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ABSTRACT

Tomato isan important crop in terms of its economic and nutritional value.
Tomato fruit quality for fresh consumption is determined by external (size,
colour, firmness) and internal fruit properties (taste, aroma) which are prone
to physiological changes related to fruit development and ripening. The
aroma profiles of three hybrid tomato varieties cultivated in Morocco were
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quantitatively and qualitatively determined by gas chromatography mass
spectrometry at two stages of ripeness. Different physicochemical properties
which define fruit organoleptic quality were evaluated. Eight dominant
volatile compounds were detected. I nter-cultivar differencesin biochemical
composition and morphological features (shape, colour, etc) were

demonstrated.

INTRODUCTION

Tomeato (Solanum Lycopersicon) isoneof themost
important and widdy cultivated vegetablesin Morocco,
with an annual production which reaches 1 312 310
tons (FAO, 2008). In addition, severa attributes have
been proposed to characterize thetomato aroma, such
asfruity, green, floral, grapefruit or pharmaceutical
aromag® 218, Thesearomasarereated tothevolatiles
contained in fruits. More than 400 aroma volatile
compounds have been identified in tomato fruit,
among which about 30 seemsto bethemost important
for tomato aroma“ ®. Organoleptic quality isavery
complex characteristic of fruits. During harvesting, the
fruit may be subject to a range of environments,
trestments and conditionswhich can haveaprofound
influenceonitseating quality. Besides, the assessors of
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qudity, theconsumers, arethemsalveshighly variable
with regard to their responseto aparticul ar foodstuff
elther becausesocid conditioning or becauseof genetic
varidionsintheir sensory systems.

Consumption of tomatofruit hasregularly increased
over recent years, but consumers have become more
and more concerned by its quality™ 2%, Tomato fruit
quality for fresh consumptionisdetermined by externa
(sze, colour, firmness) andinternd fruit properties(taste,
aroma).

Tomato tasteisusualy described by sweetnessand
sourness. It is mostly related to the fruit content in
reducing sugars and organic acids?”-31- % andtotheir
ratio'2 37, Tomatofruit isprimarily composed of sugars
and acids, which represent about 60 % of thedry matter
weight!®!, In mature tomato, glucose and fructose
constitutethemajor sugars, and citricand malic acids
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arethemajor organic acids.

Hybridsbetween modern and old linesseemed thus
to benefit from the qualities, being sweeter, with a
stronger aromaintensity, and havingjuicer andlessmedy
fruits. Nevertheless alarge variability was detected
among hybrids.

Flavour of tomato, includes both taste and odour,
ismainly composed of sweetness, sourness, and aroma,
which corresponds to sugars, acids, and volatile
compounds. The improvement of organoleptic and
nutritional quality of food products to meet the
expectations of consumersisastrategic research.

Breeders aim to develop varieties of fruit and
vegetablesthat meet public expectations of shelf life,
appearance, flavour, and agriculturists’ expectations of
robustness and variability. Thus, breeding programs
focused on using appropriate and efficient selection
criteriaare needed.

In the present work, three tomato cultivars,
representing threetypes of varietiesencountered inthe
Moroccan market with different levels of aroma
volatiles, wereinvestigated: Daniela, Tililaand Piccolo.
These varieties have excellent taste and flavour
production, round fruit, or presented on beautiful
bunches regular, vigorous plants with good disease
resistance. Theobjectiveof thisresearchisto compare
the Physi co-morphol ogical and biochemicd characters
of threeMoroccantomato varietiesand to identify their
volatile compounds. Two magjor factorsrelated to the
fruit quality wereinvestigated: theinfluenceof variety
andfruit ripeness. Therdativeinfluenceof thesetwo
factorsonthe quality of tomato was al so assessed.

MATERIELAND METHODS

Samplecollection

Thestudy focused on threetomato varietiesnaming
Piccolo, Daniela, Tilila (hybrid varieties of tomato
cultivated in southern Morocco). Danidawasobtained
inlsrael by the Faculty of Agriculture of Rehovot. In
addition, Danielahasintrogressed gene ‘rin’ of non-
ripening. Piccolo, acherry tomato, isan achievement
of Gauthier and Tililaisanormal tomato obtained by
Royd Sluis(Seminis). Thechoiceof thesevarietiesis
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justified mainly by their higher frequency observedin
domestic markets. They were collected from Souss
region in the south of Morocco. Thefruitswere sorted
visualy (Sze, colour, etc.) to establish uniformlotsfor
theanalysis. Thebiophysical and chemicd anaysesof
individual tomatofruit (pH, tota titratableacidity, ash,
sugar and protein contents) was conducted on half fruit
andtheother hdf of each tomato fruit wasconcurrently
assessed for vol atileana yses.

GC-MS

The method of Buttery et al.*3 wasfollowed for
the determination of volatilearomacompoundsinthe
studied tomatoes. 30 g of tomatoes frozenin liquid
nitrogen have been crushed, and hold for 180 s, a
saturated solution of CaCl, (99, 1mol) was added to
the mixture in presence of an internal standard (2-
octanal).

Thebottlecontaining themixturewassedled. Then,
the solid phase micro-extraction (SPME) fibrewas | eft
inthemixturefor 4 hoursbeforeitsinjectioninto GC-
MS.

Physic-morphological characteristics: weight,
number of lobesand shapefactor

Themorphological characteristics of fruitswere
expressed by the number of |obes counted for each
fruit sample, the averagefruit weight, and the shape
factor (Sf) given by thefollowing formuld:

Average height of the fruit

- Average diameter of the fruit

The shapefactor isused to classify the varieties
into three categories of shape, including: Sf <0.8:
flattened; 0.8 <Sf <1: round and Sf> 1. elongated.

Physicochemical characteristics: dry matter,
firmnessand coloration

Sampleswereandyzedintriplicaeusngtheofficd
methods of the Association of Official Analytical
Chemistd2. Ash content weredetermined by incinerating
2 g of each variety at 550°C over night. The
penetrometer was used for measurement of tomato
firmness. The colour measurementsare made using.
The skin colour of intact fruit was measured directly
through aMinoltaChroma CR 400/410. The colour
wasrecorded using the L* a* b* uniform colour space
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(CIELAB), whereL* indicateslightness, & indicates
hueonagreen (-) tored (+) axis, and b* indicateshue
onablue (-) to yellow (+) axig® 2, Colour of each
samplewas measured at three different pointsonthe
fruit equator.

pH, titratable acidity, soluble sugar sand proteins
content

ThepH isdetermined after centrifugetion of crushed
tomatoes to 7500 rpm for 15 min using apH meter
(pH 211, Hannalnstruments). Thetitratableacidity (TA)
isobtained by titration of thejuiceof andiquot of 5g of
fresh pulp with sodium hydroxide 0.1 N using a
phenol phthalein method¥. Thedetermination of soluble
sugarswas performed by spectrophotometer at 485nm.
Their concentrations are determined from astandard
range of 0-0.1 mg glucose/ ml. TheBradford assay is
aprotein determination method used for tomato proteins
concentrationsg¥. Bovine SerumAlbumin (BSA) was
used as standard.

RESULTSAND DISCUSSION

We have sdlected and compared threehybrids, with
or without the rin mutation at the heterozygouslevel.

TABLE 1: Metabolic origin of main volatile compounds
involved in tomatofruit flavour

Pathway Component Enzymes
Cis-hexenal
Hexanal
1-penten-3-one Phospholipase
Fatty acids Trans-2-hexenal, Lipoxygenase
oxidation trans-2- Hydroperoxyde lyase
pentenal pentenol - Alcool deshydro-
penten-3-ol, trans-2-  genase
heptenal 2-
isobutylthiazole
2-phenylethanol Aminoacid decar-
Aminoacids 3-methyl-butanol, 1-  boxylase
nitro-3-methyl-butane, AADC1A,AADCIB,
2 + 3methyl-butanal  AADC2
6-methyl-5-hepten-2-
Carotencid ¢ | Carotenoid cleavage
related Geranyl-acetone Dioxygenasel
pseudoionone
fS-ionone
ggﬁﬁ;? ﬁg;ﬂlal Linalool Linal ool synthase
ggtlrl?\l,vrgste Methylsalicylate Unknown

—— Fyll Peper

Figurel: GC profileof volatilecompoundsfromtheextracts
of pulp microtomeand M or occan varieties (a): variety Piccolo,
1: 2-Heptenal (E) 2: 1-OneOcten -3, 3: 6-methyl-5-hepten-2-
one, 4: Furan, 2-pentyl, 5: Limonene, 6: Naphthalene; 7:
M ethyl solicylate; 8: 6-Dodecenal, 9: 1-methoxy-4-(2-pr openyl)
10: 6-Diéthylphénol; 11: 2,6-bis (1,1-dimethylethyl) -4 - (1-
oxopropylphénol) 12: 3 - (methylthio) propyl acetate; 13: 0-
hexalactone; 14: 3- (methyltio) propanol 15: nerol; 16: p-
ionone, (b): variety Tilila, 1: 2- methyl-butanal, 2; 2-methyl-
1-butanal, 3: 2-Heptenal (E) 4: 1-Octen -3-one; 5: 6-methyl-5-
hepten -2 - one, 6: 3-hexen-1-ol, 7: 1-methoxy-4-(2-pr openyl)
8: phenylacetaldehyde 9: 6-Diéthylphénol 10: Methyl
solicylate;; 11: a-ionone, (¢): Daniela variety; 1: 2 - methyl-
butanal, 2: 2-methyl-1-butanol, 3: 2-Heptenal (E) 4: 1-One
Octen -3, 5: 6-methyl-5-hepten -2 -one, 6: ethyl butyrate; 7:
hexanal; 8: limonene; 9: ethyl 2 - (methylthio) acetate.

Tomato, likemost vegetables contain alarge number of
potentia flavour compounds, both volatile and non-

volatile, aswell assugars.
Volatilecompounds

Aroma analysis is done by means of gas
chromatography-mass spectrometry (GC-MS).
Tomato volatile compounds are usually grouped into
five main classeg* 14.17.19.30.32,35,. 36,39 ' haged on their
metabolicorigin (TABLE 1). Itisthearomaprofile
that differentiatesamong cultivarsbecause of thehigher
sengitivity of theolfactory system and thelargenumber
of volatile compounds produced in fruits. Well, but
without forgetting the existence of acloseinteraction
between taste and aroma, with aroma components
affecting taste perceptions and vice versa. The
compounds such asal dehydes, a cohol sand terpenoids
arerespons blefor thedifferent bouquet of thevarious
cultivars®. Carotenoidsarethe precursorsof C14 and
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C13volatilecompoundsthat contributeto flavour and
aromaof many fruit, such as3-ionone. For instance,
tomato mutantsrich in -carotene producehigh amounts
of a-ionone, whilethoserichin B-carotene produce
more B-ionone. Threetomato cultivars(Daniela, Tilila
and Piccolo) wereanayzed usngthe GC-MS (Figure
1). Infact, the results of the volatiles shows that 2-
Heptena , 6-methyl-5-heptene-2-one and 1-octen-3-
oneareshared by thethree hybrid varieties of tomato,
the hexanol ispresent either in Piccolo and Daniela.
Methyl salicylateand 1-methoxy-4-(2-propenyl) are
existinginPiccolo and Tilila. Inaddition, each variety
displays some specific compounds like hexana, ethyl
butyrate and the ethyl 2- (methylthio) acetate for
Daniela. Phenylacetaldehyde, 6-Diéthylphénol, 2-
methyl-butanol, 3-hexen-1-ol inTililaand 2-pentyl furan,
naphthalene, 1-dodecanol, benzyl acetate, B-ionone, 0
hexa actone-, 3- (methyltio) propanol, 3- (methylthio)
propyl acetate, 2,6-bis (1,1-dimethylethyl) -4- (1-
oxopropylphénol) in Piccolo. Therefore, these aromatic
compounds are derived from different pathwayslike
lipid derivatives (hexanol and hexenal). They canalso
be derivatives from amino acids such as 3
methyl butanol-(Leucine) and phenylacetal dehyde
(phenylalanine) and derivatives of carotenoids: the 3-
ionone (from B-carotene) and 6-methyl-5-heptene-2-
one (from lycopene). These compounds of tomato
flavour areinfluenced by mgor factors: (1) Genetic
control (cultivar): intomatoes, theTA/SSC and levels
of flavour vol atileswerefound tovary Sgnificantly among
cultivars™ 8., (2) Physiological maturity: it has been
proved that apoor flavour of tomatoesisfound when
they are harvest at mature green-ripened stage. (3)
Postharvest handling: the synthesisof aromacompounds
inripetomatoesisinfluenced by low concentration (or
theabsence) of oxygen, high carbondioxidelevelsand
temperature storage. The ability to formvolatilesupon
disruption, however, changesduringripening. Levels
of hexand, cis-3-hexend and trans-2-hexena, formed
after tissuehomogenization, increaseasthefruit ripeng”.
Alternatively, volatile aldehydes such as
phenylacetal dehyde and 3-methylbutanal could be
formed from enzymatic oxidation of corresponding
alcoholsthat are released by enzymatic hydrolysis of
glycosidesduring ripening.
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Daniela

Tomato varities
Figure2: Ash content of different studied tomato cultivars

Ash content

Non-volatilessuch assucrose, glucose, aminoacids,
organic acidsand ahost of other compoundsderived
from both primary and secondary metabolism may all
play aroleinflavour quality, it isapparent that thetotal
systerm must be understood and takeninto account when
trying to implement improvements. The ash content
(minerd content) of tomato fruitsfromthethreestudied
cultivarswas determined.

ThePiccolo variety presentsthe highest percentage
of mineral content compared to other varieties(Figure
2). Average ash content of ripefreshfruit isbetween
5.0 and 7.5%%. It wasreported that mineralshave an
effect on pH andtitratable acidity and have buffering
capacity as well; thus, they influence the taste of
tomatoes®.

pH, titratableacidity, solublesugar sand proteins
content

Thelevelsof sugarsin vegetablescan behigh, but
sweetnessisfrequently masked by other flavours. Level
of soluble sugars appears to be the most closely
correlated with the genotype of thedifferent cultivars.

Liked| vegetables, tomato sweethessisdetermined
by itssugar and acidity. Onetomato can havelesssugar
than asecond yet taste sweeter becauseitsacidity is
lower than the second. Depending onthe study, acidity
iseither rdlaedtothefruit pH or tothetitratableacidity™
8, Both sugars and acids contribute to the sweetness
andtotheoveral aromaintensity®.

High tomato-like aromaintensity and sweetness,
but intermediate acidity are the most important

Au Tudian Yournal
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TABLE 2: pH and titratableacidity of thedifferent tomato
cultivarsat two stagesof ripeness.

Tomato varieties

Parameter  Stage of ripeness - — -
Daniela Tilila Piccolo
Titratable acid- Orange 400 4.271 7147
ity (e/1009)  red 467 412 587
H orange 508 499 49
P red 521 518 5.8
40
i O Orange stage
e + B Red stage
= 30 |
] L
S|
3 i
.
2 wf
0 1
Daniela Tilila Piccolo

Tomato varities
Figure3: Solublesugar sconcentration in tomatoescultivars
of two stages of ripeness(orangeand red)

10

OOrange stage

B Red stage

6

Sugar/acidity ratio

Daniela Tilila Piccolo

Tomato varities

Figure4: Sugar content ratiotothetitratableacidity inthe
studied tomato varieties at two stages of ripeness (red and
orange).

characteristicsfor consumer preferences®?. Mdundo
et al.’Y showed that given levels of sweetness
correspond to optimal acid concentrations, beyond
which acceptability decreases. Baldwin et a ¥ rel ated
theoveral acceptability to theratio of sugarstotitratable
acidity and to the concentration of several aroma
compounds. Thesweetest tomatoesarethosewiththe
largest sugar and highest pH (lowest cidity). Theresults

—= Fyll Paper

are shown in TABLE 2 and Figures 3-4: The pH of
different hybrid varieties studied, for both stages of
maturity, likeany pH tomato, hasavalue<7. It varies
from one variety to another. The acidity or pHisa
nonlinear scalewhichmeansthat asmall increaseinpH
leads to many times sweeter tomato. Danielain the
orange stage of ripenessexhibitsthelowest acidity. In
riperedtomato, theratio of maicand ctricacidislower.
At higher levelsof citric acid, the sweetness effect of
glucosewasfound to be morethan that of fructose®.
Stevenset al.I*" observed high correl ations between
sourness, TA and pH. Malic acid hasbeen reported to
be 14 % more sour than citric acid, but it has less
influence on tomato taste because of its lower
concentration. Malundo et a.®Y found a negative
correl ation between acid concentration and pH, and
positive correl ation between pH and TA. Baldwin et
a ¥ found significant correlations between TA and
overall acceptability, pH with sweetness and sourness,
and SSC2/TA (SSC=soluble solids, TA=titratable
acidity) content with overall taste. Sugars, especially
fructose, glucoseand sucrosearethemain carbohydrate
(descending order) existinginfruitd? %, Sugar content
of Danielais higher than the other cultivars and its
extremely high sweetnessisenough to counteract its
acidity. Positive correlations between sweetness,
reducing sugar content and sol uble solids have been
shown®7, In contrast, Jones and Scott?® could not
demondtrateany correlation between sugar or dry matter
and sweetness of the F1 hybridswhich were high sugar
and acid varieties. Sugar/TA and levels of flavour
volatiles were found to vary significantly among
cultivarg™8.

The protein concentrations of tomato juice
decreased from one point to another more advanced
and those of supernatant after centrifugation of thejuice
varietiesincreased.

Firmness, color ation and physico-mor phological
characteristicsof tomato varieties

Consumers often have diverse preferences for
foods. What isliked by one consumer can bedisliked
by another consumer. For thisreason, we can anayse
consumer preferenceintermsof defined sensory texture
and flavour attributes. The main biochemica and
physiologica changesoccurringinduringfruit ripening
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TABLE 3: Themain physico-mor phological characteristicsof thethreestudied tomatovarietiescultivars

Tomato cultivar Weight (g) Shape factor (Sf) Number of lobes

Firmness (10kg x 100g) Coloration (medial ¢a’)
Orange stage Red stage Orange stage Red stage

Danidla
Piccolo
Tilila

17+1.58
175+ 7.03
190 + 5.61

0.87
0.89

0.95 2
34
34

1.19 0.81 23.48 30.06
0.91 0.75 23.65 29.99
1.24 0.85 23.78 30.18

40
M Daniela
B Tilila

30 OPiccolo

20 |

| \ il

Protein content (ng/ml)

Juice Supernatant Juice Supematant

orange stage red stage

Tomato varieties
Figure5: Protein content in thesupernatant and juiceof the
threestudied tomatovarietiesstagesat two stagesof ripeness
(red and orange stages)

regard colour, composition and structure. Weight is
amongthephysica characteristicsthat weredetermined
(TABLE3). Ficcolovariety isdigtinguished by itswe ght
whichissignificantly low compared to other varieties
(DanidaandTilila) that aremoreor lessclose. TABLE
3 presentsa so the main physica and morphol ogical
characteristics of the studied tomato varieties. Texture
changes during fruit softening and the associated
development of flavour are bound together by the
metabolic processesthat direct fruit ripening.
Firmnessisone of the most important factorsfor
determination of tomatoesqudity. Asshownin TABLE
3 the relation between firmness and varieties were
illustrated. Theresults show that therewas significant
difference between varieties and deformation val ues.
Piccolo had required lower firmness. In comparison,
the other both varieties (Daniela and Tilila) had
gpproximatdy the samedeformation vaues. In contrast
deformation decreases with maturity. To optimise
characteristic flavour it isimportant to usefruit that are
fullyripe. Colour changeinripeningtomatofruit varieties,
fromorangetored (TABLE 3). Thecharacteristic colour
of ripe tomato fruit is caused by accumulation of

lycopene and B-carotene, concomitantly with the
decreasein chlorophyll content duringthetrangtionfrom
chloroplast to chromoplast. As photosynthetic
membranes are degraded, chlorophyll ismetabolized
and carotenoids, including B-carotene and lycopene
were accumulated. At the breaker stage of ripening,
the red colour of lycopene begins to appear, the
chlorophyll content decreases and the organoleptic
propertiesof thefruit change® 2. Previousstudieshave
shown that, during normd ripening of pericarpinintact
tomato fruit, tissue colour changesfrom green through
orangeto red®, ethylene biosynthesisand respiration
undergo aclimacteric rise, tissuesdecreasein firmness,
extractable activities of specific hydrolytic enzymes
increase, and variousfractionsof thecdl wal changein
composition®®, The presence of the “rin” mutation
reduced the consumer preference. Differenceswere
detected by all the analysis. Theseresults confirmed
the negeativeinfluence of the*“rin” mutation on consumer
preference, but also indicated that, when transferred
into ahybridwith high flavour, thenegativeinfluenceof
themutationisreduced. Selection could thusbecarried
out to obtain much sweeter and perfumed linescombined
withshdf lifein“rin” hybrids.

CONCLUSION

Theindividua aswell ascomplex interactionswith
volatileand non-volatile constituents of flavour were
studied. Given therising competition from emerging
producers and rising production costs in Morocco,
producers are forced to think about the quality and
traceability of their products. Thisquality determines
the future of the Moroccan tomato on international
markets. Recently, breedershave becomeincreasingly
aware of theneed to provide consumerswith fruitsthat
have achieved adegree of ripenessand with specific
organoleptic characteristics of the product and the
variety concerned. Asmeasured by objectivecriteria,
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theinternd quality of fruit displaysahigh enough degree
of development and introduced the minimum acceptable
level of maturity by the consumer. Thesamplesfor the
three southern Morocco tomato cultivarsweredonein
accordance with the operational framework for
controlling product quality. Progressive changesin
colour, texture, flavour, and aromain each tissue appear
toresult from changingloca patternsof geneexpresson
and metabolic activity. These processes areinduced
and coordinated, in part, by the biosynthesis and
diffusion of ethylene, by local differencesand changes
in sensitivity to ethylene and, perhaps, by other
regulatory signalg'®. This study was devoted to
evaluation of physicochemical and morphological
characteristicsof threevarietiesof Moroccan tomatoes.
Theresultsof variousanaysesdemonstratethe ability
of the studied tomato varietiesto offer apretty good
nutritiona quality. However, thearomapatternsof the
threecultivarsvaried quaitatively and quantitatively. A
remarkable result was reported concerning volatile
compoundsin the piccolo cultivar which show avery
specificandtypicd aromaprofile Thisfinding canalow
theidentification of thecultivar.
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