
Michele  Stanca
- U N A S A – CREA GPG- Accademia dei Georgofili -

FIDAF-ROMA    23- 02-2018
Sviluppo di Alimenti Funzionali per 

Migliorare la Salute Umana nel Terzo 
Millennio





Che cosa sono i composti 
funzionali?

Sono  sostanze che,aggiunte agli alimenti, 
favoriscono lo stato di salute mediante 
un’azione specifica, non riconducibile al 
semplice apporto di nutrienti.
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Ripening is the coordination of numerous biochemical 
processes and their underlying pathways
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La Cicoria di Galatina

• Valorisation and Traceability of made in 
Italy Products:

• Transcriptome Assembly and Marker
Develpment of “Puntarelle” Chicory stems
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Qualità: componenti salutistiche
Mele a polpa rossa e pesche sanguigne

Mela Pelingo (Acqualagna)-Università di Urbino

Red Passion (selezione UNITUS) 

compagnia olandese Next Fruit Generation
http://www.nextfruitgeneration.nl/products/red_flesh_

apple/



Colored rice, a niche market with healty 
aspects

Finocchiaro et al., Mol. Nutr. Food Res., 51: 1006-1019 
(2007)

Proanthocyanidins

Hu et al., J. Agric. Food Chem, 51: 5271-5277 (2003)

Anthocyanins



 Rc encodes a regulatory protein (Basic Helix-Loop-Helix
Protein) that allows the accumulation of proanthocyanidins

(Sweeney M. et al., Plant Cell, 2006)

 Rd encodes the enzyme DFR (dehydroflavonolreductase), which
is involved in anthocyanin and proanthocyanidins pathway

(Furukawa et al., Plant Journal, 2006)

Venere
Artemide

Rc gene in the two black rices

Investigation on genes involved in Proanthocyanidins biosynthesis in 
black rices



Colored rice selection: quality criteria for market

- Capacity to select colored pericarp rice also for 
taste.

- Necessity to organize sensorial tests (2):

- Degree of pericarp coloration

- Cooking time

- Visual aspect after cooking

- Juice color

- Texture, smell, flavor

- Chewing criteria



Avenanthramides
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Unique to oats 
ca 30 different compounds 

Phytoalexin/Antifungal

Antioxidative

Anti-atheroscleroticAnti-inflammatory

Cooling sensation

Tranilast 
look alike



AveQ



Phenotypic Plasticity in Vitis vinifera

Vitis vinifera spp is one of the most plastic plants known: a single
genotype is able to produce berries with different quality, thus
different wine qualities, depending on the micro-environment
where it is cultivated.

Berry plasticity is very high

Individual berries 22



1478 genes showed a 
significant difference in 

transcription among the 11 
vineyards, during berry 

development

Transcriptome Plasticity during Berry Development
Samples from 2008 harvested in 11 Vineyards in 3 developmental 
stages
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Synsepalum dulcificum
Miracle Fruit

Proteina: MIRACULINA

Limone dolce: Alessio Aprile  
Unisalento



Miraculina
Synsepalum dulcificum

Miracle Fruit



La cariosside di frumento

12/06/0828/11/07





Amido

-AMILOSIO 25% 
(catene lineari) –

-AMILOPECTINA 
75% 

-(catene 
ramificate)



Amido e salute

L’amido ricco di 
amilosio è più 
resistente alla 
digestione



FRUMENTI WAXY?
IBRIDI?
Pane e Pasta Funzionali?



FRUMENTI WAXY
Amilosio         Amilopectina

Amido norm           25%                 75%
Amido waxy            0-5%                95%
-maggiore assorbimento di H2O
-stabilità dell’amido
-migliore consistenza dei prodotti da forno
-ridotto uso dei grassi negli impasti
-stabilità del gusto e dell’aroma
-produzione di cibi surgelati:più resistenti ai 
cicli di congelazione e decongelazione



Biodiversità per microelementi
in varietà di frumenti.

Ferro
Zinco 
Selenio



Le proteine della cariosside sono le 
maggiori componenti del GLUTINE

- Il glutine si forma miscelando farina ed acqua

- Il glutine è responsabile delle caratteristiche 
visco-elastiche dell’impasto e quindi delle 
caratteristiche del prodotto finale (es. pane)



Gliadine,  Glutenine e Glutine



-Glutenins, large 
proteins, 
contribute to the 
elastic component

-
-Gliadins, small 
proteins, 
contribute the 
viscous component
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La biodiversità delle proteine che formano il glutine



• PESO 1000 SEMI E PESO ETTOLITRICO
• GLUTEN  INDEX 0-100
• CONTENUTO IN CENERI
• CONTENUTO IN PROTEINE
• P=tenacità dell’impasto; L= Estensibilità dell’impasto
• ALVEOGRAFO (W; P/L )

Parametri tecnologici nei frumenti



Biodiversità del glutine e diversità del pane



Analisi sensoriale: panel test 



• Colore esterno
• Formato
• Colore mollica
• Aroma 
• Crosta
• Alveolatura
• Tessitura
• Sapore 
• Retrogusto
• Rusticità
• Giudizio globale



Panel test – diverse varietà 
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Foglio1

		campione		formato		col.est.		col.mollica		aroma		crosta		alveolatura		tessitura		sapore		retrogusto		rusticità		giudizio		>media

		Risciola		3.4		3.7		2.9		3.7		3.5		3.9		3		3.7		3.4		3.2		3.4		7

		Inallettabile 1		3.1		2.9		2.7		3.5		2.5		3.4		2.7		3.2		3.2		3.1		3.1		1

		Autonomia B		3.7		3.3		3.6		3.7		3.1		3.6		3.3		3.8		3.3		3.4		3.6		9

		pane casalino		4		4		3.9		3.3		3.1		3.3		3.3		3.5		3.3		3.3		3.3		7

		Mentana		2.9		2.7		3.1		3.1		2.6		3.3		2.9		3.3		3.1		3		2.9		0

		Canove		3.7		3.8		3.7		3.4		3.2		3.7		3.4		3.3		3.3		3.2		3.5		8

		Terminillo		3.9		4		4.1		3.8		3.5		3.5		3.5		3.8		3.7		3.4		3.9		11

		pane casalino		3.4		4.2		3.9		3.5		3.5		3.6		3.7		3.8		3.7		3.7		3.9		10

		Inallettabile 2		3.4		3.7		3.3		3.4		2.9		3.7		3.3		3.4		3.6		3.1		3.4		6

		Soisson		3.6		3.8		3.7		3.3		3.5		3.5		3.5		3.6		3.8		3.3		3.6		10

		pane casalino		3.6		3.4		3.7		3.2		3.2		3.4		3.3		3.4		3.5		3.5		3.6		7

		Bolero		3.5		3.4		3.4		3.4		3.2		3.5		3.6		3.7		3.3		3.1		3.5		7

		Apulia		3.4		3.4		3.2		3.2		3.1		3.3		3.3		3.3		3.4		3.5		3.4		5

		pane casalino		3.9		3.9		3.8		3.2		3.3		3.7		3.3		3.1		3.2		3.4		3.3		7

		MEDIA		3.5		3.6		3.5		3.4		3.1		3.5		3.3		3.5		3.4		3.3		3.4

		campione		formato		col.est.		col.mollica		aroma		crosta		alveolatura		tessitura		sapore		retrogusto		rusticità		giudizio		moda

		Risciola		3		4		3		4		3		4		2		3		3		3		3		3

		Inallettabile 1		3		3		3		3		3		4		3		3		3		3		3		3

		Autonomia B		4		3		4		3		4		4		4		3		3		4		4		4

		pane casalino		4		5		4		3		3		4		3		4		4		3		4		4

		Mentana		3		2		3		3		2		3		2		3		3		3		3		3

		Canove		4		4		4		3		3		4		3		3		3		3		3		3

		Terminillo		4		4		4		4		4		4		4		4		4		3		4		4

		pane casalino		5		4		4		3		3		4		3		4		4		4		4		4

		Inallettabile 2		3		3		4		4		3		4		3		3		4		4		3		3

		Soisson		4		3		4		3		3		4		4		4		4		3		4		4

		pane casalino		4		3		4		3		4		4		3		4		3		3		3		3

		Bolero		4		3		3		3		4		3		4		4		4		3		4		4

		Apulia		3		4		3		3		3		3		4		4		3		3		4		3

		pane casalino		4		4		4		3		4		3		3		3		3		3		3		3

		MODA		4		4		4		3		3		4		3		3		3		3		3		3
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Foglio2
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Foglio2

		





Foglio3

		

		assaggiatore		campione		formato		col.est.		col.mollica		aroma		crosta		alveolatura		tessitura		sapore		retrogusto		rusticità		giudizio sintetico

		AMS		A		3		4		3		4		4		3		3		3		3		3		3

		F		A		3		5		3		4		3		5		3		5		5		4		4

		ED		A		3		3		1		2		2		3		2		2		2		2		2

		BAMA		A		4		3		3		3		2		4		2		3		3		4		3

		MARA		A		3		4		3		5		5		4		4		5		3		3		5

		IR		A		4		4		2		4		5		4		4		5		3		4		4

		IV		A		4		5		3		4		5		4		4		3		4		4		4

		ENRICO		A		4		4		3		4		3		4		2		4		4		3		3

		B		A		3		2		5		3		5		5		5		5		5		2		4

		NF		A		3		4		2		3		2		3		2		3		2		3		3

		FRANCESCO		A		3		4		3		4		2		3		2		3		3		4		3

		PRIME		A		4		2		2		4		3		4		1		3		3		3		2

		CATE		A		4		5		3		3		3		4		3		3		3		2		3

		AG		A		2		3		4		3		5		5		5		5		5		3		4

		VALE		A		4		4		4		5		3		4		3		4		4		4		4

		MEDIA		A		3.4		3.7		2.9		3.7		3.5		3.9		3		3.7		3.4		3.2		3.4

		MODA		A		3		4		3		4		3		4		2		3		3		3		3

		assaggiatore		campione		formato		col.est.		col.mollica		aroma		crosta		alveolatura		tessitura		sapore		retrogusto		rusticità		giudizio sintetico

		AMS		B		4		4		3		3		4		3		4		4		3		3		3,5

		F		B		2		2		3		5		2		4		3		5		3		4		3

		ED		B		2		2		1		2		1		1		1		2		3		1		2

		BAMA		B		4		2		2		4		3		4		2		3		3		4		3

		MARA		B		3		4		3		3		3		3		3		3		3		3		3

		IR		B		3		3		3		4		3		4		4		4		4		4		4

		IV		B		3		3		2		3		3		3		4		3		4		3		4

		ENRICO		B		3		3		2		3		2		2		2		2		3		3		3

		B		B		4		3		5		3		2		5		2		5		5		2		4

		NF		B		2		2		2		4		2		3		3		3		3		3		4

		FRANCESCO		B		3		3		2		2		3		2		2		3		3		4		3

		PRIME		B		4		2		2		5		1		4		2		1		1		3		2

		CATE		B		3		4		3		3		2		4		3		3		3		2		3

		AG		B		2		3		4		3		3		5		3		3		4		3		2

		VALE		B		4		3		3		5		4		4		3		4		3		4		3

		MEDIA		B		3.1		2.9		2.7		3.4666666667		2.5333333333		3.4		2.7		3.2		3.2		3.1		3.1

		MODA		B		3		3		3		3		3		4		3		3		3		3		3

		assaggiatore		campione		formato		col.est.		col.mollica		aroma		crosta		alveolatura		tessitura		sapore		retrogusto		rusticità		giudizio sintetico

		AMS		C		4		4		4		4		4		4		4		5		4		4		4,5

		F		C		5		3		5		4		3		4		2		3		2		4		4

		ED		C		4		3		3		3		2		4		2		2		3		4		3

		BAMA		C		5		2		3		3		4		4		4		4		3		4		4

		MARA		C		4		5		4		3		3		3		3		3		3		3		3

		IR		C		4		5		4		5		4		4		4		5		4		4		4

		IV		C		4		4		3		5		4		3		4		4		3		4		4

		ENRICO		C		4		2		3		4		2		2		4		3		3		3		3

		B		C		3		2		5		5		4		5		5		5		5		2		4

		NF		C		4		3		4		3		4		4		4		5		4		3		5

		FRANCESCO		C		2		3		4		2		2		4		3		4		3		4		4

		PRIME		C		4		2		3		3		1		3		2		4		4		3		3

		CATE		C		4		5		3		4		3		3		3		4		3		3		4

		AG		C		2		3		4		3		3		4		3		3		4		3		3

		VALE		C		3		3		2		4		4		3		3		3		2		3		2

		MEDIA		C		3.7		3.3		3.6		3.6666666667		3.1333333333		3.6		3.3		3.8		3.3		3.4		3.6

		MODA		C		4		3		4		3		4		4		4		3		3		4		4

		assaggiatore		campione		formato		col.est.		col.mollica		aroma		crosta		alveolatura		tessitura		sapore		retrogusto		rusticità		giudizio sintetico

		AMS		D		4		5		4		4		4		4		4		4		4		3		4

		F		D		5		5		2		5				3		5		4		2		5		3

		ED		D		4		4		4		3		3		3		3		2,5		2		4		4

		BAMA		D		4		3		3		3		2		2		2		2		2		3		2

		MARA		D		4		4		4		4		3		3		3		4		4		4		4

		IR		D		4		2		4		4		4		3		4		4		4		4		4

		IV		D		4		4		3		4		4		4		3		4		4		4		4

		ENRICO		D		5		5		5		4		4		4		4		4		4		3		4

		B		D		5		5		5		3		3		2		5		5		5		2		4

		NF		D		4		3		3		3		3		2		3		3		3		3		3

		FRANCESCO		D		4		4		5		3		3		4		4		4		4		3		5

		PRIME		D		4		5		5		3		2		4		3		3		3		3		3

		CATE		D		4		5		4		3		3		4		3		3		3		3		3

		AG		D		2		4		5		2		4		5		3		3		3		3		3

		VALE		D		3		2		2		2		2		2		1		2		2		2		1

		MEDIA		D		4		4		3.9		3.3333333333		3.1428571429		3.3		3.3		3.5		3.3		3.3		3.3

		MODA		D		4		5		4		3		3		4		3		4		4		3		4

		assaggiatore		campione		formato		col.est.		col.mollica		aroma		crosta		alveolatura		tessitura		sapore		retrogusto		rusticità		giudizio sintetico

		AMS		E		2		3		3		3		3		4		3		4		4		4		3.5

		F		E		1		2		5		4		4		4		4		4		4		3		3

		ED		E		2		2		3		3		2		2		2		3		2		2		2.5

		BAMA		E		3		2		4		3		2		3		3		3		3		3		3

		MARA		E		3		3		3		4		4		3		3		4		3		3		3

		IR		E		3		2		3		3		2		4		4		4		3		5		4

		IV		E		3		4		3		4		3		3		2		3		3		2		3

		ENRICO		E		4		3		3		3		2		3		2		3		3		3		3

		B		E		5		2		3		3		5		5		5		5		5		3		4

		NF		E		2		3		2		2		2		2		2		3		3		3		2

		FRANCESCO		E		4		4		3		3		3		3		2		3		3		3		3

		PRIME		E		3		3		2		3		2		3		2		2		2		3		2

		CATE		E		3		4		3		3		2		4		3		3		3		3		3

		AG		E		3		2		4		2		1		4		4		3		3		3		3

		VALE		E		2		2		3		3		2		2		2		3		3		2		2

		MEDIA		E		2.9		2.7		3.1		3.0666666667		2.6		3.3		2.9		3.3333333333		3.1		3		2.9

		MODA		E		3		2		3		3		2		3		2		3		3		3		3

		assaggiatore		campione		formato		col.est.		col.mollica		aroma		crosta		alveolatura		tessitura		sapore		retrogusto		rusticità		giudizio sintetico

		AMS		F		4		4		4		4		4		4		4		4		4		4		4

		F		F		4		4		4		4		4		3		3		4		4		3		4

		ED		F		3		3		3		3		3		3		3		2		2		2		3

		BAMA		F		4		4		4		3		3		4		3		3		3		3		3

		MARA		F		4		4		4		3		3		4		3		3		3		4		3

		IR		F		4		5		4		5		4		5		4		5		3		4		5

		IV		F		3		4		4		3		3		4		5		4		5		3		4

		ENRICO		F		4		4		3		3		2		3		3		3		4		3		3

		B		F		5		4		3		3		3		4		2		3		3		3		3

		NF		F		3		4		4		3		3		3		3		3		3		3		3

		FRANCESCO		F		4		4		4		3		4		4		4		3		3		4		4

		PRIME		F		3		3		3		3		2		3		2		2		3		3		2

		CATE		F		4		4		3		4		3		4		4		4		3		3		4

		AG		F		3		3		4		5		4		5		5		5		4		3		4

		VALE		F		4		3		4		2		3		3		3		2		2		3		3

		MEDIA		F		3.7		3.8		3.7		3.4		3.2		3.7		3.4		3.3333333333		3.3		3.2		3.5

		MODA		F		4		4		4		3		3		4		3		3		3		3		3

		assaggiatore		campione		formato		col.est.		col.mollica		aroma		crosta		alveolatura		tessitura		sapore		retrogusto		rusticità		giudizio sintetico

		AMS		G		4		4		4		3		4		4		4		3		4		3		3.5

		F		G		5		4		5		4		2		3		4		4		4		4		4

		ED		G		4		4		4		3		2		2		2		2		2		4		3.5

		BAMA		G		5		4		4		4		4		3		4		4		3		4		4

		MARA		G		4		4		4		4		4		4		3		4		4		3		4

		IR		G		4		5		4		4		5		3		3		4		3		4		4

		IV		G		4		4		4		4		3		4		4		4		5		4		5

		ENRICO		G		4		4		5		5		5		4		4		5		4		4		5

		B		G		4		3		5		3		5		2		4		5		5		2		4

		NF		G		4		4		4		4		3		3		4		4		4		3		4

		FRANCESCO		G		3		4		3		4		2		4		2		3		3		3		3

		PRIME		G		4		4		3		4		3		4		2		3		3		3		3

		CATE		G		4		4		3		3		2		3		4		4		3		3		4

		AG		G		2		4		5		4		4		5		5		4		4		3		4

		VALE		G		4		4		4		4		4		4		4		4		4		4		4

		MEDIA		G		3.9		4		4.1		3.8		3.4666666667		3.5		3.5		3.8		3.7		3.4		3.9

		MODA		G		4		4		4		4		4		4		4		4		4		3		4

		assaggiatore		campione		formato		col.est.		col.mollica		aroma		crosta		alveolatura		tessitura		sapore		retrogusto		rusticità		giudizio sintetico

		AMS		H		4		4		4		3		4		4		4		4		4		4		4

		F		H		5		5		5		4		4		4		4		5		5		5		5

		ED		H		2		4		4		3		2		2		3		3		3		4		4

		BAMA		H		2		3		3		3		3		4		3		3		3		3		3

		MARA		H		3		4		4				4		3		3		3		3		3		3

		IR		H		2		4		3		4		2		3		4		4		3		4		3

		IV		H		3		4		3		4		4		3		3		4		3		4		4

		ENRICO		H		3		4		4		4		3		4		3		4		4		4		4

		B		H		5		5		4		3		3		2		5		4		5		4		4

		NF		H		5		5		4		3		3		4		5		5		4		3		5

		FRANCESCO		H		3		3		3		3		3		4		4		4		4		4		4

		PRIME		H		5		5		5		5		5		5		4		4		4		4		4

		CATE		H		5		5		4		3		3		4		3		4		3		4		4

		AG		H		2		5		5		3		5		5		5		4		4		3		4		4

		VALE		H		2		4		4		4		4		3		3		2		4		2		4

		MEDIA		H		3.4		4.2		3.9		3.5		3.4666666667		3.6		3.7		3.8		3.7		3.7		3.9

		MODA		H		5		4		4		3		3		4		3		4		4		4		4

		assaggiatore		campione		formato		col.est.		col.mollica		aroma		crosta		alveolatura		tessitura		sapore		retrogusto		rusticità		giudizio sintetico

		AMS		I		3		3		3		2		3		3		3		3		3		3		3

		F		I		3		5		3		4		3		4		3		4		5		4		4

		ED		I		3		3		2		2.5		2		3		2.5		2.5		2.5		2		2.5

		BAMA		I		3		3		2		3		3		3		2		3		3		3		3

		MARA		I		4		4		3		4		3		4		4		4		4		4		4

		IR		I		4		5		3		4		4		5		4		4		4		4		4

		IV		I		4		3		4		3		2		3		3		3		3		4		3

		ENRICO		I		4		4		4		3		2		3		3		3		4		3		3

		B		I		4		5		5		5		5		4		5		5		5		2		5

		NF		I		3		4		4		4		3		4		3		4		4		3		4

		FRANCESCO		I		4		4		4		4		3		4		3		4		4		4		4

		PRIME		I		3		3		2		2		2		2		2		2		2		2		2

		CATE		I		3		3		3		4		3		4		4		3		3		2		3

		AG		I		2		3		4		3		3		5		4		3		3		3		3

		VALE		I		4		4		4		4		3		4		4		4		4		4		4

		MEDIA		I		3.4		3.7		3.3		3.4333333333		2.9333333333		3.7		3.3		3.4333333333		3.6		3.1		3.4

		MODA		I		3		3		4		4		3		4		3		3		4		4		3

		assaggiatore		campione		formato		col.est.		col.mollica		aroma		crosta		alveolatura		tessitura		sapore		retrogusto		rusticità		giudizio sintetico

		AMS		J		4		3		3		4		3		3		4		4		4				3.5

		F		J		3		5		4		5		3		4		4		5		5		5		4

		ED		J		3		3		2		2		2.5		2		2		2.5		3		2		2.5

		BAMA		J		4		4		4		3		4		4		3		2		3		4		3.5

		MARA		J		4		4		4		3		3		4		3		3		3		4		3

		IR		J		4		5		4		3		3		3		4		4		3		4		4

		IV		J		4		3		4		3		3		3		3		2		3		3		3

		ENRICO		J		4		4		4		3		3		3		3		4		4		3		4

		B		J		3		4		5		2		2		4		3		4		5		2		4

		NF		J		4		4		4		3		4		4		4		5		5		3		5

		FRANCESCO		J		4		4		4		5		5		4		4		4		4		3		4

		PRIME		J		5		5		4		3		4		3		4		4		4		3		4

		CATE		J		3		3		3		3		5		4		4		4		4		3		4

		AG		J		2		3		4		3		4		4		4		4		3		3		3

		VALE		J		3		3		3		4		4		4		4		3		4		4		3

		MEDIA		J		3.6		3.8		3.7		3.2666666667		3.5		3.5		3.5		3.6333333333		3.8		3.3		3.6

		MODA		J		4		3		4		3		3		4		4		4		4		3		4

		assaggiatore		campione		formato		col.est.		col.mollica		aroma		crosta		alveolatura		tessitura		sapore		retrogusto		rusticità		giudizio sintetico

		AMS		K		4		4		4		4		4		4		4		4		4		4		4

		F		K		5		5		5		5		4		5		4		5		5		5		5

		ED		K		4		2		4		3		2		2		2.5		2.5		2		4		3

		BAMA		K		3		2		3		3		3		2		3		3		3		4		3

		MARA		K		5		4		4		3		5		5		3		3		3		5		3

		IR		K		3		2		4		3		3		4		4		4		4		3		4

		IV		K		4		5		4		2		2		3		3		2		3		4		3

		ENRICO		K		4		5		4		5		4		4		5		4		5		4		5

		B		K		5		3		5		2		4		4		4		5		5		2		4

		NF		K		3		3		3		3		2		3		3		3		3		3		3

		FRANCESCO		K		3		3		3		2		2		3		2		2		2		3		3

		PRIME		K		3		3		3		4		4		4		2		4		3		3		4

		CATE		K		4		5		4		3		3		3		3		4		3		3		4

		AG		K		2		3		4		3		3		3		4		3		4		3		3

		VALE		K		2		2		2		3		3		2		3		2		4		3		3

		MEDIA		K		3.6		3.4		3.7		3.2		3.2		3.4		3.3		3.3666666667		3.5		3.5		3.6

		MODA		K		4		3		4		3		4		4		3		4		3		3		3

		assaggiatore		campione		formato		col.est.		col.mollica		aroma		crosta		alveolatura		tessitura		sapore		retrogusto		rusticità		giudizio sintetico

		AMS		L		4		4		4		3.5		4		4		4		4		4		4		4

		MISTO		L		3.5		3.5		2.5		4		3		2.5		2.5		3.5		3		3		3

		ED		L		4		4		3		3		3.5		3		3		3		2		3		3

		BAMA		L		3		3		4		4		3		3		4		4		3		3		3

		MARA		L		3		3		3		4		4		3		4		5		4		3		4

		IR		L		3		3		3		3		3		3		2		3		3		4		3

		IV		L		3		3		3		3		2		4		4		4		4		4		4

		ENRICO		L		4		4		4		4		4		3		4		4		4		3		4

		B		L		5		3		5		3		5		5		5		5		5		2		4

		NF		L		3		2		3		3		2		3		3		4		3		3		3

		FRANCESCO		L		4		5		3		5		2		3		4		3		3		3		4

		PRIME		L		4		4		3		4		3		4		4		4		4		4		4

		CATE		L		3		3		3		3		4		4		4		4		4		3		4

		AG		L		2		2		4		2		2		4		4		2		2		2		2

		VALE		L		4		4		4		3		4		4		3		3		2		3		3

		MEDIA		L		3.5		3.4		3.4		3.4333333333		3.2333333333		3.5		3.6		3.7		3.3		3.1		3.5

		MODA		L		4		3		3		3		4		3		4		4		4		3		4

		assaggiatore		campione		formato		col.est.		col.mollica		aroma		crosta		alveolatura		tessitura		sapore		retrogusto		rusticità		giudizio sintetico

		AMS		M		4.5		4		4		3		3.5		4		4		4		4		4		4

		MISTO		M		4		3.5		3.5		2.5		3.5		3		3.5		4		3.5		4		4

		ED		M		3		2		2		3		2		2		3		2		2		3		2.5

		BAMA		M		4		4		3		3		3		4		4		4		4		4		4

		MARA		M		3		3		3		3		3		3		2		3		3		3		3

		IR		M		3		3		3		3		2		2		3		3		3		4		3

		IV		M		3		3		3		3		2		3		3		2		3		3		3

		ENRICO		M		4		4		3		3		4		4		4		3		3		3		3

		B		M		3		4		5		4		5		2		4		5		5		4		5

		NF		M		3		3		2		3		3		2		2		3		2		3		2

		FRANCESCO		M		4		4		2		3		4		4		5		4		4		3		4

		PRIME		M		4		3		4		5		3		5		3		4		4		4		4

		CATE		M		3		4		3		2		2		3		2		3		3		3		3

		AG		M		2		2		3		3		3		5		4		2		3		3		3

		VALE		M		4		4		4		4		4		3		3		4		4		4		4

		MEDIA		M		3.4		3.4		3.2		3.1666666667		3.1333333333		3.3		3.3		3.3333333333		3.4		3.5		3.4

		MODA		M		3		4		3		3		3		3		4		4		3		3		4

		assaggiatore		campione		formato		col.est.		col.mollica		aroma		crosta		alveolatura		tessitura		sapore		retrogusto		rusticità		giudizio sintetico

		AMS		O		4.5		4.5		4		4		4		4.5		4.5		3.5		4		4		4.5

		MISTO		O		4		4.5		3		3		4		3.5		3		3.5		3.5		3.5		3.5

		ED		O		4		3		3		3		2		3		2.5		1		2		3		2

		BAMA		O		5		4		4		4		4		4		4		3		4		4		4

		MARA		O		4		4		4		3		4		4		3		3		3		5		4

		IR		O		3		3		4		3		3		2		3		3		3		3		3

		IV		O		4		4		3		2		2		3		3		3		3		3		3

		ENRICO		O		4		4		5		4		4		5		4		4		4		4		4

		B		O		4		5		5		3		5		4		5		5		2		2		4

		NF		O		4		3		3		3		3		3		3		4		4		3		4

		FRANCESCO		O		3		4		3		3		3		4		2		3		3		3		3

		PRIME		O		5		5		5		5		3		3		3		3		2		5		3

		CATE		O		4		4		4		3		2		3		2		3		3		3		2

		AG		O		2		3		4		2		4		5		4		2		3		3		3

		VALE		O		4		3		3		3		2		4		3		3		4		3		3

		MEDIA		O		3.9		3.9		3.8		3.2		3.2666666667		3.7		3.3		3.1333333333		3.2		3.4		3.3

		MODA		O		4		4		4		3		4		3		3		3		3		3		3
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Biodiversità 
e aroma:
chimica dei
composti 
volatili GC-MS

Naso elettronico



CLASSI QUALITATIVE

• FF= Frumenti di Forza:w > 300-P/L 0,7
• FPS=Frumenti panificabili superiori
• w220-300,P/L 0,8
• FP=Frumenti Panificabili:w140-200,P/L0,8
• FB=Frumenti Biscotti:w<140,P/L0,5
• FAU=Frumenti Altri Usi

FW=  Frumenti Waxy



PROLAMINE

• Gliadine+Glutenine =Glutine- Ordeine- Secaline
• Alto contenuto di prolina e glutammina
• Contengono molti residui di prolina e questo le rende 

particolarmente resistenti alla digestione da parte degli 
enzimi gastrici , pancreatici  e intestinali

• Il risultato di questa parziale digestione porta alla 
formazione di peptidi(8-33 amminoacidi)alcuni dei quali 
sono tossici e immunogenici per la mucosa celiaca

• Sequenze di DNA ripetute sui tre genomi ABD
• Difficoltà di correggere attraverso la genetica classica
• Genome Editing?
• Gazza 2015



2011
Sensibilità al glutine non celiaca

Non Celiac Gluten Sensitivity, NCGS
Cereali a basso indice di glutine: T. 

Monococcum, presenta glutine debole 
completamente digerito dai nostri enzimi

Ipotesi: presenza –assenza di omega 
gliadine 

Esiste Variabilità genetica?
Gazza, 2015; Iacomino ,…, Gazza,….Mamone 2016



• INIBITORI delle alfa amilasi:Proteine a basso peso molecolare 
presenti nella granella di tenero e duro

• Esplicano un’azione di difesa verso l’attacco di insetti
• Nell’uomo esercitano un’azione tossica o allergenica quando 

inalate o ingerite
• Una famiglia  di queste proteine è codificata da geni presenti sul 

cromosoma 6 D e 6 B .Riconosciute come allergeni coinvolti 
nell’asma dei panettieri.

• Resistono all’azione delle proteasi e stimolano le cellule del 
nostro sistema immunitario a produrre molecole infiammatorie 
scatenando reazioni immunitarie in pazienti affetti da celiachia

• Gazza 2015

Altre Proteine Tossiche o Allergeniche



Do we need to worry about eating 
Wheat?

Shewry and Hey 2016 Nutrition Bullettin



Immunochemical determination of 
Gluten in Malts and beers

Dostalek et al. 2006 Food Additives 
and contaminants



Differences in gluten protein
composition between old and modern
durum wheat genotipes inrelation to

20° century breeding in Italy

De Santis et al 2017 European Journal of
Agronomy



New Insights into Wheat Toxicity : 
Breeding did not seem to contribute to

a prevalence of potential celiac
disease’s immunostmulatory epitopes

Miguel Ribeiro et al.  2016  Food Chemistry



La “fusariosi della spiga” (FHB) ha 
un impatto fortemente negativo 
sulle produzioni dei cereali a paglia e 
particolarmente di frumento.

 resa in granella

 qualità della granella 

 contaminazione
delle cariossidi con 
micotossine

FUSARIOSI DELLA SPIGA



PRESENZA E PERSISTENZA DELLA 
CONTAMINAZIONE DA FUSARIA DURANTE LA 
CATENA DI PRODUZIONE DEL PANE



Individuazione
indiretta delle 
micotossine

Patotipi ad elevata 
capacità tossigena

Patotipi a ridotta 
capacità tossigena

FUSARIOSI DELLA SPIGA: 
monitoraggio per il 
controllo del problema

Individuazione 
diretta delle 
micotossine

Rilievi 
fitopatologici



Optimization of durum wheat bread from a 
selenium-rich cultivar fortified with bran

Previtali et al J:Food Sci Technol.2016

Selenium –enricheddurum wheat improves 
the nutritional profilesof pasta without 

altering its organoleptic properties.
De Vita  et al Food Chemistry 2017

Use of purple durum wheat to produce 
naturally functional fresh and dry pasta.

Ficco et al 2016 Food Chemisty



SSR-based DNA profiling



OBIETTIVO

• SVILUPPARE 
METODICA 

MOLECOLARE 
DNA-BASED per 
l’individuazione e 
quantificazione di 

DNA di grano tenero 
in semole e pasta

• VALIDAZIONE 
METODICA  
ANALITICA

METODOLOGIA

Consolidare tecnica 
qPCR (basandoci su 
lavori di Alary et al. 
(2002) e Terzi et al. 

(2003)) 

Organizzazi
one di un 

ring test che 
coinvolga 

laboratori di 
biologia 

molecolare 
  

Dossier di 
validazio

ne

Calcolare incertezza del metodo



Cappelli 2012

Alta CO2
CO2 

normale



is the main cereal grain 
for 

the development of 
Functional Foods

Barley



WHY?

It contains two classes of compounds:

Tocols
β-glucans (Dietary Fiber)



Where are
tocols and b-glucans

accumulated 
in the barley grain?



Endosperm
cells

β-glucans

Barley grain

Tocols
Germ



4G- 4G
↓

3G- 4G- 4G
↓

3G- 4(G)n- 4G
↓

3G- 4G- 4G
↓

3G-4G

(1→3),(1→4)-β-D-Glucans

Physio-chemical carachteristics

Molecular Weight: 104-106 D

Polimarisation degree: 50-5000

Solubility: Viscous solution gel-like structured

reology: pseudoplastic behaviour

β-Glucans

Jadhav (1998)

4-8% dm



Why b-glucans
improve 

human health?



How do tocols work
in the human body?



Liver

Stomach

Small 
bowel

Colon

 carbohydrates absorption
 Intestinal motility
 reabsorption of Bile Acids

 SCFA

 gastric emptying time
β-Glucans

Hypoglycemic effect
Hypocholesterolemic effect

Hmg-CoA reductase inhibition
Tocols



NAKED vs HULLED BARLEY (Hordeum vulgare L.)

Domesticated 
barley is classified 

into two major 
categories 

according to     
kernel type.

In HULLED BARLEY the 
husks adhere completely
to the grain. 
NAKED BARLEY
has a caryopsis with 
easily separable husks 
upon threshing.





NAKED BARLEY as FUNCTIONAL FOOD 
Hulled barley is mainly used for animal feed and brewing malts, 

while the naked one can be used as human food,                                  
in particular as HEALTHY FOOD. 

are two subgroups of the vitamin E 
family. They are present in the outer 

parts of the grain and they are 
natural strong antioxidants. They 

protect membrane lipids from 
peroxidation.

principals components of soluble 
fiber. They reduce blood total 

cholesterol concentration and the 
rate of glucose absorption, 
leading to a lower glycemic 

response.

BETA-GLUCANS:

TOCOTRIENOLS and 
TOCOPHEROLS:



EMPLOYMENTS of NAKED BARLEY

Barley coffee

Barley soup, Pearled

Barley decoctions

Barley flour 

(bread, biscuits, 

dietary food items)



sKT3 (0.9cM da nud)
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sJ14 (2.7cM da nud)
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500
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N H

N H
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The naked caryopsis character in 
barley is controlled by a single 
recessive gene nud, located on 
chromosome 1 (7H).

It has been hypothesized that the 
naked gene controls the production 
of an “undefined cementing 
substance” in the pericarp 
epidermis, responsible for adhesion 
of glumelets to kernel teguments.
(Gaines et al. 1985)

According NABGMP
7H

The NAKED GENE



 

HAPLOTYPE STRUCTURE AROUND THE 
NUD LOCUS IN BARLEY AND ITS 
ASSOCIATION WITH RESISTANCE TO LEAF 
STRIPE (PYRENOPHORA GRAMINEA) 
 
Barabaschi D., L. Campani, E. Francia, H. Toubia-Rahme, 
G.P. Valè, A. Gianinetti, G. Delogu, A.M. Stanca, N. 
Pecchioni 
 
Plant Breeding, 126: 24-29, 2007 
 





NEW TECHNOLOGIES to INCREASE BETA-GLUCAN 
CONTENT in the BARLEY FLOUR



Barley  micronization 2x

I Air Classification (valve = 220)

Coarse Fraction (CF1) Fine Fraction (FF1)

II Air Classification (valve = 190)

Coarse Fraction (CF2) Fine Fraction (FF2) 
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Genotypes
Flour 
fraction Yields % β-glucans % Proteins % Starch % TDF %
Micronized 7,8 12,6 53,2 12,8
CF1 10,4 11,1 14 42,8 25,5
CF2 28,4 15,6 13,6 43,5 25,5
FF2 61,2 2,3 12,6 61,2 3,8
Micronized 5,4 13,7 55,3 11,5
CF1 16,5 8,1 15,6 51,1 23,4
CF2 29,8 11,2 14,4 46,4 21,8
FF2 53,7 3 12,4 66,7 3,3

CDC Alamo

Priora

Flour Components after Air Classification



A BC100% bread 
wheat flour

Eval uat ion  
Par amet er

1 0 0 % br ead 
wheat  f l ou r

Br ead "A"          
( 5 0 %bar l ey f l our )

Br ead "B"                            
( 5 0 % Sieved f r act ion )

Br ead "C"                     
( 2 0 % WE Fr act ion )

Pr ot e in s 17 ,3  % 16 ,1  % 17 ,1  % 17 ,3  %
Lipids 5 ,3  % 5 ,4  % 6 ,1  % 4 ,1  %
Ash 0 ,5  % 3 ,0  % 3 ,6  % 4 ,3  %
Die t ar y Fibr e 5 ,0  % 7 ,5  % 10 ,2  % 10 ,6  %
Tot al  β -gl ucan s 0 ,1  % 2 ,4  % 4 ,2  % 6 ,3  %
Sol ubl e  β -gl ucan s 0 ,1  % 2 ,0  % 2 ,8  % 5 ,7  %
cr umb Col or 7 ,5 5 ,8 6 ,1 7 ,2
Text ur e 8 ,1 6 ,2 5 ,8 7 ,0
Fl avor 6 ,3 6 ,0 6 ,2 6 ,8
Accept abi l i t y 7 ,5 6 ,0 5 ,9 7 ,2

Breads composition and sensory properties



Bread Evaluation

50% Bread wheat flour
50% barley flour 

50% Bread wheat flour 
50% Sieved fraction

80% Bread wheat flour
20% Water-extracted fraction

A B C

A BCBread 
wheat

Mixing time: 8.2 ’
Stability: 4.2 ’
Water asborpt:  65.4%

Mixing time: 6.6 ’
Stability: 6.6 ’
Water absorpt:  75.3%

Mixing time: 2.8 ’
Stability: 3.9 ’
Water absorpt:  64.9%

Campione           β-Glucani 
Pane Frumento   0.1%              
A 2.4%              
B 4.3%            
C 6.4%



Glycemic Index of breads 

Time (min)
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3
20% WF
bread wheat
Glucose

The 20% WF bread had a 28% lower glycemic index than the bread wheat 

GI = 91.27 – 3.68 TBG (r2 = 0.96) ~5% GI Reduction 
every g of β-glucan



FRISELLE di ORZO



Barley Pasta
β-glucan content and cooking value of spaghetti 

made with durum wheat semolina and a mixture of 
durum semolina-barley flour (85:15, 70:30)



PENNE RIGATE



Barley Coffee

• Barley protein content (influence on foam?)
• β-glucan content and coffee viscosity 

(influence on beverage mouthfeel )
• Mineral content (es:K) and composition 

(effect on thirst?)

Key parameters for defining Barley quality 
for coffee production:



MILKY – RIPE 
STAGE

HULLED CARIOPSYS

COMPLETE ADHESION        
of the GLUMELET

GLUMELET

PERICARPSEED 
TEGUMENT

PERICARP
GLUMELET

AIR GAP

AIR GAP between        
PERICARP and GLUMELET  

NAKED CARIOPSYS



G: GLUME     P: PERICARP



NEW GENOTYPES  NAKED HULLED waxy and nonwaxySTARCH 



Waxy hull-less genotypes β-glucan %
CDC Alamo 8
CDC Fibar 9,4
CDC Rattan 7,9
CDC Candle 6,5



BARLEY GENOTYPE Yield (t/ha) β-glucans (%)

Rondo Hull-less 2.5 5

Priora Hull-less 3.5 6.3

CDC 
Alamo

Hull-less, 
waxy

3.3 8.3

Tidone Hulled 4.5 4.1

DMS 0.3 1.0



Genotype Farinograph Baking test

Absorption Development Stability Falling Volume Height Weight

(%) (min) (min) (U.B.) (mL) (g) (mm)

CDC Alamo (30%) 78.0 4.3 5.3 102 385 169.0 79

CDC Alamo (50%) 78.2 4.9 17.7 0 185 173.3 63

Priora (30%) 68.2 2.6 4 81 400 159.2 70

Priora (50%) 73.6 4.7 4.6 98 270 164.5 65

Wheat 100% 58.7 7.3 17.5 20 900 139.5 121

Rheological and Bread-making Evaluation 



BREAD VOLUME

WHEAT  100% BARLEY 
40%

WHEAT 100%
BARLEY 
40%
β-glucan: 6.2%β-glucan: 5.8%



BARLEY 
40%

WHEAT 100%Wheat 100%

BARLEY 
40%

BREAD for PANEL 
TEST and GI

β-glucan: 5.2%

Alamo Priora
β-glucan: 6.2%



Analisi sensoriale: panel test 



Panel test

0,00
0,50
1,00
1,50
2,00
2,50
3,00
3,50
4,00
4,50
5,00

formato

colore 
esterno

colore 
mollica

aroma

crosta

alveolatura

tessitura

sapore

retrogusto

rusticità

serbevolezz
a

giudizio 
sintetico

21/11/2011

100 ten, biga

100  ten, madre

70 ten + 30 orz, biga

70 ten + 30 orz, madre

60 ten + 10 dur + 30 orz, biga

60 ten + 10 dur + 30 orz, madre



ß-glucan content in flour blend an bread. GI: glycemic index
b-glucans
(%) GI

CDC Alamo (40%)
Flour blend 6.6 (± 0.2)

Bread 6.2 (± 0.2) 70.1 (±9.1)

Priora (40%)
Flour blend 6.0 (± 0.3)

Bread 5.7 (± 0.1) 57.2 (±7.9)

Wheat (100%)
Flour 0.2 (± 0)

Bread 0.2 (± 0) 82.8 (±7.2)



Alamo and Priora Bread
Sensorial evaluation

 

1

2

3

4

5
size

bread colour

crumb colour

aroma

crust

crumb graintexture

taste

aftertaste

rusticness

synthetic score

Wheat

40% Barley (cv. Priora)

40% Barley (cv. CDC Alamo)

0
2
4
6
8

10
surfeit 0min

surfeit 30min

surfeit 60min

surfeit 120min

hunger 0min

hunger 30min

hunger 60min

hunger 120min

Wheat

40% Barley (cv. Priora)

40% Barley (cv. CDC Alamo)

(A)

(B)



Glycemic  Index
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Biodiversità 
e aroma:

chimica dei
composti 
volatili GC-MS

Naso elettronico
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0.567796

1.334354

1.146209

0.561765

0.621225

0.735933

0.651468

1.267163

1.029168

0.525966

0.57677

0.703774

0.610549

1.197608

1.017977

0.636469

0.672463

0.817169

0.733426

1.177464

1.00638

0.693466

0.725799

0.894928

0.81689

1.168151

1.002614

0.676932

0.690621

0.849528

0.790839

1.13407

0.922797

0.788432

0.796643

0.927388

0.907483

1.079253

0.818567

0.745596

0.775504

0.854242

0.860191

0.980056

0.752146

0.764182

0.802711

0.85594

0.84648

0.906986

0.74037

0.848816

0.918296

0.958621

0.953468

0.846149

0.721321

0.775689

0.844264

0.905932

0.852594

0.750859

0.675882

0.773682

0.857626

0.938017

0.91295

0.690917

0.68352

0.805125

0.838702

0.892528

0.90429

0.65077

0.64818

1.065541

0.946469

0.75447

0.859719

0.608322

0.588883

2.064566

1.783012

0.996952

1.336318

0.566759

0.595813

3.754183

3.297479

1.959426

2.485599

0.562615

0.573505

5.938859

5.487829

4.097019

4.607591

0.537252

0.594543

7.937696

7.661625

6.848632

7.117258

0.549181

0.601584

8.882326

8.884943

8.669941

8.969939

0.501917

0.534686

8.332956

8.616845

8.583407

9.243119

0.512377

0.456413

6.431287

6.796793

6.497514

7.563843

0.487629

0.398696

3.902962

4.218404

3.408671

4.732776

0.410103

0.358332

1.738472

1.916188

0.939028

2.050534

0.409079

0.457122

0.387537

0.426352

-0.21733

0.33439

0.350112

0.498012

-0.13068

-0.148513

-0.268501

-0.276998

0.307146

0.448187

-0.066405

-0.118844

0.075997

-0.194948

0.31867

0.38829

0.103115

0.053802

0.175502

0.045464

0.273634

0.228709

0.143023

0.108568

0.187718

0.086887

0.28146

0.236942

0.144313

0.117498

0.203899

0.100277

0.270947

0.281332

0.119782

0.109626

0.151738

0.091963

0.245524

0.294857

0.136665

0.130892

0.138734

0.126991

0.251935

0.364874

0.149834

0.144164

0.119762

0.133251

0.211123

0.34915

0.13444

0.132266

0.105706

0.114518

0.200549

0.313984

0.132101

0.131165

0.141956

0.096525

0.214075

0.29894

0.117152

0.116734

0.130131

0.0732

0.206774

0.207864

0.096973

0.107816

0.129123

0.066821

0.210357

0.208289

0.110385

0.11491

0.12078

0.086861

0.200349

0.177082

0.104311

0.109214

0.099996

0.094635

0.161612

0.214547

0.102679

0.108393

0.116518

0.108924

0.166415

0.26301

0.096199

0.107861

0.121688

0.098722

0.166915

0.240452

0.071737

0.086937

0.09603

0.062922

0.148983

0.137309

0.066798

0.089485

0.072278

0.046289

0.08677

0.051582

0.073385

0.09594

0.061217

0.059052

0.068331

-0.007953

0.079828

0.103013

0.075605

0.082434

0.08433

0.020801

0.088665

0.107941

0.092229

0.099647

0.115433

0.085452

0.083227

0.090921

0.111494

0.091076

0.138259

0.149518

0.062785

0.058955

0.088624

0.055679

0.1046

0.146132

0.053121

0.038935

0.065674

0.027191

0.075425

0.123759

0.046042

0.027548

0.048999

0.023797

0.071388

0.115623

0.045194

0.03293

0.051817

0.039504

0.068972

0.124875

0.063325

0.049363

0.067046

0.060199

0.113717

0.098254

0.055276

0.048713

0.056744

0.050606

0.104548

0.070687

0.042432

0.040924

0.045605

0.038943

0.094803

0.0563

0.039654

0.044129

0.045795

0.039085

0.100572

0.048685

0.032307

0.042858

0.04124

0.034944

0.099993

0.055524

0.043416

0.050544

0.049463

0.045683

0.096091

0.083977

0.042123

0.050894

0.052204

0.047311

0.070528

0.090368

0.041965

0.042761

0.046676

0.040123

0.052876

0.067077

0.043408

0.039739

0.051174

0.040541

0.074437

0.070916

0.033536

0.031763

0.046348

0.033605

0.06786

0.058694

0.024663

0.022201

0.043388

0.031405

0.066989

0.061317

0.027522

0.037403

0.051614

0.03868

0.062604

0.061286

0.030532

0.041181

0.050623

0.040892

0.061882

0.044452

0.036029

0.050999

0.066034

0.040307

0.073508

0.058819

0.042234

0.057076

0.082827

0.044318

0.101477

0.059852

0.038982

0.049755

0.074851

0.040004

0.11621

0.052171

0.032042

0.044929

0.068373

0.040082

0.105625

0.070221

0.029207

0.035707

0.054884

0.040429

0.069726

0.060904

0.024146

0.028317

0.046751

0.038179

0.063558

0.051984

0.030363

0.0391

0.056989

0.04369

0.063316

0.045007



mozza9dis

		Temperature		Well 1		Well 2		Well 3		Well 4		Well 5		Well 6		Well 7		Well 8		Well 9		Well 10		Well 11		Well 12		Well 13		Well 14		Well 15		Well 16		Well 17		Well 18		Well 19		Well 20		Well 21		Well 22		Well 23		Well 24		Well 25		Well 26		Well 27		Well 28		Well 29		Well 30		Well 31		Well 32		Well 33		Well 34		Well 35		Well 36		Well 37		Well 38		Well 39		Well 40		Well 41		Well 42		Well 43		Well 44		Well 45		Well 46		Well 47		Well 48		Well 49		Well 50		Well 51		Well 52		Well 53		Well 54		100%		80%		70%		50%		0%		NTC		Well 61		Well 62		Well 63		Well 64		Well 65		Well 66		Well 67		Well 68		Well 69		Well 70		Well 71		Well 72		Well 73		Well 74		Well 75		Well 76		Well 77		Well 78		Well 79		Well 80		Well 81		Well 82		Well 83		Well 84		Well 85		Well 86		Well 87		Well 88		Well 89		Well 90		Well 91		Well 92		Well 93		Well 94		Well 95		Well 96

		62.2																																																																																																		0.284336		0.302783		0.220771		0.27185		0.204732		0.884022		-0.564798		-0.635665		-0.707626		-0.851796		2.238199		2.114484		0.19179		0.275389		0.293406		0.276727		0.115864		1.377691		-0.687876		-0.829132		-0.853629		-0.951773		2.166809		1.90851		0.984191		1.388946		1.141901		0.217777		0.501357		1.445371		1.406343		1.140432		1.044338		1.235733		0.496177		1.181748

		62.5																																																																																																		0.300617		0.285446		0.200966		0.235408		0.159496		0.92519		-0.524482		-0.565695		-0.628738		-0.75687		2.07087		2.032369		0.22304		0.260865		0.26407		0.228552		0.093216		1.381646		-0.630133		-0.751173		-0.790069		-0.815846		1.987166		1.888094		1.058188		1.351264		1.117265		0.297946		0.611617		1.392161		1.350196		1.081889		1.025029		1.19542		0.57936		1.206831

		62.9																																																																																																		0.361019		0.362924		0.313533		0.330708		0.270938		1.029085		-0.322242		-0.352939		-0.440169		-0.536617		1.968813		1.881064		0.29722		0.333584		0.342838		0.359204		0.211274		1.447279		-0.468367		-0.566288		-0.59319		-0.596807		1.855697		1.732983		1.012357		1.312756		1.119071		0.357088		0.753296		1.412564		1.361607		1.087242		1.031231		1.196312		0.647872		1.191664

		63.3																																																																																																		0.330512		0.279942		0.216721		0.225798		0.19002		0.955879		-0.323442		-0.345292		-0.408113		-0.495133		1.850534		1.743735		0.278798		0.254987		0.246426		0.264465		0.136258		1.311015		-0.471309		-0.551876		-0.551997		-0.5354		1.662367		1.545722		0.93919		1.257499		1.01281		0.218943		0.74148		1.298907		1.279128		0.947576		0.920941		1.09639		0.557912		1.136437

		63.7																																																																																																		0.357969		0.32963		0.275596		0.252884		0.237271		0.994311		-0.181874		-0.217219		-0.240832		-0.295068		1.804376		1.693444		0.32176		0.309617		0.28954		0.300332		0.172607		1.265121		-0.323482		-0.392437		-0.391498		-0.3434		1.620055		1.492288		0.914781		1.285636		0.98355		0.090859		0.804676		1.226799		1.237267		0.918169		0.925442		1.109482		0.595829		1.159199

		64																																																																																																		0.412087		0.390143		0.340673		0.32715		0.34113		1.06343		-0.018236		-0.052335		-0.039404		-0.080807		1.813312		1.655511		0.33047		0.365502		0.356358		0.368289		0.25655		1.293356		-0.161681		-0.215852		-0.215661		-0.16621		1.558162		1.431146		0.926795		1.299504		1.000555		0.067348		0.903599		1.222332		1.251431		0.967691		0.970344		1.141059		0.653473		1.128458

		64.4																																																																																																		0.371605		0.34121		0.285577		0.257816		0.269576		1.027182		-0.006105		-0.039749		0.035084		-0.020733		1.722153		1.634884		0.311618		0.314457		0.314583		0.284604		0.204024		1.234552		-0.122498		-0.165605		-0.168296		-0.085346		1.479834		1.34485		0.952911		1.274874		0.922535		0.036298		0.917441		1.109863		1.17101		0.943213		0.925649		1.09612		0.646693		1.05775

		64.8																																																																																																		0.42072		0.437415		0.368255		0.37579		0.3801		1.129499		0.18257		0.155218		0.277616		0.186577		1.691616		1.675529		0.374518		0.405053		0.421882		0.38017		0.319878		1.355356		0.090945		0.057177		0.058374		0.132719		1.59061		1.417469		1.059728		1.314183		0.959764		0.254921		1.039829		1.155404		1.184255		1.032286		1.002968		1.185685		0.731523		1.111373

		65.1																																																																																																		0.411556		0.416313		0.346531		0.382843		0.383972		1.138899		0.249031		0.246002		0.400649		0.294792		1.598883		1.639437		0.374246		0.379369		0.419093		0.376974		0.32115		1.401875		0.158043		0.114719		0.171722		0.235628		1.59021		1.288673		1.096315		1.262393		0.936758		0.503583		1.040496		1.130583		1.137284		1.042929		0.98965		1.185616		0.729753		1.093919

		65.5																																																																																																		0.434429		0.402662		0.343835		0.347041		0.350471		1.085643		0.279739		0.298146		0.448207		0.349727		1.512965		1.572917		0.404633		0.368417		0.402852		0.358322		0.306392		1.352345		0.192397		0.174861		0.26478		0.317146		1.565824		1.196303		1.074301		1.230429		0.913497		0.715798		1.029852		1.104436		1.095202		1.001655		0.970815		1.186855		0.742279		1.091087

		65.9																																																																																																		0.515669		0.497516		0.452618		0.458613		0.492603		1.157731		0.455706		0.488684		0.620008		0.538312		1.50364		1.437424		0.477286		0.454763		0.502878		0.493795		0.436558		1.360854		0.347042		0.3556		0.474756		0.491225		1.562434		1.194709		1.023877		1.21639		0.968269		0.964722		1.079023		1.218201		1.139944		1.039038		1.034675		1.211275		0.808537		1.08822

		66.2																																																																																																		0.498614		0.466343		0.409216		0.39798		0.458515		1.094506		0.427969		0.484874		0.626724		0.539914		1.436595		1.298858		0.451447		0.408558		0.450607		0.44		0.398498		1.227867		0.307359		0.353853		0.489635		0.506301		1.369718		1.043974		1.008639		1.091082		0.926565		1.031648		1.028878		1.223943		1.105538		0.988479		0.996968		1.122958		0.802141		1.024234

		66.6																																																																																																		0.522043		0.493654		0.422918		0.395651		0.487364		1.044969		0.474432		0.542117		0.657708		0.567796		1.334354		1.146209		0.436736		0.437896		0.472184		0.451169		0.415296		1.150756		0.366156		0.431646		0.539627		0.580993		1.251095		1.053601		0.947356		1.025129		0.893002		1.038671		0.996266		1.223012		1.124187		0.962372		0.981419		1.096534		0.810298		1.00964

		67																																																																																																		0.541463		0.511797		0.467672		0.461633		0.551689		1.037699		0.561765		0.621225		0.735933		0.651468		1.267163		1.029168		0.433739		0.476078		0.503776		0.51818		0.495127		1.149107		0.469146		0.529858		0.605195		0.669683		1.151886		0.953515		0.944495		0.990044		0.884234		1.074101		1.016382		1.171678		1.133788		0.974963		0.954222		1.043331		0.843199		0.956319

		67.3																																																																																																		0.500758		0.460103		0.410569		0.392843		0.471016		0.937968		0.525966		0.57677		0.703774		0.610549		1.197608		1.017977		0.423572		0.436136		0.45137		0.448775		0.445343		1.085789		0.463405		0.507059		0.579277		0.65551		1.105331		0.897573		0.96011		0.975567		0.894886		1.038843		0.934867		1.06209		1.07497		0.91091		0.889075		0.968549		0.842932		0.959211

		67.7																																																																																																		0.547341		0.519045		0.463818		0.466976		0.532573		0.970358		0.636469		0.672463		0.817169		0.733426		1.177464		1.00638		0.475367		0.495088		0.504352		0.508611		0.502493		1.125773		0.609603		0.618837		0.686566		0.737897		1.141756		0.944257		1.049611		1.019455		0.901534		1.112932		0.946286		1.028267		1.05798		0.950347		0.881776		0.964237		0.897571		1.020207

		68.1																																																																																																		0.549306		0.543086		0.513822		0.494293		0.552391		0.990739		0.693466		0.725799		0.894928		0.81689		1.168151		1.002614		0.511661		0.502012		0.523232		0.531521		0.520934		1.103342		0.653763		0.658193		0.724394		0.779302		1.097274		0.893808		1.05636		1.004608		0.913063		1.179903		0.928256		0.975591		1.014999		0.967412		0.898862		0.95765		0.959853		1.01276

		68.5																																																																																																		0.554765		0.527448		0.487243		0.438089		0.502504		0.923267		0.676932		0.690621		0.849528		0.790839		1.13407		0.922797		0.533451		0.494372		0.491137		0.474234		0.468494		1.026113		0.632507		0.672385		0.702879		0.745141		0.974		0.919434		1.069122		0.971174		0.877116		1.173826		0.88135		0.911191		0.973133		0.929098		0.900206		0.974678		0.924238		0.982647

		68.8																																																																																																		0.595362		0.594015		0.550004		0.532072		0.591925		0.953608		0.788432		0.796643		0.927388		0.907483		1.079253		0.818567		0.574308		0.545188		0.565164		0.563005		0.531097		1.002679		0.726065		0.7871		0.788233		0.825571		0.890896		0.854858		1.007637		1.015118		0.920513		1.233751		0.926725		0.921735		0.934509		0.97305		0.927949		0.977806		0.938543		0.948232

		69.2																																																																																																		0.577469		0.541034		0.485308		0.482545		0.539543		0.855989		0.745596		0.775504		0.854242		0.860191		0.980056		0.752146		0.535719		0.493164		0.515038		0.506186		0.486203		0.904202		0.659748		0.734544		0.760335		0.784978		0.715606		0.6569		0.928176		0.96788		0.89645		1.207418		0.889766		0.84024		0.8658		0.88636		0.904776		0.921277		0.861775		0.851374

		69.6																																																																																																		0.598103		0.524048		0.484336		0.496504		0.544604		0.803458		0.764182		0.802711		0.85594		0.84648		0.906986		0.74037		0.520876		0.505775		0.501837		0.500091		0.477973		0.895494		0.696811		0.742012		0.812188		0.799101		0.672555		0.656065		0.855598		1.009337		0.909223		1.186805		0.886741		0.813554		0.821045		0.858236		0.901905		0.900622		0.837125		0.836301

		69.9																																																																																																		0.623899		0.579414		0.568579		0.607194		0.645745		0.840044		0.848816		0.918296		0.958621		0.953468		0.846149		0.721321		0.552291		0.578359		0.551025		0.593566		0.567952		0.906818		0.786076		0.818155		0.914843		0.893014		0.624898		0.57238		0.882415		1.007669		0.911787		1.251981		0.949408		0.840366		0.811862		0.876983		0.978849		0.904525		0.875352		0.841716

		70.3																																																																																																		0.587599		0.528319		0.513137		0.549395		0.57519		0.760476		0.775689		0.844264		0.905932		0.852594		0.750859		0.675882		0.525946		0.529054		0.477921		0.52105		0.50987		0.846934		0.711023		0.753823		0.857987		0.828115		0.579147		0.54598		0.827758		0.896615		0.802226		1.2218		0.857986		0.798368		0.782454		0.814528		0.938437		0.850209		0.808546		0.793274

		70.7																																																																																																		0.614899		0.573739		0.55972		0.603514		0.615849		0.78723		0.773682		0.857626		0.938017		0.91295		0.690917		0.68352		0.555197		0.583573		0.527894		0.567909		0.555525		0.877566		0.755239		0.815097		0.890623		0.90955		0.630953		0.635213		0.877617		0.899109		0.780457		1.270123		0.876248		0.861836		0.831057		0.847171		0.960566		0.889074		0.829858		0.845693

		71																																																																																																		0.632479		0.598996		0.590085		0.642763		0.64487		0.826318		0.805125		0.838702		0.892528		0.90429		0.65077		0.64818		0.596694		0.606909		0.569998		0.601899		0.615989		0.863646		0.728035		0.799711		0.849902		0.878064		0.670671		0.624144		0.848927		0.948817		0.799295		1.314484		0.94463		0.939522		0.901858		0.862927		0.970517		0.938481		0.876488		0.912146

		71.4																																																																																																		0.612689		0.562545		0.510205		0.568747		0.564387		0.783153		1.065541		0.946469		0.75447		0.859719		0.608322		0.588883		0.575732		0.571387		0.52858		0.531668		0.542356		0.82943		0.88192		0.863317		0.797082		0.810583		0.636411		0.57831		0.794953		0.93413		0.774777		1.286058		0.909352		0.971494		0.867361		0.80924		0.906756		0.920489		0.880208		0.917009

		71.8																																																																																																		0.636695		0.612235		0.56958		0.633657		0.631141		0.851066		2.064566		1.783012		0.996952		1.336318		0.566759		0.595813		0.608628		0.622337		0.609085		0.593599		0.603078		0.836815		1.738126		1.525576		1.276567		1.239408		0.674431		0.574917		0.780326		0.978307		0.832899		1.382121		1.0096		1.114284		0.889939		0.845465		0.991935		0.93588		1.016759		1.02695

		72.2																																																																																																		0.611094		0.566192		0.546447		0.603705		0.612046		0.836569		3.754183		3.297479		1.959426		2.485599		0.562615		0.573505		0.567387		0.603276		0.565294		0.556577		0.564908		0.808823		3.287887		2.918569		2.504915		2.350287		0.602371		0.483128		0.799957		0.94395		0.781873		1.461517		1.013592		1.128207		0.910787		0.859506		1.129054		0.922128		1.104424		1.048165

		72.5																																																																																																		0.619002		0.575856		0.574721		0.624489		0.607845		0.867117		5.938859		5.487829		4.097019		4.607591		0.537252		0.594543		0.561211		0.598203		0.552265		0.546506		0.529483		0.820935		5.534105		5.146739		4.67095		4.453565		0.608425		0.504681		0.821974		0.94311		0.79678		1.588784		1.01323		1.126112		0.927999		0.933668		1.347841		0.919782		1.214065		1.12713

		72.9																																																																																																		0.661107		0.63969		0.663568		0.715798		0.691917		0.927937		7.937696		7.661625		6.848632		7.117258		0.549181		0.601584		0.595264		0.629931		0.602467		0.623199		0.621439		0.839506		7.730984		7.551927		7.207965		7.001644		0.559024		0.504669		0.881388		0.914505		0.813288		1.811936		1.049096		1.063183		0.975903		1.001588		1.557959		0.961357		1.307113		1.148143

		73.3																																																																																																		0.631969		0.602627		0.61073		0.650738		0.622984		0.870993		8.882326		8.884943		8.669941		8.969939		0.501917		0.534686		0.565776		0.557913		0.558958		0.56466		0.570471		0.815181		8.997079		9.124171		9.001112		8.932004		0.485989		0.47427		0.875805		0.832372		0.802997		1.902582		0.940513		0.944815		0.925904		0.964048		1.530069		0.932766		1.283412		1.094692

		73.6																																																																																																		0.64818		0.621629		0.606277		0.669753		0.644582		0.86993		8.332956		8.616845		8.583407		9.243119		0.512377		0.456413		0.58288		0.585425		0.584379		0.589179		0.596033		0.80301		8.769126		9.133689		9.083361		9.23136		0.473665		0.474212		0.936163		0.796495		0.845104		1.972193		0.885345		0.880915		0.913365		0.970206		1.413882		0.961409		1.296268		1.017092

		74																																																																																																		0.645823		0.634164		0.61152		0.700584		0.679839		0.803371		6.431287		6.796793		6.497514		7.563843		0.487629		0.398696		0.594384		0.596398		0.615359		0.627183		0.624543		0.757256		6.962072		7.376024		7.2363		7.529343		0.461779		0.41652		1.030432		0.718921		0.872152		1.909901		0.834916		0.813063		0.907613		1.014682		1.208065		1.002044		1.336722		0.870198

		74.4																																																																																																		0.603637		0.580789		0.518528		0.614172		0.584845		0.671818		3.902962		4.218404		3.408671		4.732776		0.410103		0.358332		0.560625		0.544963		0.562929		0.53806		0.531732		0.684065		4.391728		4.674188		4.342523		4.687397		0.402365		0.365904		1.134564		0.641053		0.882983		1.705683		0.718612		0.754024		0.855621		1.011937		0.991107		0.99945		1.361961		0.773871

		74.7																																																																																																		0.647207		0.609489		0.559266		0.656302		0.618396		0.69543		1.738472		1.916188		0.939028		2.050534		0.409079		0.457122		0.613922		0.605219		0.597462		0.578571		0.59172		0.681692		2.049345		2.149389		1.742202		1.987105		0.50163		0.41073		1.340731		0.725878		1.021522		1.591522		0.816899		0.791053		0.935043		1.136719		0.97079		1.127216		1.565199		0.838333

		75.1																																																																																																		0.663864		0.613925		0.56091		0.675153		0.607347		0.702476		0.387537		0.426352		-0.21733		0.33439		0.350112		0.498012		0.628914		0.614285		0.592342		0.580775		0.582204		0.663022		0.509265		0.486413		0.167967		0.296541		0.435973		0.393822		1.482376		0.794245		1.146657		1.506951		0.918539		0.854551		0.99739		1.219441		1.004138		1.245383		1.738659		0.947482

		75.4																																																																																																		0.673209		0.59533		0.557018		0.635996		0.556513		0.719265		-0.13068		-0.148513		-0.268501		-0.276998		0.307146		0.448187		0.607848		0.57706		0.5543		0.535693		0.538198		0.615822		-0.122057		-0.17184		-0.318894		-0.290203		0.339523		0.39286		1.341304		0.79112		1.228856		1.42676		0.972421		0.937657		0.944837		1.215998		0.996047		1.255415		1.842743		0.979151

		75.8																																																																																																		0.703199		0.664368		0.631016		0.689756		0.632326		0.75868		-0.066405		-0.118844		0.075997		-0.194948		0.31867		0.38829		0.641819		0.625756		0.618474		0.625082		0.607255		0.624044		-0.115729		-0.151995		-0.154786		-0.163413		0.296736		0.435597		1.251142		0.788572		1.274078		1.470184		1.090165		1.06351		0.964687		1.257069		0.996118		1.276662		1.964249		0.959196

		76.2																																																																																																		0.646832		0.619068		0.572722		0.63737		0.581099		0.729748		0.103115		0.053802		0.175502		0.045464		0.273634		0.228709		0.603831		0.559825		0.590384		0.576751		0.542195		0.561541		0.059755		0.02952		0.066228		0.066528		0.26475		0.36441		1.089981		0.710394		1.197756		1.469049		1.082455		1.186388		0.920446		1.223963		0.926461		1.192667		1.918769		0.904786

		76.6																																																																																																		0.647616		0.62145		0.553403		0.617295		0.583128		0.724412		0.143023		0.108568		0.187718		0.086887		0.28146		0.236942		0.615756		0.568478		0.590581		0.563052		0.538851		0.56947		0.12414		0.085429		0.114883		0.100138		0.281044		0.334943		1.033484		0.654175		1.097185		1.393709		1.081741		1.220276		0.901892		1.229268		0.872666		1.130487		1.843765		0.790677

		77																																																																																																		0.639005		0.645871		0.588791		0.658439		0.647266		0.733423		0.144313		0.117498		0.203899		0.100277		0.270947		0.281332		0.628708		0.628008		0.644451		0.603931		0.608525		0.630967		0.135626		0.104557		0.132031		0.09781		0.296977		0.279718		1.080275		0.67264		1.03741		1.293794		1.111044		1.239343		0.924112		1.242514		0.877509		1.065376		1.714826		0.761576

		77.3																																																																																																		0.592465		0.56726		0.498833		0.572292		0.584611		0.701455		0.119782		0.109626		0.151738		0.091963		0.245524		0.294857		0.588015		0.582743		0.540071		0.515403		0.557923		0.639383		0.119943		0.117361		0.111473		0.09566		0.276827		0.218155		1.050021		0.639079		0.909922		1.101879		1.060435		1.116831		0.849684		1.160673		0.839242		0.909833		1.494538		0.712003

		77.7																																																																																																		0.62881		0.598854		0.548841		0.601474		0.638923		0.747492		0.136665		0.130892		0.138734		0.126991		0.251935		0.364874		0.609688		0.614631		0.55375		0.545074		0.614781		0.683752		0.127949		0.126335		0.106954		0.10305		0.306996		0.19953		1.035727		0.686568		0.886586		0.995571		1.050393		0.9426		0.821038		1.13579		0.885458		0.848182		1.337849		0.700593

		78																																																																																																		0.668482		0.606092		0.59883		0.660164		0.689263		0.795948		0.149834		0.144164		0.119762		0.133251		0.211123		0.34915		0.614516		0.619582		0.58515		0.567528		0.656807		0.701539		0.120985		0.112338		0.096073		0.10525		0.21394		0.177576		0.971564		0.637069		0.839846		0.892903		0.917432		0.764094		0.74348		1.074825		0.922928		0.760626		1.116986		0.665571

		78.4																																																																																																		0.700257		0.625442		0.62015		0.641646		0.656271		0.822846		0.13444		0.132266		0.105706		0.114518		0.200549		0.313984		0.633797		0.612743		0.594105		0.573871		0.636215		0.749841		0.107039		0.09607		0.088882		0.099459		0.193635		0.21732		0.845682		0.55496		0.775167		0.751788		0.59062		0.581121		0.624465		1.005283		0.954494		0.688653		0.8668		0.649003

		78.8																																																																																																		0.784733		0.747394		0.725055		0.767227		0.734882		0.885336		0.132101		0.131165		0.141956		0.096525		0.214075		0.29894		0.737397		0.728124		0.725551		0.708057		0.735095		0.90516		0.113652		0.101174		0.092655		0.105106		0.185529		0.254892		0.855578		0.570684		0.770243		0.684016		0.67832		0.536162		0.59208		0.984854		1.051012		0.725939		0.887508		0.703939

		79.2																																																																																																		0.864681		0.809774		0.779544		0.833649		0.756726		0.821869		0.117152		0.116734		0.130131		0.0732		0.206774		0.207864		0.782268		0.807401		0.808317		0.78212		0.783577		1.044384		0.087626		0.084059		0.091231		0.09395		0.207705		0.232489		0.735924		0.510559		0.752622		0.536618		1.240373		0.530071		0.520593		0.90903		1.061544		0.747768		1.047282		0.665316

		79.5																																																																																																		0.980964		0.938608		0.873491		0.915729		0.809142		0.717065		0.096973		0.107816		0.129123		0.066821		0.210357		0.208289		0.90603		0.934419		0.928485		0.890194		0.872183		1.118844		0.083701		0.092958		0.090527		0.087548		0.238467		0.18448		0.658042		0.53546		0.787422		0.371614		1.928404		0.520536		0.490026		0.845276		1.041883		0.772182		1.266066		0.680571

		79.9																																																																																																		1.156067		1.082954		1.052705		1.094446		0.975539		0.881713		0.110385		0.11491		0.12078		0.086861		0.200349		0.177082		1.057352		1.116611		1.108451		1.066878		1.045902		1.053016		0.088362		0.099124		0.085592		0.08686		0.25032		0.180083		0.506506		0.549569		0.806373		0.265146		2.333315		0.504879		0.472882		0.795679		1.011444		0.772221		1.382214		0.684944

		80.3																																																																																																		1.321089		1.223554		1.191894		1.175643		1.09107		1.398405		0.104311		0.109214		0.099996		0.094635		0.161612		0.214547		1.194015		1.231997		1.20826		1.159469		1.178072		0.795756		0.100637		0.080457		0.081898		0.087446		0.226334		0.201247		0.37483		0.519056		0.785382		0.175867		2.074194		0.43141		0.449206		0.73998		0.908748		0.749376		1.247191		0.640666

		80.6																																																																																																		1.529089		1.451684		1.435554		1.353206		1.311893		1.971438		0.102679		0.108393		0.116518		0.108924		0.166415		0.26301		1.401466		1.425502		1.394267		1.335897		1.419083		0.64682		0.109683		0.069876		0.098767		0.076639		0.16892		0.225146		0.301216		0.560899		0.790284		0.152786		1.333935		0.39634		0.453303		0.705004		0.809318		0.716194		0.941035		0.625106

		81																																																																																																		1.553729		1.527358		1.532411		1.413559		1.420264		2.227167		0.096199		0.107861		0.121688		0.098722		0.166915		0.240452		1.469788		1.455487		1.431736		1.402181		1.527789		0.787626		0.101565		0.076579		0.095094		0.084636		0.136262		0.243269		0.259394		0.576529		0.748132		0.141912		0.496697		0.381053		0.427059		0.678135		0.703869		0.668285		0.610579		0.611778

		81.4																																																																																																		1.638607		1.657166		1.609033		1.459208		1.461543		1.930813		0.071737		0.086937		0.09603		0.062922		0.148983		0.137309		1.657057		1.50413		1.467856		1.462959		1.599414		1.098698		0.073682		0.082405		0.063756		0.091371		0.121343		0.177143		0.223427		0.583029		0.680058		0.12011		-0.064682		0.359909		0.369374		0.588163		0.597562		0.560018		0.362341		0.604267

		81.7																																																																																																		2.088202		2.071203		1.969213		1.817063		1.808467		1.268918		0.066798		0.089485		0.072278		0.046289		0.08677		0.051582		2.225141		1.893194		1.809658		1.805381		1.995721		1.355701		0.038184		0.069227		0.031014		0.103615		0.127841		0.10145		0.186826		0.536779		0.56236		0.109144		-0.028075		0.323613		0.314444		0.464931		0.472276		0.431806		0.308666		0.521573

		82.1																																																																																																		2.956023		2.8435		2.747215		2.505182		2.550444		0.642535		0.073385		0.09594		0.061217		0.059052		0.068331		-0.007953		3.100344		2.707636		2.53141		2.529475		2.836929		1.318509		0.036069		0.070059		0.03559		0.12106		0.189412		0.050485		0.199007		0.437946		0.443761		0.104692		0.133381		0.263265		0.259867		0.359693		0.339403		0.308201		0.254417		0.396997

		82.5																																																																																																		3.913126		3.742277		3.738416		3.36919		3.459307		0.368673		0.079828		0.103013		0.075605		0.082434		0.08433		0.020801		4.012523		3.677743		3.447401		3.450673		3.847342		0.965909		0.052362		0.077298		0.043522		0.121072		0.168979		0.053524		0.222222		0.334636		0.314548		0.100866		0.138626		0.214976		0.202024		0.24969		0.230973		0.190077		0.159738		0.289207

		82.8																																																																																																		4.73325		4.614437		4.838186		4.298493		4.423064		0.59674		0.088665		0.107941		0.092229		0.099647		0.115433		0.085452		4.710548		4.598515		4.438443		4.448093		4.896952		0.494573		0.066875		0.070641		0.056892		0.102021		0.134685		0.105629		0.156459		0.222434		0.183927		0.111344		0.131945		0.168975		0.176379		0.169095		0.156172		0.129368		0.091014		0.124264

		83.2																																																																																																		4.824851		4.868904		5.321547		4.644506		4.704514		0.867162		0.083227		0.090921		0.111494		0.091076		0.138259		0.149518		4.707542		4.830439		4.850006		4.86592		5.204351		0.109483		0.059383		0.063027		0.065949		0.065414		0.102196		0.084139		0.12033		0.137947		0.125794		0.127061		0.122922		0.153977		0.170714		0.100477		0.118544		0.098435		0.04587		0.048703

		83.6																																																																																																		4.069273		4.280328		4.881466		4.202076		4.11645		0.822627		0.062785		0.058955		0.088624		0.055679		0.1046		0.146132		3.945179		4.201736		4.43165		4.453727		4.510107		-0.022457		0.02686		0.046044		0.041742		0.034115		0.049212		0.029242		0.028524		0.098037		0.064252		0.112883		0.087715		0.112741		0.150113		0.050207		0.102837		0.07785		0.00592		0.02961

		83.9																																																																																																		2.769244		3.069694		3.650807		3.122908		2.903073		0.638598		0.053121		0.038935		0.065674		0.027191		0.075425		0.123759		2.682705		2.975018		3.318188		3.359794		3.123131		0.028523		0.006468		0.03962		0.030186		0.02572		0.024056		-0.010109		-0.011835		0.099442		0.066203		0.10042		0.074819		0.096484		0.15712		0.046235		0.125981		0.085642		0.013881		0.075984

		84.3																																																																																																		1.510678		1.763915		2.1452		1.858035		1.577211		0.351327		0.046042		0.027548		0.048999		0.023797		0.071388		0.115623		1.470496		1.694748		1.980292		2.038344		1.626166		0.067953		0.011433		0.041838		0.032329		0.028436		0.031765		0.013634		0.006018		0.086624		0.064686		0.075251		0.073951		0.08662		0.162915		0.048834		0.125733		0.063827		0.019239		0.082011

		84.7																																																																																																		0.632001		0.781804		0.926579		0.878551		0.677346		0.128878		0.045194		0.03293		0.051817		0.039504		0.068972		0.124875		0.631314		0.774175		0.916058		0.988825		0.612389		0.078158		0.026208		0.045841		0.036119		0.043573		0.066618		0.049032		0.067147		0.108755		0.07191		0.074814		0.094538		0.081264		0.151652		0.082392		0.100547		0.08582		0.041085		0.089929

		85.1																																																																																																		0.19668		0.24074		0.236114		0.340895		0.259708		0.040832		0.063325		0.049363		0.067046		0.060199		0.113717		0.098254		0.176132		0.299756		0.312457		0.397005		0.149046		0.105642		0.047078		0.058151		0.052334		0.049758		0.091922		0.081453		0.138222		0.126002		0.10267		0.081746		0.113087		0.087816		0.13518		0.109154		0.104804		0.106684		0.076736		0.102285

		85.4																																																																																																		0.040633		0.039812		-0.020503		0.14321		0.128267		0.026728		0.055276		0.048713		0.056744		0.050606		0.104548		0.070687		0.047711		0.110666		0.085282		0.163285		0.016227		0.09021		0.041892		0.057819		0.04685		0.041474		0.088419		0.093649		0.11922		0.105584		0.083106		0.056014		0.093418		0.08145		0.106118		0.100217		0.085839		0.104281		0.065324		0.077083

		85.8																																																																																																		0.244981		0.193536		0.105426		0.263263		0.259092		0.077191		0.042432		0.040924		0.045605		0.038943		0.094803		0.0563		0.295458		0.283652		0.200637		0.270692		0.176147		0.076574		0.030982		0.045659		0.039889		0.044671		0.081552		0.083483		0.101072		0.095041		0.074235		0.04061		0.075584		0.073244		0.101659		0.08755		0.081242		0.100747		0.061053		0.061209

		86.2																																																																																																		0.49663		0.427134		0.227197		0.46598		0.321133		0.071887		0.039654		0.044129		0.045795		0.039085		0.100572		0.048685		0.578719		0.590407		0.394319		0.461753		0.271375		0.075927		0.033038		0.044961		0.047475		0.045722		0.082567		0.071156		0.10255		0.111063		0.071048		0.059167		0.090597		0.07702		0.11334		0.098402		0.090602		0.094551		0.065146		0.067922

		86.5																																																																																																		0.76116		0.731307		0.438468		0.894189		0.75271		0.063869		0.032307		0.042858		0.04124		0.034944		0.099993		0.055524		0.848438		0.994086		0.752023		0.910693		0.624361		0.069789		0.031133		0.037845		0.043218		0.044884		0.067418		0.054958		0.086269		0.109497		0.066737		0.062818		0.089884		0.071008		0.114928		0.093818		0.090408		0.09233		0.061625		0.056982

		86.9																																																																																																		0.899083		0.938406		0.617856		1.290222		1.290341		0.075676		0.043416		0.050544		0.049463		0.045683		0.096091		0.083977		0.967914		1.276386		1.066364		1.348382		1.017657		0.078651		0.041072		0.041548		0.056459		0.042583		0.061119		0.060063		0.081925		0.103025		0.085537		0.075374		0.094978		0.08711		0.134724		0.091384		0.112238		0.092761		0.065749		0.065546

		87.3																																																																																																		0.805949		0.916537		0.662183		1.410129		1.612435		0.064699		0.042123		0.050894		0.052204		0.047311		0.070528		0.090368		0.841531		1.238875		1.146161		1.506514		1.209015		0.073282		0.044491		0.043992		0.049528		0.03026		0.056579		0.049897		0.080572		0.090311		0.082838		0.069425		0.083636		0.09482		0.121912		0.082345		0.110426		0.086634		0.051275		0.05507

		87.6																																																																																																		0.515126		0.644978		0.538785		1.160805		1.528537		0.059843		0.041965		0.042761		0.046676		0.040123		0.052876		0.067077		0.517646		0.871504		0.913156		1.274214		1.077538		0.061815		0.035519		0.0429		0.03688		0.023682		0.060033		0.040987		0.066281		0.081954		0.088715		0.043782		0.067782		0.08645		0.09868		0.070336		0.101187		0.073626		0.035032		0.051758

		88																																																																																																		0.192781		0.292823		0.307518		0.663915		1.019098		0.068194		0.043408		0.039739		0.051174		0.040541		0.074437		0.070916		0.175021		0.390233		0.499435		0.752537		0.669268		0.067509		0.043324		0.056817		0.039897		0.029719		0.075252		0.058172		0.049649		0.061782		0.081845		0.039896		0.063425		0.089191		0.086418		0.074442		0.092057		0.062022		0.035515		0.063187

		88.3																																																																																																		-0.025169		0.014535		0.08392		0.169828		0.399113		0.063179		0.033536		0.031763		0.046348		0.033605		0.06786		0.058694		-0.040318		0.011981		0.108429		0.219196		0.22214		0.063419		0.040567		0.047945		0.040628		0.037824		0.068698		0.07457		0.060251		0.064076		0.06255		0.029513		0.056522		0.076392		0.057792		0.072062		0.063434		0.060364		0.041669		0.065119

		88.7																																																																																																		-0.047321		-0.065068		-0.031218		-0.094027		-0.046395		0.056736		0.024663		0.022201		0.043388		0.031405		0.066989		0.061317		-0.048686		-0.093712		-0.083337		-0.093922		-0.063441		0.05885		0.037888		0.034887		0.041882		0.040297		0.058378		0.101198		0.071864		0.077773		0.063581		0.030152		0.064059		0.058505		0.060825		0.071067		0.062755		0.063739		0.055974		0.079545

		89.1																																																																																																		0.020905		0.013227		-0.005902		-0.066133		-0.147977		0.04999		0.027522		0.037403		0.051614		0.03868		0.062604		0.061286		0.035342		-0.004083		-0.036813		-0.091625		-0.082524		0.056678		0.045018		0.036214		0.053297		0.034108		0.061806		0.113286		0.069838		0.085536		0.06937		0.042231		0.084357		0.053336		0.074832		0.078627		0.068269		0.075269		0.070727		0.07801

		89.5																																																																																																		0.034783		0.038332		0.031543		0.026459		0.001475		0.036336		0.030532		0.041181		0.050623		0.040892		0.061882		0.044452		0.053255		0.035157		0.030157		0.015471		0.018242		0.040338		0.040937		0.024573		0.050904		0.027687		0.061722		0.09774		0.058437		0.073533		0.079102		0.018084		0.089048		0.047458		0.078649		0.080691		0.076557		0.07485		0.076185		0.056622

		89.8																																																																																																		0.038996		0.039472		0.027983		0.035143		0.035209		0.035062		0.036029		0.050999		0.066034		0.040307		0.073508		0.058819		0.061507		0.038674		0.039339		0.037479		0.028468		0.045979		0.052258		0.030309		0.06379		0.027755		0.076772		0.108074		0.061314		0.081581		0.096497		0.015775		0.109562		0.048469		0.100508		0.097072		0.094266		0.060604		0.081003		0.038692

		90.2																																																																																																		0.042367		0.041343		0.032072		0.037193		0.035999		0.035739		0.042234		0.057076		0.082827		0.044318		0.101477		0.059852		0.059353		0.036091		0.037468		0.04723		0.035199		0.058048		0.060973		0.030717		0.069206		0.037226		0.097312		0.096658		0.068146		0.079959		0.109307		0.022492		0.119575		0.061519		0.115		0.099741		0.101218		0.062484		0.078195		0.040709

		90.6																																																																																																		0.040912		0.039462		0.033895		0.034397		0.028324		0.033796		0.038982		0.049755		0.074851		0.040004		0.11621		0.052171		0.039983		0.031681		0.030906		0.041577		0.033858		0.054565		0.053586		0.024834		0.062838		0.03371		0.068292		0.096342		0.052672		0.063537		0.088488		0.015004		0.105289		0.053858		0.095758		0.08289		0.087718		0.048835		0.064255		0.045178

		90.9																																																																																																		0.030896		0.038583		0.030836		0.031307		0.026271		0.040584		0.032042		0.044929		0.068373		0.040082		0.105625		0.070221		0.035434		0.030791		0.030681		0.04228		0.036198		0.062387		0.052199		0.032318		0.061285		0.040707		0.065221		0.098274		0.051442		0.057391		0.090585		0.030464		0.089634		0.055208		0.087679		0.069264		0.073492		0.050308		0.072411		0.062332

		91.3																																																																																																		0.022089		0.033197		0.029587		0.026635		0.024136		0.041916		0.029207		0.035707		0.054884		0.040429		0.069726		0.060904		0.031981		0.026341		0.02741		0.034928		0.034656		0.050181		0.041573		0.030417		0.05298		0.029813		0.060848		0.087673		0.048187		0.069997		0.089724		0.034088		0.078759		0.055769		0.071892		0.061299		0.067078		0.058423		0.067674		0.063623

		91.7																																																																																																		0.017273		0.03003		0.029124		0.025811		0.024787		0.038696		0.024146		0.028317		0.046751		0.038179		0.063558		0.051984		0.035683		0.021988		0.022348		0.027014		0.028199		0.035341		0.034207		0.032281		0.046818		0.020231		0.04992		0.065446		0.029814		0.0603		0.077055		0.017401		0.071323		0.047696		0.056689		0.061942		0.059774		0.049591		0.053179		0.05205

		92																																																																																																		0.017035		0.032276		0.030412		0.028152		0.029527		0.048155		0.030363		0.0391		0.056989		0.04369		0.063316		0.045007		0.039543		0.022015		0.026749		0.030144		0.028447		0.037548		0.039154		0.040865		0.051133		0.020407		0.076612		0.06747		0.038603		0.054375		0.087652		0.024474		0.079837		0.058978		0.06508		0.070919		0.059564		0.057424		0.055644		0.048014
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Nuovi Formulati di Pasta,
Pane e Biscotti
Farine e Semole Speciali
di tipo Funzionale
ben caratterizzati per le molecole 
in essi contenuti e 
pronti per conquistare nuovi mercati

CEREALI per il FOOD



CONCLUSION

- SMALL FOOD FACTORIES ARE PRODUCING BREAD and SPAGHETTI WITH    
HIGH BETA-GLUCAN CONTENT;

- The CONSUMERS LOVE THEM.

BREEDING
- By using modern high yielding hulled varieties and the waxy ALAMO ,FIBAR and    

RATTAN as parents, a Breeding Program has been developed with the final aim  
to get new varieties characterized by high  grain yield and beta-glucan (waxy and 
non-waxy starch,naked or hulled grain).

- F4 are under field trial evaluation.

-Interestingly, recombinant genotypes with high beta-glucan content and non-waxy 
starch have been selected.



Nome varieta'
PRODUZIO

NE t/ha               B-glucani %
ATOMO          7,3 3,2
IDRA           6,9 4,7
COMETA         6,5 4,7
FIO 7341       6,0 4,8
FIO 13116      5,9 8,0
FI 13128A      5,7 7,8
FIO 13668      5,6 8,5
FIO 13667      5,5 8,9
ASTARTIS       5,5 4,6
FIO 13121      5,4 9,3
FIO 11610      5,4 8,5
FIO 13671      5,3 8,1
BETA           5,2 7,1
FIO 13673      5,1 8,8
FIO 13651      5,0 9,0
FIO 13650      4,8 8,2
FIO 13674      4,5 8,5
FIBAR          4,4 7,6
FIO 13676      4,2 7,9
FIO 13665      4,1 8,3
FIO 13649      4,1 8,6

MEDIA 5,4 7,4


Foglio1

		Nome varieta'		PRODUZIONE t/ha               		B-glucani %

		ATOMO          		7.3		3.2

		IDRA           		6.9		4.7

		COMETA         		6.5		4.7

		FIO 7341       		6.0		4.8

		FIO 13116      		5.9		8.0

		FI 13128A      		5.7		7.8

		FIO 13668      		5.6		8.5

		FIO 13667      		5.5		8.9

		ASTARTIS       		5.5		4.6

		FIO 13121      		5.4		9.3

		FIO 11610      		5.4		8.5

		FIO 13671      		5.3		8.1

		BETA           		5.2		7.1

		FIO 13673      		5.1		8.8

		FIO 13651      		5.0		9.0

		FIO 13650      		4.8		8.2

		FIO 13674      		4.5		8.5

		FIBAR          		4.4		7.6

		FIO 13676      		4.2		7.9

		FIO 13665      		4.1		8.3

		FIO 13649      		4.1		8.6

		MEDIA		5.4		7.4
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