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Increased	consumer	complaints	about	a	reduc<on	in	flavor	quality	of	fresh	tomato	varie<es	have	urged	sensory	quality	to	become	a	major	breeding	objec<ve.	In	order	to	improve	tomato	fruit	sensory	quality	and	to	
diversify	this	product,	a	clearer	understanding	of	the	factors	influencing	tomato	flavor	and	consumer	preferences	is	required.	Towards	this	aim,	17	tradi<onal	and	modern	fresh	market	tomato	varie<es	(belonging	to	
three	typologies	“Oxheart”,	“Marmande”	and	“Round”)	were	selected	based	on	their	reputa<on	of	good	flavor,	and	different	par<ally	overlapping	sets	were	cul<vated	and	evaluated	in	France,	Italy	and	Spain	in	the	
framework	of		the	European	TRADITOM	project	(hop://traditom.eu/).	Two	different	growing	condi<ons	were	tested	in	France	(soilless	under	greenhouse	vs.	soil	under	plas<c	tunnel)	and	in	Spain	(open	air	vs.	soil	under	
greenhouse),	while	in	Italy	the	products	were	evaluated	at	two	different	ripening	stages.	In	each	country	fruit	quality	was	assessed	at	three	levels	using	consensus	protocols:	objec<ve	descrip<on	of	sensory	proper<es	by	
trained	panels,	consumer	preference	tests	and	physico-chemical	measurements.	For	the	hedonic	tests,	aqer	the	overall	liking	(OL),	consumers	were	asked	to	answer	a	Check-All-That-Apply	(CATA)	survey.		
	

The	experiment	 Preference	mapping	strategy	Plant	material	

Type	 Tradi6onal		 FR	 IT	 SP	 Modern	Counterpart	 FR	 IT	 SP	

Oxheart	

Pomodoro	di	Sorrento	(TRPO0190)	(IT)			 X	 X	 X	 TOI	LS	PAN	(F1)			(Lamboseeds)	(IT)	 X	 X	

Pomodoro	di	Sorrento	(Landrace	2)	(IT)	 X	 Rosa	di	Sorrento	(Semencoop)	(IT)	 X	

Maillane	(TRMO0450)	(FR)	 X	 X	 X	
Cauralina	(F1)		(Gau<er	semences)	(FR)	 X	 X	 X	

Valenciana	TRVA0020	(SP)	 X	 X	 X	

Oxheart	(Liguria)	 Pera	de	Girona	(TRCA0010)	(SP)	 X	 X	 X	 Aurea	(F1)	(De	Ruiter)	(FR)	 X	 X	 X	

Marmande	
Marmande	TRMO0010	(FR)	 X	 X	 X	 Marbonne	(Gau<er	semences)	(FR)	 X	 X	 X	

Muchamiel	TRVA0010	(SP)	 X	 X	 Marmalindo		(F1)	(Nunhems)	(SP)	 X	

Ronde		 St	Pierre		(TRMO0020)	(FR)	 X	 		 		

Garance	(Inra)	(FR)	 X	

Climberley	(Syngenta)	(FR)	 X	

Hybrid	(Inra)	(FR)	 X	

Fruit	produc<on		

Consumer	tests			
Sensory	profiles	by	trained	panels	
Sampling	for	physico-chemical	and	metabolomic	analyses		

		
List	of	fresh	market	tomato	varie6es	analysed	in	France	,	Spain	and	Italy	
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Objec6ve	sensory	
evalua6on	

Consensus	
Protocols	

Hedonic	evalua6on	

b)	 Besides	 quan<ta<ve	 evalua<ons,	 the	odor	
and	 flavor	 impressions	 are	 	 explained	 by	 8	
comments	that	the	panel	can	check	by	 	 	“yes	
or	no”	

Jury	of	8-14	trained	panelists	
Evalua<on	of	22	(SP)	and	24	(FR,	IT)	products		
	
a) 	9	common	sensory	aKributes	scored	on		a	quan<ta<ve	
scale	(0-10	or	0-9)		

1  Odor	(ortonasal):	Global/overall	odor	
2  Basic	taste:		Sweet,	Acid	
2  Flavor	(retronasal):	Global/overall	flavor,	Tomato	

flavor	
4						Texture:	Juiciness,	Firmness,	Mealiness,			Skin	

thickness	

•   100-130	Adult	consumers	of	salad	tomato	
• 		Test	in	one	loca<on	(Paris,	Naples,	Barcelona)	
• 		Evalua<on	of	14	(FR),	16	(SP),	20	(IT)	products	
• 		6	or	7	tomato	samples	per	session	

Overall	liking:	9-point	hedonic	scale	

Check-all-that-apply	(CATA)	survey:						Yes/No				
Appearance	(8	items)		
Flavor	(6	items)	
Texture	(6	items)	

Willingness	to	buy:					(5	items)		

Survey	for	consump6on	habits	and	consumer	
socio	economic	status		

	Spain		

Principal	component	analysis	for	the	trained	sensory	
panel	descrip3ons	and	consumer	overall	liking	scores	
of	the	16	phenotypes	evaluated	in	Spain.	

A=ribute	 and	 phenotype	 Principal	 Component	 Analysis	 (PCA)	 plots	 for	 the	 tomato	 varie3es	 and	 environments	
evaluated	 by	 the	 trained	 panel	 in	 Spain.	 Blue:	 tradi3onal	 varie3es;	 orange:	modern	 varie3es;	 OA=	 open	 air,	 G=	
greenhouse.		
The	main	effect	on	sensory	profile	 is	due	 to	 the	genotype	 factor	 (in	most	of	 the	cases	 the	2	growing	
environments	of	each	genotype	are	grouped	together	in	the	PCA).	In	general,	modern	varie<es	are	not	
significantly	different	from	their	rela<ve	landraces,	and	in	some	cases	they	have	beoer	sensory	scores	
for	some	aoributes.	

BR	Ø  Sensory	characteriza6on	 Ø  Sensory	characteriza6on	

Ø  Consumer	preference	

		

Climberly	(M)		

Garance	(M)		

Hybrid	Inra	(T)		

Sant	Pierre	(T)		

Marbonne	(M)		

Marmande	(T)		

Cauralina	(M)		

Maillane	(T)		

Pom.	Sorrento		(T)	

Valenciana	(T)	

Aurea	(M)	

Pera	de	Girona	(T)	

Round		

Marmande		

Oxheart		

Oxheart	(Liguria)		

APPEARENCE 1=	beautiful	color
2=	I	like	its	appearance
3=Too	large
4=I	like	the	fleshy	aspect
5=i	dislike	its	appearance
6=hollow	fruit
7=too	small
8=too	much	jelly	and	seeds
9=none	of	these	items	for	this	tomato

TEXTURE 1=juicy	tomato
2=too	thick	skin
3=too	firm
4=mealy	tomato
5=too	soft	tomato
6=too	much	seeds
7=	none	of	these	items	for	this	tomato

FLAVOUR 1=too	much	acid
2=not	enough	sweet
3=bland/no	taste
4=not	pleasant	after	taste
5=nice	aromatic	tomato
6=aromatic	tomato/strong	aroma
7=	none	of	these	items	for	this	tomato

More	 appreciated	 products	 by	 consumers	 were	 modern	 varie<es,	 and	 the	 landrace	 Pomodoro	 di	
Sorrento	 (G).	Less	 appreciated	products	were	4	 landraces	Muchamiel	 (G),	Maillane	 (OA),	 Pera	Girona	
(G),	 and	Marmande	 (G).	The	 growing	 environment	 had	 no	 significant	 effect	 on	 consumer	 responses	
(p>0.05).		

Consumer	overall	liking	is	correlated	with	the	aoributes	“sweetness”,	“tomato	flavor”	and	“overall	aroma”.	
These	aoributes	seem	to	play	a	key	role	driving	consumer	preferences.	

Histogram	of	consumers’	purchase	inten3on.	

There	 is	 an	 accordance	 between	
overall	 liking	 scores	 and	 varie6es	
that	 consumers	 would	 be	 more	
likely	to	buy.	
High	 inten<on	 to	 buy:	Marmalindo,	
Marbonne,	 Caural ina,	 Aurea,	
Pomodoro	di	Sorrento.	
Low	 inten<on	 to	 buy:	 Pera	 Girona,	
Maillane,	Muchamiel.	

Conclusions	-		Sensory	characteriza/on				
•  The	results	obtained	in	the	three	countries	highlight	that	there	is	a	strong	genotype	effect	on	consumer	overall	liking	(OL).			
•  On	 the	 other	 hand,	 the	 effect	 of	 different	 growing	 condi6ons	 on	 OL	was	 either	 not	 significant	 (SP),	 or	 was	 variety	 dependent	 (FR);	 although	 the	 growing	

condi<ons	compared	where	not	the	same	in	the	two	countries.		
•  In	general,	preferences	for	all	consumers	are	oriented	towards	a	“juicy”,	“sweet”	and	“aroma6c”	product	but	also	opposite	to	“mealiness”.	
•  The	varie<es	with	most	posi<ve	responses	for	the	purchase	inten<on	are,	in	general,	the	same	as	those	most	appreciated	in	the	OL	(data	not	shown	for	FR	and	

IT).	
•  Principal	Coordinate	Analysis	conducted	in	IT,	indicated	that,	at	both	the	BR	(data	not	shown)	and	the	R	stages,	the	best	correla<ons	with	OL,	were	found	with	

the	CATA	aoributes	“aroma6c/strong	aroma”,	“nice	aroma6c	tomato”,	“sweet	tomato”	and	to	a	lesser	extent	with	“fleshy	aspect”,	“appearance”,	“beau6ful	
color”	and	“juiciness”.	

•  Integrated	analysis	will	be	conducted	 in	order	to	model	sensory	descriptors	and	consumer	preferences/percep<ons	also	 in	rela<on	to	physical	measurements	
and	metabolic	profiles.	

Conclusions	-	Consumer	preference				
•  FR:	The	sensory	space	observed	for	the	24	products	(12	var.	*	2	env.)	evaluated	in	FR	was	wider	than	those	observed	in	IT	(12	var.	*	2	ripening	stages)	and	SP	(11	var.*2	
env.)	(data	not	shown);	this	was	likely	due	due	to	the		presence,	in	FR,	of	the	“Round”	group	of	varie<es	that	draw	space	and	are	much	firmer	than	other	varie<es,	and	to	
the	stronger	effect	of	the	two	different	growing	condi<ons	used	in	FR:	Soil	(S)	vs.	soilless	(HS).	In	spite	of	this,	in	FR	the	genotype	effect	was	greater	than	the	effect	of	the	
mode	of	cul<va<on,	although	many	interac<ons	between	factors	were	observed.		

•  SP:	 Sensory	 panel	 ra<ngs	 revealed	 significant	 differences	 between	 genotypes	 and	 growing	 environments	 for	 all	 the	 aoributes,	 except	 for	 the	 environment	 factor	 on	
“overall	flavor”	and	“tomato	flavor”	aoributes	(data	not	shown).	 	In	most	of	the	cases,	the	sensory	profile	of	the	landraces	was	not	clearly	different	from	their	modern	
counterparts.	However,	when	significant	differences	were	found,	modern	counterparts	oqen	showed	a	beoer	score	for	sensory	descriptors	(par<cularly	“overall	flavor”,	
“tomato	flavor”,	and	“sweet”)	than	their	rela<ve	tradi<onal	varie<es.		

•  IT:	Sensory	differences	were	dictated	mainly	 by	 the	descriptors	 of	 “taste“,	 “pulpiness“	 and	 “seeds“.	 Tradi<onal	 varie<es	did	not	 show	obvious	differences	with	 their	
modern	counterparts,	and	the	best	sensory	characteris<cs	were	found	for	the	varie<es		“Pomodoro	di	Sorrento“	(both	Tradi<onal	and	Modern).		

Boxplot	representa3on	of	the	distribu3on	of	consumer	overall	
liking	 scores	 for	 the	 tomato	 varie3es	 tested	 in	 Spain.	 Blue	 =	
tradi3onal;	orange	=	modern;	G=greenhousel;	OA=open	air.		

The	Spanish	consumer	panel	

Yes,	sure	 No,	certanly	Yes,	probably	 I	don’t	know	No,	probably	

Variables	factor	map	(PCA)			 				Individuals	factor	map	(PCA)					

France		

Boxplot	representa3on	of	the	distribu3on	of	consumer	overall	liking	scores	for	the	tomato	varie3es	tested	in	France	
(summer	2016).	Evalua3on	on	a	9-point	scale:	1	 (I	dislike)	 to	9	 (I	 really	 like);	Blue	=	Tradi3onal;	orange	=	Modern;	
S=Soil;	HS=Soilless;	red	=	average,	black	=	median.			

A=ribute	and	sample	Principal	Component	Analysis	(PCA)	for	the	tomato	varie3es	and	environments	evaluated	by	the	
trained	panel	in	France.	Red:	tradi3onal	varie3es;	blue:	modern	varie3es.	S:	soil,	HS:	soilless.		
	

Correspondence	Analysis	of	CATA	for	the	products	tasted	by	the	French	consumers;		
in	red	the	terms,	in	blue	the	products	(variety	and	growing	condi3on	S=Soil,	HS=	Soilless).		

Preference	mapping:	each	consumer	ideal	product	(Model	quadra3c)	is	projected	on	the	PCA	of	descrip3ve	analysis;	
for	 the	 French	 panel,	 it	 highlights	 an	 area	 (in	 Red)	 for	 the	 preferred	 products,	 and	 an	 area	 (in	 Blue)	 for	 the	 less	
appreciated	products.	
	

Ø  Sensory	characteriza6on	

Ø  Consumer	preference	
3	 products	 significantly	
more	 apprec iated	 	 :	
Marbonne	 S	 and	 HS ,	
Garance	HS	
	
4	products	significantly	 less	
appreciated:	Marmande	HS,	
Maillane	 S,	 Valenciana	 S	
and	Maillane	HS	

Firm	
Crunchy	

Mealiness	

In	 red	 the	 area	 of	 the	 higher	
preferences	 explained	 by	 the	
descriptors	 "juiciness",	 	 "sweet",	
"tomato	flavor"	and	"global	flavor".		
In	blue	the	area,	strongly	explained	
by	 the	 descr ip tor	 “mea ly" ,	
corresponds	 to	 less	 appreciated	
products.		
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SPierreS	

GaranceS	

SPierreHS	

GaranceHS	

ClimberleyHS	

MaillaneS	

CauralinaS	
ValencianaS	

MaillaneHS	

CauralinaHS	

MarmandeS	

MarbonneS	

MarmandeHS	

MarbonneHS	

beautiful.color	
I.like.its.appearance	

too.large..big	

I.like.the.fleshy.aspect	

I.dislike.its.appearance	

hollow.fruit	

too.small	

too.much.jelly.and.seeds	

juicy.tomato	

too.thick.skin	

too.firm	

mealy.tomato	

too.soft.tomato	

too.many.seeds	
too.much.acid	not.enough.sweet	

bland...no.taste	

not.pleasant.after.taste	
nice.aromatic.tomato	

aromatic.tomato	

overall.likink	

Maillane	 appears	 to	 be	 perceived	 as	 “hollow”	
and	“mealy”	(par<cularly	Maillaine	HS).	A	group	
of	varie<es	(CauralinaS	and	HS,	MarbonneS	and	
HS,	StPierreS	and	ValencianaS)	are	perceived	as	
“aroma<c”,	 “fleshy”	 and	 “juicy”	 but	 “soq”	 and	
with	 an	 “unpleasant	 aspect”.	 The	 products	
GaranceS	 and	 ClimberleyHS	 are	 too	 small	 and	
firm.	 On	 the	 second	 map,	 StPierreHS	
dis<nguished	itself	from	the	other	varie<es	and	
is	perceived	as	“too	small”.	

There	 is	 a	 greater	 effect	 of	 the	 genotype	 compared	 to	 the	mode	 of	 cul<va<on.	 There	 are	 also	many	
interac<ons	between	factors.	Modern	varie<es	are	firmer,	less	mel<ng	and	more	crunchy.	
This	is	due	to	modern	round	varie<es	that	draw	space	and	are	much	firmer	than	other	varie<es.	Overall,	
tomatoes	grown	in	S	are	perceived	to	be	more	acid	than	HS.	HS	stands	out	more	mealy,	which	is	mainly	
due	to	the	‘Oxheart’	grown	HS	which	are	more	mealy	than	other	tomatoes.	

More	appreciated	products	

Variables	factor	map	(PCA)			
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2	ripening	stages	
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	Italy	

A=ribute	and	sample	Principal	Component	Analysis	(PCA)	plots	for	the	tomato	varie3es	evaluated	in	Italy	at	the	early	
ripening	stage	(BR)		and	at	the	red	ripe	stage	(R)	stages.	Red:	tradi3onal	varie3es,	Blue:	modern	counterparts.		

Sensory	 differences	 were	
d i c t a ted	 ma in l y	 by	 the	
d e s c r i p t o r s	 o f	 “ t a s t e “ ,		
“pulpiness“	and	“seeds“.	

	
Tradi<onal	 varie<es	 did	 not	
show	 obvious	 differences	with	
their	 modern	 counterparts,	
a n d	 t h e	 b e s t	 s e n s o r y	
characteris6cs	were	 found	 for	
the	 varie6es	 	 “Pomodoro	 di	
Sorrento“	 (both	 Tradi6onal	
and	Modern).		
	

Boxplot	representa3on	of	the	distribu3on	of	consumer	overall	liking	scores	for	the	tomato	varie3es	tasted	in	Italy	at	
the	BR	(12	varie3es).	Boxes	heading	the	same	le=er	were	found	not	significantly	different	(Kruskal-Wallis	test	P-value	
(Two-tailed)	0.630).		

CATA:	 Correspondence	 Analysis	 for	 the	 12	 varie3es	
tested	in	Italy	at	the	early	ripening	 	(BR)	stage	(Labels	
are	shown	only	for	significant	a=ributes).		

CATA	 principal	 coordinate	 analyses:	 rela3onship	
between	 CATA	 descriptors	 and	 overall	 liking	 for	 the	
12	products	evaluated	at	at	the	early	ripening		(BR)	.		

Ø  Consumer	preference	

R	

BR	

Red	ripe	(R)	stage	
- Harvest:	June	29th	&	July	4th	
- Stage	7-8	of	the	12-sheet	
scale	OCDE-C<fl			

Early	ripening	(BR)	stage	
-	Harvest:	June	13th	&	20th	
-	Stage	3-4	of	the	12-sheet			
scale	OCDE-C<fl			
	

3	

4	

5	

6	

8	

10	

Correla<ons	 between	 overall	 liking	 (OL)	 (quan<ta<ve	 variable)	 and	 CATA	 aoributes	 (binary)	 were	
computed	and	visualized	using	Principal	Coordinate	Analysis.	The	best	 correla6ons	with	OL,	 at	both	
the	R	(data	not	shown)	and	the	BR	stages,	were	found	with	“aroma6c/strong	aroma”,	“nice	aroma6c	
tomato”,	“sweet	tomato”	and	to	a	lesser	extent	with	“fleshy	aspect”,	“appearance”,	“beau6ful	color”	
and	“juiciness”.	

Overall	 liking	 scores	 indicate	 that	
among	 the	 12	 varie<es	 evaluated	 in	
Italy	 at	 the	 BR	 stage,	 the	 tradi6onal	
variety	 Pomodoro	 di	 Sorrento	
(TRPO0190)	 and	 the	modern	 cul6var	
Cauralina	were	 the	 most	 appreciated	
ones;	 in	 contrast,	 the	 landrace	
Valenciana	was	 the	 least	 appreciated.	
For	 the	 8	 varie<es	 tested	 at	 the	 R	
stage,	 no	 sta<s<cally	 significant	
differences	 were	 observed	 in	 overall	
liking	(data	not	shown).	
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