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ABSTRACTS OF POSTER PRESENTATIONS The cooking process over the Comprehensive 
Multiphase NMR overview
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The	cooking	quality	parameters	of	the	foods	are	fundamental	to	preserving	the	nutrition	and	controlling	
the	chemical	composition	changes	and	rheological	characteristics.	Cooking	induces	significant	changes	in	
chemical	and	physical	properties	in	the	foods	modulating	the	water	holding	capacity,	solubility,	viscosi-
ty,	digestibility,	which	others1.	The	behavior	of	molecular	dynamics	resulting	from	changes	in	structural	
organization,	from	intermolecular	interactions	related	to	hydrogen	interactions	between	chains,	besides	
the	increase	in	intermolecular	interaction	force	due	to	loss	or	elimination	of	water	when	subjected	to	
the	cooking	process,	has	been	targeted	from	many	studies	involving	food	especially	starch.1	The	ther-
mal	processes	in	which	foods	are	submitted	for	cooking	support	the	complexation	of	the	amylose	and	
amylopectin,	the	main	polysaccharides	components	of	starch-based	foods.	The	interaction	of	carbohydra-

tes	molecules	with	lipids	causes	a	series	of	changes	in	the	characteristics	of	food	matrices,	depending	on	
the	chemical	composition	and	its	contents.2	Effects	such	as	the	increase	in	viscosity	and	consistency	are	
widely	observed	in	foods	rich	in	this	type	of	complex	since	fat	confers	less	solubility	to	carbohydrates	in	
the	aqueous	medium.	Regarding	changes	in	the	chemical	composition	involved	during	the	cooking	process,	
comprehensive	multiphase	(CMP)	NMR	spectroscopy	was	used	to	investigate	the	components	in	solution,	
gel-like	and	solid	phases,	their	interfaces,	compartmentalization,	and	binding.3 CMP-NMR was used to 
understand the structural changes taking place over the cooking process of rice and beans as a demonstra-

tion	of	its	potential	to	investigate	the	cooking	process	of	food.	Rice	samples	were	cooked	as	much	as	by	5,	
10,	and	20	(full	cooked)	min,	and	black	beans	were	cooked	by	10	and	30	(full	cooked)	min.	1H	NMR	spectra	
acquired	directly	over	uncooked	samples	showed	that	triacylglycerols	(TAG)	and	H

2
O	were	the	exclusively	

observed	components.	CMP	NMR	approach	through	diffusion	editing	experiments	revealed	that	all	the	
TAG	components	were	in	a	wholly	restricted	environment.	On	the	other	hand,	carbohydrate	signals	were	
observed in 1H	and	13C{1H}	NMR	acquired	with	low-power	1H	decoupling	(that	emphasizes	components	in	
dynamic	phases)	at	the	same	time	they	disappear	in	CP-MAS	NMR	spectra	(that	emphasizes	solid	phase),	
as	the	cooking	process	takes	place.	This	indicated	that	the	starch	components	were	entering	in	a	more	
dynamic	gel-like	or	semi-solid	phase	coming	from	the	solid	phase.	They	had	swollen	(gelatinized)	consi-
derably	in	a	short	cook	time.	In	conclusion,	by	increasing	cooking	time,	the	amount	of	starch	components	
in	gel-like	phase	upturns,	as	expected,	and	the	components	having	restricted	and	unrestricted	diffusion	
become	more	evident	in	all	food	samples.	This	is	clear	evidence	that	some	starch	components	become	
truly	dissolved	due	to	swolling/cooking.
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NMR metabolomic profiling approach for the characterization of PDO 
and non-PDO cheeses
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PDO	(Protected	Designation	of	Origin)	cheeses	are	products	recognized	as	having	higher	quality	and	there-

fore	can	claim	higher	prices	on	the	market.	For	this	reason,	in	the	last	years	there	has	been	a	flourishing	of	
similar products that try to imitate PDO hard cheeses since when the cheese is sold in grated or shredded 

form,	easy	economic	gain	can	be	made	by	mislabelling	common	non-PDO	cheeses	with	most PDO famous 

designations,	such	as	“Grana Padano PDO”	cheese.	Depending	on	different	characteristics such as geo-

graphical	origin	or	production	processing,	cheeses	can	have	different	metabolite	profiles	which	could	be	
potentially	used	to	differentiate among PDO and non-PDO	samples.	
In	the	last	months,	we adopted	Nuclear	Magnetic	Resonance	(NMR)	spectroscopy with a metabolomic 

approach which	could	potentially	be	used	to	discriminate	common	non-PDO	cheeses	from	other	types	
of	PDO	cheeses,	such	as	“Grana	Padano”.	The approach encompasses the analysis of	both	aqueous	and	
lipid	fractions,	extracted	with	simple	procedures.	Each	fraction	is then analyzed with NMR to obtain a 

fingerprint	of	the	sample,	which	is	then	subjected to	multivariate	statistical	analysis.	The proposed NMR 

approach allowed	the	differentiation	of	Grana	Padano	from	other	cheeses,	consisting	of	both	PDO	and	
non-PDO	types.	The	great	advantage	of	the	proposed	approach	is	a simple and fast	sample	preparation	and	
these	encouraging	first	results	led	to	a	potential		new	additional	tool	for	checking	the	authenticity	of	PDO	
cheeses	in	the	future.
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qNMR and green extraction proceeding 
contributing of reusing waste citrus 
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The	loss	of	important	products	that	occurs	along	the	one	food	chain	can	be	minimized	by	correct	exploiting	
waste	and	turning	them	in	high	value-added	products.	Important	nutritional	and	health-safe	compounds	
such as hesperidin abundant in citrus peels1,	are	found	in	inedible	parts	of	the	fruits,	which	are	eventually	
discarded	or	processed	into	animal	feed.	The	potential	bioactivity	of	this	flavonoid	has	become	a	target	for	
the	development	of	efficient	and	eco-friendly	extraction	process	in	functional	food	the	products	containing	
it.	The	aim	of	this	work	was	to	optimize	microwave	extraction	(MWE)	of	the	hesperidin	using	industrial	
citrus	peel	waste,	screening	the	compounds	in	all	the	optimization	process	step	and	its	quantification	
by	qNMR	and	UHPLC.	The	optimum	conditions	for	maximum	hesperidin	extraction	yield	were	obtained	
through	factorial	statistical	analysis2,	investigating	the	effects	of	the	variables	(isotherm	time	and	tempera-

ture)2.	For	qNMR	analysis,	the	dried	solid	obtained	was	weighted	in	analytical	conditions,	and	spectra	were	
recorded	on	a	9.4T	(400	MHz	for	1H)	Bruker	Avance	III	equipped	with	a	BBI	probe	head	using	90o	pulse	=	
12.0	µs,	relaxation	delay	(d1=	25.0	s),	acquisition	time	(AQ=	4.1	s),	spectral	width	(SW=	18	ppm)	and	num-

ber	of	scans	(ns=	8),	summarized	in	the	workflow	below	(Figure	1).

Figure 1. Workflow of the 
process.

The	qNMR	results	showed	
that	the	simple	green	ex-
traction	process	using	ethanol	
and	microwave	at	80	°C	recov-

ered	hesperidin	with	(92.4%)	
purity	grade,	and	similar	re-

sults	were	obtained	by	UHPLC	
(92.3%).	These	preliminary	
results indicate that this type 

of industrial waste should be 

considered	as	a	potential	nu-

traceutical	resource	capable	of	providing	effective	and	low-cost	nutritious	food	supplements.	This	is	mainly	
due to the low cost and easy availability of the fruit residues that would otherwise be discarded as waste 

in	the	environment.	In	addition,	the	extractive	proposal	utilized	in	this	work	proved	to	be	efficient	along	
with	qNMR	measurements,	requiring	less	solvent	consumption	and	analyses	simple	sample	preparation,	
contributing	to	an	even	greener	process.
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