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Detection of Wheat as an Allergenic Substance in Models of Processed Foods
by a Nested PCR Methods

Hiroyuki Hasummoro ¥, Kanako I10? Hiroyuki TanNakA?, Hiroshi AkIvaMa®,
Reiko TrsuiMA®, Yuhki MakaBe!, Kiyoko NaganisHl! and Fumio MryaMmoTo!

IChiba Prefectural Institute of Public Health: 666-2 Nitona-cho, Chuo-ku, Chiba 260-8715, Japan;
2Morinaga Institute of Biological Science, Inc.: 2-1-16 Sachiura, Kanazawa-ku,
Yokohama 236-0003, Japan;
3National Institute of Health Sciences: 1-18-1 Kamiyoga, Setagaya-ku,

Tokyo 158-8501, Japan; *Corresponding author

A polymerase chain reaction (PCR) method for verifying the allergen labeling of foods (7.¢., the
presence of wheat, buckwheat, or peanut) was adopted as the official Japanese identification test
by the Ministry of Health, Labour and Welfare of Japan in 2002. We have verified the wheat
labeling of several commercial food items by using the adopted PCR method. The study has
revealed that some foods with positive results in the screening test yielded negative results in the
identification test. When the result of the screening test disagrees with that of the identification
test, the validation of food labeling is remarkably difficult. Therefore, we developed a nested PCR
method with high sensitivity and specificity and employed this method in our routine testing as
necessary. In this study, we examined 11 types of models of processed foods containing 10 ug/g
wheat protein by using the adopted PCR and nested PCR methods; these samples were prepared
by various processes and had varying physical properties. The adopted and nested PCR methods
enabled the detection of wheat in 8 and 10 types of food models, respectively. The reasons for the
failure in detecting the food allergens include DNA fragmentation due to the processing of food
and the presence of DNA from other sources in the extracted DNA. In both PCR methods, an
increase in the amount of template DNA in the PCR mixture enabled the detection of wheat DNA
in all the food samples, but an excessive increase in the amount of template DNA hindered PCR
amplification. These results indicate that an increase in the amount of template DNA increases the
efficiency of the detection of allergens in processed foods by conventional PCR. Further investi-
gation is needed to remove factors that inhibit PCR amplification of the extracted DNA.

(Received January 28, 2009)

Key words: #EEME allergenic substance; /N&E wheat; & F VLIRS Processed Food Model;
R Y A5 —EEGEFIL polymerase chain reaction; % X 7w F PCR # nested PCR method;
ELISA enzyme linked immunosorbent assay
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Table 1. Raw materials and preparation processes in models of processed foods

Food

Raw materials

Processing conditions

Juice

Water, Concentrated orange juice, Sugar, Potassium dihydrogen citrate,
L-Ascorbyl stearate

Boiled 90°C, 10 min,
pH 3.5

Jelly

Water, Sugar, Agar, Muscat flavor, Trisodium citrate, Potassium
dihydrogen citrate

Boiled until to 90°C,
acid condition

Chicken meatball

Chicken, Lard, Potato starch, Water, Sugar

Boiled 100°C, 10 min

Tofu

Soy milk, Glucono-§-lactone

Boiled 70°C, 50 min

Boiled fish paste

White fish, Salt, Potato starch

Steamed, 10 min

Pudding

Egg, Sugar, Milk, Vanilla essence

Steamed, 15 min

Tomato sauce

Tomato puree, Ketchup, Salt, Sugar, Vinegar

Boiled 90°C, 10 min,
acid condition

Japanese radish, Sweet potato, Onion, Carrot, String bean, Welsh onion,

Boiled 123°C, 12 min

Retort A Hoshishiitake, Pork, Corn starch, Sugar, Konbu extract, Katsuo extract,
Salt, Soy sauce

Retort B Edamame, Corn, Carrot, Welsh onion, Ginger, Tofu, Corn, Salmon, Corn Boiled 123°C, 12.4 min
starch, Sugar, Sesame oil, Salt, Chicken extract, Glucono-d-lactone

Retort C Tomato, Onion, Corn, Broccoli, Celery, Soy bean, Tuna, Corn starch, Salt Boiled 123°C, 12 min
Onion, Japanese radish, Welsh onion, Chinese cabbage, Japanese radish Boiled 123°C, 12.5 min

Retort D (leaf), String bean, Dry mushroom, Chicken, Corn starch,

Ryokuto-harusame, Hon-mirin, Abura-age, Yeast extract, Konbu extract,

Salt

EIEE) 28UCARORRBEBLINLE Z0%, O
NE TREFRMEICEL 3 HE & L THERFRICEES 1
TV TRV BLU [hic] iKBVT, FROZEMHR
M EBEL B ARBEENBBUREBHEIW>2HE5E0
5, K204 6 RICFERMENCENS 1, {HER R
HElor, SBRIEHNCEY T LV F —FERI O
Hah, BEEREHIRBESI TV HDEELZLN
5. BYIT VLV F-RBERT AEEORRFRIT S
BILMVIEABE > TETVE, INEZTT, AHRER
BEPBEMA —H R ETIEFEK 18 4 6 BB /i
Bk BRI *Bic k0, BERMERROZ YW %
T-TWa, BHETR/NEIC> VTR 2BED ELISA
¥y bEAVTRZ ) —= Vv 7BRE (ELISA B2 25
ML, MADLLREL Sh—ADEHE (10ug/g bl D)
Lo BRI, SRS N EEHEL, LETHIIR
PCRE GEAIEPCR)Y Ik W HERMELEHET 5 &
K -TW5, BESH, COBHEECLYINTIARODE
HEEEET-70 L A, MEMBEERSEO—HORRET
&, ELISABET/NEBHTH 3icbbhhbbd, BHE
PCR T/NERRME L B 2 FIMEKR R SN/ COERRE
HEERRICHVWO N TWAIBRD + v s TOMERETH

w2 [EEaEa R AR RESEEN RS EERTRAE
LU B L CHERORSHEET E BT 3 8P 0—ER %W
T 238GOMITICO>VWT” ERLISEI A 16 H, ARE
79 & (2001).

8 EANEHSEERARTKETNERN ‘T LA -YEEESD
BROBEHFEILODVWT (—HRIE)” ERI8ES A 22
H, RZHRE 0622003 5 (2006).

», REEEFIPETHLEOMERICE b EEBE R
REOLEXELBEDF Y PICBVTER, COERRIE
SIEFEFICN > T3 D EHEINS, FEEMBFER
DOFUHEMIFICER 7 ) —= v I BRE L HEIREERE S &
VELESRSEOBHIER TH 5, METNBRTHEROE
EOERTEB VRS L, MRERRESLA—EKE -
BB RFROBRIEAE L < RS 75 2 AJREMDS & 5.
&, NES v BEEREE LT FVINTAES
BRI X DR L, BEAEPCR 8L U
EEHEOPRE L LEBRERBETSH 52X 7 » FPCR
B & AR E T, fFE THE DNA OEEME
KOWTHRE2T-7E 25, BRKHMESELNZOT
HET 5,

KEBAHE
1. #HHE
1.1 E#HHE

EF AT ESOEEICH W2 51 FBEOEME (Table
D) @RS ZEBA LKL SEMicovwTlE, =Y+
FASPEK /NEHRIFE+F » b () TV V) 2HVWT/NED
BALTLWEOWI AR,

1.2 INEFNRIE

WIEONES voesEE LT, @A [GIR 5 %
BB CRRE S o NE— B R R RV

1.3 EFIMNIERZOES

ZE FUMIAZOEME S L OINLEHA% Table 1
IR Ui, EF VT AR REMEZEAR, SHMLE
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KBTB/NES VN HEBEMN I0ug/g £185 K5 1T/0
EREEGRERESL, fFRILL.

2. BRESLURRE

2.1 ELISA &

(BB ZRk LRI ZE AR Bl £ v & & FASPEK /NERIE
Fo b (FYVTYY) BHVE

2.2 PCR %

(1) DNA

REIF IO L EHEO b DEE V. DNA 0Lk
ELTITIFVAAL (29 RyY—-v(EOED 2HOL
7.

(2) BHEPCRBLURZAFT v FPCR &%

HEHIBRO L EFo b0 EAV .

3. EEBLUBE

ELISAEB LU PCRECHVWIEES L UBE I
HHOLEREO SO ARV,

4. FIESRMF

TFVINTARSEERIcz02RE S vy —THEEL,
FEER E LT

4.1 ELISA %

IR HE - 72,

4.2 PCR &

(1) DNA O#HiH

BEERO it o 7o, DNAOHpERIE LTz s F v 2 4 b
(= Ry V—vEOED 24 v 7Sa, ) —ibEEORIC
3ul fFHHE L.

(2) BHEPCRBLURXTw FPCRE

WENES B L OBEROIHE - 72

BREBLUEE
1. ELISA ERICKBINEY XU EDKRE
HEBoEFUNTAERE®EOVTELISA Eic & h/NE

g R BORE AT 2. FER% Table 210K .
ELISA i X 2 BIEME L 8.6~144 nug/g OEBHTH -
. 11BoEFVINTAREEBER 10 ug/g RiBRDE
TH-122 &b, 7V —=vIREREDEF VT
A& LTL% 0 PCR BEOBETICHW .

2. PCRikIC & B/\E DNA &

2.1 HiH DNA OFE

FE O MEMBGEAR N oL LT o#ARE
IZBVTIRIRE 5 BRI & » DNA QIXED[E LT
T EEHRELTVWEY $, BETHEBIART
DNA EUXEE DEEIED B E M & CRIER EAERS
T3 DNA O FEHGWT, RE S MBERIGICLD
HHAFT - 7. Jht DNA ORIE#ESE % Table 3 1Z/R 9.

DNA 7A# @ 230 nm, 260 nm, 280 nm 3 & UF 320 nm
DESEEZRIFEL, 320 nm OWHEE /Ny 7 7S5 v K
& U TRERIE L, 260 nm OBRRED S DNA BE %
BHH L/ DNAOHEZIEZE T 5/, 260 nm/280
nm OWLER P S & v s BOE%, 260 nm/230 nm
DOWFEEE D & SWEIL & DRBEYI O & % 3 L 7. i

Table 2. Detection of wheat standard protein using
Morinaga FASPEK ELISA kit (Gliadin)

Food Gliadin protein (ug/g)
Juice 10.9
Jelly 10.2
Chicken meatball 8.6
Tofu 13.2
Boiled fish paste 116
Pudding 144
Tomato sauce 114
Retort A 14.3
Retort B 12.0
Retort C 9.8
Retort D 13.2

Table 3. Spectrophotometric analysis of extracted DNAs¥

Ratio Concentration of
Food
260 nm/280 nm® 260 nm/230 nm® DNA (ng/uL)
Juice 2.46 1.03 5
Jelly 1.70 —0.23 2
Chicken meatball 1.94 242 699
Tofu 1.95 2.48 234
Boiled fish paste 1.94 2.40 803
Pudding 1.91 3.87 9
Tomato sauce 2.21 —~0.48 4
Retort A 1.93 2.53 271
Retort B 1.92 2.42 321
Retort C 1.93 2.73 123
Retort D 1.93 2.53 320

a) DNA extractions were carried out by using Genomic-Tip20/G kit (QIAGEN).

b) Criterion: 1.2-2.5
¢) Criterion: 22.0

S EEED. Wik 17 EEHGEERAT S ENEAMEEED
S 18 EELERERLBE - RLER p. 24-27
(2006).
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Table 4. Detection of PCR products amplified from extracted DNA by using
the adopted PCR and nested PCR methods

Wheat
Food Plant01?
Adopted PCRY Nested PCR®
Juice +9 Tr® +
Jelly Tr _ +
Chicken meatball + Tr +
Tofu + Tr +
Boiled fish paste + Tr +
Pudding + + +
Tomato sauce + + +
Retort A + Tr +
Retort B + Tr +
Retort C + — -
Retort D + — +

a) For confirmation the validity of DNA extracted from models for processed

food containing plants (show in ref. 6)

b) Adopted detection method for wheat
¢) Original detection method for wheat
d) +: positive

e) Tr: trace band

f) —: negative

DNA OFSEEIE, 260 nm/280 nm A5 1.70~2.46, 260
nm/230 nm 5 —0.48~3.87 OHFHTH - 7. W DNA
BEL 2~803 ng/ul DHEIFTH - 7. T+ DNAEZE
T 2 EMNTEBEEZ SNIFENEMESIZEA
EEHINTVWHENLWY 2 —XBLTEY —Tld DNA DI
BPEDP - Ep D, NE-RIEERFK 10 ug/g DH
DWMTRBBEICHSHEE LS 20 ng/tL U FOBED
DNA I TE R LT MRS L. 7)) v TREY
HWEMETH B0 &4, < bV — 2 TR
THBHITrEa—L, ¥F v 7HAVLRATVEI &
5 DNA S ARE S HEE L Tk s, MR TH -
tz. DNANESEVW I A SOMIT &R TIE, DNA i
FOFMRIcLD A Y T oy — VIBRBIESEEICE -
fz. BY—& b= bV —RICEWTIE, 260nm/230 nm
OUSEE A FRAMEEBOEFN TH - 1o, ST L
DORMY D ELEAERT 230 nm OB NEENEOEIC
HoTWBI D, ZNOORENERDEVEDEE
Zbht. F£72, 260 nm/280 nm OEEHBB B
FRMEEFEOSHENTO - &h 5, 11EHEOEF
VINTAES S L DNA TR Y v s BOdEITIZ
BEDHONEVHDEEZ SN

2.2 EHEPCR &RXF vy K PCRIEICLBBH
BHITRENTVZEYRBEE T 5 4 < —XE2HV Tl
HiL7: DNA 230 L 7. EyRHEE 751 < —x (CP
03) TV MVMERAVPREBRETH - &b,
L O EREICHRHAEEEE X 505 Plant01? 2 W THE
YIEMEDO PCRZFEMLLET A, TRTOEFAMNLE
SO DNA B WT 161 bp fTlic FEE N EESD
gy PSS N, DLEOERD S, LWIFholhi
DNA b#EICELIZRETHELEZ N,
EELPHPE LR R T v N PCRED B X U HEHR

&L THEBEEPCRICK B EIT - /o, HhH DNA BE
55 20 ng/uL RiFDOHH DNA > W Td, @BREIEL
BEkEz+0EEFEHALTHPCR 2FHL 7. /NEDNA
BHifE R % Table 4 ITRT

(1) &% PCR

WHIED/NE DNAREHDO 7" 7 4 = —X & W TEA
EPCRAEEMLIECA, ¥I—, LIIVIFARCBEL
U D Ol DNA & 5 I3HIE A v FABHE 08 - 7
e, Va—X, BAHTF EE, »FEI, vV ME
EmABIUBIODOVTRKRHAGETE® 3 b D DHEIE
YV RBRIPETH - k. NERBEAT 54 = —m 5BV
BAIEE PCR o FREEIR, v eua i/ hER%E
BINU 72 RIMBMIBOBME L )T B0 ug/g LHE SN
TW5AY, SEWESIL 72 F VI LARZEROBRE TR
BELOEVRETH S 10 ug/g D/INE—RIBERREZR
MLTHD, ooy MV MITHMEZ EiIck ) DNA A
BATALL T, HEIEREESEII DNABOHETH S T &
PREEINE, 201D, —EHOAERKICBL THRERARE
El-tebDEEZL NI

(2) X7 wv FPCRi&

BENE PCR CREBHATETH » /oY —, L
D427y FPCREEK X DBHATREE B . E 72,
TEE PCR TIIBIE NN Y FAREBETH -2V a2 — R,
BN, G, »TEIBLICLIAVIERA BB
W, BHERISIEIR N Y FOSHERR S L. LA L, v RV
At C Ol DNA » & 38/ N v F OB RAIGET
35 -7z,

8. /NZ DNA OBHICxT 258 DNA OEBOHR

BV ESREM R O EREIE S VBT P, EEC
RERLBOTETHHBED DNA NEME SN TV S,
[EMEE S e SHEER T 2 &, Z Ot DNA ficid/hE
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Table 5. Comparison of the results between the adopted PCR and nested PCR
methods for wheat by change of the amount of template DNA extracted
from seven types of models of processed foods

Adopted PCR

Nested PCR

Food Template DNA (ng) Template DNA (ng)

Max® 200 100 50 Max 200 100 50
Chicken meatball Tr Tr Tr Tr -+ + + +
Tofu + Tr Tr Tr -+ + + -+
Boiled fish paste - Tr Tr Tr + + + +
Retort A + Tr Tr Tr + + + +
Retort B + + Tr Tr + + + -+
Retort C + - Tr - + — — -
Retort D Tr Tr - - + + + +

a) Stock solution of each extracted DNA

Abbreviations and symbols are as in Table 4.

PIAD DNA BEZBICEENTVWE D EELONS, —
i PCRERIC B 1 5 sIEXRYS B8R Y » KB PCR RIS
BHRICEET 5 TE &% DNA fEO o © -5 ik
BTEEEZONTVAIY, FRFTEERL 72E 7
TERO LS, BHEMELAD DNA 2L28ICETH
Hi DNA A# 50 ng GBEIE) 2B E L THOWEBE&K
&, %O PCR UG D/NEHE DNA O&HE L K
fBiciih, 7H e — X5 VCREAFES L~V E T DNA
PHEIETERVIENEZ SND, B IIINTIE
HTH0, EHDNA OBV EEZ SN 5 BAN
FRBIUCLFEILBOTHEE Y FOFRERETH -2 C
Lz, INHAERO—>TH AEREESE V. £ T,
PCR RGBT O/NEDNA BEEE L, BIE NV F %
M LT 2 2 &2 HMELTA R Ty FPCREICL D
B DNA BORE %17 » 7. [EEICEEE PCR & O g
WET 24T - 72,

3.1 SEEHE DNA CBIT5%E

it DNA R4 80 ng/uL (200 ng/25 L) Pl Eo®
FUIMTAS 7RO DNA KK EH VTR 21T -
7o, $ETUELEME B0 ng), FO2ER, 4EBBLU
i DNA v (R o 48EER Wz £58% Table
5IZ/RT.
BHETRBHEAREETH >V bV FEEC TR,
100 ng B & OEHE (308 ng) KB L& C ABRHTEE -
ot £V EVIERDTE, 200 ng BXUFEHE
(B0 ng) WHE L& CABRBHEREE D, LML ME
SCEDOWERCBVT, HHBOBBIEHTSH S
TEDEEREI NI, UL, BEETHEIE Y FBREE
NTVWELEEIICBVTIE, Bk (2,008 ng) iIcHEEL
fek A, NV FOEIESAREEL S - . BFHBOHERE
IS PCRIEZEWE OHEMS L < 21887 DNA OFEXE
Ik % PCR KIGOYEREHELENZOEREZEZ S
Nntz., —FK, 225y FPCRIETHEHEATETH -2 L
FLVMRRCTE, HEEKGBng) KEBELILELA, &
HEgEE -7z, L VAR 4ER, BEEESONT

ZHTHY, HHI N B/NEKIZER KB DNA O&
PITLIC & 3 DNA DESFEEORES ZIZEETH
5 EEAONEY, M PCREFICEVTHRHNRIICEV D
Rohi, zoRERE L THEIERFESEHE DNA B0/078
W&, FhiF4BOLV I VFEETOEMEDOE VI
& % PCR RIGOIEFER EBEZ S,

1 [ D PCR RUBIC L gy F 24 2 850
PCR TREHEAEE L 7054, PCRIEWESKE|
BEE, ZOFEEMIE Y FACRIERICT 5 T RS
Nt —7%, 2E® PCRRIGEEHET 5% X5 v F PCR
BT}, Ist PCR O#igic 8\ PCR EEWE»EET
5L0DD, *DOWBIEEY % TE BEHE T 200 ZIcHRL
T 2nd PCR FISHE#HRICHW A 2 & 5 PCR KIGHEE
TERMER 11, BRER/BIE N v KA HEERRIRE S 10 - /e,

3.2 [EREHHE DNA (CE17 585

i DNA EED 20 ng/uL ITOEF VI T &G 4 FE
OHE DNA BHEEH O TR 2T 2. IThSOME
DNA BEkA Az 2HH L, BINdT 288 DNAFTE
O¥EEABET L/, PCRBUGARICERIT % #5 DNA
BELLGEANAR Q5uL), 20 2EBFBBLU4EA
B0 3B B THEYEME PCR B & UERIEO/NEE
£ PCR 256 L 7=, #55% Table 6 ICRd

FYVvENT Y -RATRIBOTSIA - BLUL
BEITBOVTHHEL vy FoRE &N, YVa—RATRE
HEPCRICBVWTEE DNAGRNBE. 10 uL IKHEE L
fo & T AUHBEICIEIE N v KSR k. —F, Y —T
WEEHEO CP03 2 B W l¥IERE PCRICB VT, #H
D2ERBTH S50yl ~NEET B LICLEIFE
FASERBEIC IS - fo. 7o, BANEDO/NEEME PCRIZB L
TR50uL ~NOEEIK I DBHBAEESE >z, LrL,
M754<—StEHIC 10l FTEE L2 & 2 ABRERE
BEL i, €Y —HiH DNA T3, Plant0l 754 < —
XHEBWEIEEPCR 2fT-72& 254, $5BIDNA S
BEOWMBICKILAI L THBIE Ny FAEL BTV, 20O
TEms, Y -5HH L DNA RhoeFAinTae
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Table 6. Detection of PCR products amplified from template DNA by change of
the volume in four types of models for processed foods

PCR for Plant

Adopted PCR

CP03? Plant01 for wheat
Food

Template DNA (uL) Template DNA (uL) Template DNA (uL)

2.5 5.0 10 25 5.0 10 25 5.0 10
Juice + + + + + + Tr Tr +
Jelly Tr + — + -+ + - Tr -
Pudding + + + + + + + + +
Tomato sauce + + + -+ + + + + +

a) Official Japanese primer-pair for specific detection of plant
Abbreviations and symbols are as in Table 4.

ST HXT PCR HEERASBRVL C BB L o1 ie.
R T AR A2 VW 7 PCR BB L
TIEERHERAE onicid, HHE T % DNA E0HETE
DEEZEREIN TV EY. ARFOBENSH, &F
EWMIMBESh, hoEBEREEMRE B VT
BRENRE L PCRIBREZEMT 5BICE, BREOF
MEHER 2 S BB E 2 DNADEB L UBR EAHETE
L, PCRIZHWAEHE DNABLZBEICHEEST 3 &
REDKDOENRBFEROI DKL EELI N, L
»L, MILERBEBOFEMEZERLTVE I EMNEN
7o, $55IDNA BAEET 51548112 DNA OHit®EO
BETT & A4TY, PCRIEMEOEREEN S L1845
HEIEILNG,

F & 08

NEDR7 Y —=vrBEGEEF VLIRS 11 &
MEMEBIL, BAEPCRBLURRT v FPCREK L3
BRHARI AT, P T8 DNA OBESRIC >V TR
AT o7, BITO®WEEL PCR Tld 8 EED, X R F v
FPCRETRIOEE = FVINTASSREARET
ot TNSOEFNINLAERTIE, 5 DNA 28
EHLEZELICEDAPCRETHRERABEE L -7z, L
L, BEHEEIC X % PCR KIGIHEIC & b HEIEA R4 &
MBI EM, HEEFIBIUE) -THERINL Dlo
HEM,L, MTARENRE L PCRBEELERT S
B2icid, PCRICAH VA8 DNABZBEICEET 5 C
EDIERENERAE ST O OEMEFERO 1 itk
BLEZ SNl %7 DNA OHHAEEZRITT S &
X i DNA thicZ7E 4 % PCR BHEYE OB =X %
TEMEBVEEEL Dt

BB, AHEC—EH G BARRFEEFSE 95 BIFME
H4 (20084E5 H, HE) IKBWLWTHRELL.
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