Processing steps 2nd Processing steps Ability to form a visco-elastic network Diversity of products Distinct characteristics p. 6

Questions ????

-

  Workshop, Madrid, June 2023 Introductive Talk on Innovations in the analysis of wheat quality, Lullien V Wheat Quality : what is the problem ? -difficult to take into account, depends on different factors (sanitary, nutritional, technological, sensory) -may be related to a specific product (bread, noodle, biscuit, cake,…) -may depend on the country legislation -has to face with compromises including economic, technic & scientific Water,…yeast, ingredients, additives, improvers Complex relationships between wheat grain and the product quality Soilto abrade, grind, and classified particles (size, density, dielectric properties) Diversity of recipes, way or devices to proceed depending on the final product, type of actors, local tradition Workshop, Madrid, June 2023 Introductive Talk on Innovations in the analysis of wheat quality, Lullien V What are the new development to assess grain/flour quality ? -Increase of non-destructive methods (spectral-hyperspectral, imaging, acoustic, RMN, electronic eye, e-nose, e-tongue…) and coupling technics -Use of molecular probes/aptamers -Ohmic studies (genomic, transcriptomic, proteomic, metabolomic) Miniaturization of tools (micro-mechanics, micro-rheology, micro-milling, micro-baking, …) -Multi-scale studies (experimental data & mathematical or numerical modelling) to enhance understanding of relationships between local interactions and behavior at a macro-scale -Management of data with machine learning, neural network, Bayesian network, random forest… technologies p. 9 XIV International Gluten Workshop, Madrid, June 2023 Introductive Talk on Innovations in the analysis of wheat quality, Lullien V Safety Properties: Insect detection Losses due to grain damage, undesirable compounds ≠ forms (adult/puppae/larvae/egg) & status (alive/dead) !!! Coleoptera Lepidoptera & other methods recently reviewed by Zhu L. et al., Food Chem. (2022) Direct detection: Machine vision (identify pest morphology) …but hidden insects! Acoustic methods …but no detection of dead pests, sensibility to environmental noise… oxidase su1) to qPCR… (need DNA extraction) no distinction of ≠ forms but available for flour Indirect detection: through their produced metabolites: volatiles detected by E-nose p. 10 XIV International Gluten Workshop, Madrid, June 2023 Introductive Talk on Innovations in the analysis of wheat quality, Lullien V Safety: Mycotoxin detection HPLC/GC-MS: time consuming, high cost Immuno-assays: qualitative/semi-quantitative, false positive, weak reproducibility/sensitivity

  Workshop, Madrid, June 2023 Introductive Talk on Innovations in the analysis of wheat quality, Lullien V Hyperspectral (HS) imaging Non destructive, rapid, multi-criteria on a unique object grains, tissues, cut sections or particles (flours, semolina), final products May be used to sort out objects according to their properties x Workshop, Madrid, June 2023 Introductive Talk on Innovations in the analysis of wheat quality, Lullien V Hyperspectral (HS) imaging Non destructive, rapid, multi-criteria on a unique object grains, tissues, cut sections or particles (flours, semolina), final products May be used to sort out objects according to their properties Prepare samples similarly & relate data with those obtain from another method Classification through statistical data treatment & test accuracy with another set of unknown samples Different applications explored (water uptake and moisture content, sprouting, Fusarium damaged, vitreousness, biochemical composition…) Caporaso N. et al., Appl. Spectrosc. Rev. (2018) Workshop, Madrid, June 2023 Introductive Talk on Innovations in the analysis of wheat quality, Lullien V Starchy Endosperm Structure Exploration Common wheat: starch-protein interactions depending on Puroindolines nature (wild type or mutant) + porosity (~1/vitreousness), Lullien-Pellerin et al., 2020 Durum wheat: porosity only Chichti E. et al., JCS (2018) I 0 = exp(-h/τ) I 0 and I T : incident and transmitted light beam τ: transmission coefficient function of the material, increase with vitreousness h: sample thickness p. 17

XIV

  International Gluten Workshop, Madrid, June 2023 Introductive Talk on Innovations in the analysis of wheat quality, Lullien V Starchy Endosperm Structure Exploration Common wheat: starch-protein interactions depending on Puroindolines nature (wild type or mutant) + porosity (~1/vitreousness), Lullien-Pellerin et al., 2020 Durum wheat: porosity only Chichti E. et al., JCS (2018) Central close to close to Cheek Brush Embryo Beer-Lambert law Destructive method X-ray micro-tomography At 7 µm resolution: discrimination between grains according to cumulative distribution curve of pore volume as a function of pore diameter Fastidious ! (1h/grain) Besançon L. et al., JCS (2020) Non destructive method Grain section p. 18 XIV International Gluten Workshop, Madrid, June 2023 Introductive Talk on Innovations in the analysis of wheat quality, Lullien V Starchy endosperm micro-mechanics (µ-scale) through the use of near-isogenic lines differing by hardness AFM studies: AFM tip to abrade the starch granule in cryo-cut grain section A & B) 2.53 ± 0.30 a 0.68 ± 0.15 b Hard NIL (wild PinA-mutated PinB) 2.37 ± 0.60 a 0.81 ± 0.20 b Chichti E. et al., Eur. Polym. J. (2013) Workshop, Madrid, June 2023 Introductive Talk on Innovations in the analysis of wheat quality, Lullien V Starchy endosperm micro-mechanics (µ-scale) through the use of near-isogenic lines differing by hardness AFM studies: AFM tip to abrade the starch granule in cryo-cut grain section Chichti E. et al., Eur. Polym. J. (2013) Chichti E. et al. Plant Sci. (2015) Workshop, Madrid, June 2023 Introductive Talk on Innovations in the analysis of wheat quality, Lullien V Starchy endosperm micro-mechanics (µ-scale) through the of near-isogenic lines differing by hardness AFM studies: AFM tip to abrade the starch granule in cryo-cut grain section Chichti E. et al., Eur. Polym. J. (2013) Chichti E. et al. Plant Sci. (2015) approach to simulate rupture Chichti E. et al., J. Food Eng. (2016) Adhesion, no void (HV) , yellow pigment content, protein content, wet gluten, gluten index correlation (r>0.9) with semolina obtained with more complex mill (3-stand Allis-Chalmers mill): + Prediction of semolina yield also taking into account the fraction >630 µm 200 g durum grains Wang K. et al., Cereal Chem. (2019) , yellow pigment content, protein content, wet gluten, gluten index correlation (r>0.9) with semolina obtained with more complex mill (3-stand Allis-Chalmers mill): + Prediction of semolina yield also taking into account the fraction >630 µm 200 g durum grains Wang K. et al., Cereal Chem. (2019) , yellow pigment content, protein content, wet gluten, gluten index correlation (r>0.9) with semolina obtained with more complex mill (3-stand Allis-Chalmers mill): + Prediction of semolina yield also taking into account the fraction >630 µm 200 g durum grains Wang K. et al., Cereal Chem. (2019) with a larger set of samples (different years and agronomic conditions) & to be validated with a more industrial mill p. 30 XIV International Gluten Workshop, Madrid, June 2023 Introductive Talk on Innovations in the analysis of wheat quality, Lullien V What will be the future aims? Understanding the effect of climatic changes on grain characteristics and consequences on fractionation & product quality Develop Energy & Water saving in the overall chain Maintain product sensory & sanitary quality but increase nutritional properties/decrease molecules related with pathologies p. 31 XIV International Gluten Workshop, Madrid, June 2023 Introductive Talk on Innovations in the analysis of wheat quality, Lullien V What will be the future aims? Understanding the effect of climatic changes on grain characteristics and consequences on fractionation & product quality Develop Energy & Water saving in the overall chain Maintain product sensory & sanitary quality but increase nutritional properties/decrease molecules related with pathologies Develop Artificial Intelligence-based decision support system to manage product quality

  from upstream data or reverse engineering Currently undertaken for bread quality in ANR EVAGRAIN (2021-2024) L. Saulnier (BIA, Nantes) to ask for details luc.saulnier@inrae.fr p. 34 XIV International Gluten Workshop, Madrid, June 2023 Introductive Talk on Innovations in the analysis of wheat quality, Lullien V Lots of thanks To the organizers of the Gluten workshop in Madrid To my colleagues in Grain(e)s group, , BIA Nantes To the PhD students who worked on NILs (V. Greffeuille, P. Lasme, E. Chichti, K. Heinze) & my colleagues in Montpellier who help to study NILs or worked on wheat structure & composition (JY Delenne, X. Frank, C. Barron, B. Cuq, TM Lasserre, G. Maraval, E. Rondet, J. Grabulos, M. George………) To my colleague from GDEC in Clermont-Ferrand (FX Oury) specialist in genetics who construct the NILs & to C. Morris (USDA, USA) who played in the story of hardness understanding (please come to Session 4) To And to those who continue to develop studies to better understand relationship between wheat grains & quality

Safety: Mycotoxin detection

  

	HPLC/GC-MS: time consuming, high cost	
	Immuno-assays: qualitative/semi-quantitative, false positive, weak reproducibility/sensitivity
	Development of bio-sensors: sensitive, low cost, may be portable
	Sensor layer Sensor layer		recently reviewed:
	Transducer (optical, piezoelectric, electrochemical spectroscopies) Transducer (optical, piezoelectric, electrochemical spectroscopies)	Oliveira I. S. et al. Curr. Op. in Food Sci (2019) Zhang M. et al. Biosensors & Bioelectronics (2023)
	Measurable signal (processor) Measurable signal (processor)	aptamers RNA/DNA		Selection of a RNA/DNA sequence which recognize the
		bank 10 15 (4 25 )	search molecule through its
		combinatorial		3D structure
		sequences	
				p. 12
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Safety: Mycotoxin detection

  

	HPLC/GC-MS: time consuming, high cost	
	Immuno-assays: qualitative/semi-quantitative, false positive, weak reproducibility/sensitivity
	Development of bio-sensors: sensitive, low cost, may be portable
	Sensor layer		recently reviewed:
	Transducer (optical, piezoelectric, electrochemical spectroscopies)	Oliveira I. S. et al. Curr. Op. in Food Sci (2019) Zhang M. et al. Biosensors & Bioelectronics (2023)
	Measurable signal (processor)	aptamers RNA/DNA		Selection of a RNA/DNA sequence which recognize the
		bank 10 15 (4 25 )	search molecule through its
		combinatorial		3D structure
		sequences	
	Successfully used to		

detect Aflatoxin B1, OTA, T2, ZEN in

  

	wheat
	with LOD: 1-270 pM
	Ma P. et al. Sensors & Actuators (2023)
	Yu W et al. Anal Chim Acta (2023)

will be the future aims?

  Understanding the effect of climatic changes on grain characteristics and consequences on fractionation & product quality Develop Energy & Water saving in the overall chain Maintain product sensory & sanitary quality but increase nutritional properties/decrease molecules related with pathologies

	Experimental					
	data	2364 2399 2424 2438 2475 2489 2491	77,32 76,77 83,23 75,63 91,28 80,83 78,44	21,26 22,12 15,64 22,86 7,98 18,24 20,37	1,42 1,11 1,13 1,51 0,74 0,93 1,19	15,7 15,2 15,2 12 15,1 14 13	67,1 35,8 53,4 63,7 33 31 49,5	42,46 40,90 35,00 46,62 39,30 37,10 36,56	77,00 80,00 72,50 76,00 80,00 77,50 73,00	C C C -1 C C C	A A A -1 A A A	A A A A A A -1
		2507	70,20	28,38	1,42	14,1	59,9	42,88	79,00	C	A	A
		2508	80,62	18,53	0,85	12,8	16,7	44,12	76,50	C	A	A
		2526	83,21	15,88	0,91	14,3	29,7	42,18	78,50	C	A	A
		2534	79,36	19,33	1,31	13,9	61	38,78	80,00	C	A	A
		2536	84,39	14,81	0,80	14,9	29,7	43,70	79,00	C	A	A
		2573	89,85	9,57	0,58	14,6	28,4	41,60	75,00	C	A	A
		2574	81,07	17,71	1,22	13,7	28,1	42,62	82,00	C	A	A
		2606	82,50	16,36	1,15	16	71,2	46,84	80,00	C	A	A
		2626	84,08	14,85	1,07	16,1	62,7	37,28	78,00	C	A	A
		2644	80,49	18,30	1,22	15	88,1	40,44	79,50	C	A	A
	Expert Knowledge											
	Bibliographic data											
	Structuration with common ontology	
										Knowledge
										integration
	Machine learning								
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Develop Artificial Intelligence-based decision support system to manage product quality

  Understanding the effect of climatic changes on grain characteristics and consequences on fractionation & product quality Develop Energy & Water saving in the overall chain Maintain product sensory & sanitary quality but increase nutritional properties/decrease molecules related with pathologies

	Experimental					
	data	2364 2399 2424 2438 2475 2489 2491	77,32 76,77 83,23 75,63 91,28 80,83 78,44	21,26 22,12 15,64 22,86 7,98 18,24 20,37	1,42 1,11 1,13 1,51 0,74 0,93 1,19	15,7 15,2 15,2 12 15,1 14 13	67,1 35,8 53,4 63,7 33 31 49,5	42,46 40,90 35,00 46,62 39,30 37,10 36,56	77,00 80,00 72,50 76,00 80,00 77,50 73,00	C C C -1 C C C	A A A -1 A A A	A A A A A A -1
		2507	70,20	28,38	1,42	14,1	59,9	42,88	79,00	C	A	A
		2508	80,62	18,53	0,85	12,8	16,7	44,12	76,50	C	A	A
		2526	83,21	15,88	0,91	14,3	29,7	42,18	78,50	C	A	A
		2534	79,36	19,33	1,31	13,9	61	38,78	80,00	C	A	A
		2536	84,39	14,81	0,80	14,9	29,7	43,70	79,00	C	A	A
		2573	89,85	9,57	0,58	14,6	28,4	41,60	75,00	C	A	A
		2574	81,07	17,71	1,22	13,7	28,1	42,62	82,00	C	A	A
		2606	82,50	16,36	1,15	16	71,2	46,84	80,00	C	A	A
		2626	84,08	14,85	1,07	16,1	62,7	37,28	78,00	C	A	A
		2644	80,49	18,30	1,22	15	88,1	40,44	79,50	C	A	A
	Expert Knowledge											
	Bibliographic data											
	Structuration with common ontology	
	Machine learning						Knowledge integration	Prediction product characteristics from upstream data or reverse engineering

p. 33
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	2364	77,32	21,26	1,42	15,7	67,1	42,46	77,00	C	A	A
	2399	76,77	22,12	1,11	15,2	35,8	40,90	80,00	C	A	A
	2424	83,23	15,64	1,13	15,2	53,4	35,00	72,50	C	A	A
	2438	75,63	22,86	1,51	12	63,7	46,62	76,00	-1	-1	A
	2475	91,28	7,98	0,74	15,1	33	39,30	80,00	C	A	A
	2489	80,83	18,24	0,93	14	31	37,10	77,50	C	A	A
	2491	78,44	20,37	1,19	13	49,5	36,56	73,00	C	A	-1
	2507	70,20	28,38	1,42	14,1	59,9	42,88	79,00	C	A	A
	2508	80,62	18,53	0,85	12,8	16,7	44,12	76,50	C	A	A
	2526	83,21	15,88	0,91	14,3	29,7	42,18	78,50	C	A	A
	2534	79,36	19,33	1,31	13,9	61	38,78	80,00	C	A	A
	2536	84,39	14,81	0,80	14,9	29,7	43,70	79,00	C	A	A
	2573	89,85	9,57	0,58	14,6	28,4	41,60	75,00	C	A	A
	2574	81,07	17,71	1,22	13,7	28,1	42,62	82,00	C	A	A
	2606	82,50	16,36	1,15	16	71,2	46,84	80,00	C	A	A
	2626	84,08	14,85	1,07	16,1	62,7	37,28	78,00	C	A	A
	2644	80,49	18,30	1,22	15	88,1	40,44	79,50			
									Knowledge
									integration
	Machine learning