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1 Introduction

This document is description of the food quality ontologyAs part of task 4.1 of WP4 the goal of this
deliverable is the generation of a structured and standardized semantic vocabulary to allow to
producers worldwide to use the same quality aspects in describing foodupredhat have to be
packaged. The focus of this deliverable is onttivee cases where the PicknPack demonstrator will
be working on, namely vine tomatoe®ble grapesand ready mealsFor each case a mind map is
presented where the interdeperahce between the different quality parameters is shown.
Afterwards, each quality parameter is briefly explained.

2 Ontology

2.1 Fresh fruit
2.1.1 Vine tomatoes

2.1.1.1 Mindmap

32. Vitamins

33. Glutamic acid

31 Nutritional valug-

35. Sugars

30. Lycopene
2. Maturation @ 36, Acids
37. Soluble solids

7. Cleanness 38. Aromas
@ Quality Aspects
6. Shininess Of Vine Tomatoes
26. Physical 28 Shatter
maturation

9. Truss layout 10. Colour berry

8. Uniformity truss 11. Colour branch

5. Smoothness skin

4. Shapésize

27. Firmness

25. Internal
discoloration

15. Cuts

24. Surface
discoloration

16. Cracks . .
. ) 14. Discolorations
13. Deformations
17. Scars 23 Blossomend
21. Pest holes discoloration
20. Puffiness 22. Sunken discolored
areas

19. Protuberances

18. Bruises

Figurel: Mindmapof aspects related to the quality of vine tomatoes

A mindmap of the quality aspects related to vine tomatoes is giv&igurel. We have divided the
quality attributes into two categories, related to appearance and related to maturation. Each of the
guality aspects is described in more detail below.



2.1.1.2 Explanation of each quality parameter

Tablel: Description of quality attributes of vine tonaats

| Nr_{ Quality aspect Belongs t0

‘L Appearance Quality aspects It is a summary of external attributes, which &
visually noticeable. The factors related to this te
can be divided inaesthetic parameters which
consumers perceive as characteristics of that proc
and indefects(deformations or discolorationg which
can make the product not attractive for the consum

2 Maturation Quality aspects Maturation is the stage of the floral developme

typicdly proceeding andsignalled by successfu

pollination. So that maturation encloses not only t

ripening of the fruit, known term for process thi

renders fruit attractive and palatabld] but also the
correct development of the structure of the frui
meaning that the contents of two or more see
cavities have developed a jellylike consistency and
seeds are well developefP]. Modifications during
maturation include development of desirabflavour
and colour, physical maturation involving
modification of cell wall ultrastructure and textur
(firmness) and changes in thautritional value
(vitamins and moledes with antioxidant activity).

< Aesthetic Appearance This aspect comprises a number of features relatet
O2yadzy SNa LINS FuteblBe/dosSrivat
below.

4 Shape/size Aesthetic Shape:The tomato should have a nice regular sha

The shape must be characteristic of the vari
(round, ribbed, oblong), seeFigure 10. Small
deviations in shape are allowed (according to ei
quality class) and light defects are usually accepte(
consumers. Symmetry is a strong aesthetic feat
and symmetrical shapes atieerefore preferred.

Size:Size is determined by the maximum diameter
the equatorial section, by weight or by count. T
following provisions shall not apply to trusses
tomatoes and are not compulsory for Class
according to the CODEX (293/2008jandard for
tomatoes [3]. These provisions are also optional °
cherry and cocktail tomatoes below 40 mm

diameter, according to UNECE standard. Accordin
both, CODEX and UNH@Estandards:

a) Tomatoes may be sized by diameter. In ¢
codes are pplied, the codes and ranges in tt
following table, have to be respected (excludi

4



5

Smoothness skin

Aesthetic

not compulsory cases):

Size code Diameter (mm)

0 X HAN

1 b HA X |
2 b Hp X
3 b on X
4 b op X I
5 b nna X i
6 B nT XK |
7 b pT X
8 b cT1 X )
9 >82K MANH
10 > 102

Tomatoes sized by diameter may also foll
specific uniformity provisions, which concern t|
limits for the maximum difference in diametse
between produce in the same packaging (¢
point Nr 8).

b) Tomatoes may be sized by count, weight
diameter, according to the provisions of tt
legislation of the importing country.

According to U.S. standards for Fresh Tomat&gds
the size of tomatoes may be specified by count
weight per container or specified to a minimu
and/or maximum diameer.

Inches

Size Minimum Maximum
designations diameter* diameter**
Small 2-4/32 2-9/32
Medium 2-8/32 2-17/32
Large 2-16/32 2-25/32
Extra large 2-24/32

* Will not pass through a round opening of tt
designated diameter when tomato is placed w
the greatest transverse diameter across t
opening.

** Will pass through a round opening of tr
designated diameter in any positio

¢ KS alAy aKz2dzZ R 0S8 a
appreciate tomato notably ridged or rougl
Roughness/shrinking  compromising the  fre

appearance of tomato is not allowed according



I3 shininess Aesthetic

Cleanness Aesthetic

| Uniformity of truss  Aesthetic

I Truss layout Aesthetic

i0l8 Colour berry Aesthetic and
Colour

international OECD standarfy (Figurell).
According to U.S. standards for grades of Tomatoe
the Vine[2], U.S. No. 1 and No. 2 are, respective
free from damage and free from serisudamage
caused by shrivelling.

A shinny surface is preferred.

According to the international standards for tomat
tomatoes must be practically free of soil, du
chemical residue or other visible foreign matt
(Figurel2). Levels of pesticides should be within t
margins defined by the E[J]. Tomatoes must also b
practically free of insects and other pests. T
presence of pests can detract from the commerc
presentaton and acceptancgs].

Consumers appreciate uniformity, ierms of shape
and size, in the same packaging. The differ
tomatoes on the truss should therefore be as unifo
as possible (shape, colour of berries, symmetry
truss).

According to CODEX and UNECE standardad 4]
to ensure uniformity in sizehe maximum difference
in diameter between tomatoes in the same packe
shall not exceed:

A 10 mm, if the diameter of the smallest fru
(as indicated on the package) is under 50 m
15 mm, if the diameter of the smallest fru
(as indicated on the package) is 50 mm ¢
over but under 70 mm;

20 mm, if the diameter of the smallest fru
(as indicated on the package) is 70 mm ¢
over but under 100 mm;

There is no limitation of differece
diameter for fruit equal or over 100 mm.
According to international standards (CODEX
OECD])3 and 4] each truss or part of a truss shot
contain at least 3 (2 if prpackaged) berries in case
Wy 2NXIt Q @and$ (4if préphackadedlfir
OrasS 2F AGOKSNNE¢ (2YI 43
healthy, clean and free of all leaves and any vis
foreign matter.

A

A in

KS GSNXY &

For the U.S. standardg]> i
H 2NJ Y2 NB

DAY SE YSIya
same vine.

The colour of the berry is characteristics of e¢
variety and very indicative of its ripeness. The
colour is related to the degradation of chlorophyll a
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Colour branch

the synthesis of lycopene and other carotenoids,
chloroplasts are converted into chromoplasi8].
Normally, red is the colour associated to the tomz
fruit, although fruit at maturity can be bicolour (mix
red and yellow), pink, various shades ofllye,
orange, green or even black. However, red is still
major fruit colour for most of the commonly grow
varieties. In general, people like to eat nice
tomatoes.

The ripeness of tomatoes from red varieties
determined by colouring. In Européhe most used
colour chart is theKleurStadia Tomate@from the
Dutch Central Bureau for Horticultural Auctions anc
Spain the chart of Difrusa Export S.A. is ufeld
(Figure 13). The colour of red tomatoes mus
correspond to at least colouring No. 2 of the OE
colour gauge.

In the USDA grading protod@l], colour is consideret
the most important quality criteria, with 30 out of 1C
points associated to if10]. The WGDA defines :
number of colour stages in the ripening proce
(Figurel4). The categories are defined as:

A Green The surface is 100% green.

A Breaker A definite break in colour from green |
tannish yellow, pink or redn no more than 10%
of the surface.

A Turning Between 1680% of the surface shows
definite change in colour from green to tanni:
yellow, pink or red.

A Pink Between 3850% shows pink or red coloul

A Light red Between 60% of the surface show
pinkishred or red colour.

A Red More than 90% of the surface shows r
colour.

In current practice, human sorters use a colour f
The colour can be objectively measured with,

instance, the Agtron spectrophotometer and the D
A from HunterLab. Other colowfevices, such us th
PCETCR 200 colorimeter (PCE Instruments), exp
colours in numerical terms along the L*, a* and
axes (from white to black, green to red and blue
yellow, respectively) within the CIELAB colour sphe

See an example of coloshanges during the ripenin
of fresh market tomato fruit imableb.

Aesthetic and The branch including the peduncle and seffdgure

7



Defects
Deformations
Discolorations
Cuts

Cracks
Scars

Colour

Appearance

Defects
Defects
Deformations

Deformations

Deformations

15) should be green. Especially when t
peduncle/sepal turns into a more wooden colour a
gets corky, the berry is likely to detach, which is
indicatfon that the berry is overripe.

This aspect comprises a number of featu
(deformations and discolorationg that affect the
appearance of the fruit, even leading to safe
troubles.See below most common defects.
Subclass ofefects related tadeformations.

Subclass of detts related to discolorations.
Tomatoes must not have any mutilation or inju
spoiling the integrity of the produce.

Cuts and punctures result from sharp points &
edges, sug as fruits with stems, fingernails, or rous
containers.

When non healed cuts are detected, the tome
should be rejected. The damage of the surface
cause water to evaporate and there is a high risk
moulds, which can also infect other berrieSigure
16).

U.S. standards [2 and Spnsider specific limits fo
cuts and broken skin in Tortmes and Tomatoes o
the Vine, which are summarized Trable7 and Table
8, respectively.

Most commonly, cracks result from extremely ray
FNHA G 3INRPoGKZ O ffSR ¢
radiate from the stem end of the fruit or may encirc
the fruit. Cracks are often invaded by secondary fu
and bacteria that further rot théruit.

According to the CODEX, OECD and UNECE stal
for Tomato[3, 4, and 7]non-healed cracks are nc
allowed and limit allowed for healed cracks is 3 cn
length Figurel?7). Characteristics by quality grade ¢
presented inTable6.

U.S. standards [2 and Ppint out different limits for
growth cracks in Tontaes and Tomatoes on the Vin
which are summarized inTable 7 and Table 8,
respectively.

Scars are not due to rapid growth and they he
specific scoring guidelines different from those -
growth cracks. Scars can be caused by many diffe
things, such as insects, disease, or simply from a
or leaf rubbing against the fruit or vegetabiehile



(ks Bruises Deformations

s Protuberances | Deformations
shape deformations

growing. Scars will range in colour, in texture, ¢
may or may not have depth associated with the inju

A common defect of this type is the presence of a 1
elongated blossom scar, a long corky brown scar a
the blossom end of the fruit tt is probably due tc
some early injury to the flower, although the exe
cause is not knowrHgurel9).

In OECD and UNECE stand§dand 7]limits for fine
elongated blossom scar are specified only for ribt
tomatoes {Table6): it is not allowed in Extra Class t
allowed in Class Il and is limited to 2/3 of the
greatest diameter of the fruit for ClassHigurel9).

U.S. standard$§2 and 5]consider different limits for
scars in ®matoes and Tomatoes on the Vine, whi
are summarized ifable7 and Table8, respectively.
Bruises can be caused by impacts against o
surfaces or by vibrations during transit. Exter
symptoms include tissue softening, watgvaking, or
cracked fruit walls. Often bruise damage is 1
detected until the fruit is cut and the internal tissue
examined. Watessoaked tissue and whitish t
greenish, shrunken and disorganized gel are inte
symptoms of damage. Deformation is a localiz
permanently flattened area, resulting from presst
on the tomato during transport or storagé1].

Accordhg to the international standardsTéble 6)
different levels of bruises caused by rough hand|
are allowed provided they cause a not too seric
damage to the flesh and are unlikely to devel
further (Figure20).

Different degrees of deformatiom shape are allower
only in Class | and Class II.

Catfacing Figure 32) is a common abnormality the
develops on the blossom end and causes thet fiai
pucker and have deep crevices. Affected fruit :
often somewhat flat with a corky brown scar coveri
the base of the fruit. Catfaced fruit can have cavit
extending deep into the flesh. The cause is though
be cold weather during blossoming apérhaps high
levels of nitrogen.

U.S. standardf and 5]are the only ones providini
specifications and limits, by quality grade, 1
catfacing inTomatoesand Tomatoes on the Ving

9



208 Puffiness Deformations

22| Pest holes Deformations

2721 Sunken discoloure( Discolorations
areas

which are summarized ihable7 and TableS8.

Slight elongated tomatoes$-igure33 and Figure34) or
small and nesuberized umbilicus Fgure 35) are
among other usual allowed shape deformatiomalfle
6).

Puffiness Figure37) refers to the existence of ope
cavities between the outer walls and the locul
contents in one or more locules and is also knowr
hollowness or boxiness. Puffed fruits are r
appreciatel by consumers, because they lack gel
the locules and do not ship well, because of th
relative softness[12]. Depressions can appear
external sign of puffinessigure37).

According to OECD standdi@, slight or not serious
hollowness due to insufficient pollination is allowed
Class | and Class Il and specific limits are establi
for each quality gradeT@ble6).

U.S. standard92 and 5] provide description anc
limits, by quality grade, for puffine®f Tomdoes and
Tomatoes on the Vine, which are summarized able
7 andTable8.

Marked holes Figure 36) usually associated wit
overripe, rotting or damaged tomatoes. Pests (wot
slug, beetle, etc.) are frequentlyrgsent. Tomato
must be free from pest damage.

Sunken discoloured areas usually derive from fun
attack. These lesions will later produce the fun
spores, leading to a soft decay and decay
02y aARSNERT N2 YeeF NBS TS O
no tolerance for this defect.

There are three main looks for such as fungal lesi
(Figure21):

A Rough and greadypoking, with greyistgreen or
brown to dark brown greasy blotches, which m
cover large areas, even whole fruit (known
Late Blight, byPhytophthora infestarjs Infected
tissue is covered with white mycelia in cool w
weather.

A Black, sunken lesions (known as anthracnose
Colletotrichum coccodes)Symptoms begin a
small, depressed lesions that are circular
shape. Lesions enlarge and become m
sunken. Astte lesion matures, the centre turr
tan and small black fruiting bodies appear. If t

10



21| Blossomend Discolorations

discoloration

2/ Surface Discolorations

discolouration

weather is wet, salmowoloured spores can b
observed on the lesion surface.

A Round fuzzy and black spots occurring anywt
on fruit, often on the sides or shouldersn@wn
as Alternaria Rot, bilternaria alternata)

Most common discolorations specifically develog
on the blossom end of tomatoes are Blossom End
and suberization of the stigm&igure22).

Blossorrend rot begins as light tan, watsoaked
lesions on the blossom end of the fruit. These lesi
enlarge and turn black, sunken and leathery. They
consicered as decay and thus not allowed. The ca
is thought to be a combination of cold temperatur
or excessive heat during blossom set, and fluctuati
in water supply.

It is also common to find a brown dry scar at the bi
of the shed stigma. This isxéwn as suberization @
the stigma and its limits for ribbed tomato a
established in the OECD standaralfle6).

Most common surface discolorations are caused
nutrient deficiency, heat and sun injury, viruses, st
bugs, fungus, hail and chilling injury.

These are the main looks for surface discoloration:

A Greenish or yellowish ring around the taavity
being the visible sign of a hard, inedible part
the flesh. Known as greenback or yellowback
should not extend over the shoulder of the frt
to be allowed. This disorder is usually causec
heat injuryand insufficient potassium Fgure
23).

A Light brown to white bleached area caused
exposure to direct sunlight. Known as sunsci
the killed tissue gradually collapses forming
slightly sunken area that may wrinkle. The fr
can then be invaded by secondary organisi
causing fruit rot. Slight or reasonably scorch
due to sun is allowed in Class | andrig(re24).

A Yelow rings or spots of different size caused
viruses such as the Tomato Spotted Wilt Vi
(TSWV) or the Cucumber Mosaic Vi(@MV).
Fruit infected are not allowed~{gure25).

A Dark pinpricks surrounded by a light, discolou
area on green fruit, caused by stink bugs. Th
areas turn yellow or remain green on ripe fru
The tissue under the spots is white and spol

11



and remains firm as the fruitpens Figure26).

A Faint, pale yellow/white halos (3 to 8 mm
diameter), known as ghost spot and caused by
fungus Botrytis cinera This pathogen isvery
important on greenhouse tomatoes
hydroponic systems. Halos rarely devel
further. Maximum values for Class | (5 spots) «
Class Il (10 spots) are establish@igure27).

A Spots lighter green than the surrounding tisst
Light hail injury may cause depressed areas
various size and shape on the fruit. If the skir
broken, the surface of the spot become®gsh
white and papeilike. A few days after the injury
the spot may be surrounded by a greenisim
halo Figure28).

A Whitish skin, discolorationffecting practically al

the surface of the fruit affected by chilling inju
(Figure29).

These skin defects are allowed, either in Class
Clasdl, provided the fruit is only slight or reasonat
affected.

251 Internal Discolorations There are two kind of internal discolouration
discolouration mention: one associated to shrunken wassaked
The first type is whitish to brownish coloured and it

tissue and other one associated to firm, hditdsh.
caused by bruising or cold injury (not alloweHjgure
30). The second type is deride from
green/yellowbacks and flesh is green/yellow coloui
(allowed in Class | and Il if slighggure31).

75t Physical maturation Maturation Changes occurring in the cell wall during maturat
affect to the tissuestrength and modify thephysical
resistance or firmness of the fruit. Maturation
culminates in fruit dehiscence shattering.

“7/ Firmness Physical ¢tKS FANXYS&da Aa Yy AYRA
maturation It should not be too soft. People in general like to

firm (but ripe) tomatoes rather than soft one
However, a study with consumers from 3 countr
The Netherlands, France, and Italy identifi¢de
overall flavour and firmness as the most importe
traits for improving tomato fruit quality. It showe

! Report following OECD/UNECE quality standards for tomato, 2006. Fred Jace@siafiyBnspection
Bureau for fruits and vegetableSource: http://www.unece.org/fileadmin/DAM/trade/agr/meetings/capacity
building/2006_mojmirovceSK/TomatoesSlowak.pdf)

12
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Zis  Shatter Physical
maturation
zA°l  Colour Maturation and
Aesthetic

<{08 Lycopene Nutritional
Value and
Colour

that consumer preferences from different Europe
countries are segmented following similar patter
and that diversification of taste and textures
required to satisfy all consumers' expectations
some consumers preferred firm tomatoes, wh
others preferred melting ones and were more or le
demanding in terms of sweetness and flavc
intensity [13].

There is not a European standard for thergmeter.
As reference, in USA, it is used a scale of six gr:
based in the compression needed to deform fr
surface by 5 mm, see following table:

Grade Newton for 5 mm compression

Very firm 30-50
Firm 20-30
Moderately firm 15-20
Moderately soft 1015
Soft 10
Very soft 5

See an example of textural characteristics
tomatoes, based on subjective and objective tests
Table9.

In current practice, the firmness is measured by
human grader through palpation. It can be objectiv
measured using a penetrometer (destructivi
durometer (nondestructive, i.e. Durof@, the acoustic
impulse response (AFS/AWET24 and 1%), or low

mass impact (Sinclair iQ).

The berries shoulahot detach from the truss. Whe!
they fall of spontaneouslyit is a sign of overripeness
Colour is a strong indicator of the level of maturity
the tomato. It shares a few features with the aestloe
aspects, see poirl0 and 11.

Lycopene has been considered a potential agent
prevention of some types of cancers Tomato is

best source for this antioxidant. However, research
the topic is not conclusive.

Lycopene is a bright red carotene and caroten
pigment so that it is highly related to colol
development on tomato. Lycopene is the major
carotenoid (83%) in ripened fruit. Lycopene conteni
fresh tomato can vary from 30 to 300pdi6]

In practicelycopene is not measured in tomato fi

13



31

32

33

34

Nutritional Value

Vitamins

Glutamic acid

Flavour

Maturation

Nutritional
Value

Nutritional
Value
Flavour

Maturation

and

fresh market but it is measured in tomato for indust
Lycopene is currently offline analysed in laboratory
HPLC method, after extraction with solvents.

Some studies show close correlation afdgene with
the ratio of a*/b* [17 and 18]

Chemometric models have been developed
prediction of lycopene concentration in tomato pure
from their visible reflectance (5@¥50 nm) spectre
acquired by a fibre optic reflectance probe. The |
model could predict lycopen concentration with ar
R of 0.88[19].

Several molecules with nutritional value al
implication in health because of their antioxida
capacity are synthetized and concentrated duri
tomato ripening. Some of them adescribed below.

There are no marketing standards for the
parameters.
Tomatoes are relatively rich in vitamin C (450
mg/kg)[20].

In practice, vitamin C is not measured in tomatoes
the fresh market. Vitamin Gtan be analysed i
laboratory by HPLC method,fter extraction with
solvents.

Glutamic acid is a free amino acid. As a tomato rip
the natural content of glutamate increases and gi
the characteristic "mami" flavouf. Glutamic acic
comprises up to 45% of the total weight of free ami
acids in fresh tomato juice and free amino acids fc
about 2-2.5% of the total dry matter of tomatod21].
There are no labelling requirements for natural
occurring fee glutamates.

Glutamic acid is determined by high performar
liquid chromatography (HPLC), after extraction |
solvents.

Sugars, organic acids, free amino acids and aroma
the main components contributing to tomato flavour

The characteristic sweefour taste of tomato is dut
to a combination of the sugars and organic ac
present

It is the sugar/acid ratio which contributes towar:

% From the site of the International Glutamate Information Servitte://www.glutamate.org/

14
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<f51 1 Sugars

Flavour

giving many fruits their characteristic taste and sc
an indicator of commercial and aagoleptic ripeness
During the ripening process the fruit acids ¢
degraded, the sugar content increases and
sugar/acid ratio achieves a higher value. Overi
fruits have very low levels of fruit acid and therefc
lack characteristic flavour. Comhitons of both
components gives the following taste resufts:

Acidity Sugar Content \ Taste

High High Good
High Low Tart

Low High Bland
Low Low Tasteless

The tomato fruit is mostly water with about-B% of
the fruit being solidsAbout 50% of the dry matter i
composed of sugars, primarily the reducing sug
glucose and fructoser@blel0).

The total sugar content of ripe toato is between 1.7
and 4.7%421].

A strong positive correlation has been obsery
between trained panel response of sweetness ¢
reducing sugar or total soluble solids cont§2i].

As the degree Brix (°Brix) is and indicative of soll
solids %soluble solids are in main part constituted
free sugars and free sugars of tomatoes
predominately reducing sugars, °Brix is typically u
to approximately determine sugar content in tomatc

Degrees Brix are usually measured by means of
refractometer. For this, a few sample tomatoes &
taken and pulped. The deflection of light is
indication of the sugar or soluble solids conte
Recent systems have been developed for onl
measurement of °Brix (i.e. WBRIX of UNITEC f
melons).

Individual and total quantification of sugars can |
carried out by chromatographic (HPL!
spectrophotometric and/or enzymatic methods.

There are no marketing international standards -
tomato °Brix. However, it may be regulated at lo

3 hitp://www.growtomatoes.com/tomatofruit-characteristics/

15
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<{s1| Acids

Aromas

Flavour

Soluble solids Flavour

Flavour

level. For example i¢ SOKy A OF f wS3d
[ I 0[33% 4,5°is minimum value for tomato °Brix.

As reference, normal °Brix value for cherry or gr:
tomato is 610 and for common or round tomato

3.555"

The tomato fruit is mostly water witlabout 57% of
the fruit being solids. Organic acids comprise ab
15% of the dry content of fresh tomatoe$able10).

Citric acid is the major organacid in tomatoes, abou
60% of the total organic acids, being the larg
contributor to the total acidity and the titratable
acidity of the fruit. Two other acids to mention, th
contribute to the acidity are malic and glutamic ac
The rise in pH andlecrease in titratable acidit
indicates that acid concentrations in the fruit a
declining with maturity23].

W{2d2N}ySadaQ Of2aSte O2ad
pH [22].

Total acidity is determined by aelmhse titration by
using a standard couter-active alkali reagent
Individual determination of each acid can be carr
out with specific commercial enzymatic tests or

high resolutim HPLC with specific columns.

See point 35. In current practice, the total contesit
soluble solids (TSS) in tomato is measured by deg
Brix.

Optical spectroscopy in visible (VIS) and near infré
(NIR) spectrum range have been successfully use
many years to determine the optimal harvest date
well as fruit quality development in posiarvest
period.

The spectral signature of fresh friand vegetables
shows in the 400 to 1100 nm region two domine
absorption bands. The first one is the absorption b:
of chlorophyll at about 670 nm and red blu
pigments between 500 and 600 nm. The sect
absorption band is due to water at about 97Gnn
close to which, sugar and other carbohydra
contribute to additional light absorption in NIR regio

High correlation of total soluble solids of toma
concentrate has been found in the wavelength rar
from 1000 to 1700 nnfi24].

Ower 400 compounds have been identified in tome

* http://www.yara.us/agriculture/crops/tomato/keyfacts/marketrequirements/default.aspx
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fruit. Of those, only around 30 are present
concentrations over one part per billion (ppl2p].

Table 2: Classification of the 70 volatile compounds

responsible for tomato aroma 26 and 41
Lipid derivatives Phenylpropanoids

1-Penten3-ol  2-Hexanal Salicylaldehyde
1-Penten3-one E2-Hexenal Guaiacol
Pentanal Z-3-Hexanol Methyl salicylate
2-Ethyl furan  1-Hexenol Ethyl salicylate
E-2-pentenal Heptanal Eugenol
1-Pentenal Hexenal

Z-2-Pentenl-ol E2-Heptanal
Z-3-Hexenal 2-n-Pentylfuran

E,E2,4 E,E2,4

Hexadienal Heptadienal

Toluene 2-Phenyi3-butenol
Ethylbenzene Benzyl alcohol

Styrene PhenyiAcetaldehyde
1-Phenylpropane "-Cresol

Benzaldehyde h - Phenylpropioraldehyde
Phenol Phenylethanol
“-Methylstyrene Phenylacetonitrile

Benzonitrile i - Phenylpropioraldehyde

Derivatives of Leucine Terpenes
and Isoleucine

3- Methylbutanal Limonene
2- Methylbutanal (2)Linalool oxide
3- Methylbutanol (E}Linalool oxide
2- Methylbutanol Ocimenol
E-2-Methyl-2-butanol “-Cimen8-ol
3-Methylbutanoic acid | 4-Methyl -Acetophenone
3-Methylbutyl nitrite h-Terpineol
C5HI9NO2 2-Carenl0-al
C5H11NO2
2-Isobutylthiazole

Derivatives of Derivatives of carotenoids

carotenoids (open chain (Cyclic)
6-Methyl-5-hepten-2-one | h-Isophorone
6-Methyl-5-hepten2-ol | Acetophenone

5-Methyl-3-methylene | i -Cyclocitral
5-hexen2-one

6-Methyl-3,5 i -Damascenone
heptadienecitr2-one

i -Citral i -lonone
h-Citral

Geranyl acetone
Pseudoionone
Techniques for aroma evaluation are: senso
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analysis, gas chromatography coupled to m
spectrometry (GEMS) and microextractiorof solid
phase combined with gas chromatography couplec
mass spectrometry (MESBEMS). More recently
systems such asmose have been successfully appli
for aromatic profiles in tomat¢26].

2.1.2 Grapes

2.1.2.1 Introduction

The tbles grapes (cultivarghat are considered are the ones to be supplied fresh to the consumer;
table grapes for industrial processing are excluded from this report. The different varieties could be
divided in different types (sekigure2):

A Seeded or seedless varieties
A Largeberry or small berry varieties
A White, red or black coloured varieties

Figure2: Different varieties of table grape|

Thegrapevine cluster is made of a rachis and berri€§. [@n the central axis of the rachis we find
the peduncle, with the pedicels.

Shoulder

Pulp
Bloom

Seeds

Rachis

Peduncle skin

Brush

Figure3: Different parts of table grapes bunch.
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Cluster:An entire bunch of grape berries

RachisThe main stem that runs from the peduncle down through the cluster of grapes.

Pedicel:The stalk of a single flower of an inflorescence or of a berry.

Peduncle:Stalk of an inflorescence or flower head. In grapes, the peduncle is the same as the

cluster stem, meaning from the point of attachment to the shoot to the first lateral branch

on the cluster

A Stalk: A stem or similar structure that supports a plant part such as a flower, flower cluster,
or leaf.

A Skin: Film or skin that surrounds the fruit ntaining odorous substances and colouring
tannins smoother than the ones from the rachis.

A Bloom: The wax dust that covered the film or skin that surrounds the fruit which makes a
non-wettable film. It includes yeast involved during the fermentation.

A Pulp: A moist, slightly cohering mass, consisting of soft, vegetable matter with juice made of
water, sugars and acids.

A SeedsThe small hard seedlike fruit of plants such as wheat. There are 1 or 2 per berry, made
of tannins and oils (0.5 | of oil for 1 hlwine).

A Shatter:A condition in which individual grape berries become separated from the stem. May
be caused prénarvest by cool, wet weather during early grape development, which tends to
prevent the flower caps from falling off. Then, after the berrieartsto grow, they push
against the cap and shatter, significantly reducing yields.

A Shoot:New green growth with leaves, tendrils, and often flower clusters, developing from a

bud of a cane or spur.

> > > D>

A mindmapof the quality aspects related to table grapes is giveRigure8. We have divided the
guality attributes into two categories, related to appearanand related to maturation. Each of the
guality aspects is described in more detail below.

Regarding these quality aspects, table grapes will be commercialized in three different categories,
GOEGNI ¢ /flLaa L FyR /€ && é5L d/ ¢ &S aa dzI&S NINBNJ (1jKa3l
322R ljdzr tAGe FYR GKS f26SN) OF(S32NE odzi aidAff
Conditions for each category are explained by the different UNECE, OCEDE siaddatdis(see

Annexes). Anexamp2 ¥ | o0dzyOK 2F 3INI LIS&az aSEGNI ¢ Ofl 44z ¢
shown inFigured,Figure5, Figure6 and Figure7 respectively [28

Figure4: Appearance: Extra class acceptalde].
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Figure7: Appearance: Out of Gradg0].

UNECE and OECD explains recommendations for quality and marketing attributes, which are
contemplated in the European Regulation No 543/20111.[3

20



2.1.2.2 Mindmap

23. Health benefits) 29. Phenolic
compounds
9. Colour branch

6. Abnormal external . 26. Seed
moisture Quality Aspects . Seeds$
of Table Grapes
25. Shatter
22. Physical
maturation

attachment of the
24. Firmness

28. Acids

8. Colour berry

7. Cleanneskforeign

matter 27. Soluble solids

5. Uniformity of truss 5
berries to the stalk

4. Shapésizéweight

ARG 20. Bruises
17. Pests elects
12. Discolorations
11 Damages
16. Holeg cracks
15. Shrivelling
Shrunken berries » 13. Disorders 19. Rotting

18. Unhealed cracks
split

Figure8: Mindmap of aspects related to the quality of table grapes
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2.1.2.3 Explanation of each quality parameter

Table3: Description of quality attributes of table grapes

Qualiyaspect | _Belongs (o

Appearance

Maturation

Aesthetic

Shape/size/weight

Uniformity of bunch

Quality

aspects

Quality
aspects

Appearance

Aesthetic

Aesthetic

It is a summary of external attributes, which are
visually noticeable. The factors related to this term ¢
be divided in aesthetic parameters, which consumel
perceive as characteristics of thatoduct and in
defects (disorder, damages discolorations) which ce
make the product not attractive for the consumer.
Grape ripening is a physiological period that starts ¢
the moment of veraisoifonset if ripeningand lass
until the fruit is fully ripened. This is a very importan
period that influences the composition of the grapes
and determines varietal characteristics. Grapes
undergo many changes during the ripening process
which involve a number of physical and biootieal
modifications, including weight, volume, rigidity,
sugar, acidity, colour and aronfid2]. Table grapes wil
not ripen further once picked

Maturation encloses not only the ripening of the fruit
known term for process that renders fruit attractive
and pahtable modifications during maturation includ
development of desirable flavour and colour, physic
maturation involving maodification of cell wall
ultrastructure and texture (firmness) and changes in
the nutritional value (vitamins and molecules with
antioxidant activity).

This aspect comprises a number of features related
O2yadzySNDa LINBTFSNByOSaod
below.

Shape Characteristics of the variety (Extra or Class
or keeplng with minimum requirements (Class 1)

; 1 Sizéweight: Size is determinec
by the weight of the bunch.
Minimum bunch weight75g
[28]. This provision does not
apply to packaged intended fa
single servings.

Berry sizeln USA
specifications:

For all varieties, other than
seedless varieties, the berries must meet a minimur
diameter of 10/16 inch. For all seedless varieties
(Flame Seedless, Thompson Seedless, Perlette, Bl:
Seedless, etc.) they must meet a minimum diamete|
9/16 inch.

Berries must be well formed and normally develope:
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Abnormal external
moisture

Cleanness/Foreign
matter

Cdour berry

Colour branch

Defects

Damages
Discolorations

Aesthetic

Aesthetic

Aesthetic and
Maturation

Aesthetic and
Maturation

Appearance

Defects
Defects

shot berries (underdeveloped berries) are not allowe
(Figure38)

Gl ySgSyte RSOStE2LISR ao
NBadzZ GAy3a FTNRY AyadzFTA
berries are usual seedless in those varieties t
normally develop seeds. They may éetirely greens
and hard or mature and colour uniformly with tr
y2 NI € OSNNAS&EDP GCKAYE
berries too far apart on the stalk or with too fe
berries are neither allowed.

Bunches with berries of the same size, shape
colour ae preferred.

Also, the berries should be evenly spaced along
stalk and have their bloom virtually intact, segure
47.

This issue applies to excessive moisture, for examp
free water lying inside the packag&nyway it does
not include condensation on produce follawg release
from cool storage or refrigerated vehiclEigure39)
Table grapes should be practically free of visible soi
dust, chemical residue or other foreign matter.
However ,as it is not possible to clean therries of
table grapes before eating, chemical residue, soil,
dust, sooty mould or pollution by mealy bug secretic
is not allowed Figure40).

The colour of the berry is dependent on the variety.
Pigmentation due to sun is not a defect. Berries of
white varieties exposed to sun light turn yellow and
may sh@ pigmentation on the skin onlfrigure41l).
Characteristic of the variety (Extra) (tonality around
yellow, green, red or black) and according to their
state of ripeness. Uniformity/discoloration (colour
within each berry and of the berry within the vine, to
have uniform colouring in the packaging). Slight
defects allowed (Class I) and defects allowed (Clas:
The branch should be green/yellowish, as that
indicates freshness. A branch that is too woody or
brown is a sign of overripeness. Berries will be likely
scatter.

This aspect comprises a humber of features (disord
damages and discolorations) that affect the
appearance ofte fruit, even leading to safety
troubles. Table grapes must be free from disease ol
serious deterioration which appreciably affects their
appearance, edibility or market value. See below mq
common defects.
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Disorders
4 Sun scorch

[EEN

) = [ =

k5 Shrivelling/Shrunken

Holes Cracks

Pests

Unhealed cracks/spli

1 Rotting
Bruises
21 Flavour

Defects

Discolorations Spots of sun scorch that deteriorate the skin and me

Disorderd
Damages

Damages

Damages

Damages

Damages

Disorders /
Discolorations

Maturation

affect the flesh are not allowed (séagure43).
Shrivelling could be the effect of any damage in the
berry or internal disorder. Shrivelled berries and wilt
rachis (stalk) and pedicels are not allowed (Bagire
42).

Holes and cracks can arise from damadyésstly they
are causedby hail injury or cold injury.

Pest damage can detract from the general appearai
and affect the keeping quality aretlibility of the table
grapes(Figure46).

Next to the cracks that are present due to damages
they can als@arisefrom disordersMost commonly,
cracks result from extremely rapid fruit growth, calle
GINRBGgGK ONIOla¢ed / N¥Ola
end of the fruit or may encircle the fruit. Cracks are
often invaded by secondary fungi and bacteria that
further rot the fruit (seeFigure44).

Rotting is a damage of the table grapes. The main
reason of rotting of the grapes is the apparition of
fungal diseases.

Deterioration or alteration of the skin or pulp causec
by fungal diseases, as black rGufgnardia bidwell)j
powdery mildew Uncinula necatoy, anthracnose
(Bsionoe amplelinpor grey mouldBotrytis cinereq.
(Figure45).

Grapes contain numerous compounds responsible «
their flavour: sugars, organic acids and phénol
compounds.

The characteristic sweetour taste of grape is due to
combination of the sugars and organic acids preskn
is the sugar/acid ratio which contributes towards
giving many fruits their characteristic taste and so is
indicator of commercial and organoleptic ripeness.

During the maturation, grape accumulates free suge
and phenolic compounds. During thipening process,
the fruit uses malic acid as its respiratory substrate
during maturation to conserve the stored sugars.
Therefore,organic acids decrease during berry
ripening.

Bitterness and astringency of grapes are related to

tannin and flavonols coent, which are phenolic
compounds.
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Physical maturation

Health benefits

Firmness

Shatter/ attachment
of the berries to the
stalk

Seeds

Soluble solids

Maturation

Maturation

Physical
maturation

Physical
maturation

Physical
maturation

Flavour

Changes occurring in the cell wall during maturatior
affect to the tissue strength and modify the physical
resistance or firmness of the fruit. Maturation
culminates in fruit dehiscenaar shattering (Shatter
refers to the loose berries, those that have detachec
from the stem.
Several molecules with implication in health becaus
of their antioxidant capacity are synthetized and
concentrated during grave gming. Some of them are
described below. There are no marketing standards
these parameters.
According to OEC[34]: Berries must be firrand
firmly attached
Berry firmness is a measurable parameter and woul
therefore allow sorting the table grapeiltivars into
different firmness ranges or categorig35).
Moreover, characterisation of the texture of grape
flesh is important for breeding new cultivars of table
grapes[36].
The berries should not detach from the truss. When
they fall of spontaneously, it is a sign of overripenes
(seeFigure48).
The small hard seedlike fruit that are mostly present
the grape. There are 1 or 2 per berrgade of tanms
and oils.
Soluble solids content is directly related to ripeness.
Sugars are a large portion of soluble solids in grape
being glucose and fructose the main ones. In unripe
berries, glucose is the predominant sugar. At the
ripening stage, glucose and fructose are usually
present in equal amounts (1: 1 ratio), with some
variation among grape variety. In overripe grapes, t
concentration of fructose, exceeds that of glucose.
In general, as the berry approach full maturiterty
size reaches a maximum and sugar accumulation
slows.
°Brix is traditionally used to measure the sugar cont
as well as soluble solid content. As soluble solids ar
main part constituted by free sugars.
According to CODEX recommendati¢®, the fruit
must have a refractometric index of at least 16°brix.
Fruit with a lower refractometric index are accepted
provided a specific sugar/acidtia
According to Regulation EU 543/20B1]. The juice of
the berries must have a refractometric index of at
least:

A 12° Brix for the Alphonse Lavallée, Cardinal

and Victoria varieties
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29

Acids

Phenolic compounds

Flavour

Flavour/
Healthy
benefits

A 13° Brix for dlother seeded varieties

A 14° Brix for all seedless varieties.
In addition all varieties must have satisfactory
sugar/acid ratio levels.
Next to sugars, organic acids are the most abundan
solids present in grape. They are responsible for the
tart taste and have a marked influence on wine
stability, colour, and pH. The principal organic acids
found in grapes are tartaric, malic, and to aadim
extent, citric.During the early period of berry growth,
concentration of both main acids increases in the frt
With the onset of ripening, as the sugar accumulate
in the fruit, the acid concentration decreases.
Generally the reduction in malic adgglgreater, and
consequently, at maturity, the fruit contains more
tartaric acid than malic.
Acidity can be measured by the pH value. Titratable
acids can be measured through titration with a base
Highperformance liquid chromatography (HPLC) ca
be usedanalyse the acids
According to CODEX the fruit must have a
refractometric index of at least 16°brix. Fruit with a
lower refractometric index accepted provided
sugar/acid ratio at least equal to:
Sugar/acid ratio (CODEX):
If °Brix < 16, fruit are acceptgulovided the
sugar/acid ratio is at least equal to:

A HnYM AT GKS MH®DpXc. N

A MmyYm AF G(KS wmnXc. NRE
Phenolic compounds are responsible for the bitterne
and astringency of many foods.
Following sugars and acids, they are the most
abundant constituents present in grapes. These
compounds are primarily located in the seeds and
skins of the berry. Among phenolic compounds, ma
groups related witHlavourare tannins and flavonols.
Tanninsare very complex compounds. They are
yellow, brown, and red coloed as well as astringent
and bitter. Flavonols are responsible of bitterness tc
Analytical determination of these compounds is
carried out employing spectrophotometry or
chromatographic m#hods.

Among grape phytochemicals, polyphenols are the
most important because they possess many biologi
activities and healtipromoting benefits, due to their
antioxidant power. The phenolic compounds mainly
include anthocyanins, flavanols, flavonadslbenes
(resveratrol) and phenolic acids. Anthocyanins are
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2.2 Ready Meals

Apart from a generic description, there appears to be no formal, public domain, detailedtidefof

a chilled ready mealEach product type is individually designed and specified jointly by the
manufacturer and the retail customer. Each retailer has a set of specifications for each product and a
guality check list for inspection and acceptance, but these are confidential to the retailer.

Although, by the help of documents that were presettto s byMarks and Spenceand 2 Sisters

Food Group Limitedve have built the mind map and table belowe focus on a 3 componentady

meal. These ready meals traditionally consist of a piece of meat, some vegetables and an ingredient
rich of carbohydrates,ike rice or potatoes.In this deliverable we give an overview of quality
parameters that are related to 3 component ready meals frdis on the ready meathicken irred

wine sauce, sold by Marks and Spen@s an exampleThis ready meal consists othicken fillet in

red wine gravy, carrots and peas and mashed potatdés.assume that the quality of édifferent
ingredientsin the ready meais desirable.

2.2.1 Ready-meals: Chicken in Red Wine Sauce

A mindmap with the general overview of aspects relatethi quality of ready meals is givelRigure
9) together with a description of quality parameters related to the ready m&alblé4).

2.2.1.1 Mindmap

16. Nutritional value 6. Total Mass

7. Ingredients

4. Composition

9. Shape

5. Flavour

10. Size
Quality aspects of,

15, Foreign bodies Ready WEELS
11 Distribution

2. Appearance

8. Colour

12. Positioning

14, Seals 3. Packaging

13. Labeling

Figure9: Mindmap of aspects related to the qualityrefady meals
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2.2.1.2 Explanation of each quality parameter

Table4: Description of qality attributes of ready meals

Quality aspect Belongs t0

1

= [ o N o1 A W N
N i o

=
w

=
SN

Mass

Appearance

Packaging

Composition

Flavour

Total mass

Used ingredients

Colour

Shape

Size

Distribution

Positioning

Labelling

Seals

Quality aspects

Quality aspects

Quality aspects

Quality aspects

Quiality aspects
Mass

Mass and
Composition

Appearance

Appearance
Appearance
Appearance anc
Flavour

Appearance

Packaging

Packaging

It is the quality attribute describing the mass
the complete ready meal and its ingredients.

It is a summary of external attributethat are
visually noticeable. It are aesthetic paramete
which consumers perceive as characteristics
the ready meabr its ingredients.

Quality parameters that describe the usec
package.

The composition of a ready meal is the amot
of each ingredient that is used to get the desir
pie. The composition is dependent on seve
parameters, like the price class of the rea
meal,i KS RSaAaANBR GlFadsSsz
The taste perceived of theeady mealin the
mouth [37].

The mass of the completeeady meal The
package is not included in this mass.

The mass of each ingredient in theady meal
should be between the ranges that a
predefined.

The colour ofeach ingredienbf the ready meal
should be like expectedColours are defined
along the L*, a* and b* axes of the CIELalweol
space

The shape is the geometry ofdfingredients in
the ready.

The ingredients in the ready meal has to

between certain ranges of sizbat are defined
by the producer.

The desired distribution of the differer
ingredients in the ready méaThe ingredients
should cover the right amount of space.

The desired positioning of all the ingredien
They need to be in the correct compartmeantd
in the compartment they should bein the
correct position

The labels on the packagmaust be correct and
legible. The indicated ingredients must &
according to the ready meal itself and the de
coding must be correct.

The packages must be fully sealed. No hole:
damages are allowedNo debris is allowel
beneath the seal.
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Foreign bodies Packaging The presence of objects that are not wanted

the object is forbidden.

158 Nutritional value Composition The nutritional value of the whole ready meal.

is dependent on the nutritional value of the ust
ingredients.
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4 Annexe 1: Figures

4.1 Tomatoes [34, 38 and 39]

Figurel3. Left:KleurStadia Tomatekhart from the Dutch Central Bureau for Horticultural
Auctions (OECD colour gauge); Rigth: chart of Difrusa Export S.A.(Cartagena, Spain)
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COLOR CLASSIFICATION REQUIREMENTS IN

-~

UNITED STATES STANDARDS FOR GRADES OF FRESH United Fresh Frult and Vegetable Assoclation
in cooperation with Z,

g@*‘“‘""}w
U. S. Department of Agriculture is ‘"ré
Agricultural Marketing Service ia -
- Fruit and Vegetable Division 1% g
USDA Visual Akd TM-L:1: February ‘75 % =/
The Jobn Henry Comparty ==
PO, Box 1410, Lansing, Mich. £8904

(1) “Green" means thatthe  (2) “Breakers” means tha!  (3) “Turning” means that  (4) “Pink” meansthatmore | (5) “Light red” moans that  (6) “Red™ means that more
surface of the tomato is com- there s a definite break in  more than 10 percent but not  than 30 percent but not more  Inore than 60 percent of the  than 80 percent of the surface,
pletely green in color. The color from green to tannish- more than 30 percent of the than 60 percent of the surface, surface. in the aggregate, in the sggregate, shows red
shade of green color may vary  yellow, pink or red on nof surface, in the aggregate. in the aggregate, shows pink  shows pinkish-red or red: Pro-  color

from light to dark; more than 10 percent of the shows a definite change in  or red color; Vided, That not more than 90
surtace color from green to tannish- percent of the surface is red
yaliow, pink, red, of & combi- color; and,

nation theceof;

Tha atove phatigraphe s only-guities (lkeat-aing the shade and percentage of surface Color SpecHed Ko¥ 69ch of the csior terms. These shotopsshs do not
ecesaarily depit abuclte kmits of mirimiem O MAXIMM $hades ard/Or pacantage Of Cokor MWWk for #ach leem.

Figurel4. The 6 colour categories defined by the USDA.

Flower (enlarged) Fruit
Figurel5. Anatomy of a tomato.

Figurel6. Damaged tomatoes: Slight puncture Class | (left):hemied puncture out ajrade (centre) and
infected cut out of grade (right).
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1 2 3
Figurel?. 1) Out of grade, nehealed radial crack; 2) Out of grade, Hogaled concentric crack; 3) Fresh
crack (not allowed).

1 2 3 4
Figurel8. 1) Class I, healed radial growth cracks; 2) Class I, healed radial growth cracks (< 3cm); 3)
healed concentric growth cracks (< 3cm); 3) ; 4) Class I, fine cracking.

Figurel9. Left:linear scars longer than 2/3 of the widest diameter of the fruit (unacceptable); Centrt
fine blossom scar, Class [; Right: fine blossom scar, Class |l

Figure20. Market bruising (out of grade). Bruise Class Il
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