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Abstract	21	

The	need	to	promote	a	diet	rich	in	wholegrain	has	been	recognized	as	an	important	task	in	nutrition	22	

education.	Despite	this,	the	intake	of	fiber	in	Western	countries	is	below	the	recommended	25	g	per	23	

day.	The	aim	of	the	study	was	to	evaluate	the	impact	of	wheat	bran	addition	on	the	sensory	quality	24	

of	 durum	 wheat	 spaghetti	 and	 to	 evaluate	 the	 effect	 of	 fiber	 information	 on	 consumer’s	25	

acceptability	and	expectation.	Information	about	fiber	content	had	a	positive	impact	on	consumer’s	26	

expected	 product	 quality	 but	 only	 for	 bran	 addition	 equal	 or	 higher	 than	 20%.	 Consumers	27	

completely	assimilated	their	liking	in	the	direction	of	expectations	for	spaghetti	with	20%	and	25%	28	

of	bran	addition.	Assimilation	was	incomplete	for	the	30%	added	sample	indicating	that	the	health	29	

benefit	of	eating	fiber	did	not	compensate	the	decrease	in	liking.	The	effect	of	information	varied	30	

according	 to	 consumers’	 frequency	 consumption	 of	 bran-enriched	 pasta.	 Non-users	 showed	 a	31	

negative	 disconfirmation	 starting	 with	 a	 20%	 bran	 addition,	 whereas	 for	 low-	 and	 high-users	32	

disconfirmation	occurred	at	a	higher	bran	addition.	A	complete	assimilation	effect	was	seen	only	for	33	

non-users,	indicating	that	fiber	information	had	an	impact	only	for	those	consumers	who	actually	34	

do	not	consume	wholegrain	pasta.		35	

Practical	Applications	36	

Consumer-led	 product	 development	 requires	 having	 a	 detailed	 understanding	 of	 what	 the	37	

consumer	expects	from	a	product.	The	findings	of	the	present	study	provide	information	about	the	38	

hedonic	expectation	and	liking	of	pasta	with	high	wheat	bran	content.	Establishing	the	right	balance	39	

between	the	expected	health	benefit	of	eating	fiber	and	perceived	product	liking	might	be	useful	to	40	

food	 developers	 to	 increase	 fiber	 content	 in	 pasta	 formulations	 without	 sacrificing	 sensory	41	

attributes	and	pleasure.		42	

Keywords:	Information,	Health,	Fiber,	Wholegrain,	Assimilation,	Acceptability	43	
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1.	Introduction	45	

Consumers	 worldwide	 are	 becoming	 increasingly	 interested	 in	 healthy	 eating	 and	 have	46	

consequently	reconsidered	wholegrain-based	products	value.	As	a	result,	the	interest	towards	food	47	

with	high	fiber	content	has	increased,	leading	to	the	development	of	a	large	market	of	fiber-rich	48	

ingredients	and	products	(Baixauli	et	al.,	2008).	Wholegrain	products	consumption	is	also	growing,	49	

but	dietary	fiber	intake	remains	below	the	recommended	25	g	per	day	(EFSA,	2010).		50	

Reasons	for	lack	of	compliance	with	recommendation	are	manifold.	One	factor	may	be	consumers’	51	

inability	to	correctly	identifying	wholegrain	and	high	fiber	foods	(Van	der	Kamp	et	al.,	2014),	as	well	52	

as	consumers’	poor	knowledge	of	the	effect	of	wholegrain	consumption	on	specific	chronic	diseases	53	

risk	reduction	(Marquart	et	al.,	2006;	Dammann,	Hauge,	Rosen,	Schroeder	and	Marquart,	2013).			54	

Moreover,	consumers	often	perceive	fiber	as	having	dark	color,	bitter	flavor	and	a	course	texture,	55	

which	can	make	food	unpalatable	(Baixauli	et	al.,	2008).		Unfortunately,	healthy	food	choices	are	56	

often	in	conflict	with	pleasure	in	eating.	Therefore,	one	of	the	major	challenges	of	food	industry	is	57	

to	increase	food	fiber	content	without	sacrificing	sensory	attributes.			58	

Changing	consumer’s	dietary	patterns	is	not	an	easy	task	since	food	choice	is	mainly	dominated	by	59	

sensory	preferences.	Product	 information	has	been	 reported	 to	be	highly	 influential	 in	affecting	60	

consumer’s	 expectation	 and	 choice	 (Laureati	 et	 al.,	 2013).	 Consumer’s	 expectation	 is	 often	61	

measured	 in	 terms	 of	 disparity	 degree	 between	 expected	 and	 perceived	 product	 performance.	62	

Different	theoretical	models	have	been	proposed	to	explain	the	effect	of	discrepancies	between	63	

expected	 and	 actual	 product	 liking	 (Anderson,	 1973):	 1)	 the	 dissonance	 or	 assimilation	 theory	64	

assumes	that	any	shift	between	expectations	and	product	performance	will	be	minimized	by	the	65	

consumer,	 who	 adjusts	 his/her	 product	 perception	 in	 order	 to	 be	 less	 dissonant	 with	 his/her	66	

expectations;	2)	according	to	the	contrast	theory,	the	consumer	amplifies	the	difference	between	67	
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the	expectation	and	the	actual	performance	of	the	product;	3)	 the	generalized	negativity	theory	68	

states	 that	 any	 discrepancy	 between	 expectations	 and	 reality	 produces	 a	 generalized	 negative	69	

hedonic	perception;	4)	the	assimilation-contrast	theory	asserts	that	there	would	be	a	limit	beyond	70	

which	the	subject	no	longer	accepts	the	disconfirmation,	thus	an	assimilation	model	takes	place	in	71	

case	of	small	disconfirmation,	while	a	contrast	model	takes	place	in	case	of	strong	disconfirmation;	72	

5)	finally,	on	the	basis	of	the	prospect	theory	(Kahneman	&	Tversky,	1979),	which	takes	the	sign	of	73	

disconfirmation	into	account,	lower	assimilation	occurs	when	the	product	is	worse	than	expected.	74	

The	assimilation	model	has	been	observed	to	occur	in	most	of	the	studies	conducted	to	investigate	75	

how	information	about	food	influences	expectation	(Siret	&	Issanchou,	2000).	76	

The	effect	of	health	and	nutrition	 information	on	consumer’s	preferences	has	been	 investigated	77	

mainly	in	the	context	of	fat	content	in	a	variety	of	foods.	For	instance,	Aaron,	Mela,	and	Evans	(1994)	78	

found	a	positive	effect	of	information	on	consumer’s	liking	of	full-fat	and	reduced-fat	versions	of	a	79	

spread.	Westcombe	and	Wardle	(1997)	found	a	negative	effect	of	fat	content	information	on	cheese	80	

pleasantness,	whereas	no	effects	were	found	on	yogurt	pleasantness	(Kähkönen	et	al.,	1997).	Fat	81	

information	was	found	to	affect	expected	pleasantness	for	sausages	(Kähkönen	&	Tuorila,	1998),	82	

cakes	and	crackers	(Tuorila	et	al.,	1994)	but	did	not	affect	actual	pleasantness.	The	inconsistency	of	83	

these	 results	 may	 be	 ascribed	 to	 the	 fact	 that	 the	 effect	 of	 information	 is	 strongly	 product-84	

dependent	 and	 it	 is	 determined	 by	 consumer’s	 background	 and	 information/background	85	

interactions.	86	

Although	fiber	information	is	increasingly	used	on	food	packaging,	not	many	studies	of	the	effect	of	87	

fiber-related	information	on	consumer’s	perception	have	been	reported	in	the	literature	(Baixauli	88	

et	al.,	2008).	The	effect	of	fiber	information	on	consumers’	acceptance	and/or	willingness	to	pay	89	

has	been	investigated	in	bread	(Ginon	et	al.,	2009;	Mialon	et	al.,	2002;	Saba	et	al.,	2010),	muffins	90	
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(Baixauli	et	al.,	2008;	Mialon	et	al.,	2002),	and	yogurt	and	cakes	(Saba	et	al.,	2010).	These	studies	91	

showed	an	effect	of	fiber-related	information	on	consumers’	acceptance	and	willingness	to	pay	but	92	

with	great	inter-individual	differences.	For	instance,	Ginon	et	al.	(2009)	found	a	significant	effect	of	93	

age	on	willingness	to	pay	for	high-fiber	bread,	with	younger	consumers	more	influenced	than	the	94	

older	ones	by	the	hedonic	value	of	the	product	rather	than	health	related	concerns.	Baixauli	et	al.	95	

(2008)	 found	 that	 fiber	 information	was	more	 effective	 in	 increasing	 acceptance	 of	muffins	 for	96	

health	 conscious	 consumers.	 Mialon	 et	 al.	 (2002)	 and	 Saba	 et	 al.	 (2010)	 found	 culture-related	97	

differences	in	the	impact	of	fiber	information	on	liking	and/or	sensory	properties	of	food.	98	

It	should	be	underlined	that,	in	some	cases,	the	above-mentioned	studies	were	designed	to	provide	99	

information	about	 the	product	 fiber	content	without	providing	 information	about	 the	benefit	of	100	

eating	 fiber	 (Baixauli	 et	 al.,	 2008;	 Mialon	 et	 al.,	 2002).	 Therefore,	 the	 effect	 of	 nutritional	101	

information	might	have	been	underestimated.	Moreover,	no	studies	have	examined	the	effect	of	102	

fiber	 information	according	 to	 frequency	 consumption.	 This	 issue	 is	 important	 to	 consider	 since	103	

consumers	may	perceive	fiber-enriched/wholegrain	products	as	novel	foods,	thus	familiarity	with	104	

the	product	is	a	crucial	factor	in	appreciation	and	expectation	(Laureati	et	al.,	2006).	105	

The	objective	of	the	present	study	was	to	evaluate	the	impact	of	bran	wheat	addition	on	the	sensory	106	

quality	of	durum	wheat	spaghetti	and	to	evaluate	 the	effect	of	 fiber	 information	on	consumer’s	107	

acceptability	and	expectation.	The	simple	nature	of	pasta	ingredients	(water	and	durum	wheat)	and	108	

being	 a	 commonly	 consumed	 food	 product	worldwide,	make	 pasta	 an	 excellent	 vehicle	 for	 the	109	

inclusion	of	wholegrain	and	dietary	 fiber	materials	 (Brennan,	2013).	Although	 Italy	 is	one	of	 the	110	

major	producers	and	consumers	of	pasta	(Di	Monaco	et	al.,	2004),	bran-rich	pasta	consumption	is	111	

rather	low	(UNAFPA,	2013),	probably	due	its	distinct	taste	and	softer	texture	(Edwards	et	al.,	1995;	112	

Manthey	&	Schorno,	2002;	Manthey,	2002)	that	can	make	it	less	acceptable	to	consumers.	Thus,	113	
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both	 product	 sensory	 optimization	 and	 conveying	 appropriate	 information	 to	 consumers	 are	114	

needed	to	increase	fiber-enriched	pasta	consumption.	To	this	purpose,	spaghetti	with	different	bran	115	

wheat	addition	(up	to	30%	addition)	were	evaluated	for	liking	before	and	after	having	received	an	116	

information	about	the	fiber	content	and	the	benefit	of	including	fiber	in	the	diet	in	order	to	see	to	117	

what	extend	consumers	are	willing	to	compromise	the	taste	in	return	of	possible	long-term	health	118	

benefits.	 Effect	 of	 fiber	 information	 on	 the	 acceptability	 was	 also	 analyzed	 according	 to	 bran-119	

enriched	pasta	frequency	of	consumption	in	order	to	highlight	different	patterns	of	answer.		120	

	121	

2.	Materials	and	methods	122	

2.1	Samples	production	123	

Spaghetti	were	produced	in	a	pilot	plant	of	the	University	of	Foggia	with	durum	wheat	semolina	by	124	

using	the	following	operating	conditions:	semolina	was	mixed	with	water	with	a	rotary	shaft	mixer	125	

(Namad,	Rome,	Italy)	at	25°C	for	20	min	so	as	to	obtain	a	dough	with	30%	moisture	content.	126	

Wheat	bran	was	added	at	various	concentrations:	10%,	20%,	25%	and	30%.	The	dough	was	127	

extruded	with	a	60VR	extruder	(Namad).	The	extrusion	pressure	was	about	4	MPa,	whereas	the	128	

temperature	of	the	spaghetti	after	the	extrusion	was	about	27–28°C.	The	extruder	was	equipped	129	

with	a	screw	(30	cm	in	length,	5.5	cm	in	diameter),	which	ended	with	a	bronze	die	(diameter	hole	130	

of	1.70	mm).	The	screw	speed	was	50	rpm.	Subsequently,	pasta	was	dried	in	a	dryer	(SG600;	131	

Namad).	The	process	conditions	applied	were	the	following:	1st	step,	time	20	min	at	60°C	and	65%	132	

moisture	(named	as	external	drying);	2nd	step,	time	130	min	at	90°C	and	79%	moisture	(named	as	133	

wrapping);	3rd	step,	time	150	min	at	75°C	and	78%	moisture	(named	as	drying);	4th	step,	time	160	134	

min	at	45°C	and	63%	moisture;	5th	step,	time	1040	min	at	50°C	and	50%	moisture.	The	4th	and	135	

5th	steps	are	used	for	spaghetti	cooling.	136	
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	137	

2.2	Physico-chemical	characterization	138	

The	optimal	cooking	time	(OCT),	the	cooking	loss	and	the	amount	of	solid	substance	lost	into	the	139	

cooking	water	were	determined	according	to	the	AACC	approved	method	66-50.	The	swelling	140	

index	and	the	water	absorption	of	cooked	pasta	(grams	of	water	per	gram	of	dry	pasta)	were	141	

determined	according	to	the	procedure	described	by	Padalino	et	al.	(2013).	Cooked	spaghetti	142	

samples	were	also	submitted	to	hardness	and	adhesiveness	analysis	by	means	of	a	Zwick/Roell	143	

model	Z010	Texture	Analyzer	(Zwick	Roell	Italia	S.r.l.,	Genova,	Italia)	equipped	with	a	stainless	144	

steel	cylinder	probe	(2	cm	diameter).	Hardness	(mean	maximum	force,	N)	and	adhesiveness	(mean	145	

negative	area,	Nmm)	were	measured	according	to	the	procedure	described	by	Padalino	et	al.	146	

(2013),	after	six	measurements	for	each	sample.	147	

To	determine	pasta	composition,	dry	spaghetti	were	ground	to	fine	flour	on	a	Tecator	Cyclotec	148	

1093	(International	PBI,	Milano,	Italy)	laboratory	mill	(1mm	screen	–	60	mesh).	Moisture	and	ash	149	

content	(%)	were	measured	according	to	AACC	methods	44-19	and	08-03	(2000).	Protein	content	150	

(%N	x	5.7)	was	analyzed	with	the	micro	Kjieldahl	method	according	to	AACC	method	46-13	(2000).	151	

Total	dietary	fiber	(TDF),	soluble–water	fiber	(SDF)	and	insoluble-water	fiber	(IDF)	contents	were	152	

determined	by	the	Total	Dietary	Fiber	Kit	(Megazyme),	based	on	the	method	of	Lee	et	al.	(1992).	153	

The	available	carbohydrates	(ACH)	were	determined	according	to	McCleary	et	al.	(2006),	as	154	

described	in	the	available	carbohydrates	kit	assay	(Megazyme).	All	nutritional	analyses	were	made	155	

in	triplicate.		156	

2.2 Consumer	test	157	

2.2.1 Subjects	158	
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One	hundred	(50	females	and	50	males)	regular	pasta	consumers	aged	between	19	and	72	years	159	

(M=31.5;	ds=12.4)	were	recruited	among	students	and	staff	of	the	Faculty	of	Agronomical	and	160	

Food	Sciences	of	the	University	of	Milan.	They	had	seen	or	received	an	invitation	to	participate	in	161	

the	study	and	volunteered	based	on	their	interest	and	availability.	Participants	had	no	history	of	162	

disorders	in	oral	perception	and	ate	traditional	pasta	regularly	(at	least	1-2	times	a	week).	Written	163	

informed	consent	was	obtained	from	each	subject	after	the	description	of	the	experiment.	164	

	165	

2.2.2 Preparation	of	spaghetti	and	serving	conditions	166	

For	each	pasta	formulation,	160	g	(an	amount	appropriate	for	8	consumers)	were	cooked	in	1.6	L	167	

of	water	in	which	13	g	of	salt	were	added.	Samples	formulation	with	relevant	cooking	time	is	168	

reported	in	Table	1.	After	cooking,	spaghetti	were	drained	and	seasoned	with	16	g	of	extra-virgin	169	

olive	oil	(Bertolli	Gentile,	Deoleo	S.A.,	Inveruno,	Italy).	For	each	formulation,	approximately	20	g	of	170	

spaghetti	were	served	in	white	plastic	plates	coded	with	a	three-digit	number.	Mineral	water	was	171	

provided	for	rinsing	between	each	sample	tasting.	To	avoid	any	changing	in	sensory	properties	of	172	

spaghetti	during	the	session,	samples	were	cooked	one	at	a	time,	so	that	each	of	them	173	

experienced	the	same	time–temperature	history	prior	to	consumer	assessment	(Di	Monaco	et	al.,	174	

2004).	175	

	176	

2.2.3 Procedure	177	

Consumer	testing	took	place	in	the	sensory	laboratory	of	the	Department	of	Food,	Environmental	178	

and	Nutritional	Sciences	(DeFENS)	of	the	University	of	Milan,	designed	according	to	ISO	guidelines	179	

(ISO	8589,	2007).	Participants	were	involved	into	two	tasting	sessions	performed	in	two	different	180	

days	one	week	apart.	Consumer	groups	of	maximum	8	subjects	were	created	according	to	the	181	
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number	of	individual	booths	available	(eight	in	total)	and	asked	to	come	to	the	sensory	lab	at	60	182	

min	time	intervals	from	11.30	am	to	1.30	pm.	Three	consumer	groups	performed	the	test	per	day,	183	

the	whole	study	was	performed	in	ten	days	over	a	period	of	2	months.	According	to	Deliza	and	184	

MacFie	(1996),	samples	were	evaluated	under	three	different	tasting	conditions:	non-informed,	185	

expected	and	informed	conditions.	During	the	first	session	(day	1),	participants	performed	the	186	

non-informed	and	the	expectation	test.	For	the	non-informed	test,	subjects	received	the	five	187	

samples	of	spaghetti	monadically	and	asked	to	rate	their	liking	degree	without	any	information	188	

about	the	product	and	its	nutritional	value.	The	only	information	provided	to	the	participants	was	189	

that	they	were	about	tasting	spaghetti	at	different	fiber	content.	Thus,	for	each	product,	190	

participants	received	about	20	g	of	spaghetti	and	judged	them	in	individual	booths	under	white	191	

light	at	room	temperature.	Participants	rated	the	samples	liking	degree	using	a	100-mm	192	

unstructured,	linear	scale	anchored	at	the	extremes	with	the	terms	‘‘extremely	disliked’’	(left	of	193	

the	scale)	and	‘‘extremely	liked’’	(right	of	the	scale).	After	tasting	each	sample,	participants	were	194	

instructed	to	rinse	their	mouth	with	mineral	water.	195	

After	a	short	break,	they	performed	the	expectation	test.	All	participants	were	shown	on	a	screen	196	

the	following	information:	“The	consumption	of	food	high	in	fiber	reduces	the	risk	of	several	197	

diseases	such	as	type	2	diabetes,	cardiovascular	diseases	and	gastrointestinal	disorders.	Whole-198	

wheat	pasta	is	among	the	foods	recommended	to	increase	dietary	fibers.	Usually,	commercially	199	

available	whole-wheat	pasta	contains	approximately	6-8%	of	fiber”.	Then,	the	image	of	each	200	

spaghetti	sample	with	information	about	the	relevant	wheat-bran	addition	(i.e.,	no	addition,	10%,	201	

20%,	25%,	30%)	was	shown	to	participants.	For	each	sample,	subjects	rated	the	expected	liking	202	

induced	by	its	image	and	the	relevant	information	without	tasting	the	sample	using	the	hedonic	203	

scale	described	above.		204	
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After	one-week	interval,	the	same	participants	were	invited	again	to	the	tasting	center	(day	2)	and	205	

performed	the	informed	test.	As	for	the	non-informed	test,	subjects	received	the	five	spaghetti	206	

samples	monadically	in	plastic	plate	coded	with	3-digit	numbers	and	asked	to	rate	their	liking	207	

degree	with	the	hedonic	scale	described	above.	The	experimental	conditions	were	the	same	as	for	208	

the	non-informed	test,	with	the	exception	that	for	each	sample	of	spaghetti,	subjects	received	the	209	

information	about	bran	addition	and	the	benefit	of	consuming	fiber	in	the	diet.	210	

For	practical	constraints,	samples	presentation	order	was	kept	identical	within	each	session	of	211	

maximum	8	consumers	but	varied	across	sessions	in	order	to	minimize	serving	order	and	carry-212	

over	effects	(MacFie,	Bratchell,	Greenhoff,	&	Vallis,	1989).	213	

At	the	end	of	the	informed	test,	subjects	were	asked	to	complete	a	short	questionnaire	about	214	

their	frequency	consumption	of	traditional	and	wholegrain	pasta,	the	most	important	aspects	215	

related	to	pasta	consumption	(e.g.,	size/format,	nutritional	aspect,	price,	color,	texture,	taste,	216	

cooking	properties),	the	reasons	for	consuming	(if	user)	or	not	(if	non-user)	wholegrain	pasta	and	217	

their	willingness	to	pay	an	extra	for	wholegrain	pasta.	218	

	219	

2.3 Data	analysis	220	

Data	from	physico-chemical	analyses	were	compared	by	a	one-way	variance	analysis	(ANOVA).	A	221	

Duncan’s	multiple	range	test,	with	the	option	of	homogeneous	groups	(p<0.05),	was	carried	out	to	222	

determine	significant	differences	between	samples.		223	

In	order	to	verify	the	effect	of	information	on	liking,	consumer	data	were	subjected	to	analysis	of	224	

variance	(ANOVA)	considering	subjects	(nested	within	wholegrain	pasta	consumption),	the	2-way	225	

interaction	 pasta	 samples*conditions	 and	 the	 3-way	 interaction	 pasta	 samples*conditions*	226	

wholegrain	pasta	consumption,	as	 factors	and	hedonic	 scores	as	dependent	variable.	The	2-way	227	
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interaction	 is	useful	 to	get	 insights	on	 the	effect	of	 information	on	 liking	of	 the	whole	group	of	228	

consumers,	whereas	the	3-way	interaction	indicates	whether	a	different	effect	of	information	on	229	

liking	 can	 be	 observed	 depending	 on	 consumers’	 frequency	 of	 consumption.	 	 Subjects	 were	230	

considered	as	 random	effects	 in	 the	model,	whereas	 the	other	 factors	were	considered	as	 fixed	231	

effects.	When	the	ANOVA	showed	a	significant	effect	(p	<	0.05),	t-tests	were	applied	as	multiple	232	

comparison	analysis	(Laureati	et	al.,	2013).	233	

T-tests	on	the	differences	between	non-informed	and	expected	mean	hedonic	ratings	for	each	234	

pasta	formulation	enabled	establishing	whether	a	hedonic	disconfirmation	took	place.	A	235	

disconfirmation	occurs	when	this	difference	is	significantly	different	from	zero.	In	the	same	way,	t-236	

tests	on	the	differences	between	the	informed	and	non-informed	mean	hedonic	ratings	allowed	237	

verifying	whether	the	disconfirmation	was	associated	with	an	assimilation	or	a	contrast	effect.	238	

When	this	difference	is	significantly	different	from	zero,	it	means	that	there	was	a	significant	239	

effect	of	the	nutritional	information	on	hedonic	scores.	More	specifically,	if	this	difference	is	240	

higher	than	zero,	an	assimilation	effect	occurs;	if	the	difference	is	lower	than	zero,	a	contrast	241	

effect	occurs.	In	the	assimilation	case,	when	the	difference	between	expected	and	informed	liking	242	

is	significantly	different	from	zero,	the	consumers	do	not	completely	assimilate	towards	their	243	

expectation	and	assimilation	is	not	total	(Siret	&	Issanchou,	2000).	244	

All	statistical	analyses	were	performed	using	SAS/STAT	statistical	software	package	version	9.3	245	

(SAS	Institute	Inc.,	Cary,	USA).	246	

	247	

	248	

3. Results	and	discussion	249	

3.1. Pasta	physico-chemical	properties		250	
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The	chemical	composition	of	samples	is	shown	in	Table	2.	Anova	results	show	a	significant	effect	251	

(p<0.001)	of	the	main	factor	samples	on	all	parameters.	From	Table	2	it	can	be	seen	that	the	252	

addition	of	wheat	bran	increased	proteins,	fibers	and	ash	content	and	reduced	available	253	

carbohydrates,	in	agreement	with	findings	of	other	authors	(Padalino	et	al.,	2015).		The	ash	in	254	

wheat	is	not	evenly	distributed	throughout	the	kernel,	being	more	concentrated	in	the	bran	(6%)	255	

than	in	the	endosperm	portion	(0.4%)	of	the	grain	(Pomeranz,	1988).		As	regard	fibers,	in	spaghetti	256	

with	wheat	bran	there	was	a	significant	increase	of	the	insoluble	fiber	content	(IDF)	(F3.47=3122.2;	257	

p<	0.0001),	that	accounted	about	for	18%	because	the	IDF	are	more	concentrated	in	the	bran	258	

fraction.	As	a	consequence	of	the	high	dietary	fiber	content,	the	samples	enriched	with	bran	259	

recorded	lower	available	carbohydrate	content	(ACH)	(F3.47=2583.2;	p<	0.0001)	than	the	CTRL	260	

sample	(Sp_0)	(Mongeau,	2003).	It	should	be	underlined	that,	for	this	study,	pasta	samples	were	261	

produced	with	semolina	obtained	from	a	particular	durum	wheat	cultivar	that	it	is	very	rich	in	262	

dietary	fiber,	as	confirmed	by	the	CTRL	sample	showing	a	7%	total	dietary	fiber	content,	which	is	263	

comparable	with	the	amount	of	fiber	present	in	commercial	pasta	sold	on	the	market	as	264	

“wholegrain”	(Sgrulletta	et	al.,	2005).	Indeed,	with	a	minimal	enrichment	of	bran	(10%)	the	total	265	

fiber	content	reached	more	than	15%.		266	

Cooking	performance	of	spaghetti	(optimum	cooking	time,	cooking	loss,	water	absorption,	267	

swelling	index,	hardness	and	adhesiveness)	is	shown	in	Table	3.	Data	demonstrate	that	pasta	268	

fortification	with	wheat	bran	had	a	noticeable	impact	on	cooking	quality.	In	fact,	ANOVA	results	269	

showed	a	significant	effect	of	the	main	factor	samples	on	all	parameters	(p<0.05).	In	particular,	for	270	

samples	with	wheat	bran,	optimal	cooking	time	(OCT)	values	were	lower	than	the	control	pasta.	271	

This	is	due	to	the	physical	disruption	of	gluten	matrix	by	bran	particles,	which	provided	a	path	of	272	

water	absorption	into	the	whole-wheat	spaghetti	strand	that	reduced	cooking	time.	Similar	results	273	
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were	also	observed	by	Kaur	et	al.	(2012).	Table	3	also	highlights	a	cooking	loss	increase	for	274	

spaghetti	enriched	with	fibers,	because	the	disruption	of	protein	matrix	by	bran	particles	generally	275	

facilitates	starch	granule	swelling	and	rupture	(F3.47=18.55;	p<	0.0001)	(Manthey	et	al.	2004).	276	

Spaghetti	samples	enriched	with	wheat	bran	also	showed	a	significant	decline	in	swelling	index	277	

(F3.47=851.93;	p<	0.0001).	One	possible	explanation	of	the	observed	results	is	that	the	fortified	278	

spaghetti	had	high	dietary	fiber	content	(mainly	insoluble	fiber)	as	compared	to	the	free-fiber	279	

sample.		Aravind	et	al.	(2012)	also	found	that	in	durum	wheat	pasta	containing	bran	there	is	280	

typically	a	less	absorption	of	water	because	bran	competes	for	water	with	starch.	Cooking	quality	281	

is	also	related	to	the	ability	of	spaghetti	to	maintain	textural	properties	during	cooking	(Del	Nobile	282	

et	al.,	2005).	In	fact,	the	textural	characteristics	of	pasta	play	an	essential	role	in	determining	the	283	

final	acceptance	by	consumers	(Tudorica	et	al.,	2002).	Mean	values	for	hardness	(F3.47=4.37;	p<	284	

0.05)	and	adhesiveness	(F3.47=5.54;	p<	0.05)	showed	significant	differences	between	the	samples	285	

studied.	Specifically,	pasta	with	30%	bran	addition	showed	lower	firmness	and	adhesiveness	286	

respect	to	the	other	samples	investigated.	Again,	this	result	may	be	associated	with	the	role	of	the	287	

insoluble	fiber	present	in	the	bran	of	fortified	spaghetti,	which	might	interfere	with	the	continuity	288	

of	the	gluten	matrix	(Tudorica	et	al.,	2002;	Aravind	et	al.,	2012).	The	adhesiveness	did	not	increase	289	

because	bran	contains	insoluble	fiber,	which	is	known	to	have	a	positive	effect	on	stickiness	290	

(Cleary	et	al.,	2006).	Hence,	a	combination	of	reduced	hardness	and	adhesiveness	characteristics	291	

in	the	cooked	spaghetti	indicates	that	the	inclusion	of	the	insoluble	fiber	makes	the	pasta	softer,	292	

more	malleable	but	less	sticky.	Softness	and	adhesiveness	are	known	to	reduce	consumer’s	293	

acceptability	(Edwards	et	al.,	1995;	Manthey	&	Schorno,	2002;	Manthey,	2002).	294	

3.2. Questionnaire:	consumption	of	and	attitude	toward	pasta	products	295	
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The	questionnaire	was	provided	in	order	to	have	an	overview	of	consumer’s	frequency	296	

consumption	of	pasta	and,	in	particular,	of	wholegrain	pasta	and	consumer’s	attitude	towards	297	

pasta	products.	The	answer	to	the	question	related	to	the	frequency	consumption	of	wholegrain	298	

pasta	was	used	to	categorize	the	subjects	in	no	(never),	low	(less	than	once	a	week)	and	high	users	299	

(at	least	once	a	week)	in	order	to	highlight	different	pattern	of	responses.	Results	emerged	from	300	

the	questionnaire	are	reported	in	Table	4.		301	

As	expected,	overall	pasta	frequency	consumption	was	high,	with	38%	of	respondents	consuming	302	

pasta	daily,	60%	weekly	and	only	2%	monthly.		This	result	is	in	line	with	pasta	consumption	303	

frequency	in	Italy	(UNAFPA,	2013).			304	

The	most	important	characteristics	at	purchase	are	taste	(41%)	and	cooking	quality	(37%),	305	

reflecting	the	importance	of	sensory	properties	at	the	moment	of	choice.	Only	13%	and	9%	of	306	

respondents	were	interested	in	the	nutritional	properties	and	shape	of	pasta,	respectively.	For	307	

high	users,	the	importance	of	the	nutritional	aspect	increased,	while	decreasing	the	relative	308	

importance	of	taste.		309	

When	asked	about	the	frequency	consumption	of	wholegrain	pasta,	31%	of	respondents	declared	310	

to	be	non-consumers.	The	remaining	69%	of	subjects	reported	to	consume	wholegrain	pasta,	44%	311	

of	which	consumed	it	monthly,	24%	weekly	and	only	1%	daily.	The	percentage	of	wholegrain	pasta	312	

consumers	observed	in	the	present	study	is	surprising	and	exceed	by	a	large	amount	national	data	313	

about	wholegrain	pasta	consumption	(O’Neil	et	al.,	2010).	An	explanation	of	this	high	proportion	314	

might	be	that	participants	recruited	were	mainly	students	and	employees	of	the	Faculty	of	315	

Agronomy	and	Food	Sciences	(University	of	Milan),	thus	highly	educated	and	probably	more	316	

conscious	of	the	health	benefit	of	consuming	dietary	fiber.	Literature	data	indicate	that	317	

consumption	of	wholegrain	products	increase	according	to	the	level	of	education	(Bellisle	et	al.,	318	
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2014).	Moreover,	participants	were	recruited	via	advertisements	asking	for	pasta	and	wholegrain	319	

pasta	consumers.	This	might	have	attracted	a	higher	number	of	regular	users	of	bran-enriched	320	

pasta	consumers.	Another	plausible	explanation	is	that	respondents	may	sometimes	have	the	bias	321	

to	answer	what	they	think	is	the	correct	answer,	and	not	what	they	actually	do	(Köster,	2003).	In	322	

this	regard,	the	fact	that	the	questionnaire	was	filled	out	after	they	had	received	information	and	323	

tasted	a	number	of	samples,	may	indeed	support	the	assumption	that	subjects	felt	they	had	to	324	

admit	to	consuming	wholegrain,	or	even	expressed	a	wish	to	consume.	325	

Approximately	40%	of	the	non-consumers	indicated	sensory	properties	as	main	reasons	for	not	326	

eating	wholegrain	pasta	(taste	23%,	texture	16%),	supporting	the	important	role	played	by	sensory	327	

factors	in	the	acceptance	and	choice	of	wholegrain	products	(Aravind	et	al.,	2012;	Bauxali	et	al.,	328	

2008).	Despite	the	higher	cost	of	wholegrain	foods	has	been	reported	to	be	an	obstacle	for	329	

consumption	of	these	products		(McMackin	et	al.,	2014),	price	as	well	as	nutritional	concerns	had	330	

little	impact	(respectively	16%	and	13%)	for	our	sample	of	consumers.	It	is	noteworthy	that	more	331	

than	one	third	of	respondents	reported	other	reasons	for	not	consuming	wholegrain	pasta	(32%).	332	

Analysis	of	these	answers	revealed	that	consumers	reported	to	have	never	thought	about	eating	333	

wholegrain	pasta,	supporting	the	reported	lack	of	consumers’	awareness	about	wholegrain	334	

products	(Marquart	et	al.,	2006).	335	

On	the	contrary,	wholegrain	pasta	consumers	declared	to	eat	this	specific	type	of	pasta	mainly	for	336	

its	healthy	aspects	(59%),	whereas	a	reduced	percentage	of	respondents	answered	for	its	taste	337	

(22%)	and	because	they	were	advised	to	do	so	(10%).	Finally,	38%	of	subjects	declared	to	be	338	

unwilling	to	pay	any	premium	price	for	wholegrain	pasta.	Unwillingness	to	pay	for	wholegrain	339	

pasta	decreased	according	to	its	frequency	consumption.	A	relatively	high	percentage	of	340	

respondents	(62%)	was	willing	to	pay	a	premium	price	for	wholegrain	pasta,	of	which	48%	would	341	
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pay	between	10-20%	more	and	only	14%	(mainly	high	users)	between	20-30%	more.	Some	limits	342	

of	the	questionnaire	should	be	pointed	out.	First,	a	reduced	number	of	respondents	have	been	343	

involved,	thus	results	cannot	be	generalized.	In	addition,	willingness	to	pay	was	investigated	by	344	

direct	questioning,	which	might	be	prone	to	bias	such	as	overstatement	of	willingness	to	pay	or	345	

the	choice	of	more	socially	desirable	options	(Ginon	et	al.,	2014).	Future	studies	should	consider	346	

approaches	such	as	auctions	that	places	consumers	in	a	decision-making	situation	closer	to	a	real	347	

shopping	situation.		348	

	349	

3.3. Influence	of	nutritional	information	on	consumer’s	expectation	350	

Mean	hedonic	ratings	of	spaghetti	samples	in	the	three	different	experimental	conditions	(non-351	

informed,	expected	and	informed)	are	reported	in	Table	5.	Anova	results	showed	a	significant	352	

effect	of	the	interaction	Samples*Condition	(F(4,1358)=5.12,	p<0.0001).	Considering	the	non-353	

informed	condition,	except	the	ones	with	25%	and	30%	bran	wheat	addition,	all	samples	were	354	

generally	liked.	The	traditional	pasta	sample	(Sp_0,	M=69.6)	and	the	sample	with	10%	addition	355	

(M=69.7)	were	significantly	more	liked	than	the	other	spaghetti.	The	addition	of	bran	wheat	356	

produced	a	systematic	and	significant	decrease	in	acceptability	ratings.		A	similar	pattern	was	357	

observed	in	both	the	expected	and	informed	conditions.		358	

Increasing	concentration	of	bran	is	known	to	produce	a	higher	perception	of	a	series	of	sensory	359	

properties	that	might	be	considered	unpleasant	by	consumers	(Aravind	et	al.,	2012).		In	this	360	

context,	the	reduced	rating	for	pasta	with	25%	and	30%	bran	addition	is	likely	attributable	to	its	361	

texture	properties,	as	also	evidenced	by	physical	data	showing	lower	firmness	values	for	this	362	

sample	respect	to	the	others.	As	a	fact,	bran	by	interfering	with	the	continuity	of	the	gluten	matrix	363	

causes	weakening	of	the	dough	and	reduces	mechanical	strength	and	cooking	quality	of	bran-364	
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supplemented	spaghetti	(Padalino	et	al.	2015).	Therefore,	proper	technological	options	should	be	365	

adopted	to	improve	acceptability	of	pasta	rich	in	high	amount	of	bran.	366	

The	effect	of	information	about	the	nutritional	benefit	of	consuming	fiber	on	consumer’s	367	

acceptability	was	analyzed	comparing	the	mean	hedonic	scores	in	the	non-informed	and	expected	368	

conditions	for	all	samples	(Table	5).	T-test	comparison	indicated	a	confirmation	of	expectation	for	369	

the	traditional	sample	(Sp_0)	and	the	10%	added	sample,	whereas	for	the	spaghetti	with	20,	25	370	

and	30%	addition	a	negative	disconfirmation	of	expectation	occurred	(i.e.,	the	samples	were	371	

worse	than	expected).	This	means	that	information	about	bran	addition	had	an	impact	on	372	

consumer	expected	product	quality	but	only	for	an	addition	equal	or	higher	than	20%.	373	

The	disconfirmation	was	associated	with	an	assimilation	effect	as	the	difference	between	liking	374	

scores	under	non-informed	and	informed	conditions	was	significant	for	the	two	samples	with	the	375	

highest	addition	of	bran	(25	and	30%)	and	marginally	significant	for	the	sample	with	20%	of	376	

addition.	Therefore,	the	information	given	about	the	nutritional	benefit	of	consuming	fiber	was	377	

able	to	affect	the	actual	liking	(informed	condition)	of	spaghetti,	since	informed	liking	moves	in	the	378	

direction	of	the	expectations.	In	particular,	the	information	concerning	the	benefit	of	consuming	379	

fiber	in	the	diet	had	a	positive	impact	on	actual	liking.	380	

The	assimilation	was	complete	for	the	20%	and	25%	added	spaghetti	since	the	difference	between	381	

informed	and	expected	liking	for	those	samples	was	not	significant.	This	result	is	particularly	382	

relevant	because	if	consumers	do	not	completely	assimilate	towards	expectations,	repeated	383	

disconfirmations	may	lead	to	a	decrease	in	expectations	and	liking,	whereas	in	case	of	complete	384	

assimilation	repeated	disconfirmations	did	not	induce	a	decrease	in	expectation	nor	a	decrease	in	385	

the	assimilation	effect	(Lange	et	al.,	1999;	Napolitano	et	al.,	2010).		386	
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A	marginally	significant	difference	(p<0.10)	between	liking	in	the	informed	and	expected	387	

conditions	was	observed	for	the	30%	added	sample,	indicating	that	assimilation	was	not	complete.	388	

In	previous	studies,	assimilation	effects	were	observed	for	products	which	information	created	the	389	

highest	level	of	expectation	(Cardello,	2007).	The	incomplete	assimilation	observed	for	Sp_30	390	

might	be	because	expected	liking	created	by	the	external	information	was	low	and	sensory	391	

properties	had	a	major	impact	on	ratings	in	the	informed	condition,	thus	the	health	benefit	of	392	

eating	fiber	does	not	compensate	the	decrease	in	liking.	This	assumption	is	in	line	with	literature	393	

data	indicating	that	many	consumers	feel	that	sensory	pleasure	may	have	to	be	sacrificed	in	order	394	

to	achieve	the	goal	of	a	healthy	diet,	but	this	effect	is	dependent	upon	the	specific	nature	of	the	395	

expected	health	benefit	(Tuorila	&	Cardello,	2002).	396	

The	effect	of	fiber	information	on	consumer’s	judgements	has	not	received	much	attention	in	the	397	

literature.	In	a	study	by	Baixauli	et	al.	(2008)	a	positive	effect	of	the	information	on	hedonic	scores	398	

was	found	for	wholegrain	muffins	but	not	for	enriched-fiber	muffins.	Mialon	et	al.	(2002)	noticed	a	399	

slight	increase	in	liking	for	a	fiber-enriched	white	bread	presented	with	a	‘high	in	fiber’	label,	and	a	400	

slight	decrease	in	liking	for	white	bread	presented	with	a	‘low	in	fiber’	label.	Ginon	et	al.	(2009)	401	

found	that	a	“source	of	fiber”	label	had	a	positive	effect	on	willingness	to	pay	for	bread,	whereas	402	

consumers	did	not	perceive	the	absence	of	the	label	negatively.	Unfortunately,	these	studies	403	

adopted	a	methodology	that	is	not	exactly	the	same	as	the	one	used	in	the	present	study,	thus	our	404	

results	are	not	easily	comparable.	Nevertheless,	a	common	finding	is	that	providing	the	405	

information	about	fiber	had	a	positive	effect	on	consumer’s	product	perception.	Therefore,	it	406	

seems	that	information	on	the	benefit	of	wholegrain	food	in	the	diet	might	be	a	suitable	way	for	407	

ensuring	that	the	population	receives	adequate	amounts	of	fiber.	Likewise,	literature	data	indicate	408	

that	the	presence	of	a	health	claim	had	positive	influence	on	respondents’	perception	of	the	409	
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products	(Saba	et	al.,	2010;	van	Kleef	et	al.,	2005).	More	specifically,	the	information	about	the	410	

presence	of	wholegrain	influenced	positively	the	perception	of	healthiness	and	had	a	small	411	

influence	on	likelihood	to	buy	foods	such	as	yoghurt,	cake	and	bread	(Saba	et	al.,	2010).	It	is	412	

interesting	to	note	that	in	their	cross-cultural	study,	Saba	and	colleagues	found	that	health	claims	413	

referred	to	wholegrain	had	little	impact	on	Italian	consumers	compared	with	consumers	from	414	

other	European	countries.	On	the	contrary,	we	found	that	Italian	consumers	are	positively	415	

influenced	by	nutritional	information.	This	discrepancy	might	be	explained	in	at	least	two	ways.	416	

First,	by	the	different	products	tested,	in	fact,	yoghurt,	bread	and	cake,	despite	being	highly	417	

consumed	in	Italy,	may	not	have	the	same	connotation	of	traditional	Italian	food	as	pasta	(Laureati	418	

et	al.,	2006).		Second,	in	Saba	et	al.	(2010)	study	the	influence	of	information	was	tested	through	a	419	

questionnaire	without	presenting	an	actual	product.	Contextualizing	the	information	about	420	

healthiness	of	wholegrain	by	associating	it	to	a	real	eating	situation,	as	in	the	present	study,	might	421	

indeed	be	more	effective	than	providing	the	same	information	on	a	questionnaire.		422	

	423	

3.4. Influence	of	nutritional	information	on	hedonic	expectation:	consumer’s	424	

segmentation	according	to	frequency	consumption	of	wholegrain	pasta	425	

Mean	hedonic	ratings	provided	by	consumers,	grouped	according	to	their	wholegrain	pasta	426	

consumption	under	the	three	conditions,	are	reported	in	Table	6.	Consumers	are	increasingly	427	

segmented	on	the	basis	of	their	attitudes	towards	food,	particularly	towards	health	and	hedonic	428	

characteristics	of	food	(Roininen,	Lähteenmäki,	&	Tuorila,	1999).	Identifying	segments	of	429	

consumers	with	different	attitudes	towards	food	and	nutrition	might	allow	targeting	different	430	

types	of	products	for	each	segment	(Laureati,	Giussani,	Pagliarini,	2012;	Ares	et	al.,	2010).	431	
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Anova	results	showed	a	non-significant	effect	of	the	3-way	interaction	432	

samples*condition*wholegrain	pasta	consumption.	Looking	at	hedonic	ratings	in	each	condition,	a	433	

systematic	decrease	in	liking	with	increasing	bran	addition	is	observed	whatever	the	consumer	434	

group	is,	as	already	highlighted	analyzing	the	data	of	the	overall	sample	of	consumers.		However,	435	

considering	the	difference	between	the	ratings	in	the	different	conditions	for	the	three	groups,	it	436	

can	be	observed	that	information	had	a	different	impact	on	consumers	depending	on	their	437	

wholegrain	pasta	frequency	use.		A	negative	disconfirmation	of	expectation	was	seen	for	high-438	

users	starting	from	spaghetti	samples	with	25%,	whereas	for	low-users	negative	disconfirmation	439	

occurred	at	the	highest	bran	addition.		For	non-users	disconfirmation	occurred	already	with	20%	440	

addition.	What	is	especially	remarkable	is	that	an	assimilation	effect	occurred	for	non-users	but	441	

not	for	high	and	low	users,	indicating	that	the	nutritional	information	about	the	benefit	of	fiber	on	442	

health	had	an	impact	only	for	those	consumers	who	actually	do	not	consume	wholegrain	pasta.		443	

Moreover,	the	assimilation	was	complete,	showing	that	the	information	elicited	an	increase	of	444	

liking	in	the	informed	condition	that	equals	the	expectation,	even	for	the	spaghetti	sample	with	445	

the	highest	addition	(30%).	T-test	comparison	showed	that	the	difference	between	the	groups	of	446	

consumers	is	mainly	due	to	differences	in	liking	in	the	non-informed	condition,	especially	for	the	447	

spaghetti	with	highest	addition	of	bran	(20,	25	and	30%),	which	were	more	liked	by	low-	and	high-448	

users	than	non-users	(Figure	1).		449	

INSERT	FIGURE	1	ABOUT	HERE	450	

Thus,	it	seems	that	low-	and	high-users,	who	also	showed	a	higher	interest	in	health,	are	more	451	

willing	to	compromise	liking	for	healthiness	(Ares	et	al.,	2010)	than	non-users	but	information	had	452	

a	smaller	impact	on	their	liking	compared	with	non-users.	This	result	might	be	explained	by	the	453	

fact	that	bran	enriched	pasta	is	more	familiar	to	high-	and	low-users.	Familiarity	is	known	to	be	454	
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one	of	the	most	powerful	drivers	of	liking	(Laureati	et	al.,	2006;	Borgogno	et	al.,	2015).	In	this	455	

context,	high-	and	low-users	might	have	recognized	in	the	non-informed	condition	the	presence	of	456	

bran	in	the	spaghetti	samples	-	and	thus	fiber	-	from	the	darker	appearance	(Aravind	et	al.,	2012).	457	

This	association	might	have	led	the	high-	and	low-	users	to	provide	higher	hedonic	ratings	than	458	

non-users	to	the	spaghetti	with	the	highest	bran	addition.	Actually,	it	should	be	underlined	that	459	

the	visual	differences,	mainly	dark	color,	of	the	spaghetti	samples	were	considerably	reduced	by	460	

cooking.	Therefore,	although	an	effect	of	the	visual	appearance	on	liking	and	expectation	may	461	

have	occurred,	it	is	likely	that	it	was	negligible.	Moreover,	it	might	be	hypothesized	that	users	are	462	

already	aware	of	the	health	benefit	of	incorporating	fiber	into	the	diet,	thus	the	information	463	

provided	in	the	expected	and	informed	conditions	might	have	had	a	reduced	effect	on	their	liking	464	

ratings.	This	assumption	is	supported	by	questionnaire	data,	indicating	that	72%	of	high	users	of	465	

wholegrain	pasta	declare	to	consume	it	for	its	health	benefits.	Contradicting	results	were	found	by	466	

Baixauli	et	al.	(2008)	who	reported	a	positive	correlation	between	health	consciousness	and	liking	467	

of	wholegrain	muffins	when	the	information	about	fiber	was	provided.	The	discrepancy	in	the	468	

outcome	might	be	explained	with	differences	in	the	experimental	design	used,	and	type	of	469	

product	and	information	provided.		470	

	471	

4. Conclusions	472	

The	need	to	promote	a	diet	rich	in	wholegrain	has	been	recognized	as	an	important	task	in	473	

nutrition	education.	This	study	revealed	that	higher	amount	of	wheat	bran	reduced	product	474	

acceptability;	in	particular,	pasta	with	30%	addition	of	wheat	bran	should	be	implemented	from	a	475	

technological	point	of	view	in	order	to	have	pasta	samples	that	besides	having	a	nutritional	benefit	476	

show	good	sensory	properties.		477	
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However,	a	positive	effect	of	nutritional	information	on	consumer’s	acceptability	of	pasta	478	

produced	with	the	addition	of	high	levels	(up	to	30%)	of	wheat	bran	was	seen.	The	effect	of	479	

information	varied	according	to	frequency	consumption	of	bran-enriched	pasta	in	our	sample	of	480	

consumer,	with	non-users	being	more	sensitive	to	information	about	fiber	health	benefit	than	481	

regular	ones.	The	development	of	persuasive	communication	of	health	messages	might	be	an	482	

effective	way	for	promoting	awareness	and	knowledge	of	high	fiber	products.	483	

	484	

CONFLICT	OF	INTEREST:	the	authors	have	no	conflict	of	interest	to	declare	485	

486	



23	

	

References	487	

AARON,	J.	I.,	MELA,	D.	J.,	&	EVANS,	R.	E.	(1994).	The	influences	of	attitudes,	beliefs	and	label	488	

information	on	perceptions	of	reduced-fat	spread.	Appetite,	22(3),	25–37.	489	

ANDERSON,	R.	E.	1973.	Consumer	dissatisfaction:	The	effect	of	disconfirmed	expectancy	on	490	

perceived	product	performance.	J.	Marketing	Res.	10,	38–44.		491	

ARAVIND,	N.,	SISSONS,	M.,	EGAN,	N.,	AND	FELLOWS,	C.	2012.	Effect	of	insoluble	dietary	fibre	492	

addition	on	technological,	sensory,	and	structural	properties	of	durum	wheat	spaghetti.	Food	493	

Chem.	130,	299–309.	494	

ARES,	G.,	GIMÉNEZ,	A.,	&	DELIZA,	R.	2010.	Influence	of	three	non-sensory	factors	on	consumer	495	

choice	of	functional	yogurts	over	regular	ones.	Food	Qual.	Pref.	21,	361–367.		496	

BAIXAULI,	R.,	SALVADOR,	A.,	HOUGH,	G.,	FISZMAN,	S.M.	2008.	How	information	about	fibre	497	

(traditional	and	resistant	starch)	influences	consumer	acceptance	of	muffins.	Food	Qual.	Pref.		498	

19,	628–635.	499	

BELLISLE,	F.,	HÉBEL,	P.,	COLIN,	J.,	REYÉ,	B.	AND	HOPKINS,	S.	2014.	Consumption	of	whole	grains	in	500	

French	children,	adolescents	and	adults.	Brit.	J.	Nutr.	112,	1674–1684.	501	

BORGOGNO,	M.,	FAVOTTO,	S.,	CORAZZIN,	M.,	CARDELLO,	A.V.,	PIASENTIER,	E.	2015.	The	role	of	502	

product	familiarity	and	consumer	involvement	on	liking	and	perceptions	of	fresh	meat.	Food	503	

Qual.	Pref.		44,	139-147.	504	

BRENNAN,	C.S.	2013.	Fibre-enriched	and	wholewheat	pasta.	In	Fibre-rich	and	wholegrain	foods.	505	

Improving	Quality,	(J.A.	Delcour	and	K.	Poutanen,	eds.)	pp	276-277,	Woodhead	Publishing	506	

Limited,	Cambridge,	UK.	507	



24	

	

BRITTEN,	P.,	LYON,	J.,	WEAVER,	C.M.,	KRIS-ETHERTON,	P.M.,	NICKLAS,	T.A.,	WEBER,	J.A.,	DAVIS,	508	

C.A.	2006.	My	Pyramid	food	intake	pattern	modeling	for	the	Dietary	Guidelines	Advisory	509	

Committee.	J.	Nutr.	Educ.	Behav.	38(6),	S143-S152.	510	

CARDELLO,	A.V.	2007.	Measuring	consumer	expectations	to	improve	food	product	development.	511	

In	Consumer-led	food	product	development,	(H.	MacFie,	ed.)	pp.	223-261,	Woodhead	512	

Publishing	Limited,	Cambridge,	UK.	513	

CLEARY,	L.,	&	BRENNAN,	C.	2006.	The	influence	of	a	(1-3)(1-4)-b-d-glucan	rich	fraction	from	barley	514	

on	the	physico-chemical	properties	and	in	vitro	reducing	sugars	release	of	durum	wheat	515	

pasta.	Int.	J.	Food	Sci.	Tech.	41,	910–918.	516	

DAMMANN,	K.W.,	HAUGE,	D.,	ROSEN,	R.A.,	SCHROEDER,	N.	&	MARQUART,	L.	2013.	Consumption	517	

and	consumer	challenges	of	wholegrain	foods.		In	Fibre-rich	and	wholegrain	foods.	Improving	518	

Quality,	(J.A.	Delcour	and	K.	Poutanen,	eds.)	pp	120-149,	Woodhead	Publishing	Limited,	519	

Cambridge,	UK.		520	

DEL	NOBILE,	M.A.,	BAIANO,	A.,	CONTE,	A.	&	MOCCI,	G.	2005.	Influence	of	protein	content	on	521	

spaghetti	cooking	quality.	J.	Cereal	Sci.	41,	347–356.	522	

DELIZA,	R.,	&	MACFIE,	H.J.H.	1996.	The	generation	of	sensory	expectation	by	external	cues	and	its	523	

effect	on	sensory	perception	and	hedonic	ratings:	A	review.	J.	Sens.	Stud.	7,	253–277.		524	

DI	MONACO,	R.,	CAVELLA,	S.,	DI	MARZO,	S.,	&	MASI,	P.	2004.	The	effect	of	expectations	generated	525	

by	brand	name	on	the	acceptability	of	dried	semolina	pasta.	Food	Qual.	Pref.	15,	429–437.		526	

EDWARDS,	N.	M.,	BILIADERIS,	C.	G.,	&	DEXTER,	J.	E.	1995.	Textural	characteristics	of	whole-wheat	527	

pasta	and	pasta	containing	non-starch	polysaccharides.	J.	Food	Sci.	60,	1321–1324.		528	



25	

	

EFSA,	European	Food	Safety	Authority.	2010.	Scientific	Opinion	on	Dietary	Reference	Values	for	529	

carbohydrates	and	dietary	fibre.	EFSA	Panel	on	Dietetic	Products,	Nutrition,	and	Allergies	530	

(NDA).	EFSA	Journal,	8(3),	1462.	531	

GINON,	E.,	CHABANET,	C.,	COMBRIS,	P.,	ISSANCHOU,	S.	2014.	Are	decisions	in	a	real	choice	532	

experiment	consistent	with	reservation	prices	elicited	with	BDM	‘auction’?	The	case	of	French	533	

baguettes.	Food	Qual.	Pref.	31,	173-180.	534	

GINON,	E.,	LOHÉAC,	Y.,	MARTIN,	C.,	COMBRIS,	P.,	ISSANCHOU,	S.	2009.	Effect	of	fibre	information	535	

on	consumer	willingness	to	pay	for	French	baguettes.	Food	Qual.	Pref.	20,	343–352.	536	

KÄHKÖNEN,	P.,	TUORILA,	H.,	&	LAWLESS,	H.	(1997).	Lack	of	effect	of	taste	and	nutrition	claims	on	537	

sensory	and	hedonic	responses	to	a	fat	free	yogurt.	Food	Qual.	Pref.	8,	125–130.		538	

KÄHKÖNEN,	P.,	&	Tuorila,	H.	(1998).	Effect	of	reduced-fat	information	on	expected	and	actual	539	

hedonic	and	sensory	ratings	of	sausage.	Appetite,	30,	13–23.		540	

KAHNEMAN,	D.,	&	TVERSKY,	A.	(1979).	Prospect	theory:	an	analysis	of	decision	under	risk.	541	

Econometrica,	47,	263-291.		542	

KAUR,	G.,	SAVITA,	S.,	NAGO,	H.P.S.,	BASHARAT	N.D.	2014.	Functional	properties	of	pasta	enriched	543	

with	variable	cereal	brans.	J.	Food	Sci.	Technol.	49,	467-474.	544	

KÖSTER,	E.	P.	2003.	The	psychology	of	food	choice:	Some	often	encountered	fallacies.	Food	Qual.	545	

Pref.	14,	359–373.	546	

ISO	International	Organization	for	Standardization.	2007.	Sensory	analysis	—	General	guidance	for	547	

the	design	of	test	rooms.	ISO	8589:2007,	Geneva,	Switzerland.		548	

LANGE,	C.,	ROUSSEAU,	F.,	&	ISSANCHOU,	S.	1999.	Expectation,	liking	and	purchase	behaviour	549	

under	economical	constraint.	Food	Qual.	Pref.	10,	31–39.		550	



26	

	

LAUREATI,	M.,	PAGLIARINI,	E.,	CALCINONI,	O.,	BIDOGLIO,	M.	2006.	Sensory	acceptability	of	551	

traditional	food	preparations	by	elderly	people.	Food	Qual.	Pref.	17,	43-52.		552	

LAUREATI,	M.,	GIUSSANI,	B.,	PAGLIARINI,	E.	2012.	Sensory	and	hedonic	perception	of	gluten-free	553	

bread:	comparison	between	celiac	and	non-celiac	subjects.	Food	Res.	Int.	46,	326-333.		554	

LAUREATI,	M.,	JABES,	D.,	RUSSO,	V.,	PAGLIARINI,	E.	2013.	Sustainability	and	organic	production:	555	

How	information	influences	consumer’s	expectation	and	preference	for	yogurt.	Food	Qual.	556	

Pref.	30,	1-8.		557	

LEE,	S.C.,	PROSKY,	L.	&	DEVRIES,	J.W.	1992.	Determination	of	total,	soluble,	and	insoluble,	dietary	558	

fiber	in	foods	–	enzymatic	gravimetric	method,	MES-TRIS	buffer:	collaborative	study.	J.	AOAC	559	

Int.	75,	395–416	560	

MACFIE,	H.	J.	H.,	BRATCHELL,	N.,	GREENHOFF,	K.,	&	VALLIS,	L.	V.	1989.	Designs	to	balance	the	561	

effect	of	order	of	presentation	and	first	order	carry-over	effects	in	hall	tests.	J.	Sens.	Stud.	4,	562	

129–148.		563	

MANTHEY,	F.	A.,	&	SCHORNO,	A.	L.	2002.	Physical	and	cooking	quality	of	spaghetti	made	from	564	

whole	wheat	durum.	Cereal	Chem.	79,	504–510.	565	

MANTHEY,	F.A.,	YALLA,	S.R.,	DICK	T.J.,	BADARUDDIN,	M.	2004.	Extrusion	properties	and	cooking	566	

quality	of	Spaghetti	containing	buck-durum	wheat	bran	flour.	Cereal	Chem.	81,	232–236		567	

MARQUART,	L.,	PHAM,	A.T.,	LAUTENSCHLAGE,R	L.,	CROY,	M.	AND	SOBAL,	J.	2006.	Beliefs	about	568	

whole-grain	foods	by	food	and	nutrition	professional,	health	club	members,	and	special	569	

supplemental	nutrition	program	for	women,	infants,	and	children	participants/state	fair	570	

attendees.	J.	Am.	Diet.	Assoc.	106(11),	1856-60.		571	

MCCLEARY,	B.V.	&	ROSSITER,	P.C.	2006.	Dietary	fibre	and	glycemic	carbohydrates.	In	Dietary	Fiber	572	

and	its	Energy	Value	(D.T.	Gordon	and	T.	Goda,	eds.),	pp.	30–40,	AACC	Int	Press,	Egan.	573	



27	

	

MCMACKIN,	E.,	DEAN,	M.,	WOODSIDE,	J.V.,	MCKINLEY,	M.	C.	2013.	Whole	grains	and	health:	574	

attitudes	to	whole	grains	against	a	prevailing	background	of	increased	marketing	and	575	

promotion.	Public	Health	Nutr.	16,	743–751.		576	

MONGEAU,	R.	2003.	Dietary	fibre.	In	Encyclopedia	of	Food	Science	and	Nutrition	(R.	Macrae,	R.K.	577	

Robinson	and	M.J.	Sadler,	eds.),	pp.	1362–1387,	Academic	Press,	New	York,	NY.	578	

MIALON,	V.	S.,	CLARK,	M.	R.,	LEPPARD,	P.	I.,	&	COX,	D.	N.	2002.	The	effect	of	dietary	fibre	579	

information	on	consumer	responses	to	breads	and	‘English’	muffins:	A	cross-cultural	study.	580	

Food	Qual.	Pref.	13,	1–12.		581	

NAPOLITANO,	F.,	BRAGHIERI,	A.,	PIASENTIER,	E.,	FAVOTTO,	S.,	NASPETTI,	S.,	&	ZANOLI,	R.	2010.	582	

Effect	of	information	about	organic	production	on	beef	liking	and	consumer	willingness	to	583	

pay.	Food	Qual.	Pref.	21,	207–212.		584	

O'NEIL,	C.E.,	NICKLAS,	T.A.,	ZANOVEC,	M.,	CHO,	S.	2010.	Whole-Grain	consumption	is	associated	585	

with	diet	quality	and	nutrient	intake	in	adults:	The	National	Health	and	Nutrition	Examination	586	

Survey,	1999-2004.	J.	Am.	Diet.	Assoc.	110(10),	1461-1468.	587	

PADALINO,	L.,	MASTROMATTEO,	M.,	LECCE,	L.,	SPINELLI,	S.,	CONTÒ,	F.,	DEL	NOBILE,	M.A.	2013.	588	

Chemical	composition,	sensory	and	cooking	quality	evaluation	of	durum	wheat	spaghetti	589	

enriched	with	pea	flour.	Int.	J.	Food	Sci.	Technol.	49,	1544-1556.	590	

PADALINO,	L.,	MASTROMATTEO,	M.,	LECCE,	L.,	SPINELLI,	S.,	CONTE,	A.,	AND	DEL	NOBILE,	M.	A.	591	

2015.	Effect	of	raw	material	on	cooking	quality	and	nutritional	composition	of	durum	wheat	592	

spaghetti.	Int.	J.	Food	Sci.	Nutr.	66,	266-274.	593	

POMERANZ,	Y.	1988.	Wheat	chemistry	and	technology.	In	Chemical	composition	of	kernel	594	

structures,	Vol.	II,	(Pomeranz	Y,	ed),	pp	97–158,	American	Association	of	Cereal	Chemists,	St.	595	

Paul,	MN,	USA.	596	



28	

	

ROININEN,	K.,	LÄHTEENMÄKI,	L.,	&	TUORILA,	H.	1999.	Quantification	of	consumer	attitudes	to	597	

health	and	hedonic	characteristics	of	foods.	Appetite,	22,	71–88.			598	

SABA,	A.,	VASSALLO,	M.,	SHEPHERD,	R.,	LAMPILA,	P.,	ARVOLA,	A.,	DEAN,	M.,	WINKELMANN,	M.,	599	

CLAUPEIN,	E.,	&	LÄHTEENMÄKI,	L.	2010.	Country-wise	differences	in	perception	of	health-600	

related	messages	in	cereal-based	food	products.	Food	Qual.	Pref.	21,	385–393.	601	

SGRULLETTA,	D.,	SCALFATI,	G.,	DE	STEFANIS,	E.	&	CONCIATORI,	A.	2005.	Dietary	fibre	components	602	

of	high-fibre	commercial	products.	Effect	of	cooking	process.	Ital.	J.	Food	Sci.	3,	285–294.	603	

SIRET,	F.,	&	ISSANCHOU,	S.	2000.	Traditional	process:	Influence	on	sensory	properties	and	on	604	

consumer’s	expectation	and	liking.	Application	to	‘‘pâte	de	campagne’’.	Food	Qual.	Pref.	11,	605	

217–228.		606	

TUDORICA,	C.M.,	KURI,	V.	&	BRENNAN,	C.S.	2002.	Nutritional	and	physicochemical	characteristics	607	

of	dietary	fibre	enriched	pasta.	J.	Agric.	Food	Chem.	50,	347–356.	608	

TUORILA,	H.,	&	CARDELLO,	A.	V.	2002.	Consumer	responses	to	an	off-flavor	in	juice	in	the	presence	609	

of	specific	health	claims.	Food	Qual.	Pref.	13,	561–569.		610	

TUORILA,	H.,	MEISELMAN,	H.,	BELL,	R.,	CARDELLO,	A.,	&	JOHNSON,	W.	(1994).	Role	of	sensory	and	611	

cognitive	information	in	the	enhancement	of	certainty	and	liking	for	novel	and	familiar	foods.	612	

Appetite,	23,	231–246.	613	

UNAFPA.	2013.	http://www.pasta-unafpa.org/ingstatistics4.htm	(accessed	September	2015)	614	

VAN	DER	KAMP,	J.W.,	POUTANEN,	K.,	SEAL,	C.J.	&	RICHARDSON,	D.P.	2014.	The	HEALTHGRAIN	615	

definition	of	‘whole	grain’.	Food	Nutr.	Res.	58,	22100.	616	

VAN	KLEEF,	W.,	VAN	TRIJP,	H.	C.	M.,	&	LUNING,	P.	2005.	Functional	foods:	Health	claim-food	617	

product	compatibility	and	the	impact	of	health	claim	framing	on	consumer	evaluation.	618	

Appetite,	44,	299–308.	619	



29	

	

WESTCOMBE,	A.,	&	WARDLE,	J.	(1997).	Influence	of	relative	fat	content	information	on	responses	620	

to	three	foods.	Appetite,	28,	49–62.	621	

622	



30	

	

Table	1.	Spaghetti	formulations	used	in	the	consumer	test	with	relevant	cooking	time.	623	

Samples	code	 Bran	addition	(%)	 Cooking	time	(min)	 Samples	picture		

Sp_0	 0	 11.30	

	

Sp_10	 10	 11.00	

	

Sp_20	 20	 10.40	

	

Sp_25	 25	 10.30	

	

Sp_30	 30	 10.20	

	

624	
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Table	2	-	Chemical	composition	of	dry	spaghetti	samples.	

	

	

	

	

	

	

	

	

TDF,	total	dietary	fiber;	SDF,	water-soluble	dietary	fiber;	IDF,	water-insoluble	dietary	fiber;	ACH,	available	carbohydrates.	

Mean	in	the	same	column	followed	by	different	superscript	letters	differ	significantly	(p	<	0.05)

	

Protein	

(%)	

Ash	 IDF	

(%)	

SDF	

(%)	

TDF	

(%)	

ACH	

(g/100g)	

					Sp_0	
15.18±0.04

e

	 2.17±0.02
e

	 3.82±0.16e	 3.50±0.23d	 7.32±0.17
e

	 68±0.16
a

	

Sp_10	
15.46±0.10

d

	 4.08±0.01
d

	 11.45±0.10
d

	 3.77±0.20
c,d

	 15.22±0.15
d

	 65±0.16
b

	

Sp_20	
15.67±0.08

c

	 4.96±0.00
c

	 14.46±0.16
c

	 4.04±0.28
b,c

	 18.52±0.10
c

	 60±0.20
c

	

Sp_25	
15.95±0.02

b

	 5.15±0.08
b

	 15.81±0.24
b

	 4.37±0.15
b

	 20.18±0.24
b

	 57±0.24
d

	

Sp_30	
16.09±0.02

a

	 5.28±0.10
a

	 17.90±0.16
a

	 4.77±0.10
a

	 22.67±0.08
a

	 55±0.15
e
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Table	3	-	Cooking	quality	of	dry	spaghetti	samples	(OCT:	Optimal	Cooking	Time).	

	

	

	

	

	

OCT	

(min)	

Cooking	Loss	

(%)	

Swelling	Index	(g	

water	per	g	dry	

spaghetti	

Water	Absorption	

(%)	

Adhesiveness		

(Nmm)	

Hardness	

(N)	

											Sp_0	 11.30	 5.00	±	0.16
d

	 2.10	±	0.02
a

	 183	±	0.24
a

	 0.78	±	0.05
a

		 7.07	±	0.15
a

		

Sp_10	 11.00	 5.60	±	0.14
c

	 1.98	±	0.02
a

	 180	±	0.24
b	 0.75	±	0.02

ab

	 6.78	±	0.25
ab

	

Sp_20	 10.40	 5.91	±	0.30
bc

	 1.87	±	0.15
a

	 174±	0.55
c

	 0.73	±	0.05
abc	

6.46	±	0.30
bc

	

Sp_25	 10.30	 6.18	±	0.12
ab

	 1.85	±	0.18
a

	 173	±	0.21
d

	 0.68	±	0.04
bc

	 6.35	±	0.30
bc

	

Sp_30	 10.20	 6.34	±	0.28
a

	 1.83	±	0.25
a

	 170	±	0.20
e

	 0.65	±	0.05
c

	 6.21	±	0.25
c
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Table	4.	Percentage	of	answers	to	the	items	of	the	questionnaire	provided	by	the	overall	sample	of	1	

consumers	and	by	consumers	grouped	according	to	wholegrain	pasta	frequency	consumption.	2	

Questions/Items	 Subjects	

	 Overall	

(n=100)	

Non	

users	

(n=31)	

Low	

users	

(n=37)	

High	

users	

(n=32)	

Pasta	frequency	consumption	(%)	 	
Daily	 38	 48	 43	 25	

Weekly	 60	 45	 57	 75	

Monthly	 2	 7	 0	 0	

Never	 0	 0	 0	 0	

Most	important	aspect	for	consuming	pasta	(%)	 	 	 	 	

Nutritional	aspect	 13	 3	 11	 26	

Price	 0	 0	 0	 0	

Taste	 41	 52	 38	 34	

Cooking	quality	 37	 35	 46	 28	

Shape		 9	 10	 5	 12	

Color	 0	 0	 0	 0	

Wholegrain	pasta	frequency	consumption	(%)	 	 	 	 	

Daily	 1	 0	 0	 3	

Weekly	 24	 0	 0	 97	

Monthly	 44	 0	 100	 0	

Never	 31	 100	 0	 0	

Reasons	 for	 consuming	 wholegrain	 pasta	 (if	
consumer)	(%)	 	 	 	 	

For	its	taste	 22	 0	 27	 16	

For	nutritional	concerns	 59	 0	 49	 72	

Because	I’ve	been	advised	to	 10	 0	 13	 6	

Other	 9	 0	 11	 6	

Reasons	for	not	consuming	wholegrain	pasta	(if	non	
consumer)	(%)	 	 	 	 	

For	its	taste	 23	 23	 0	 0	

For	its	texture	 16	 16	 0	 0	

For	its	appearance	 0	 0	 0	 0	

For	its	price	 16	 16	 0	 0	

Not	interested	in	its	nutritional	aspect	 13	 13	 0	 0	

Other	 32	 32	 0	 0	

Willingness	to	pay	a	premium	price	for	wholegrain	
pasta	(%)	 	 	 	 	

No	 38	 52	 41	 22	

																		10-20%	more	 48	 45	 51	 47	

20-30%	more	 14	 3	 8	 31	

>	50%	more	 0	 0	 0	 0	

3	
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Table	5.	Mean	hedonic	ratings	provided	by	consumers	(n=100)	for	spaghetti	samples	under	the	4	

three	experimental	conditions	(NI=	Non-informed,	E=Expected,	I=Informed)	and	expectation	effect	5	

on	spaghetti	acceptability.		6	

	7	

Samples	 Ratings	 		 		 		 E	–	NI	 		 		 I	-	NI	 		 		 I-E	 		

		 NI	 E	 I	 		 Mean	 p-value	 		 Mean	 p-value	 		 Mean	 p-value	

Sp_0	 69.6
a
(
¥
)	 72.4

a
	 70.5

a
	 	 2.8	 n.s.	confirmation	 	 0.9	 n.s.	 	 1.9	 n.s.	

Sp_10	 69.7
a
	 70.2

ab
	 71.1

a
	 	 0.5	 n.s.	confirmation	 	 1.4	 n.s.	 	 0.9	 n.s.	

Sp_20	 60.7
b
	 69.4

ab
	 65.7

b
	 	 8.6	 **	disconfirmation	 	 5.0	 (*)	assimilation	 	 3.7	 n.s.	complete	

Sp_25	 53.8
c
	 65.0

bc
	 60.8

c
	 	 11.2	 ***	disconfirmation	 	 7.0	 **	assimilation	 	 4.2	 n.s.	complete	

Sp_30	 48.1
d
	 60.7

c
	 55.9

d
	 		 12.6	 ***	disconfirmation	 		 7.9	 **	assimilation	 		 4.7	 (*)	incomplete	

(¥)	Superscripts	indicate	significant	differences	by	column	(t-test,	p<0.05).	8	

n.s.	not	significant	9	

(*)	significant	p<0.10	10	

**	significant	p<0.01	11	

***	significant	p<0.001	12	

	13	
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Table	6.	Means	hedonic	ratings	provided	by	high,	low	and	no	users	of	wholegrain	pasta	for	spaghetti	samples	under	the	three	experimental	14	
conditions	(NI=Non-informed,	E=Expected,	I=Informed)	and	expectation	effect	on	spaghetti	acceptability.	15	
	16	

Wholegrain	pasta	
consumption	

Samples	 Ratings	 		 		 		 E	–	NI	 		 		 I	-	NI	 		 		 I	-	E	 		

	  NI	 E	 I	 	 M	 p-value	 	 M	 p-value	 	 M	 p-value	

High-users	(n=32)	 Sp_0	 69.7	 71.2	 68.8	 	 1.5	 n.s.	 	 -0.9	 n.s.	 	 -2.4	 n.s.	

	 Sp_10	 73.1	 71.7	 74.4	 	 -1.4	 n.s.	 	 1.3	 n.s.	 	 2.7	 n.s.	

	 Sp_20	 65.2	 70.8	 66.3	 	 5.6	 n.s.	 	 1.1	 n.s.	 	 -4.5	 n.s.	

	 Sp_25	 56.5	 69.4	 62.7	 	 12.9	 **	
disconfirmation	

	 6.2	 n.s.	 	 -6.7	 n.s.	

	 Sp_30	 53.7	 65.3	 62.4	 	 11.6	 **	
disconfirmation	

	 8.7	 n.s.	 	 -2.9	 n.s.	

Low-users	(n=37)	 Sp_0	 71.7	 72.0	 72.2	 	 0.3	 n.s.	 	 0.5	 n.s.	 	 0.2	 n.s.	

	 Sp_10	 68.9	 67.2	 69.4	 	 -1.7	 n.s.	 	 0.5	 n.s.	 	 2.2	 n.s.	

	 Sp_20	 63.2	 68.6	 67.7	 	 5.4	 n.s.	 	 4.5	 n.s.	 	 -0.9	 n.s.	

	 Sp_25	 55.8	 61.9	 59.0	 	 6.1	 n.s.	 	 3.2	 n.s.	 	 -2.9	 n.s.	

	 Sp_30	 46.8	 61.5	 54.6	 	 14.7	 **	
disconfirmation	

	 7.8	 n.s.	 	 -6.9	 n.s.	

Non-users	(n=31)	 Sp_0	 66.8	 74.1	 70.0	 	 7.3	 n.s.	 	 3.2	 n.s.	 	 -4.1	 n.s.	

	 Sp_10	 67.5	 72.5	 70.0	 	 5.0	 n.s.	 	 2.5	 n.s.	 	 -2.5	 n.s.	

	 Sp_20	 53.3	 68.9	 62.7	 	 15.6	 ***	
disconfirmation	

	 9.4	 *	
assimilation	

	 -6.2	 n.s.	
complete	

	 Sp_25	 48.6	 64.2	 61.1	 	 15.6	 ***	
disconfirmation	

	 12.5	 **	
assimilation	

	 -3.1	 n.s.	
complete	

		 Sp_30	 44.5	 56.2	 54.7	 		 11.7	 **	
disconfirmation	

		 10.2	 *	
assimilation	

		 -1.5	 n.s.	
complete	

n.s.	not	significant	17	



36	

	

(*)	significant	p<0.10	18	
*	significant	p<0.05	19	
**	significant	p<0.01	20	
***	significant	p<0.001	21	
	22	

	23	
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FIGURE	CAPTIONS	24	

	25	

	26	
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	27	

Figure	1.	Mean	liking	ratings	for	the	5	spaghetti	formulations	expressed	by	high,	low	and	no	users	28	

of	bran	enriched	pasta	in	the	Non-informed	(a),	expected	(b)	and	informed	condition	(c).	29	

Significant	differences	detected	according	to	t-test	are	indicated	by	*	(p<0.05).	30	


