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HYPERSENSITIVITY REACTIONS TRIGGERED BY CEREALS

NCGS??

Molina-Infante et al. 2015
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LEGISLATION AT PRESENT

2000/13/EC1210?3%/§§31;006/142/EC 41/2009
' 2007/68/EC ’ (Codex Stan. 118-1979 rev. 2008)
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CEREALS CONTAINING

GLUTEN
(crustaceans, egg *Gluten-free: <20 ppm
fish, peanut, gluten
soybean, milk,
nuts, celery, *VVery low gluten level:

mustard, sesame,
lupine, mollusks
sulphur-dioxide)

20-100 ppm gluten

* Food allergy

* No thresholds * Celiac disease
» Zero tolerance for * Thresholds for
WHEAT (or other GLUTEN

allergen sources)
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FURTHER GLUTEN-FREE LEGISLATION EXAMPLES FROM
AROUND THE GLOBE

Canadian Food and Drug Act
Canadian Food and Drug Regulations
Div. 24, Section B.24.018
No threshold, but <20 mg/kg gluten
FALCPA level may be accepted
21 CFR
<20 mg/kg gluten

Food Standards Code
Standards 1.2.7,2.9.5
Gluten-free: no
detectable gluten (!)
Low-gluten: <20mg
fluten/100 g food

Chile
Decree 977/96,
article 518
<3 mg/kg gluten

()

Latin America

New regulation Brazil Law 10,674 of 16/05/2003
The presence of gluten must be labeled
No threshold 5



SPECIFIC ISSUES OF GLUTEN ANALYSIS

» Multiple triggering
proteins and epitopes

« Variability of individual
threshold levels

* Gluten is a complex
mixture of proteins

» GxE variability

» Processing-induced
protein modification

Denery-Papini et al. 1999, Wieser 2000, Valdés et al. 2003, Hishenhuber et al. 2006, Bermudo Redondo et al. 2005, Kerbach et al. 2009, Takacs et al. 2010
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COMPLIANCE AND MONITORING-ANALYTICAL
POSSIBILITIES
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» Antibody and target
protein selection (toxic
vs. non-toxic target
protein)

 Protein polymorphism
(epitope amount vs.
total gluten amount)

« Sample preparation

« Analysis in processed,

i complex matrices

. . * No reference materials

» Multiple triggering
proteins and epitopes
« Variability of individual
threshold levels

* Gluten is a complex
mixture of proteins

» GxE variability

* Processing-induced
protein modification SR

Denery-Papini et al. 1999, Wieser 2000, Valdés et al. 2003, Hishenhuber et al. 2006, Bermudo Redondo et al. 2005, Kerbach et al. 2009, Takacs et al. 2010
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INTENSIVE EFFORTS FOR DEVELOPMENTS OF METHODS,
REFERENCE MATERIALS AND VALIDATION
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EFFORTS FOR DEVELOPING REFERENCE GLIADIN MATERIAL
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ISOLATED GLIADIN OF WORKING GROUP ON PROLAMIN ANALYSIS
AND ToxiciTY (PWG GLIADIN)

Working Group
on Prolamin Analysis
and Toxicity

# Aims History Executive Members Next Meeting WGPAT Meetings PWG Gliadin  Hondling of PWG Gliadin Links Contoct

- Gamia E Llorsi® M, Hamatdo 4 Kaffar B Wasar H Mandaz E
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-Mandez E Llorenm M, Garcia E Wela C Immar UL Jarssan FW. Recorof

3 collsboElive al i Investigats the pemtamance of the RS snzymeinksy

PWG-gliadin is 3 reference maleral that has been produced under the guidance of the Prolamin Working Group {PVWG) Its 'mmassayﬂm gefarming: ghaain ang glisnies faod EUFJ Gasenten
isolation and charscterization is described in detail in van Eckert et al. {2005}, Brisfly, PWG-ghadin has been extracted from g SRR 2003 77 10551003

mixture of 28 European wheat cultivars. Albumins and globulins were efiminated by extraction using 0.4 M Nall solution and  -SBM M. Qcliwa B van Eckert R Faighary G Janssan FW Mandaz £

Y : L 5 g . L Moihas T. Troncons R Wiasar H. Anglysls and clinical sfecis of glutsn in
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ADVANTAGES AND DISADVANTAGES OF PWG-GLIADIN

Advantages
high purity
good solubility
homogenous
well-characterized
stability study

storage study
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Disadvantages
reproduction (wheat varieties and process)

limited amount

represents only a part of gluten proteins

calculation of gluten content




Towards development of reference materials for gluten
analysis — QUESTIONS MEAN GOALS

as representative as possible for the multitude of wheat cultivars grown around the
world

?  One cultivar or a mixture of several cultivars (genetic effects, G)

?  Importance of geographic origin, harvest years, etc (environmental effects, E)

? Isolates (gliadin/gluten) or

?  White flour or whole wheat flour or

?  Processed incurred model food matrices

—

Effects of genetic and RELATIVE MAGNITUDE

environmental variability OF THE EFFECTS OF THESE FACTORS
— ON THE RESULTS OF GLUTEN QUANTITATION
Effects of food processing USING COMMERCIAL ELISAKITS?

(dough formation and baking)
- 13




Wheat samples from all over the world

Studied factors

CDC Go Sara Weigum
CDC Go Wes Froese
CDC Go Pen West Seeds
Carberry

Cardale

Glenlea

Akteur

Winnetou

Dekan

MV-Magvas
MV-Mazurka
MV-Verbunkos
Yumai-34

Bezostaja-1

Canada

Germany

Hungary

China
Russia

Hereward England

Soissons France

Mulan

Austria
Capo

Westonia

Frame

Chara

Yitpi
Wyalkatchem

Australia

GxE Others
\
* Variety :
(n=23) * Processing

* Different ELISA

*Harvest year
methods

(2011, 2012, 2014; n=4)

Characterization of wheat flours

*Crude protein (Dumas)
*Wet and dry gluten
*Composition (NIR/NIT)
*Size exclusion HPLC
*Reverse phaes HPLC
Different ELISA kits

14



APPLIED ELISA KITS

= . ] .
rbiopharm  * | A—
RIDASCREEN® AgraQuant® ELISA
Parameter
Gliadin Gluten G12
Antibody R5 monoclonal G12 monoclonal
Target molecule w-secalin 33mer gliadin peptide
Target sequence QQPFP2 QPQLPY?
Calibrator PWG-gliadin Vital wheat gluten extract
Kit reporting unit gliadin in pg/kg (ppb) gluten in mg/kg (ppm)

* two commercial kits
 different antibodies

« different target epitopes

a QQPFP pentapeptide occurs repetitively in prolamins (a-, y- and w-subfractions) and is conserved in different wheat varieties (Valdés et al., 2003).

b QPQLPY sequence is repeated three times within the immunogenic 33-mer of a-gliadin (Morén et al., 2008).

15



RESULTS: VARIABILITY OF WHEAT VARIETIES

COMPOSITION
M Flour mixture
Parameter (%) Varieties ean (contains 21
(n=21) ..
varieties)
Protein content
8.6 -14.9 12.0 12.7
(Dumas method)
Ash content 0.41 - 0.91 0.55 0.58
Wet gluten content
27.1-42.7 34.5 34.7
(Glutomatic)
Dry gluten content | 9.7 - 16.1 12.5 12.3

16
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RESULTS: VARIABILITY OF WHEAT VARIETIES
PROTEIN PROFILING BY RP-HPLC i
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RESULTS: VARIABILITY OF WHEAT VARIETIES
GLIADIN CONCENTRATION DETERMINED BY ELISA KITS
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Livia Hajas?, Katharina A. Scherf°, Kitti Torok?, Zsuzsanna Bugyi?, Eszter Schall?, Roland E. Poms¢, Peter Koehler® and Sandor
TomoskozidVariation in protein composition among wheat (Triticum aestivum L.) cultivars to identify cultivars suitable as reference 18
material for wheat gluten analysis, Food Chemistry, https://doi.org/10.1016/j.foodchem.2017.05.005
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SELECTION CRITERIA FOR A PROPER REFERENCE MATERIAL

* Qualitative criteria: based on RP-HPLC profiles of the gliadin fraction
and SDS-PAGE profiles of the proteins

* Quantitative criteria: derived from Dumas, RP-HPLC and ELISA results

CHOSEN CLUTIVARS FOR SECOND PHASE OF DEVELOPMENT:

NAME ORIGIN
AKTEUR GERMANY
CARBERRY CANADA
Mv MAGVAS HUNGARY
YITPI AUSTRALIA
YUMAI-34 CHINA

19
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RESULTS: VARIABILITY - PROTEIN COMPOSITION OF THE
CHOSEN CULTIVARS IN TWO HARVEST YEARS BY RP-HPLC

100
90
80
70
60
50
40
30
20 [ [ [ [
10 . 0 0 .
| | | |
0 . . . .

2014 2016 | 2014 2016 ! 2014 2016 ! 2014 2016 ! 2014 2016

Proportion of different gluten protein types (%)

Akteur Carberry Mv Magvas Yitpi Yumai-34

B w5-gliadins ® w1,2-gliadins = a-gliadins y-gliadins ®mwb-gliadins W HMW-GS ®mLMW-GS

20
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RESULTS: SINGLE CULTIVAR VS MIXTURE OF THE CHOSEN ONES
PROTEIN COMPOSITION OF THE FLOURS BY RP-HPLC

100
9
8
7

60

o
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o

50

0 I I I I I I I

Akteur Carberry  Mv Magvas Yitpi Yumai-34 Mixture Average
values of the
five cultivars

4

o

3

o

2

o

1

Proportion of different gluten ptotein types (%)

B w5-gliadins ®wl,2-gliadins = a-gliadins y-gliadins ® wb-gliadins ®mHMW-GS ®LMW-GS
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RESULTS SINGLE CULTIVAR VS MIXTURE OF THE CHOSEN ONES
CHROMATOGRAMS OF THE SOLUBLE PROTEINS BY SE-HPLC

U (absorbance unit
30{]%— ( )

— Akteur
Carberry

— Mv Magvas

— Yitpi

— Yumai-34

— Mixture

1_3.5 .
time (min.)



ResuLts: WHEAT FLOUR VERSUS ISOLATES

MoniQA

GLIADIN COMPOSITION OF THE FLOURS, GLUTEN AND GLIADIN ISOLATES
BY RP-HPLC

Proportion of gliadin protein types (%)
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ResuLTs: COMPARISON WITH EXISTING PWG GLIADIN

GLIADIN cOMPOSITION OF PWG GLIADIN AND THE GLIADIN ISOLATES FROM THE
SELECTED CULTIVARS

100
90
80

70

0 I I I I I I I

Akteur Carberry Mv Magvas Yitpi Yumai-34  Mixture
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o
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1

o

B w5-gliadins ®wl,2-gliadins = a-gliadins y-gliadins
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RESULTS: COMPARISON OF ELISA RESULTS - GLUTEN CONCENTRATION
OF SINGLE CULTIVARS AND THEIR MIXTURES DETERMINED BY TWO ELISA KITS
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RESULTS: INVESTIGATION THE EFFECT OF HEAT TREATMENT ON ELISA RESULT
APPLYING INCURRED DOUGH MATRIX AS MORE REALISTIC FOOD MODEL

Mixture of dry [
materials

Powder mixture
with flour
sources

Measured gliadin concentration

Baked product (cookie) s

Freeze-dried dough

60 - B Dough
>0 B Cookie
40 -
30 -
20 -

1 2 3 4 3 6 7
ELISA kit

Bugyi Zsuzsanna, Torok Kitti, Hajas Livia, Adonyi Zsanett, Popping
Bert, Tomoskozi Sdndor. Comparative study of commercially available gluten
ELISA kits using an incurred reference material. QUALITY ASSURANCE AND
SAFETY OF CROPS & FOODS 5:(1) pp. 79-87. (2013)

Bugyi Zs, Nagy J, Torok K, Hajas L, Tomoskozi S. Towards development of incurred materials for quality assurance
purposes in the analysis of food allergens. ANALYTICA CHIMICA ACTA 672:(1-2) pp. 25-29. (2010)
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CONCLUSION

» GXxE effects: Naturally, varieties (G) and harvest years (E) have significant

effects on the protein composition and also on the ELISA results

» Mixture of varieties or individual variety
» Technically and from the viewpoint of standardization, the utilization of one
variety is much simplier
» Blending of varieties can compensate very well the differences between
individual varieties

» Isolates or wheat flours:
» The production of standardized wheat flour is much simplier and they
represents the reality better
» |solates are much stable and better characterizable but there production is
much more complicated
* Native proteins vs processed food matrices: Processed food matrices
incurred with wheat flour or isolates can be a more realistic modell — but
analytical method-dependent processing effects are measurable wtih different
ELISA kits.

i Production of Production of
cotstenof [l Pocuctoncr § cnarcte | odecton o | maromows | o,
white tiour (blended) flour B 4nq/or isolates 57
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CONCLUSION

Many question remained open but we made some decesion on the bases

of our results:

« We continue the RM development work

- with two flours: one selected variety and blend of five varieties
« on laboratory (BME/Leibnitz) and on pilot scales (BOKU/AGES)

« We continue the related research work with isolates and incurred

materials for clarifying the background of identified phenomena

i Production of Production of
cotstenof [l Pocuctoncr § cnarcte | odecton o | maromows | o,
white tiour (blended) flour B 4nq/or isolates 8
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STEP FORWARD: PILOT-SCALE EXPERIMENTS WITH THE

MIXTURE OF SELECTED WHEAT VARIETIES (BOKU/AGES, AUSTRIA)

Absorbance

0,6491 1

0,5308

0,5125

0,4442

0,37458

0,3076

0,23493

01710

01028

0,0345

0033 |

Mean SD

14,71 0,04
14,37 0,00
14,67 0,08

/ g

RAW NIR SPECTRASs of
three individual blending
and milling trials

400 500 BOO OO 800 400 1000 1100 1200 1300 1400 1500 18600 1700 1800 1900 2000 2100 2200 2300 2400 2500

Wavelength
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RESULTS SINGLE CULTIVAR VS MIXTURE OF THE CHOSEN ONES
CHROMATOGRAMS OF THE INSOLUBLE PROTEINS BY SE-HPLC

AU (Absorbance unit)
150+

— Akteur
Carberry

= Mv Magvas

— Yitpi

— Yumai-34

— Mixture

time {min.)
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RESULTS: SINGLE CULTIVAR VS MIXTURE OF THE CHOSEN ONES
TOTAL PROTEIN AND GLUTEN CONTENT OF THE MIXTURE

average value
measured value of |calculated from the
the flour mixture results of five
cultivars

Protein content by Dumas (%) 15,44 15,66
Protein content by RP-HPLC (%) 12,67 12,90
Gluten content RP-HPLC (%) 11,26 11,49
Dry gluten content (%) 12,69 12,38

- The mixture of five cultivars seems to be homogenous,
therefore

- The method we used for homogenization seems to be suitable
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RESULTS: CORRELATIONS BETWEEN THE ELISA AND THE RP-
HPLC RESULTS

RP-HPLC

total ®5 ®l,2

gliadin gliadins  gliadins o gliadins v gliadins

ELISAkitA | 0,90 0,67 0,84 0,87 0,74

ELISAkitB | 0,95 0,75 0,89 0,89 0,78
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