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1 Introduction  

This document is a description of the food quality ontology. As 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 food products that have to be 

packaged. The focus of this deliverable is on the three cases where the PicknPack demonstrator will 

be working on, namely vine tomatoes, table grapes and ready meals. For each case a mind map is 

presented where the interdependence 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  

Quality Aspects
Of Vine Tomatoes

2. Maturation

1. Appearance

31. Nutritional value

3. Aesthetic

14. Discolorations

29. Colour

34. Flavour

26. Physical 
maturation

27. Firmness

28. Shatter

33. Glutamic acid

36. Acids

35. Sugars

37. Soluble solids

38. Aromas

23. Blossom-end 
discoloration

22. Sunken discolored 
areas

24. Surface 
discoloration

25. Internal 
discoloration

12. Defects

13. Deformations

16. Cracks

15. Cuts

18. Bruises

17. Scars

19. Protuberances

20. Puffiness

11. Colour branch

10. Colour berry

8. Uniformity truss

7. Cleanness

4. Shape/size

5. Smoothness skin

30. Lycopene

32. Vitamins

6. Shininess

9. Truss layout

21. Pest holes

 

Figure 1: Mindmap of aspects related to the quality of vine tomatoes 

A mindmap of the quality aspects related to vine tomatoes is given in Figure 1. We have divided the 

quality attributes into two categories, related to appearance and related to maturation. Each of the 

quality aspects is described in more detail below. 
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2.1.1.2 Explanation of each quality parameter  

Table 1: Description of quality attributes of vine tomatoes 

Nr Quality aspect Belongs to Description 

1 Appearance Quality aspects It is a summary of external attributes, which are 
visually noticeable. The factors related to this term 
can be divided in aesthetic parameters, which 
consumers perceive as characteristics of that product 
and in defects (deformations or discolorations) which 
can make the product not attractive for the consumer. 

2 Maturation Quality aspects Maturation is the stage of the floral development 
typically proceeding and signalled by successful 
pollination. So that maturation encloses not only the 
ripening of the fruit, known term for process that 
renders fruit attractive and palatable [1] but also the 
correct development of the structure of the fruit, 
meaning that the contents of two or more seed 
cavities have developed a jellylike consistency and the 
seeds are well developed [2]. Modifications during 
maturation include development of desirable flavour 
and colour, physical maturation involving 
modification of cell wall ultrastructure and texture 
(firmness) and changes in the nutritional value 
(vitamins and molecules with antioxidant activity). 

3 Aesthetics Appearance This aspect comprises a number of features related to 
ŎƻƴǎǳƳŜǊΩǎ ǇǊŜŦŜǊŜƴŎŜǎΦ ¢ƘŜǎŜ ŦŜŀǘures are described 
below. 

4 Shape/size Aesthetic Shape: The tomato should have a nice regular shape. 
The shape must be characteristic of the variety 
(round, ribbed, oblong), see Figure 10. Small 
deviations in shape are allowed (according to each 
quality class) and light defects are usually accepted by 
consumers. Symmetry is a strong aesthetic feature 
and symmetrical shapes are therefore preferred. 
 
Size: Size is determined by the maximum diameter of 
the equatorial section, by weight or by count. The 
following provisions shall not apply to trusses of 
tomatoes and are not compulsory for Class II, 
according to the CODEX (293/2008) standard for 
tomatoes [3]. These provisions are also optional for 
cherry and cocktail tomatoes below 40 mm in 
diameter, according to UNECE standard. According to 
both, CODEX and UNECE [4] standards:  
 
a) Tomatoes may be sized by diameter. In case 

codes are applied, the codes and ranges in the 
following table, have to be respected (excluding 
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not compulsory cases):  
 

Size code Diameter (mm) 

0 Җ нл    

1 Ҕ нл Җ нр 

2 Ҕ нр Җ ол 

3 Ҕ ол Җ ор 

4 Ҕ ор Җ пл 

5 Ҕ пл Җ пт 

6 Ҕ пт Җ рт 

7 Ҕ рт Җ ст 

8 Ҕ ст Җ ун 

9 > 82 Җ млн 

10 > 102 

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

 
b) Tomatoes may be sized by count, weight or 

diameter, according to the provisions of the 
legislation of the importing country. 

 
According to U.S. standards for Fresh Tomatoes [5], 
the size of tomatoes may be specified by count or 
weight per container or specified to a minimum 
and/or maximum diameter. 
 

 Inches 

Size 
designations 

Minimum 
diameter* 

Maximum 
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 the 
designated diameter when tomato is placed with 
the greatest transverse diameter across the 
opening. 

** Will pass through a round opening of the 
designated diameter in any position. 

5 Smoothness skin Aesthetic ¢ƘŜ ǎƪƛƴ ǎƘƻǳƭŘ ōŜ ǎƳƻƻǘƘΦ /ƻƴǎǳƳŜǊǎ ŘƻƴΩǘ 
appreciate tomato notably ridged or rough. 
Roughness/shrinking compromising the fresh 
appearance of tomato is not allowed according to 
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international OECD standards [6] (Figure 11) . 
According to U.S. standards for grades of Tomatoes on 
the Vine [2], U.S. No. 1 and No. 2 are, respectively, 
free from damage and free from serious damage 
caused by shrivelling. 

6 Shininess Aesthetic A shinny surface is preferred. 

7 Cleanness Aesthetic According to the international standards for tomato, 
tomatoes must be practically free of soil, dust, 
chemical residue or other visible foreign matter 
(Figure 12) . Levels of pesticides should be within the 
margins defined by the EU [7]. Tomatoes must also be 
practically free of insects and other pests. The 
presence of pests can detract from the commercial 
presentation and acceptance [6]. 

8 Uniformity of truss Aesthetic Consumers appreciate uniformity, in terms of shape 
and size, in the same packaging. The different 
tomatoes on the truss should therefore be as uniform 
as possible (shape, colour of berries, symmetry of 
truss). 
 
According to CODEX and UNECE standards [3 and 4], 
to ensure uniformity in size, the maximum difference 
in diameter between tomatoes in the same package 
shall not exceed: 
Á 10 mm, if the diameter of the smallest fruit 

(as indicated on the package) is under 50 mm;  
Á 15 mm, if the diameter of the smallest fruit 

(as indicated on the package) is 50 mm and 
over but under 70 mm;  

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

Á There is no limitation of difference in 
diameter for fruit equal or over 100 mm. 

9 Truss layout Aesthetic According to international standards (CODEX and 
OECD) [3 and 4], each truss or part of a truss should 
contain at least 3 (2 if pre-packaged) berries in case of 
ΨƴƻǊƳŀƭΩ ǾƛƴŜ ǘƻƳŀǘƻŜǎ and 6 (4 if pre-packaged) in 
ŎŀǎŜ ƻŦ άŎƘŜǊǊȅέ ǘƻƳŀǘƻŜǎΦ ¢ƘŜ ǎǘŀƭƪǎ Ƴǳǎǘ ōŜ ŦǊŜǎƘΣ 
healthy, clean and free of all leaves and any visible 
foreign matter.  
 
For the U.S. standards [2]Σ ǘƘŜ ǘŜǊƳ άǘƻƳŀǘƻŜǎ ƻƴ ǘƘŜ 
ǾƛƴŜέ ƳŜŀƴǎ н ƻǊ ƳƻǊŜ ǘƻƳŀǘƻŜǎ ŀǘǘŀŎƘŜŘ ǘƻ ǘƘŜ 
same vine.  

10 Colour berry Aesthetic and 
Colour 

The colour of the berry is characteristics of each 
variety and very indicative of its ripeness. The red 
colour is related to the degradation of chlorophyll and 
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the synthesis of lycopene and other carotenoids, as 
chloroplasts are converted into chromoplasts [8]. 
Normally, red is the colour associated to the tomato 
fruit, although fruit at maturity can be bicolour (mix of 
red and yellow), pink, various shades of yellow, 
orange, green or even black. However, red is still the 
major fruit colour for most of the commonly grown 
varieties. In general, people like to eat nice red 
tomatoes. 
 
The ripeness of tomatoes from red varieties is 
determined by colouring. In Europe, the most used 
colour chart is the ΨKleur-Stadia TomatenΩ from the 
Dutch Central Bureau for Horticultural Auctions and in 
Spain the chart of Difrusa Export S.A. is used [9] 
(Figure 13) . The colour of red tomatoes must 
correspond to at least colouring No. 2 of the OECD 
colour gauge. 
 
In the USDA grading protocol [5], colour is considered 
the most important quality criteria, with 30 out of 100 
points associated to it [10]. The USDA defines a 
number of colour stages in the ripening process 
(Figure 14). The categories are defined as: 
Á Green. The surface is 100% green. 
Á Breaker. A definite break in colour from green to 

tannish yellow, pink or red on no more than 10% 
of the surface. 

Á Turning. Between 10-30% of the surface shows a 
definite change in colour from green to tannish 
yellow, pink or red. 

Á Pink. Between 30-60% shows pink or red colour.  
Á Light red. Between 60-90% of the surface shows 

pinkish-red or red colour. 
Á Red. More than 90% of the surface shows red 

colour. 
 
In current practice, human sorters use a colour fan. 
The colour can be objectively measured with, for 
instance, the Agtron spectrophotometer and the D 52 
A from HunterLab. Other colour devices, such us the 
PCE-TCR 200 colorimeter (PCE Instruments), express 
colours in numerical terms along the L*, a* and b* 
axes (from white to black, green to red and blue to 
yellow, respectively) within the CIELAB colour sphere. 
 
See an example of colour changes during the ripening 
of fresh market tomato fruit in Table 5. 

11 Colour branch Aesthetic and The branch including the peduncle and sepal (Figure 
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Colour 15) should be green. Especially when the 
peduncle/sepal turns into a more wooden colour and 
gets corky, the berry is likely to detach, which is an 
indication that the berry is overripe. 

12 Defects  Appearance This aspect comprises a number of features 
(deformations and discolorations) that affect the 
appearance of the fruit, even leading to safety 
troubles. See below most common defects. 

13 Deformations Defects Subclass of defects related to deformations. 

14 Discolorations Defects Subclass of defects related to discolorations. 

15 Cuts Deformations Tomatoes must not have any mutilation or injury 
spoiling the integrity of the produce. 
 
Cuts and punctures result from sharp points and 
edges, such as fruits with stems, fingernails, or rough 
containers. 
 
When non healed cuts are detected, the tomato 
should be rejected. The damage of the surface will 
cause water to evaporate and there is a high risk of 
moulds, which can also infect other berries (Figure 
16). 
 
U.S. standards [2 and 5] consider specific limits for 
cuts and broken skin in Tomatoes and Tomatoes on 
the Vine, which are summarized in Table 7 and Table 
8, respectively. 

16 Cracks Deformations Most commonly, cracks result from extremely rapid 
ŦǊǳƛǘ ƎǊƻǿǘƘΣ ŎŀƭƭŜŘ άƎǊƻǿǘƘ ŎǊŀŎƪǎέΦ /ǊŀŎƪǎ Ƴŀȅ 
radiate from the stem end of the fruit or may encircle 
the fruit. Cracks are often invaded by secondary fungi 
and bacteria that further rot the fruit.  
 
According to the CODEX, OECD and UNECE standards 
for Tomato [3, 4, and 7] non-healed cracks are not 
allowed and limit allowed for healed cracks is 3 cm in 
length (Figure 17). Characteristics by quality grade are 
presented in Table 6. 
 
U.S. standards [2 and 5] point out different limits for 
growth cracks in Tomatoes and Tomatoes on the Vine, 
which are summarized in Table 7 and Table 8, 
respectively. 

17 Scars Deformations Scars are not due to rapid growth and they have 
specific scoring guidelines different from those for 
growth cracks. Scars can be caused by many different 
things, such as insects, disease, or simply from a limb 
or leaf rubbing against the fruit or vegetable while 
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growing. Scars will range in colour, in texture, and 
may or may not have depth associated with the injury.  
 
A common defect of this type is the presence of a fine 
elongated blossom scar, a long corky brown scar along 
the blossom end of the fruit that is probably due to 
some early injury to the flower, although the exact 
cause is not known (Figure 19). 
 
In OECD and UNECE standards [4 and 7] limits for fine 
elongated blossom scar are specified only for ribbed 
tomatoes (Table 6): it is not allowed in Extra Class but 
allowed in Class II and it is limited to 2/3 of the 
greatest diameter of the fruit for Class I (Figure 19).  
 
U.S. standards [2 and 5] consider different limits for 
scars in Tomatoes and Tomatoes on the Vine, which 
are summarized in Table 7 and Table 8, respectively. 

18 Bruises Deformations Bruises can be caused by impacts against other 
surfaces or by vibrations during transit. External 
symptoms include tissue softening, water-soaking, or 
cracked fruit walls. Often bruise damage is not 
detected until the fruit is cut and the internal tissue is 
examined. Water-soaked tissue and whitish to 
greenish, shrunken and disorganized gel are internal 
symptoms of damage. Deformation is a localized, 
permanently flattened area, resulting from pressure 
on the tomato during transport or storage [11]. 
 
According to the international standards (Table 6) 
different levels of bruises caused by rough handling 
are allowed provided they cause a not too serious 
damage to the flesh and are unlikely to develop 
further (Figure 20). 

19 Protuberances / 
shape deformations 

Deformations Different degrees of deformation in shape are allowed 
only in Class I and Class II. 
 
Catfacing (Figure 32) is a common abnormality that 
develops on the blossom end and causes the fruit to 
pucker and have deep crevices. Affected fruit are 
often somewhat flat with a corky brown scar covering 
the base of the fruit. Catfaced fruit can have cavities 
extending deep into the flesh. The cause is thought to 
be cold weather during blossoming and perhaps high 
levels of nitrogen. 
 
U.S. standards [2 and 5] are the only ones providing 
specifications and limits, by quality grade, for 
catfacing in Tomatoes and Tomatoes on the Vine, 
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which are summarized in Table 7 and Table 8. 
 

Slight elongated tomatoes (Figure 33 and Figure 34) or 
small and no-suberized umbilicus (Figure 35) are 
among other usual allowed shape deformations (Table 
6).  

20 Puffiness Deformations Puffiness (Figure 37) refers to the existence of open 
cavities between the outer walls and the locular 
contents in one or more locules and is also known as 
hollowness or boxiness. Puffed fruits are not 
appreciated by consumers, because they lack gel in 
the locules and do not ship well, because of their 
relative softness [12]. Depressions can appear as 
external sign of puffiness (Figure 37). 
 
According to OECD standars [7], slight or not serious 
hollowness due to insufficient pollination is allowed in 
Class I and Class II and specific limits are established 
for each quality grade (Table 6). 
 
U.S. standards [2 and 5] provide description and 
limits, by quality grade, for puffiness of Tomatoes and 
Tomatoes on the Vine, which are summarized in Table 
7 and Table 8. 

21 Pest holes 
 

Deformations Marked holes (Figure 36) usually associated with 
overripe, rotting or damaged tomatoes. Pests (worm, 
slug, beetle, etc.) are frequently present. Tomato 
must be free from pest damage. 

22 Sunken discoloured 
areas  

Discolorations Sunken discoloured areas usually derive from fungus 
attack. These lesions will later produce the fungal 
spores, leading to a soft decay and decay is 
ŎƻƴǎƛŘŜǊŜŘ ŀ άŦǊŜŜ ŦǊƻƳέ ŘŜŦŜŎǘ ƛƴ ǘƻƳŀǘƻŜǎΣ ǘƘŜǊŜ ƛǎ 
no tolerance for this defect.  
 
There are three main looks for such as fungal lesions 
(Figure 21): 
 
Á Rough and greasy-looking, with greyish-green or 

brown to dark brown greasy blotches, which may 
cover large areas, even whole fruit (known as 
Late Blight, by Phytophthora infestans). Infected 
tissue is covered with white mycelia in cool wet 
weather. 

Á Black, sunken lesions (known as anthracnose, by 
Colletotrichum coccodes). Symptoms begin as 
small, depressed lesions that are circular in 
shape. Lesions enlarge and become more 
sunken. As the lesion matures, the centre turns 
tan and small black fruiting bodies appear. If the 
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weather is wet, salmon-coloured spores can be 
observed on the lesion surface. 

Á Round fuzzy and black spots occurring anywhere 
on fruit, often on the sides or shoulders (known 
as Alternaria Rot, by Alternaria alternata) 

23 Blossom-end 
discoloration 

Discolorations Most common discolorations specifically developed 
on the blossom end of tomatoes are Blossom End Rot 
and suberization of the stigma (Figure 22).  
 
Blossom-end rot begins as light tan, water-soaked 
lesions on the blossom end of the fruit. These lesions 
enlarge and turn black, sunken and leathery. They are 
considered as decay and thus not allowed. The cause 
is thought to be a combination of cold temperatures 
or excessive heat during blossom set, and fluctuations 
in water supply.  
 
It is also common to find a brown dry scar at the base 
of the shed stigma. This is known as suberization of 
the stigma and its limits for ribbed tomato are 
established in the OECD standard (Table 6). 

24 Surface 
discolouration 

Discolorations Most common surface discolorations are caused by 
nutrient deficiency, heat and sun injury, viruses, stink 
bugs, fungus, hail and chilling injury. 
 
These are the main looks for surface discoloration: 
 
Á Greenish or yellowish ring around the stalk cavity 

being the visible sign of a hard, inedible part of 
the flesh. Known as greenback or yellowback, it 
should not extend over the shoulder of the fruit 
to be allowed. This disorder is usually caused by 
heat injury and insufficient potassium (Figure 
23). 

Á Light brown to white bleached area caused by 
exposure to direct sunlight. Known as sunscald, 
the killed tissue gradually collapses forming a 
slightly sunken area that may wrinkle. The fruit 
can then be invaded by secondary organisms, 
causing fruit rot. Slight or reasonably scorching 
due to sun is allowed in Class I and II (Figure 24). 

Á Yellow rings or spots of different size caused by 
viruses such as the Tomato Spotted Wilt Virus 
(TSWV) or the Cucumber Mosaic Virus (CMV). 
Fruit infected are not allowed (Figure 25). 

Á Dark pinpricks surrounded by a light, discoloured 
area on green fruit, caused by stink bugs. These 
areas turn yellow or remain green on ripe fruit. 
The tissue under the spots is white and spongy 
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and remains firm as the fruit ripens (Figure 26). 
Á Faint, pale yellow/white halos (3 to 8 mm in 

diameter), known as ghost spot and caused by de 
fungus Botrytis cinera. This pathogen is very 
important on greenhouse tomatoes or 
hydroponic systems. Halos rarely develop 
further. Maximum values for Class I (5 spots) and 
Class II (10 spots) are established1 (Figure 27). 

Á Spots lighter green than the surrounding tissue. 
Light hail injury may cause depressed areas of 
various size and shape on the fruit. If the skin is 
broken, the surface of the spot becomes greyish-
white and paper-like. A few days after the injury, 
the spot may be surrounded by a greenish-tan 
halo (Figure 28). 

Á Whitish skin, discoloration affecting practically all 
the surface of the fruit affected by chilling injury 
(Figure 29). 
 

These skin defects are allowed, either in Class I or 
Class II, provided the fruit is only slight or reasonably 
affected. 

25 Internal 
discolouration  

Discolorations There are two kind of internal discolouration to 
mention: one associated to shrunken water-soaked 
tissue and other one associated to firm, hard flesh. 
The first type is whitish to brownish coloured and it is 
caused by bruising or cold injury (not allowed) (Figure 
30). The second type is derived from 
green/yellowbacks and flesh is green/yellow coloured 
(allowed in Class I and II if slight) (Figure 31).  

26 Physical maturation Maturation Changes occurring in the cell wall during maturation 
affect to the tissue strength and modify the physical 
resistance or firmness of the fruit. Maturation 
culminates in fruit dehiscence or shattering. 

27 Firmness Physical 
maturation 

¢ƘŜ ŦƛǊƳƴŜǎǎ ƛǎ ŀƴ ƛƴŘƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ǘƻƳŀǘƻΩǎ ǊƛǇŜƴŜǎǎΦ 
It should not be too soft. People in general like to eat 
firm (but ripe) tomatoes rather than soft ones. 
However, a study with consumers from 3 countries 
The Netherlands, France, and Italy identified the 
overall flavour and firmness as the most important 
traits for improving tomato fruit quality. It showed 

                                                           
1 Report following OECD/UNECE quality standards for tomato, 2006. Fred Jacobs, KCB-Quality Inspection 

Bureau for fruits and vegetables. Source: http://www.unece.org/fileadmin/DAM/trade/agr/meetings/capacity-

building/2006_mojmirovce-SK/TomatoesSlowak.pdf) 
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that consumer preferences from different European 
countries are segmented following similar patterns 
and that diversification of taste and texture is 
required to satisfy all consumers' expectations as 
some consumers preferred firm tomatoes, while 
others preferred melting ones and were more or less 
demanding in terms of sweetness and flavour 
intensity [13].  
 
There is not a European standard for this parameter.  
As reference, in USA, it is used a scale of six grades, 
based in the compression needed to deform fruit 
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 10-15 

Soft 10 

Very soft 5 

 
See an example of textural characteristics of 
tomatoes, based on subjective and objective tests, in 
Table 9. 
 
In current practice, the firmness is measured by a 
human grader through palpation. It can be objectively 
measured using a penetrometer (destructive), 
durometer (non-destructive, i.e. Durofel), the acoustic 
impulse response (AFS/AWETA) [14 and 15]), or low-
mass impact (Sinclair iQ). 

28 Shatter Physical 
maturation 

The berries should not detach from the truss. When 
they fall of spontaneously, it is a sign of overripeness. 

29 Colour Maturation and 
Aesthetic 

Colour is a strong indicator of the level of maturity of 
the tomato. It shares a few features with the aesthetic 
aspects, see point 10 and 11. 

30 Lycopene Nutritional 
Value and 
Colour 

Lycopene has been considered a potential agent for 
prevention of some types of cancers Tomato is the 
best source for this antioxidant. However, research on 
the topic is not conclusive. 
 
Lycopene is a bright red carotene and carotenoid 
pigment so that it is highly related to colour 
development on tomato. Lycopene is the majority 
carotenoid (83%) in ripened fruit. Lycopene content in 
fresh tomato can vary from 30 to 300ppm [16] 
In practice lycopene is not measured in tomato for 
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fresh market but it is measured in tomato for industry. 
Lycopene is currently offline analysed in laboratory by 
HPLC method, after extraction with solvents.  
 
Some studies show close correlation of lycopene with 
the ratio of a*/b* [17 and 18]. 
 
Chemometric models have been developed for 
prediction of lycopene concentration in tomato puree 
from their visible reflectance (500ς750 nm) spectra 
acquired by a fibre optic reflectance probe. The PLS 
model could predict lycopene concentration with an 
R2 of 0.88 [19]. 

31 Nutritional Value Maturation Several molecules with nutritional value and 
implication in health because of their antioxidant 
capacity are synthetized and concentrated during 
tomato ripening. Some of them are described below. 
 
There are no marketing standards for these 
parameters.  

32 Vitamins Nutritional 
Value 

Tomatoes are relatively rich in vitamin C (160-240 
mg/kg) [20].  
 
In practice, vitamin C is not measured in tomatoes for 
the fresh market. Vitamin C can be analysed in 
laboratory by HPLC method, after extraction with 
solvents. 

33 Glutamic acid  Nutritional 
Value and 
Flavour 

Glutamic acid is a free amino acid. As a tomato ripens 
the natural content of glutamate increases and gives 
the characteristic "umami" flavour2. Glutamic acid 
comprises up to 45% of the total weight of free amino 
acids in fresh tomato juice and free amino acids form 
about 2-2.5% of the total dry matter of tomatoes [21].  
There are no labelling requirements for naturally-
occurring free glutamates. 
 
Glutamic acid is determined by high performance 
liquid chromatography (HPLC), after extraction bay 
solvents. 

34 Flavour Maturation Sugars, organic acids, free amino acids and aromas are 
the main components contributing to tomato flavour.  
 
The characteristic sweet-sour taste of tomato is due 
to a combination of the sugars and organic acids 
present. 
 
It is the sugar/acid ratio which contributes towards 

                                                           
2
 From the site of the International Glutamate Information Service http://www.glutamate.org/  

http://www.glutamate.org/
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giving many fruits their characteristic taste and so is 
an indicator of commercial and organoleptic ripeness. 
During the ripening process the fruit acids are 
degraded, the sugar content increases and the 
sugar/acid ratio achieves a higher value. Overripe 
fruits have very low levels of fruit acid and therefore 
lack characteristic flavour. Combinations of both 
components gives the following taste results: 3 
 

Acidity Sugar Content Taste 

High High Good 

High Low Tart 

Low High Bland 

Low Low Tasteless 
 

35 Sugars Flavour The tomato fruit is mostly water with about 5-7% of 
the fruit being solids. About 50% of the dry matter is 
composed of sugars, primarily the reducing sugars, 
glucose and fructose (Table 10). 
 
The total sugar content of ripe tomato is between 1.7 
and 4.7% [21]. 
 
A strong positive correlation has been observed 
between trained panel response of sweetness and 
reducing sugar or total soluble solids content [22]. 
 
As the degree Brix (°Brix) is and indicative of soluble 
solids %, soluble solids are in main part constituted by 
free sugars and free sugars of tomatoes are 
predominately reducing sugars, °Brix is typically used 
to approximately determine sugar content in tomato. 
 
Degrees Brix are usually measured by means of the 
refractometer. For this, a few sample tomatoes are 
taken and pulped. The deflection of light is an 
indication of the sugar or soluble solids content. 
Recent systems have been developed for online 
measurement of °Brix (i.e. UNI-BRIX of UNITEC for 
melons). 
 
Individual and total quantification of sugars can be 
carried out by chromatographic (HPLC), 
spectrophotometric and/or enzymatic methods.  
 
There are no marketing international standards for 
tomato °Brix. However, it may be regulated at local 

                                                           
3
 http://www.growtomatoes.com/tomato-fruit-characteristics/  

http://www.growtomatoes.com/tomato-fruit-characteristics/
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level. For example in ¢ŜŎƘƴƛŎŀƭ wŜƎǳƭŀǘƛƻƴ ŦƻǊ ά9ǳǎƪƻ 
[ŀōŜƭέ [23]  4,5° is minimum value for tomato °Brix. 
 
As reference, normal °Brix value for cherry or grape 
tomato is 6-10 and for common or round tomato is 
3.5-5.54. 

36 Acids Flavour  The tomato fruit is mostly water with about 5-7% of 
the fruit being solids. Organic acids comprise about 
15% of the dry content of fresh tomatoes (Table 10). 
Citric acid is the major organic acid in tomatoes, about 
60% of the total organic acids, being the largest 
contributor to the total acidity and the titratable 
acidity of the fruit. Two other acids to mention, that 
contribute to the acidity are malic and glutamic acid. 
The rise in pH and decrease in titratable acidity 
indicates that acid concentrations in the fruit are 
declining with maturity [23]. 
Ψ{ƻǳǊƴŜǎǎΩ ŎƭƻǎŜƭȅ ŎƻǊǊŜƭŀǘŜǎ ǿƛǘƘ ǘƛǘǊŀǘŀōƭŜ ŀŎƛŘƛǘȅ and 
pH [22]. 
Total acidity is determined by acid-base titration by 
using a standard counter-active alkali reagent. 
Individual determination of each acid can be carried 
out with specific commercial enzymatic tests or by 
high resolution HPLC with specific columns. 

37 Soluble solids Flavour See point 35. In current practice, the total content of 
soluble solids (TSS) in tomato is measured by degrees 
Brix. 
 
Optical spectroscopy in visible (VIS) and near infrared 
(NIR) spectrum range have been successfully used for 
many years to determine the optimal harvest date as 
well as fruit quality development in post-harvest 
period.  
 
The spectral signature of fresh fruit and vegetables 
shows in the 400 to 1100 nm region two dominant 
absorption bands. The first one is the absorption band 
of chlorophyll at about 670 nm and red blush 
pigments between 500 and 600 nm. The second 
absorption band is due to water at about 970 nm, 
close to which, sugar and other carbohydrates 
contribute to additional light absorption in NIR region 
 
High correlation of total soluble solids of tomato 
concentrate has been found in the wavelength range 
from 1000 to 1700 nm [24]. 

38 Aromas Flavour Over 400 compounds have been identified in tomato 

                                                           
4
 http://www.yara.us/agriculture/crops/tomato/key-facts/market-requirements/default.aspx  

http://www.yara.us/agriculture/crops/tomato/key-facts/market-requirements/default.aspx
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fruit. Of those, only around 30 are present in 
concentrations over one part per billion (ppb) [25].  
 
Table 2:  Classification of the 70 volatile compounds 
responsible for tomato aroma [26 and 41]  

Lipid derivatives Phenylpropanoids 

1-Penten-3-ol 2-Hexanal Salicylaldehyde 

1-Penten-3-one E-2-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-Penten-1-ol E-2-Heptanal 

Z-3-Hexenal 2-n-Pentylfuran 

E,E-2,4-
Hexadienal 

E,E-2,4-
Heptadienal 

Other phenolic volatiles 

Toluene 2-Phenyl-3-butenol 

Ethylbenzene Benzyl alcohol 

Styrene Phenyl-Acetaldehyde 

1-Phenylpropane -́Cresol 

Benzaldehyde -h Phenylpropion-aldehyde 

Phenol Phenylethanol 

-́Methylstyrene Phenylacetonitrile 

Benzonitrile -̡ Phenylpropion-aldehyde 

Derivatives of Leucine 
and Isoleucine 

Terpenes 

3- Methylbutanal Limonene 

2- Methylbutanal (Z)-Linalool oxide 

3- Methylbutanol (E)-Linalool oxide 

2- Methylbutanol Ocimenol 

E-2-Methyl-2-butanol -́Cimen-8-ol 

3-Methylbutanoic acid 4-Methyl -Acetophenone 

3-Methylbutyl nitrite -hTerpineol 

C5H9NO2 2-Caren-10-al 

C5H11NO2  

2-Isobutylthiazole  

Derivatives of 
carotenoids (open chain) 

Derivatives of carotenoids 
(Cyclic) 

6-Methyl-5-hepten-2-one -hIsophorone 

6-Methyl-5-hepten-2-ol Acetophenone 

5-Methyl-3-methylene-
5-hexen-2-one 

-̡Cyclocitral 

6-Methyl-3,5-
heptadienecitr-2-one 

-̡Damascenone 

-̡Citral -̡Ionone 

-hCitral  

Geranyl acetone 

Pseudoionone 

Techniques for aroma evaluation are: sensorial 
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analysis, gas chromatography coupled to mass 
spectrometry (GCςMS) and microextraction of solid 
phase combined with gas chromatography coupled to 
mass spectrometry (MESPςGCςMS). More recently 
systems such as e-nose have been successfully applied 
for aromatic profiles in tomato [26]. 

2.1.2 Grapes 

2.1.2.1 Introduction  

The tables grapes (cultivars) that 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 (see Figure 2): 

Á Seeded or seedless varieties 

Á Large-berry or small berry varieties 

Á White, red or black coloured varieties 

 

Figure 2: Different varieties of table grapes[28] 

The grapevine cluster is made of a rachis and berries [29]. On the central axis of the rachis we find 

the peduncle, with the pedicels.  

 

Figure 3: Different parts of table grapes bunch. 

http://www.google.es/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=OVcZiemuEeDZkM&tbnid=ZRPEpzI3o3sx-M:&ved=0CAUQjRw&url=http://www.youcellar.com/en/bunch-grape-vine.php&ei=EA88UvqFKoWk0QWa34GYDg&bvm=bv.52434380,d.Yms&psig=AFQjCNEMk8IwNoAp5awuGCxU0iPd-_tFUg&ust=1379754090042900
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Á Cluster: An entire bunch of grape berries 

Á Rachis: The main stem that runs from the peduncle down through the cluster of grapes. 

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

Á 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 

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

or leaf. 

Á Skin: Film or skin that surrounds the fruit containing odorous substances and colouring 

tannins smoother than the ones from the rachis.  

Á 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. 

Á Pulp: A moist, slightly cohering mass, consisting of soft, vegetable matter with juice made of 

water, sugars and acids. 

Á Seeds: The small hard seedlike fruit of plants such as wheat. There are 1 or 2 per berry, made 

of tannins and oils (0.5 l of oil for 1 hl of wine). 

Á Shatter: A condition in which individual grape berries become separated from the stem. May 

be caused pre-harvest by cool, wet weather during early grape development, which tends to 

prevent the flower caps from falling off. Then, after the berries start to grow, they push 

against the cap and shatter, significantly reducing yields.  

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

bud of a cane or spur. 

A mindmap of the quality aspects related to table grapes is given in Figure 8. We have divided the 

quality attributes into two categories, related to appearance and related to maturation. Each of the 

quality aspects is described in more detail below.  

Regarding these quality aspects, table grapes will be commercialized in three different categories, 

ά9ȄǘǊŀέΣ /ƭŀǎǎ L ŀƴŘ /ƭŀǎǎ LLΦ ¢ƘŜ ǎǳǇŜǊƛƻǊ ǉǳŀƭƛǘȅ ƛǎ ǘƘŜ ά9ȄǘǊŀέΣ ά/ƭŀǎǎ Lέ ŀǊŜ ǘƘŜ ǘŀōƭŜ ƎǊŀǇŜǎ ǿƛǘƘ 

ƎƻƻŘ ǉǳŀƭƛǘȅ ŀƴŘ ǘƘŜ ƭƻǿŜǊ ŎŀǘŜƎƻǊȅ ōǳǘ ǎǘƛƭƭ ǿƛǘƘ ŀ ƳŀǊƪŜǘŀōƭŜ ǉǳŀƭƛǘȅ ƛǎ ǊŜŦŜǊǊŜŘ ŀǎ ά/ƭŀǎǎ LLέΦ 

Conditions for each category are explained by the different UNECE, OCEDE and EU standards (see 

Annexes). An example ƻŦ ŀ ōǳƴŎƘ ƻŦ ƎǊŀǇŜǎΣ άŜȄǘǊŀέ ŎƭŀǎǎΣ ά/ƭŀǎǎ LέΣ ά/ƭŀǎǎ LLέ ŀƴŘ ƻǳǘ ƻŦ ƎǊŀŘŜ ŀǊŜ 

shown in Figure 4,Figure 5, Figure 6 and Figure 7 respectively [28]. 

 

Figure 4: Appearance: Extra class acceptable [30]. 
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Figure 5: Appearance: Class I [30]. 

 

Figure 6: Appearance: Class II [30]. 

 

Figure 7: Appearance: Out of Grade [30]. 

UNECE and OECD explains recommendations for quality and marketing attributes, which are 

contemplated in the European Regulation No 543/2011 [31]. 
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2.1.2.2 Mindmap  

Quality Aspects
of Table Grapes

2. Maturation

1. Appearance

23. Health benefits

3. Aesthetics

12. Discolorations

21. Flavour

22. Physical 
maturation

24. Firmness

25. Shatter/ 
attachment of the 
berries to the stalk

28. Acids

27. Soluble solids

14. Sun scorch

10 Defects

11. Damages

15. Shrivelling/
Shrunken berries

8. Colour berry

5. Uniformity of truss

6. Abnormal external 
moisture

4. Shape/size/weight

7. Cleanness/ foreign 
matter

29. Phenolic 
compounds

26. Seeds*

13. Disorders 19. Rotting

17. Pests

16. Holes/ cracks

9. Colour branch

20. Bruises

18. Unhealed cracks/
split

 

Figure 8: Mindmap of aspects related to the quality of table grapes. 

  



 

22 
 

2.1.2.3 Explanation of each quality parameter  

Table 3: Description of quality attributes of table grapes 

Nr Quality aspect Belongs to Description 

1 Appearance Quality 
aspects 

It is a summary of external attributes, which are 
visually noticeable. The factors related to this term can 
be divided in aesthetic parameters, which consumers 
perceive as characteristics of that product and in 
defects (disorder, damages discolorations) which can 
make the product not attractive for the consumer. 

2 Maturation Quality 
aspects 

Grape ripening is a physiological period that starts at 
the moment of veraison (onset if ripening) and lasts 
until the fruit is fully ripened. This is a very important 
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 biochemical 
modifications, including weight, volume, rigidity, 
sugar, acidity, colour and aroma [32]. Table grapes will 
not ripen further once picked 
Maturation encloses not only the ripening of the fruit, 
known term for process that renders fruit attractive 
and palatable modifications during maturation include 
development of desirable flavour and colour, physical 
maturation involving modification of cell wall 
ultrastructure and texture (firmness) and changes in 
the nutritional value (vitamins and molecules with 
antioxidant activity). 

3 Aesthetics Appearance This aspect comprises a number of features related to 
ŎƻƴǎǳƳŜǊΩǎ ǇǊŜŦŜǊŜƴŎŜǎΦ ¢ƘŜǎŜ ŦŜŀǘǳǊŜǎ ŀǊŜ ŘŜǎŎǊƛōŜŘ 
below. 

4 Shape/size/weight Aesthetic Shape: Characteristics of the variety (Extra or Class I) 
or keeping with minimum requirements (Class II) 

Size/weight: Size is determined 
by the weight of the bunch. 
Minimum bunch weight-75g 
[28]. This provision does not 
apply to packaged intended for 
single servings. 
Berry size: In USA 
specifications: 
For all varieties, other than 

seedless varieties, the berries must meet a minimum 
diameter of 10/16 inch. For all seedless varieties 
(Flame Seedless, Thompson Seedless, Perlette, Black 
Seedless, etc.) they must meet a minimum diameter of 
9/16 inch. 

5 Uniformity of bunch Aesthetic Berries must be well formed and normally developed, 
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shot berries (underdeveloped berries) are not allowed  
(Figure 38) 
 ά¦ƴŜǾŜƴƭȅ ŘŜǾŜƭƻǇŜŘ άōǳƴŎƘŜǎΣ ƛΦŜΦ άǎƘƻǘέ ōŜǊǊƛŜǎ 
ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ ƛƴǎǳŦŦƛŎƛŜƴǘ ǇƻƭƭƛƴŀǘƛƻƴΦ ¢ƘŜ άǎƘƻǘέ 
berries are usual seedless in those varieties that 
normally develop seeds. They may be entirely greens 
and hard or mature and colour uniformly with the 
ƴƻǊƳŀƭ ōŜǊǊƛŜǎΦ ά¢Ƙƛƴέ όǎǘǊŀƎƎƭȅύ ōǳƴŎƘŜǎΣ ƛΦŜΦ ǿƛǘƘ 
berries too far apart on the stalk or with too few 
berries are neither allowed. 
Bunches with berries of the same size, shape and 
colour are preferred. 
Also, the berries should be evenly spaced along the 
stalk and have their bloom virtually intact, see Figure 
47. 

6 Abnormal external 
moisture 

Aesthetic This issue applies to excessive moisture, for example 
free water lying inside the package. Anyway, it does 
not include condensation on produce following release 
from cool storage or refrigerated vehicle.(Figure 39) 

7 Cleanness/Foreign 
matter 

Aesthetic Table grapes should be practically free of visible soil, 
dust, chemical residue or other foreign matter. 
However ,as it is not possible to clean the berries of 
table grapes before eating, chemical residue, soil, 
dust, sooty mould or pollution by mealy bug secretion 
is not allowed (Figure 40). 

8 Colour berry Aesthetic and 
Maturation 

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 shoe pigmentation on the skin only (Figure 41). 
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 (Class II). 

9 Colour branch Aesthetic and 
Maturation 

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 to 
scatter. 

10 Defects Appearance This aspect comprises a number of features (disorders, 
damages and discolorations) that affect the 
appearance of the fruit, even leading to safety 
troubles. Table grapes must be free from disease or 
serious deterioration which appreciably affects their 
appearance, edibility or market value. See below most 
common defects. 

11 Damages Defects  

12 Discolorations Defects  
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13 Disorders Defects  

14 Sun scorch Discolorations Spots of sun scorch that deteriorate the skin and may 
affect the flesh are not allowed (see Figure 43). 

15 Shrivelling/Shrunken Disorders /  
Damages 

Shrivelling could be the effect of any damage in the 
berry or internal disorder. Shrivelled berries and wilted 
rachis (stalk) and pedicels are not allowed (see Figure 
42). 

16 Holes /Cracks Damages  Holes and cracks can arise from damages. Mostly they 
are caused by hail injury or cold injury. 

17 Pests Damages Pest damage can detract from the general appearance 
and affect the keeping quality and edibility of the table 
grapes (Figure 46). 

18 Unhealed cracks/split Damages Next to the cracks that are present due to damages, 
they can also arise from disorders. Most commonly, 
cracks result from extremely rapid fruit growth, called 
άƎǊƻǿǘƘ ŎǊŀŎƪǎέΦ /ǊŀŎƪǎ Ƴŀȅ ǊŀŘƛŀǘŜ ŦǊƻƳ ǘƘŜ ǎǘŜƳ 
end of the fruit or may encircle the fruit. Cracks are 
often invaded by secondary fungi and bacteria that 
further rot the fruit (see Figure 44). 

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

20 Bruises Disorders / 
Discolorations  

Deterioration or alteration of the skin or pulp caused 
by fungal diseases, as black rot (Guignardia bidwellii), 
powdery mildew (Uncinula necator), anthracnose 
(Elsionoe amplelina) or grey mould (Botrytis cinerea). 
(Figure 45). 

21 Flavour Maturation Grapes contain numerous compounds responsible of 
their flavour: sugars, organic acids and phenolic 
compounds. 
 
The characteristic sweet-sour taste of grape is due to a 
combination of the sugars and organic acids present. It 
is the sugar/acid ratio which contributes towards 
giving many fruits their characteristic taste and so is an 
indicator of commercial and organoleptic ripeness.  
 
During the maturation, grape accumulates free sugars, 
and phenolic compounds. During the ripening 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 content, which are phenolic 
compounds. 
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22 Physical maturation Maturation Changes occurring in the cell wall during maturation 
affect to the tissue strength and modify the physical 
resistance or firmness of the fruit. Maturation 
culminates in fruit dehiscence or shattering (Shatter 
refers to the loose berries, those that have detached 
from the stem. 

23 Health benefits Maturation Several molecules with implication in health because 
of their antioxidant capacity are synthetized and 
concentrated during grave ripening. Some of them are 
described below. There are no marketing standards for 
these parameters. 

24 Firmness Physical 
maturation 

According to OECD [34]: Berries must be firm and 
firmly attached. 
Berry firmness is a measurable parameter and would 
therefore allow sorting the table grape cultivars into 
different firmness ranges or categories [35]. 
Moreover, characterisation of the texture of grape 
flesh is important for breeding new cultivars of table 
grapes [36].  

25 Shatter/ attachment 
of the berries to the 

stalk 

Physical 
maturation 

The berries should not detach from the truss. When 
they fall of spontaneously, it is a sign of overripeness, 
(see Figure 48). 

26 Seeds Physical 
maturation 

The small hard seedlike fruit that are mostly present in 
the grape. There are 1 or 2 per berry, made of tannins 
and oils. 

27 Soluble solids Flavour Soluble solids content is directly related to ripeness. 
Sugars are a large portion of soluble solids in grapes, 
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, the 
concentration of fructose, exceeds that of glucose. 
In general, as the berry approach full maturity, berry 
size reaches a maximum and sugar accumulation 
slows. 
°Brix is traditionally used to measure the sugar content 
as well as soluble solid content. As soluble solids are in 
main part constituted by free sugars. 
According to CODEX recommendations [33], the fruit 
must have a refractometric index of at least 16ºbrix. 
Fruit with a lower refractometric index are accepted 
provided a specific sugar/acid ratio. 
According to Regulation EU 543/2011 [31]. The juice of 
the berries must have a refractometric index of at 
least: 
Á 12° Brix for the Alphonse Lavallée, Cardinal 

and Victoria varieties 
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Á 13° Brix for all other seeded varieties 
Á 14° Brix for all seedless varieties. 

In addition all varieties must have satisfactory 
sugar/acid ratio levels. 

28 Acids Flavour Next to sugars, organic acids are the most abundant 
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 a small 
extent, citric. During the early period of berry growth, 
concentration of both main acids increases in the fruit. 
With the onset of ripening, as the sugar accumulates 
in the fruit, the acid concentration decreases. 
Generally the reduction in malic acid is greater, 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. 
High-performance liquid chromatography (HPLC) can 
be used analyse the acids 
According to CODEX the fruit must have a 
refractometric index of at least 16ºbrix. Fruit with a 
lower refractometric index accepted provided 
sugar/acid ratio at least equal to: 
Sugar/acid ratio (CODEX): 
 If °Brix < 16, fruit are accepted provided the 
sugar/acid ratio is at least equal to: 
Á нлΥм ƛŦ ǘƘŜ мнΦрҖϲ.ǊƛȄғ мп 
Á муΥм ƛŦ ǘƘŜ мпҖϲ.ǊƛȄғ мс 

29 Phenolic compounds Flavour/ 
Healthy 
benefits  

Phenolic compounds are responsible for the bitterness 
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, main 
groups related with flavour are tannins and flavonols. 
Tannins are very complex compounds. They are 
yellow, brown, and red coloured as well as astringent 
and bitter. Flavonols are responsible of bitterness too. 
Analytical determination of these compounds is 
carried out employing spectrophotometry or 
chromatographic methods. 
 
Among grape phytochemicals, polyphenols are the 
most important because they possess many biological 
activities and health-promoting benefits, due to their 
antioxidant power. The phenolic compounds mainly 
include anthocyanins, flavanols, flavonols, stilbenes 
(resveratrol) and phenolic acids. Anthocyanins are 
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pigments, and mainly exist in grape skins. Flavonoids 
are widely distributed in grapes, especially in seeds 
and stems, and principally contain (+)-ŎŀǘŜŎƘƛƴǎΣ όҍύ-
epicatechin and procyanidin polymers. Anthocyanins 
are the main polyphenolics in red grapes, while flavan-
3-ols are more abundant in white varieties. 
 
The reported evidences of beneficial health effects of 
phenolic compounds include inhibiting some 
degenerative diseases, such as cardiovascular 
diseases, and certain types of cancers, reducing 
plasma oxidation stress and slowing aging. 
 
Several methods have been used to monitor and 
compare the antioxidant activity of foods: DPPH, FRAP, 
!.¢{Σ hw!/ΧΦ¢ƘŜǎŜ ƳŜǘƘƻŘǎ ŀǊŜ ōŀǎŜŘ ƻƴ 
spectrophotometric or fluorimetric measurements. 
 

 

  



 

28 
 

2.2 Ready Meals 

Apart from a generic description, there appears to be no formal, public domain, detailed definition of 

a chilled ready meal. Each 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 

quality check list for inspection and acceptance, but these are confidential to the retailer. 

Although, by the help of documents that were presented to us by Marks and Spencer and 2 Sisters 

Food Group Limited we have built the mind map and table below. We focus on a 3 component ready 

meal. These ready meals traditionally consist of a piece of meat, some vegetables and an ingredient 

rich of carbohydrates, like rice or potatoes. In this deliverable we give an overview of quality 

parameters that are related to 3 component ready meals and focus on the ready meal, chicken in red 

wine sauce, sold by Marks and Spencer, as an example. This ready meal consists of a chicken fillet in 

red wine gravy, carrots and peas and mashed potatoes. We assume that the quality of the different 

ingredients in the ready meal is desirable. 

2.2.1 Ready-meals: Chicken in Red Wine Sauce 

A mindmap with the general overview of aspects related to the quality of ready meals is given (Figure 

9) together with a description of quality parameters related to the ready meals (Table 4).  

2.2.1.1 Mindmap  

Quality aspects of 
Ready Meals

1. Mass

3. Packaging

2. Appearance

9. Shape

8. Colour

4. Composition

6. Total Mass

7. Ingredients

10. Size

11. Distribution

12. Positioning
14. Seals

13. Labeling

16. Nutritional value

5. Flavour

15. Foreign bodies

 

Figure 9: Mindmap of aspects related to the quality of ready meals 
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2.2.1.2 Explanation of each quality parameter  

Table 4: Description of quality attributes of ready meals 

Nr Quality aspect Belongs to Description 

1 Mass Quality aspects It is the quality attribute describing the mass of 
the complete ready meal and its ingredients. 

2 Appearance Quality aspects It is a summary of external attributes, that are 
visually noticeable. It are aesthetic parameters, 
which consumers perceive as characteristics of 
the ready meal or its ingredients. 

3 Packaging Quality aspects Quality parameters that describe the used 
package. 

4 Composition Quality aspects The composition of a ready meal is the amount 
of each ingredient that is used to get the desired 
pie. The composition is dependent on several 
parameters, like the price class of the ready 
meal, ǘƘŜ ŘŜǎƛǊŜŘ ǘŀǎǘŜΣ Χ  

5 Flavour Quality aspects The taste perceived of the ready meal in the 
mouth [37]. 

6 Total mass Mass The mass of the complete ready meal. The 
package is not included in this mass.  

7 Used ingredients Mass and 
Composition 

The mass of each ingredient in the ready meal 
should be between the ranges that are 
predefined. 

8 Colour Appearance The colour of each ingredient of the ready meal 
should be like expected. Colours are defined 
along the L*, a* and b* axes of the CIELab colour 
space. 

9 Shape Appearance The shape is the geometry of the ingredients in 
the ready. 

10 Size Appearance The ingredients in the ready meal has to be 
between certain ranges of size that are defined 
by the producer. 

11 Distribution Appearance and 
Flavour 

The desired distribution of the different 
ingredients in the ready meal. The ingredients 
should cover the right amount of space. 

12 Positioning Appearance The desired positioning of all the ingredients. 
They need to be in the correct compartment and 
in the compartment, they should be in the 
correct position. 

13 Labelling Packaging The labels on the package must be correct and 
legible. The indicated ingredients must be 
according to the ready meal itself and the date 
coding must be correct. 

14 Seals Packaging The packages must be fully sealed. No holes or 
damages are allowed. No debris is allowed 
beneath the seal.  
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15 Foreign bodies Packaging The presence of objects that are not wanted in 
the object is forbidden.  

16 Nutritional value Composition The nutritional value of the whole ready meal. It 
is dependent on the nutritional value of the used 
ingredients. 

3 References 

1. Giovannoni, J. Molecular Biology of fruit maturation and ripening. Annual Review of Plant 
Physiology and Plant Molecular Biology, 2001. 52: p. 725-749. 

2. USDA, 2008. United States Standards for Grades of Tomatoes on the Vine. Available at: 
http://www.ams.usda.gov/AMSv1.0/getfile?dDocName=STELPRDC5065701 

3. CODEX standard for tomatoes CXS-293, 2008 edition. Available at: 
http://www.freshquality.eu/cms-upload/files/Marketing_standards/CXS_293_tomatoes.pdf  

4. UNECE marketing standard. UNECE STANDARD FFV-36 concerning the marketing and 
commercial quality control of TOMATOES. 2012 EDITION. UNITED NATIONS New York and 
Geneva, 2012. Available at: 
http://www.unece.org/fileadmin/DAM/trade/agr/standard/fresh/FFV-Std/English/ 
36Tomatoes_2012.pdf 

5. USDA, 1991. United States Standards for Grades of Fresh Tomatoes. Available at: 
http://www.ams.usda.gov/AMSv1.0/getfile?dDocName=STELPRDC5050331 

6. OECD, International Standarisation of Fruit and Vegetables: Tomatoes. Interpretative 
brochure, version 2002. Available at: http://www.oecd.org/agriculture/code/46597842.pdf 

7.  EU Pesticides database. Available at: 
http://ec.europa.eu/sanco_pesticides/public/index.cfm?event=commodity.selection 

8. Fraser, P.D., Truesdale, M.R., Bird, C.R., Schuch, W., Bramley, P.M.,  Carotenoid Biosynthesis 
during Tomato Fruit Development (Evidence for Tissue-Specific Gene Expression). Plant 
Physiology 1994. 105: pp. 405-413 

9. Artés Calero, F., Artés Hernández, F. Tratamientos posrecolección del tomate fresco. 
Tendencias e innovaciones. Available at: 
http://www.horticom.com/pd/imagenes/59/605/59605.pdf  

10. Barrett, D.M. and Anthon, G.E., Color quality of tomato products, in Color Quality of Fresh 
and Processed Foods. 2008. p. 131-139. 

11.  MacLeod, R., Kader, A.A., Morris L.L. Damage to fresh tomatoes can be reduced. California 
Agriculture, 1976. 30(12): p. 10-12. Available at: 
http://ucce.ucdavis.edu/files/repositoryfiles/ca3012p10-72079.pdf 

12.  Masarirambi, M.T., Mhazo, N., Oseni, T.O., Shongwe, V.D. Common physiological disorders of 
tomato (Lycopersicon esculentum) fruit found in Swaziland. Journal of Agriculture and Social 
Sciences, 2009. 5: p. 123ς127. 

13.  Causse, M., Friguet, C., Coiret, C., Lépicier, M., Navez, B., Lee, M., Holthuysen, N., Sinesio, F., 
Moneta, E., Grandillo, S. Consumer preferences for fresh tomato at the European scale: a 
common segmentation on taste and firmness. Journal of Food Science, 2010. 75 (9):p. 531-
541. 

14. De Ketelaere, B., et al., Postharvest firmness changes as measured by acoustic and low-mass 
impact devices: a comparison of techniques. Postharvest Biology and Technology, 2006. 
41(3): p. 275-284. 

http://www.ams.usda.gov/AMSv1.0/getfile?dDocName=STELPRDC5065701
http://www.ams.usda.gov/AMSv1.0/getfile?dDocName=STELPRDC5050331
http://ucce.ucdavis.edu/files/repositoryfiles/ca3012p10-72079.pdf
http://www.ncbi.nlm.nih.gov/pubmed?term=Causse%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21535628
http://www.ncbi.nlm.nih.gov/pubmed?term=Friguet%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21535628
http://www.ncbi.nlm.nih.gov/pubmed?term=Coiret%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21535628
http://www.ncbi.nlm.nih.gov/pubmed?term=L%C3%A9picier%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21535628
http://www.ncbi.nlm.nih.gov/pubmed?term=Navez%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21535628
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21535628
http://www.ncbi.nlm.nih.gov/pubmed?term=Holthuysen%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21535628
http://www.ncbi.nlm.nih.gov/pubmed?term=Sinesio%20F%5BAuthor%5D&cauthor=true&cauthor_uid=21535628
http://www.ncbi.nlm.nih.gov/pubmed?term=Moneta%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21535628
http://www.ncbi.nlm.nih.gov/pubmed?term=Grandillo%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21535628
http://www.ncbi.nlm.nih.gov/pubmed/21535628


 

31 
 

15. Schotte, S., De Belie, N., and De Baerdemaeker, J., Acoustic impulse-response technique for 
evaluation and modelling of firmness of tomato fruit. Postharvest Biology and Technology, 
1999. 17(2): p. 105-115. 

16.  Ciruelos-Calvo, A., de la Torre R., González-Ramos, C. Parámetros de calidad en el tomate 
para industria. pp. 157-169. In: La agricultura y la ganadería extremeñas. 2008. Available at: 
http://eia.unex.es/EIIAA/Portals/0/La%20Agricultura%20y%20la%20Ganader%C3%ADa%202
007.pdf 

17. Brandt, S., Pék, Z., Barna, É., Lugasi, A., & Helyes, L., Lycopene content and colour of ripening 
tomatoes as affected by environmental conditions. Journal of the Science of Food and 
Agriculture, 2006. 86: p. 568ς572.  

18. Helyes, L., and Pék, Z., Tomato fruit quality and content depend on stage of maturity. 
HortScience, 2006. 41(6): p. 1400-1041. 

19. Choudhary, R., Bowser, T.J., Weckler, P.,  Maness, N.O., McGlynn, W. Rapid estimation of 
lycopene concentration in watermelon and tomato puree by fiber optic visible reflectance 
spectroscopy. Postharvest Biology and Technology, 2009. 52(1): p. 103-109. 

20. Grolier, P., Gerber, M., Bilton, R., Leoni, C., Bartholin, G. ¢ƻƳŀǘƻ ŀƴǘƛƻȄƛŘŀƴǘǎ ŀƴŘ ƛǘΩǎ 
derivates. Benefits for health.  V Congreso Internacional de Alimentación, nutrición y 
dietética. Conferencias Sección A: Nutrición y Dietética. Madrid 14, 15 y 16 de noviembre de 
2001. Available at:  
http://www.nutricion.org/publicaciones/revista_marzo_02/VCongreso_publicaciones/Confer
encias/Tomate.pdf 

21. Petro-Turza, M., Flavor of tomato and tomato products. Food Reviews International, 1987. 2 
(3): p. 309-351. 

22. Tandon, K.S., Baldwin, E.A., Scott, J.W. Shewfelt, R.L., Linking sensory descriptors to volatile 
and non-volatile components of fresh tomato flavor. Journal of Food Science, 2003. 68: p. 
2366-2371.  

23. 9ǳǎƪƻ [ŀōŜƭΦ wŜƎƭŀƳŜƴǘƻ ŘŜ ƭŀ ƳŀǊŎŀ άYŀƭƛǘŀǘŜƪƻ 9ǳǎƪŀƭ ¢ƻƳŀǘŜŀ-Tomate de Calidad del País 
±ŀǎŎƻέ Ŏƻƴ ŘƛǎǘƛƴǘƛǾƻ 9ǳǎƪƻ [ŀōŜƭΦ wŜƎ-Ket-Rev.doc (16/09/2005). Available at: 
http://www.nasdap.ejgv.euskadi.net/r50-
4633/es/contenidos/informacion/mg_tomate/es_agripes/adjuntos/Reglamento%20Euskal%
20tomatea.pdf and http://www.euskolabel.net/verdocumento.asp?iddoc=3701 (Kalitatezko 
Euskal Tomatea Anexo Rev. 1) 

24. Anthon, G.E., LeStrange, M., Barrett, D.M., Changes in pH, acids, sugars and other quality 
parameters during extended vine holding of ripe processing tomatoes. Journal of the Science 
of Food and Agriculture, 2011. 91(7): p. 1175-81.  

25. Pedro, A. M. K., Ferreira, M.M. C., Nondestructive Determination of Solids and Carotenoids in 
Tomato Products by Near-Infrared Spectroscopy and Multivariate Calibration. Analitical 
Chemistry, 2005. 77: p. 2505-2511. 

26. DávilaςAviña, J.E.J, GonzálezςAguilar, G.A., AyalaςZavala, J. F., Sepúlveda, D.R., Oliva, G.I. 
Volatile compounds resposible of tomato flavor. Revista Fitotecnia Mexicana, 2011. 34 (2): p. 
133 ς 143 

27. Berna, A. Z., Lammertyn, J., Saevels, S., Di Natale, C., Nicolai, B.M. Electronic nose systems to 
study shelf life and cultivar effect on tomato aroma profile. Sensors & Actuators B Chemical, 
2004. 97: p. 324-333. 

28. FFV-19, U.S., Comercial quality control of TABLE GRAPES, 2010, United Nations Economic 
Commission for Europe - UNECE: New York and Geneva. 

29. Dokoozlian, N.K., Grape Berry Growth and Development, in The Grapevine2005. 

http://eia.unex.es/EIIAA/Portals/0/La%20Agricultura%20y%20la%20Ganader%C3%ADa%202007.pdf
http://eia.unex.es/EIIAA/Portals/0/La%20Agricultura%20y%20la%20Ganader%C3%ADa%202007.pdf
http://www.sciencedirect.com/science/article/pii/S0925521408002822
http://www.sciencedirect.com/science/article/pii/S0925521408002822
http://www.sciencedirect.com/science/article/pii/S0925521408002822
http://www.sciencedirect.com/science/article/pii/S0925521408002822
http://www.sciencedirect.com/science/article/pii/S0925521408002822
http://www.sciencedirect.com/science/journal/09255214
http://www.nutricion.org/publicaciones/revista_marzo_02/VCongreso_publicaciones/Conferencias/Tomate.pdf
http://www.nutricion.org/publicaciones/revista_marzo_02/VCongreso_publicaciones/Conferencias/Tomate.pdf
http://www.nasdap.ejgv.euskadi.net/r50-4633/es/contenidos/informacion/mg_tomate/es_agripes/adjuntos/Reglamento%20Euskal%20tomatea.pdf
http://www.nasdap.ejgv.euskadi.net/r50-4633/es/contenidos/informacion/mg_tomate/es_agripes/adjuntos/Reglamento%20Euskal%20tomatea.pdf
http://www.nasdap.ejgv.euskadi.net/r50-4633/es/contenidos/informacion/mg_tomate/es_agripes/adjuntos/Reglamento%20Euskal%20tomatea.pdf
http://www.euskolabel.net/verdocumento.asp?iddoc=3701
http://www.ncbi.nlm.nih.gov/pubmed/21384370
http://www.ncbi.nlm.nih.gov/pubmed/21384370


 

32 
 

30. UNECE standard for table Grapes. UNECE/Codex Joint International workshop. Mexico city, 1 
May 2011. Available at: http://www.unece.org/fileadmin/DAM/trade/agr/promotion/ 
2011_Mexico/TableGrapesUNECE_Codex.pdf 

31. Comission, E., Regulation (EU) No. 543/2011 of 7 June 2011, laying down detailed rules for 
the application of Council Regulation (EC) No 1234/2007 in respect of the fruit and vegetables 
and processed fruit and vegetables sectors, in Marketing standards for fresh fruits and 
vegetables2011. 

32. Yang, C., et al., Volatile compounds evolution of three table grapes with different flavour 
during and after maturation. Food Chemistry, 2011. 128(4): p. 823-830. 

33. ALIMENTARIUS, C., CODEX STANDARD FOR TABLE GRAPES, in CODEX STAN 255-20072007. 
34. OECD, International Standarisation of Fruit and Vegetables-TOMATOES, in Standard also 

recommended by the Economic Commission for Europe of the United Nations Organization 
under the reference FFV-36.2002. 

35. Callejas Rodriguez, R., et al., Berry firmness categories in different table grape cultivars (Vitis 
vinifera L.). Revista de la Facultad de Ciencias Agrarias. Univ. Nac. Cuyo [online]. 2011. 43(1): 
p. 127-141. 

36. Iwatani, S.-i., et al., Evaluation of grape flesh texture by an avoustic vibration method. 
Postharvest Biology and Technology, , 2011: p. 305-309. 

37. Collins English dictionary on line. Available at: 

http://www.collinsdictionary.com/dictionary/english/flavour 

38.  Fred Jacobs, KCB-Quality Inspection Bureau for fruits and vegetables report (Source: web of 

the United Nations Economic Commission for Europe-UNECE)  

 

39. Ian Hewett, Horticultural Marketing Inspectorate, United Kingdom 

www.unece.org/fileadmin/DAM/trade/agr/promotion/2011_Ghana/Tomatoes.ppt 

 

40 International Standardisation of Fruit and Vegetables-TABLE GRAPES, 2006. Organization for 

Economic Co-operation and Development (OECD) Publications.  

  



 

33 
 

4 Annexe 1: Figures  

4.1 Tomatoes [34, 38 and 39] 

   
Figure 10: Truss of round, ribbed and oblong tomatoes  

 
 

Figure 11. Rough tomato. Not fresh in appearance (not allowed) 

  
Figure 12. Soiled tomato (left) and treatment residues (right) (not allowed) 

  
Figure 13. Left: Kleur-Stadia Tomaten chart from the Dutch Central Bureau for Horticultural 
Auctions (OECD colour gauge); Rigth: chart of Difrusa Export S.A.(Cartagena, Spain) 
 

http://www.google.com/url?sa=i&rct=j&q=round+tomato+vine&source=images&cd=&cad=rja&docid=9HN7A_fCaFcR5M&tbnid=RGoUi3b6pLuDoM:&ved=0CAUQjRw&url=http://archive.constantcontact.com/fs096/1101796412585/archive/1103564469650.html&ei=j04KUfvKJOeM0wWwpoHABQ&bvm=bv.41642243,d.ZG4&psig=AFQjCNHiFJu-kPTaSykfZbZ20Vrzs-D4Wg&ust=13597163635796
http://www.google.com/imgres?q=ribbed+tomato+vine&um=1&hl=en&tbo=d&biw=1517&bih=986&tbm=isch&tbnid=FnLE5NJQIzEi9M:&imgrefurl=http://loghouseplants.com/plants/shop/tomato-beefmaster/&docid=AQzE584RadpjIM&imgurl=http://loghouseplants.com/plants/wp-content/uploads/2012/01/Beefmaster-label.jpg&w=900&h=900&ei=UlEKUYPuI8mIhQfs7oHACQ&zoom=1&ved=1t:3588,r:46,s:0,i:227&iact=rc&dur=276&sig=105919718063347221733&page=2&tbnh=197&tbnw=193&start=34&ndsp=34&tx=90&ty=
http://www.google.com/url?sa=i&source=images&cd=&cad=rja&docid=4CzVqN8sWpixMM&tbnid=7lVIuG9T8JE4LM:&ved=0CAgQjRwwAA&url=http://crapesinbloom.locallygrown.net/market/index/62033&ei=0VEKUdDMI4mAhQeR54DoDA&psig=AFQjCNH2Qu33S4X0WS4t_RBtvk-Tn8-ZeA&ust=13597172016540
http://1.bp.blogspot.com/_CvlpDwgQnhg/TFxmqGcuwII/AAAAAAAAA40/7Lj3YzWB0e8/s1600/IMG_2451_2.J
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Figure 14. The 6 colour categories defined by the USDA. 

 
 Figure 15. Anatomy of a tomato. 

   
Figure 16. Damaged tomatoes: Slight puncture Class I (left); non-healed puncture out of grade (centre) and 
infected cut out of grade (right). 
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1 2 3 
Figure 17. 1) Out of grade, non-healed radial crack; 2) Out of grade, non-healed concentric crack; 3) Fresh 
crack (not allowed).  

    
1 2 3 4 
Figure 18. 1) Class I, healed radial growth cracks; 2) Class II, healed radial growth cracks (< 3cm); 3) Class II, 
healed concentric growth cracks (< 3cm); 3) ; 4) Class II, fine cracking. 

   
Figure 19. Left: linear scars longer than 2/3 of the widest diameter of the fruit (unacceptable); Centre: 
fine blossom scar, Class I; Right: fine blossom scar, Class II 

  
Figure 20. Market bruising (out of grade). Bruise Class II  




































