., 1995). Fag e 2 2S albumin®] &3l=
16kDa2] ddEAe|H FHZ AFolA a-amylase/trypsin
inhibitor®} 38%<] homologyE X I th(Park et al., 2000).
Fag e 3= 7S Vicilin-like globulins®|™, #= AolA] &
9] 28 storage albumin® 50%2] homnologyE YERNATH
(Park et al., 2000). Fag ¢ T1:> WHO-IUISA A= 333}
I YA ke dEEA0|H trypsin inhibitor24 7] TS
3, 9kDa €#|27010] Fag e T3 5US Ao =2 g3
F ThH(Park et al., 2000)(Table 3).

Park et al.(2000)2] A-ollA] wWde] 8 L2721 19,
16, 9kDa2] N-terminal sequenceS H1Tth o] A Aol
= 148A ofw=t MA7EA] BFEl 19kDaél N-
terminal amino acid sequence= 29| 2S storage albumin
family?] 19kDa a-globulin protein?} 50%2] homologyS .
om, 25 WA ofwiit M E7EA] YRl 16kDa®l N-
terminal sequence= Finger Millet®] a-amylase/trypsin
inhibitor2} 38%<] homologyE X3, 9kDad W <]
trypsin inhibitor2} U3 sequenceE UL 213} THPark
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Table 3. Official list of allergens of Fagopyrum esculentum (2012).

Allergen name Common Names MW(SDS-PAGE) Biological Function

Fage 1 - - -

WHO-IUIS Fage?2 28 albumin 16 kDa -
Fage3 Vicilin 19 kDa (fragment) -
Fage 1 13S Globulin, BW24KD, Legumin 24 kDa Legumin-like Proteins
Fage2 2S Albumin, BWpl6 - 2S Albumins

Allergome L ST .
Fage3 7S Vicilin - 7S Vicilin-like Globulins
Fage TI - - Trypsin Inhibitors

et al,, 2000). ©]F 19kDa ¥#|ZA19] N-terminal sequence YN 2E WHo] 293%% 7P BUL 7 9.8%, 719

E_o]

S o]g3}o] full amino acid sequenceE 513 Aol A
19kDa & E7-2 13571¢] ofn]=ito g o]Folx] Q=
Ao 7 WK om, oF 16kDad] EAHS 717 Zlow 24
3t th. 3t English walnut, Cashew, Sesamumindicum<]
g =247 35% ©]5k2] homologyS #2135} THChoi et
al,, 2007).

ey By

WS sddoM HFo2 wol o= e, §
8 fEvetid e HEviRe 80, AP WA
HE&ER ARESEL QlofA wiRe] o ohf g ~Tt 5

3] ol ¥ gt} W vlwsksls v e gliadin
ol 0.06% WWHe= HAE L QlofA, F 2ol Ak W

<= WL gliadin A0H-g0] = SAbe] thAAFL

°]-&-5 3 JTHKim & Park, 2002).

HHo] ETorE A8 M3 & dg=r] v Hol
792 Smith(1909)9] =74 25 LHE2 Peshkin
(1926)9F Rowe(1937)] =4 B ¥ v} 31t} Nakamura
et al(1974)= 9 A2 WY LH=27] YA FHE S w

7]
A 27] vkgo] gkt AHH w2 A1F dUEr1YS
B a9k

W G270 el izl R dEedA ‘1‘01
o]Folxom, 90 Aol 853 }UM kel A 92,680
o R WY deEr|E A A3 BT 140 HH o
Zpofol e} 54 W o] ofzfolo](0. 22% of all children)o|AlA &
H27] Fodo] AFHJT. dH=27] T F 373%7F T
=27 4L BAA, 265%7F EFES FAS BTh
oI A 2 FAI= 3.9%%] TH(Takahashi et al., 1998).

Suh et al.(2003) 1,738 He] A2l ¢H=7] AE A
AbeE Azt At vl thgk I Rekak ARl 3.5%81
60 o] A WS Hol AT, o, tiF, 23 A g
=9 Fa 50 dHl27] Ul AFoE skt

HHH o3 Aol 27557188 o] S 21 ) WS
oz 3 At mEH, Ao} ol ga|2e] Al &

=2

HEo] 46.1%Z 71 Be FES AXsdon, 4F

9.8%, 3t 7.3%, EA 53%, Hl7] 49%, BF 4.9%, M5

24%, S5 2.4%, HAE 24%, A 2.4%, IR 24%, L
AR F22 2.4%, 71 2.4% =22 YEPGTHLim, 2010).

m=olM e dEET] §2 7hsAdel e AETE 2047
2]3Zo] FA|E 3}= ‘Food Allergen Labeling and Consumer
Protection Act (FALCPAY'-S 2004 | 8 Yol EA|H o
2006 HHE 7ol AlAEH AT o] WS "5 FDACIA
Hdeete e AFo] AHEEM oA7|A 3 87 F4&
gy E7] AEOZ G(milk), AlTHegg), A (fish), 2+
(crustacean  shellfish), Y E(tree nut), Z(wheat), FF
(peanuts), F-(soybean)= A3t o, WL ¥ 351X
23 JATHUS FDA, 2004). EUE 1]=3} ulz7ix &2 wd
& g YA O} (Poms et al., 2004), 2011 3 F=+
o] Sammut et al.2011)S =& 3 W2 =77}

21 4171 d=e] A EAYS Fskdh v v e
AFH7E B AR E = TN f'ﬂ“‘, g3, 2, A
&, s 2T 2470 5ol da] Austes How
A3kl AtK(Urisu et al., 2011). 3= 1% 59 FAY
ol Wt G, S, W, B, o, g, Ao, A,
M-, ARG, Bsol, EvtES e A& disl A
ABEHES FASIEE 3l ]q—(KFDA 2003).

o] GFeHe olfe] FzEo] M d AAHoR
AH7E S UHA A2 B+ (Wang et al,, 2006), Zg2
(Sammut et al., 2011), &=¥|Ql, ZgFA 292 1=t A9
dl, F=F(Wieslander & Norbck, 2001)01]/\1_1_ Hd gy =
7l°ﬂ o3k Skxp A Abel 7 HArE AL ik 58] o)
Al o Ega| o] ARI02A wEo] 34%E xHA| 6t
(Imamura et al., 2008), 3t=FollX&= F 5%(Lee et al.,
2005)E AHA gtk Ba7b Qlvh 2829 French Allergy
Vigilance NetworkellA] 2002 dAF¥ 2006 dol| ZAFgH v}
of =W wHo] MA AF LHUE7] AL A 45%
£ AAste Aoz YE tHBeaudoin et al., 2007). ©]
vrel| = olgkz]o} Allergy Clinics®] #H2 98tzAle] wr=
A ANE AF GEHE] T 1% A= W] o7 Ze
2 B 75 HAsero et al., 2009).

O
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o 2f|2al A= By

AFoA dHar] fEed s dEse
@ Zolt DNAS BHle 2 & WS ARSsal ok
WA 7)1 %5 e FE FAE o] &g
(immunological techniques)>-Z4]  ELISA(enzyme-linked
immunosorbent assay)’} 71 @8] 220]iL 9o, o
= DNAZS 7]%2E PCRZ ©o|-&3 WHo] AREHAL Utk
(van Hengel, 2007). ELISA 7]&-2 #Hgsht &= =27 3
== flal v AFe] wahgo] Qe SeldAE
olof stm, 3 7hgAFolN dHEAe A
21z 0] Sl =

h',
o 2

=24

Je=lo] WA AE7ET} 9

K-}
=

4 & glke Aol gtk A2 olg Y PRV
£ ELISAS Mlatdf Sl o) S0t o] Sol o)

ow, DNAE 2% 7FeaA oA vl kg str] wi
A E7E HojxA] Eevhe Aol dek(Jeon et
., 2007), ﬁ]a]—y,]_ 7Lo] T;]-uu;d zsP%]:o] =37 DNA ?‘st}%]:o]
AL 745 AFollA DNAS HEsh7] ofdoks ©ade] ol
o], o] 7l&& @A FFo] A2 AFQ Aol ¥ &
3}t}(van Hengel, 2007).

A ddEA
ELISA ¥ Dipstick ™
WHolw, ELISA W'
Z AL E 9 o]
L‘] O =2 O]v/] Al :E

Oﬂ

A %H—] o

= =]
_0_
.

1:}

7 - 924A
A, ebg Aol =t o] dth(van Hengel, 2007). =3+
&3lE ELISA kit®] A%, ZFlA 0.07 mgkeZtA =
AY T Ue T AF AV B WAL AR o] 7F
Al AE717F ol olE AFRE ¢ o= AAHo] i)
e 2AE g a7 @A) 23 v Al A7kl
A7, ZF ELISA kite] 3]Al, 2]¥ matrix mterferencesﬂ
A% 7k Wl ofsf FFE e 7 dvke @Rl 9l

TH(van Hengel, 2007; Taylor et al., 2009).

DNAE o] &3 W 7]Ed F& AMEHo gd
ELISAS} 2+ il Fo] 7123 wylel] nje) Sol4, e
2 581 WMol FEE AR B e AEe S
el WAHo} B2 P 7 2lou,
DNAE @ o) v]a) <t Xéﬂ gk o
Hﬂ;ﬂ 6}3}:4 ;(].o] ]

oo Azte
2004). DNA-ELISA %'
g Wy

o
—=

0

real-time PCRJ% ELISAE 0]
© 2, real-time PCRS AH4 &0l o] &5
v Sol4jo] B8 wholth. @71l ATOINE DNA
o welehy Yyom B3 0 oW g Bl
10 ppm AE =S HES Bt o

SES
(Holzhauser et al., 2000; Stephan & Vieths, 2004). “L&J1}
ol A% A

DNAYY 7] %3 HEH A2t E 73 &
o= DNAZ2| degradation®] doju} Aol F&S
ATH(Stephan & Vieths, 2004). o] IxHS 3

_r
= =
= T
%

[e)
T,

Table 4. Commonly used methods for the detection of food allergens.

Methods Target analyte LOD/LOQ®(mg/kg) References
. Fremont et al., 1996
RAST/EAST Proteins 1 Koppelman et al., 1999
. . Scheibe et al., 2001
Immonoblotting Proteins 2.5-5 Blais et al., 2001
. . . Malmheden et al., 1994
Rocket immuno-electrophoresis Proteins 2.5-30 Holzhauser et al.. 1998
Koppelman et al., 1996
ELISA Proteins 0.1-2 Holzhauser et al., 1999
Morishita et al., 2008
Strip-immunoassay (indirect ELISA) Proteins <1 Ben Rejeb et al., 2005
Dipstick Proteins 1 Stephan et al., 2002
. . Muller-Renaud et al., 2004
Biosensor Proteins 0.5-2 Indyk et al., 2004
PCR DNA 1 Hirao et al., 2005
Holzhauser et al., 2002
PCR and ELISA DNA 10 Stephan et al., 2004
RT-PCR DNA 2 Ehlert et al., 2008
Hird et al., 2003
: Stephan et al., 2004
Real-time PCR DNA 2-10 Antonio et al., 2011
Platteau et al., 2011
LDPA DNA 5 Ehlert et al., 2009
Digital Versatile Disk DNA 1 mg/kg Tortajada-Genaro et al. 2012

?Either the LOD or the LOQ as stated in the references is given. The LOD/LOQ stated here is directly derived from the references and is therefore

expressed either in mg/kg or ppm



PCR3} ELISAE

(species)$!

Dipstick H

p

A ol g SIS W o F
EF] 1 th(Scaravelli et al., 2009).

HES B4 T Aol

s A5t F

Tk "13 7WVh-E & ok =ujoll A
ELISAE.T} PCRO]
B =& selectivityS R THMonaci & Visconti, 2010).
12 ELISA Wiiol wlal #gjsta Axs
2 & F Ade Fdol AR AFA] = AE W

¢

e ge2r] A7) H2 T 03

ARl @718
ERR !
EolAut v

Al Wge] 10kDa A4S A&

= 319

Jeon et al.(2007)°] PCRS o]&3}o] 2]&d
stsiom, W 10kDa -
gL o] 83l EolZ primers AZste] o

st A3} 50 fgo] HAETHAIZIA v DNAE AE35H3
[e)

FHEN A48 A Dol EFE 742

Eo0]% DNA bandE HY o™ A&

Mo zE A7} Ut} Biosensor WHS 2 i © A} 1 ngo] AT} Choi et al(2007)2 19kDa ™ L =719

gol SVt e WMo R, Al7te] AA deli AbEst
A Th(van Hengel, 2007).

Z o= mass spectrometrys ©]-83}] 2F I =
= AES= ol N Ut o] WRS o] &3 &

7} 7Fs stk A o]

=

Aol #3 HHE WY o2 sequence fragments<t
peptides®] matchings ©]-&-3te] dlo|E{H| o] A Larg]
$1t}. Monaci & Visconti
-+ 7HsAFol 4 mass
spectrometry— 7] 22 3 o WHOZ allergen peptide
AET A8 A= dHES
H 7242l Wy oz MALDI-TOF-MS
% o] g3} 3 o]SU(Lauer et al., 2008), $--f-(Natale et

%%Eﬂﬂwﬂiﬁéﬁél

(2009)= T Bl ET e S

biomarkersE
MSel| 71z3 &

cDNAE o83} A4ksl a2 ELISA 2 IgE immunoblot

WHS A-8-3kod 19kDa W2 LH=719] allergenicitys 574

l‘é

gelstsinh.

Eig = =

., 2004), EH—C,—(Krishnan et al., 2009), H<5°HGaier et al.,
2008)01]/‘1 dHEAS HES A7 JYH v 9o oY =212 M=t

SELDI-TOF-MSE ©] &8 i} a9 7

= =
2 Z(Hsieh AE gEE

et al., 2002) ¥ LC-ESI-MSE ©| &3t HdF2orfe] & g, 84319,
3T

d 24 ZZ(Careri et al., 2008) 5°] H1E n} 3t} = 3} Sl
+oll+= inductively coupled plasma MS(ICP-MS)E ELISA om 7IES el wwze] Fx
7|3} Agtete] g dHENS HET ¢
om o] B VIZIET} Fof o
a5 e e 7151 Bl E]-(Monam & van Hengel,
2008). 21U MSE 71Z= 3 21F g = AEU
dle A7k AR A o) 94 eska o 7iAlE AT
o A7k A ek
5 o= ok =7
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Table 5. Methods reported for the reduction of allergenicity of buckwheat.
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2] 73 100°CAM 602 A2l A] Hl7HE

) Fete] Hlaol A Bx}e] Eo] A IgEete] Bkl o) 2}

Treatment Target allergen Reference
Heat
Acid
Alkali 14 kDa, 18 kDa Yoshimasu et al., 2000
Urea
Reduced carboxylation
Salting 24 kDa Lee et al., 1997; Yum et al., 2000
Buckwheat seed fraction Fag e 1 (22 kDa), Fag e 2 (15 kDa) Morita et al., 2006
Fungi(Rhizapus oligosporus) 22 kDa Handoyo et al., 2006
Maillard-type glycosylation Fag e 1 (22 kDa) Nakamura et al., 2008
Autoclave treatment 24 kDa Tomotake, 2012
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