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ABSTRACT

From the literature it was concluded that various factors could influence the 

storage life of tomatoes. These included harvest maturity, storage temperature, 

storage humidity and the level of gases in the storage atmosphere using 

modified atmosphere packaging (MAP) and controlled atmosphere storage 

(CAS). However, what was not clear from the literature was how (many of) these 

factors interacted and there was little information on the effect at long term MAP 

or CAS on eating quality of tomatoes. A series of experiments were, therefore, 

carried out to investigate the above factors. In order to carry out experiments 

preliminary tests were performed on tomatoes and compared to those given in 

the literature. These were to establish relevant quality criteria for the fruit in 

order to judge the comparative effects of the various treatments and included a 

texture measuring test and minimum criteria for objective colour measurements.

Storage humidity was shown to interact with fruit harvest maturity in that ripening 

time of fruits increased in high humidity levels. The quality of tomatoes 

harvested at the mature green stage of development and stored in low or 

medium humidity was approximately the same when they were ripe. However, 

fruit ripened at high humidity had a significantly better colour, were more acidic 

and firmer than those ripened at low humidities. Tomatoes harvested at the pink 

stage of maturity and ripened at low humidity levels were firmer, probably 

because the time taken to ripen was shorter than those ripened in medium and 

high humidity.

There were interactions between MAP and temperature in that MAP was more 

effective in delaying ripening at 13°C than at 20°C. MAP interacted also with



tomato harvest maturity where it was more effective in delaying ripening of fruit 

harvested at the mature green stage of maturity. Colour development was 

affected by storage temperature. In storage at 13°C maximum reddening 

occurred about 10 days later than in those stored at 20°C. There was an 

interaction between packaging films and ripening time of fruits. Tomatoes 

ripened later when they were sealed in films which were less permeable to O2 , 

CO2  and water vapour than when they were sealed in higher permeable films. 

Packaging films also affected fruit firmness of tomatoes. All green tomatoes 

sealed in 25 micron thick polypropylene (PP) film were very firm even after 60 

days of storage at 13°C or 20°C, compared to other films.

Ripening time and subsequent quality of fruits were influenced by their harvest 

maturity. Tomatoes harvested at the mature green stage and sealed in 50 

micron thick polyethylene (PE50) or PP films had delayed development of the 

red colour after 30 days of storage and those tomatoes also had the lowest 

weight loss and the highest soluble solids after 60 days of storage. Storage 

temperature affected the acidity and total soluble solids (TSS) contents of fruits. 

These were higher at 13°C than at 20°C for those harvested at either the mature 

green or pink stage.

The CO2  levels affected the colour changes of the tomatoes. The colour of 

tomatoes harvested at the pink stage of maturity did not change when they were 

stored in 6.4 % CO2  with 5.5 % O2  and 9.1 % CO2  with 5.5 % O2  even after 50 

days and in some cases after 70 days storage. The red colour development of the 

tomatoes exposed to less than 6.4 % CO2  increased, whereas red colour (Minolta 

a*.b*-1 values) decreased with CO2  levels above 9.1 % during storage.



There were differences in ripening of tomatoes between MAP and CAS where 

mature green fruits in MAP ripened earlier than the same fruits in CAS. The 

differences were probably due to ethylene accumulation in MAP which would not 

occur in CAS because of the continuous gas flushing.

It was concluded that with the combination of reduced temperature and MAP or 

CAS, fruit could be stored for 60 or 70 days and still be marketable in terms of 

appearance, firmness, flavour and overall acceptability.
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Chapter 1, General Introduction 1

Chapter 1. GENERAL INTRODUCTION

Extending the shelf life of produce is one of the ultimate goals of postharvest 

research and is very important for both domestic and export marketing. Shelf life 

'is the time period that a product can be expected to maintain a predetermined 

level of quality under specified storage conditions' (Shewfelt, 1986). Fruit and 

vegetables are living and respiring tissue. After harvesting, ripening continues. 

Climacteric fruit and commodities may become over ripe very rapidly at the 

ambient temperature. This can result in loss of quality, restricted shelf life and, in 

some instances, wastage of fruit during marketing (Geeson at al., 1985). The 

quality of fresh fruit and vegetables is determined by appearance, colour, firmness 

and flavour (Risse et al., 1985). Specifications for monitoring the maintenance of 

'high quality' or 'saleable quality' are more difficult to set and vary with a commodity 

and even varieties of the same commodity. Several techniques are used to 

preserve postharvest quality and extension of shelf life of fruit and vegetables. 

Extension of the shelf life of tomatoes could be achieved by retarding the rate of 

physiological processes (Shewfelt, 1986). A vegetable store will be successful only 

if it will keep the produce in good condition with minimum deterioration (Lindsay 

and Neale, 1981).

One of the ways to extend shelf life is to optimise the environmental conditions 

(Risse et al., 1985), which are temperature, humidity and atmospheric composition 

(Hatton and Cubbedge, 1982). Manipulation of the environmental conditions is 

usually performed to lower respiration and growth of decay organisms without 

inducing physiological injury (Shewfelt, 1986). The rates of growth of fungi and 

bacteria are markedly influenced by the storage environment (Snowdon, 1990).
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Temperature is major factor in the control of postharvest injuries and decay 

organisms. In general the lower the storage temperatures (above the chilling 

temperatures and freezing point) the slower the growth of micro-organisms and the 

longer will be the shelf life of produce (Shewfelt, 1986) and the higher the 

temperature the higher the rate of respiration and the more quickly the produce 

approaches the end of its life ( Cheng et al., 1988).

Relative humidity is another important environmental factor in shelf life and 

disease of fruit and vegetables (Kader, 1987; Sommer et al., 1992). Low relative 

humidity can increase transpirational losses and lead to desiccation, increased 

respiration, and an unmarketable product (Kader, 1992). High humidity causes 

moisture condensation and this high humidity environment is favourable for 

microbial growth, resulting in decay of the commodity (Zagory and Kader, 1988).

Another important factor for storage is the gaseous environment. The composition 

of gases in the storage atmosphere can affect the storage life of produce. When 

O2  levels in plant cells fall, the rate of chemical reaction decreases and 

metabolism is reduced. If the O2  level in the cells is low there may be undesirable 

changes in the chemicals which contribute to the flavour and aroma of the crop. 

Physiological disorders in fruits, associated with high CO2  levels, may be 

associated with this disruption of the respiratory pathway leading to an 

accumulation in the crop cells of alcohol and acetaldehyde (Zagory and Kader, 

1988). After the ripening of fruit the respiration rate declines, a process of 

senescence sets in, off-flavours develop and dying tissues become increasingly 

susceptible to attack by decay organisms. (Snowdon, 1990). Refrigeration and the 

use of low temperatures is the fundamental technique used to retard deterioration 

and to maintain fruits and vegetables in the freshest condition for as long as 

possible or as long as required after harvest (Geeson, 1984). However, in some
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cases low temperature alone may be insufficient to retard the ripening of fruits or 

prevent deterioration such as leaf senescence, loss of flavour or texture and 

microbial attack which can occur during storage (Anon, 1991). Under these 

circumstances, modified or controlled atmosphere used either at ambient 

temperature or in conjunction with refrigeration, may provide an effective means of 

retarding deterioration, maintaining the quality or extending the storage life of 

crops (Geeson, 1984).

Tomato production varies from area to area in Turkey. However, outdoor tomato 

production is between July and early October. Tomato prices are very low during 

that period particularly during August and the first half of September. After early 

October the volume of production decreases and the price of tomatoes in the 

market becomes higher. Outside the field tomato season local greenhouse 

growers supply some fruits but not earlier than March. These are at high cost due 

to shortage of supply and because greenhouse economics are unfavourable with 

rising energy costs. Tomato production could be increased during the summer 

period with lower production costs in Turkey (and in developing countries) if 

prolonged storage were available for the fruits. The techniques of modified 

atmosphere packaging (MAP) or controlled atmosphere storage (CAS) might make 

the extended storage of tomatoes feasible (Thomas et al., 1982). Therefore field 

tomatoes could be stored within MAP or CAS and marketed when prices are high.

Many researchers have studied postharvest life of mature green (Dennis et al., 

1979; Hobson, 1981; Yang et al., 1987; Ramana et al., 1987; Yang and Chinnan, 

1988a and Geeson, 1989) and part-ripe tomatoes (Hobson, 1981 and Geeson et 

al., 1985). Maturity at harvest is very important to composition and quality of 

tomatoes. This is especially a problem with tomatoes picked green since it is 

difficult to differentiate between mature and immature green fruits. Mature green
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and advanced mature green tomatoes will usually attain a much better flavour at 

the table ripe stage than those picked at the immature or partially mature stages 

(Grierson and Kader, 1986). The harvesting of tomatoes before ripening has an 

effect, not only on the peak sugar content, but also on the development of the full 

flavour spectrum, thus affecting consumer acceptability (Hobson and Grierson, 

1993).

These studies were conducted to investigate the technical possibility of long term 

storage of tomatoes, and the effects of different combinations of established 

postharvest treatments on the length of storage and the quality of the tomatoes 

after storage. The study is divided into:

1. General introduction (Chapter 1)

2. Reviews of the literature and the formation of the hypothesis which can be used 

in tomato storage (Chapter 2)

3. The design and methods of experiments to test the hypothesis (Chapter 3 and 4)

4. Effect of humidity variations in tomato storage (Chapter 5)

5. Effects of modified atmosphere packaging (MAP) and controlled atmosphere 

storage (CAS) on tomatoes (Chapter 6)

6. The interactions between temperature and MAP and CAS on tomatoes (Chapter 7)

7. Evaluation of sensory qualities of tomatoes were kept in MAP and CAS (Chapter 8)

8. Conclusions and further recommendations (Chapter 9)
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Chapter 2. Literature Review 

2.1. Origin and History of Tomato

The origin of the tomato (Lycopersicon esculentum Mill) was the western sea board 

of South America close to the equator. It was unknown in Europe, Asia and Africa 

and it is said to have been first brought into cultivation in central and southern 

America (Goodenough, 1991) and brought to Europe by Columbus in 1498 (Hobson 

and Davies, 1971). It was also recorded that the seeds were transferred from south 

America to Italy by 1544 (Hobson and Grierson, 1993) and to England in 1576 

(Hobson and Davies, 1971). Although the tomato was a popular vegetable by the 

1500s in Europe it did not gain wide acceptance in the USA until mid 1800s but today 

it is the most popular vegetable grown in the garden (Splittstoesser, 1984). Due to its 

value as a crop, this species has become widely disseminated all over the world.

2.2. Fruit Anatomy

The tomato plant is the focus of a large agricultural industry and although it is 

botanically a fruit it is almost universally treated as a vegetable (Splittstoesser, 1984). 

In 1893 the tomato was adjudged botanically to be a fruit by the U.S. Supreme Court 

but in the common language of the people it was a vegetable (Goodenough, 1991). 

Tomato fruits are composed of flesh (pericarp walls and skin) and pulp (placenta and 

locular tissue including seeds) (Figure 2.1).
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Outer wall of
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of pericarp Epidermis

Placental
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parenchyma
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pericarp or Columella

around the seed

Figure 2.1. Anatomy of tomato fruits with bilocular structure (Hobson and Davies, 

1971; Ho and Hewitt, 1986).

2.2.1. Pericarp

The body of the fruit develops from the ovary wall which surrounds and encloses the 

seeds, is known as the pericarp (Hobson and Davies, 1971) (Figure 2.1). The 

pericarp is divided into the outer wall, radial walls (septa) which separate adjacent 

locules and the inner walls (columella) (Ho and Hewitt, 1986). The locular cavities 

appear as gaps in the pericarp, and contain the seeds embedded in a jelly-like tissue 

originating from the placenta. The number of locules in normal fruit varies from two 

upwards, and is more or less characteristic for each cultivar (Goodenough, 1991).

2.2.2. Fruit Skin.
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The fruit skin, consists of outer epidermal layer plus two to four layers of thick-walled 

hypodermal cells (Ho and Hewitt, 1986).

2.2.3. Placental Tissue

Early in fruit development the placenta starts to expand into the locules to engulf the 

seeds within the first 10 days and fills the entire locular cavity in the following few 

days. In immature fruits, the placental tissue is firm, but as the fruits mature the cell 

walls begin to break down, and the locular tissue of mature green fruit becomes jelly- 

like (Ho and Hewitt, 1986).

2.3. Growth

Tomatoes are a warm season crop and require only a small growing space. They do 

not grow in cold weather. They should be grown where they will receive at least 6 hr 

of direct sunlight. Tomatoes do not set fruit at temperature above 30 °C and below 

15°C (Splittstoesser, 1984).

2.4. Fruit Quality

2.4.1. Size and Shape

After fertilisation, the number of cells in a tomato fruit increases dramatically over a 

period of 2-3 weeks. The average size of different cultivars of tomato fruit can vary. 

The shape is also largely under genetic control, although nutrition and environment 

can also have an influence (Stevens and Rick, 1986). Consumers expect tomatoes to 

be reasonably round and uniform in shape, slightly wider than deep, and having an 

average of three locules resulting from crossing a
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bilocular line with a multilocular one (Picha, 1986; Stevens, 1986). The shape of the 

fruit results from the differential growth of the ovary at the polar and equatorial 

dimension prior to antithesis. Furthermore, if the growth of the epicarp is much 

greater than that of the placental tissue after antithesis, the fruit become puffy or 

angular (Ho and Hewitt, 1986).

2.4.2. Colour

For the consumer, colour is an extremely important indicator of eating quality 

characteristics of tomatoes. Many different type of pigments have been isolated in 

tomato fruits which contribute to their colour including carotenoids (Gould, 1983b). 

The most abundant carotenoid of the tomato is lycopene and the red colour of the 

tomatoes is determined primarily by their lycopene content which comprises 

approximately 83 % of those pigments present (Gould, 1983b). p-carotene is the 

other principal carotenoid of red tomatoes (Stevens and Rick, 1986). In modern 

cultivated varieties chlorophyll reaches a peak in concentration relatively early in the 

growth of the fruit. In normal fruit chlorophyll is replaced by oxygenated carotenes 

and xanthophylls during ripening. Phytofluene (which is colourless) increases 

towards ripeness, whereas p-carotene peaks a little before full colour development. 

Quantitatively by far the most important compounds which contribute to colour of ripe 

fruit is lycopene (Hobson and Grierson, 1993). Most European cultivars have an 

orange pigment in the skin (Baker et al., 1986), thus the lycopene in the ripened flesh 

gives as orange-red external colour (Gould, 1983b).

Most consumers prefer uniform red coloured tomatoes. Since colour is an indicator of 

tomato ripeness, several subjective rating scales and colour charts have been 

developed for classifying the stage of tomato ripeness. Those included in the US
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standards (USDA, 1975) are shown in Table 2.1. Objective methods of colour 

evaluation include high reflectance measurement and light transmittance techniques. 

Determination of pigment content can also be used to indicate tomato colour changes 

(Grierson and Kader, 1986) (Table 2.1).

Table 2.1. USDA ripening classes of tomatoes (Grierson and Kader, 1986).

Score Class Description*

1 Green Entirely light-to dark-green, but mature
2 Breaker First appearance of external pink, red or greenish-yellow 

colour; not more than 10 %
3 Turning Over 10 % but not more than 30 % red, pink or orange-yellow
4 Pink Over 30 % but not more than 60 % pinkish or red
5 Light-Red Over 60 % but not more than 90 % red
6 Red Over 90 % red; desirable table ripeness

*AII percentages refer to both colour distribution and intensity

2.4.3. Composition

The sugar content, mainly in the locule walls, reaches a peak when the fruit is fully 

ripe, while the malic acid falls quickly as the fruit turns red. The citric acid content is 

much more stable throughout the ripening period, and much of the acidity is to be 

found in the locular contents (Picha, 1986; Stevens, 1986).

2.4.3.1. Sugar

Sugars are one of the major contributors to tomato fruit quality. In general the total 

sugar content increases progressively throughout maturation and ripening (Table 2.2) 

and ripening from the mature green stage to red ripe (Davies and Kempton, 1975), 

and there is a particularly pronounced rise which occurs with the appearance of 

yellow pigmentation (Hobson and Davies, 1971). The quantity of sucrose found
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Table 2.2. Composition of juice from whole fruit and locules (variety Potentate) at six stages 
of ripening (Hobson and Davies, 1971)

1 2 3 4 5 6
No. of 
samples Green

Green
yellow

Yellow
orange Orange

Orange
red Red

Whole fruit
Titratable acidity 
(meq/100 ml)
Reducing sugars (g/100 ml) 
Total solids (g/100 ml)

3
3
3

7.47
2.93
4.46

9.5
3.31
5.00

9.19
3.37
5.08

8.36
4.43
5.00

8.27
3.57
5.18

7.14
3.6

5.10
Locules
Titratable acidity 
(meq/100 ml) 3 14.5 17.1 15.8 14.2 13 11.2
Reducing sugars (g/100 ml) 3 2.13 2.55 2.59 2.75 2.95 3.24
Total solids (g/100 ml) 2 4.54 4.99 5.06 4.91 4.93 5.13

Table 2.3. Average composion of seven varieties of tomato fruit (Hobson and Davies, 
1971)

Variety Titratable acidity 
(meq/1 0 0  ml)

Reducing Sugar 
(g/1 00  ml)

Suganacid
ratio

Total soluble solids 
(g/1 0 0  ml)

Potentate 7.71 3.19 0.42 4.82
Radio 7.87 3.07 0.40 4.80
E.S.5 7.99 3.21 0.41 4.83

Moneymaker 8.09 3.13 0.39 4.80
Delicious 9.13 2.91 0.33 4.75

Ailsa Craig 9.34 3.28 0.36 5.17
L.M.R. 1 10.38 3.03 0.30 5.02

in tomatoes is so small that it may be ignored for all practical purposes. Sucrose 

rarely exceeds 0.1 % on a fresh weight basis. Reducing sugars which usually make 

up from 50 to 65 % of tomato total soluble solids and constitutes 1.5-3.5 % of the 

fresh weight (Hobson and Davies, 1971). These are mainly glucose and fructose 

(Gould, 1983a).
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2.4.3.2. Organic Acids

Table 2.4. Malic and citric acid in the fruit of tomato varieties (Hobson and Davies, 1971 ]

Acidity in fresh Percentage of Malic:citric
Variety tissue (meq/ 1 0 0  ml) total acidity acid ratio

Malic Citric Malic Citric
Moneymaker 239 458 26 51 0.52
Radio 313 502 28 45 0.62
Ailsa Craig 288 612 24 51 0.47
Potentate 254 463 26 48 0.55
E.S.5 304 526 26 45 0.58
Ware Cross 313 696 24 54 0.45
L.M.R. 1 192 736 16 60 0.26
Delicious 146 649 13 60 0.23
Immuna 90 878 7 6 6 0 .11

The acid in tomatoes is generally considered to be predominantly citric, and the next 

most abundant organic acid is malic acid in fresh juice or whole fruit (Gould, 1983a). 

Hobson and Davies (1971) reported that malic acid concentration falls as the tomato 

ripens while citric acid increased up to the yellow green stage of ripeness and then 

either falls or shows no subsequent significant change. On the other hand, it has also 

been reported that both citric and malic acids increased steadily throughout 

maturation and ripening, while the titratable acidity rose to a peak as the fruit 

changed colour and then declined somewhat. It has been reported that in a study 250 

tomato accessions the variation of percentage of citric acid ranged from 0.40 to 0.91 

% (Stevens and Rick, 1986).

2.4.3.3. Starch

While immature tomatoes contain considerable amounts of starch, it is only a minor 

constituent of ripe fruit. Hobson and Davies (1971) reported that they were unable to
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detect starch in young fruit up to 1 0  days from fertilisation but the starch content 

subsequently increased to a maximum at 8  weeks old, shortly before the fruit began 

to change colour, and then it disappeared rapidly as ripening proceeded. Low O2  

atmospheric storage inhibited starch degradation and subsequent sugar formation. 

The inhibition was more distinct in the early than in the late stages of storage. When 

fruits were stored in 1 % O2  and 99 % N2 , loss of starch was completely inhibited for 

60 days. This result indicated that a low O2  atmosphere, such as 1 % O2 , is an ideal 

environment for extending the storage life of mature green tomatoes (Salunkhe and 

Wu, 1973).

2.4.4. Taste and Flavour

Changes in carbohydrates, organic acids, proteins, amino acids and lipids can 

influence the flavour of fresh fruit and vegetables (Kader, 1986). Tomato flavour 

involves the perception of the taster and is influenced by the aromas of many 

chemical constituents. The relation between sugars and acids are very important in 

determining the flavour in tomatoes. Fructose and citric acid are more important to 

sweetness and sourness than glucose and malic acid (Grierson and Kader, 1986). 

Acid content of the fruits is not only related to their sourness but is highly correlated 

with flavour of the fruits. Variation in acid content has a more dramatic effect on 

flavour than the limited variation is sugar content that exists among most cultivars. 

(Stevens and Rick, 1986). The taste is thus mainly determined by the sweetness 

induced by the reducing sugars, plus some sucrose in cherry tomatoes, and sourness 

caused by the organic acid content.

The harvesting of tomatoes before full ripeness has an effect not only on sugar 

content but also on the development of a full flavour spectrum, affecting consumer 

acceptability (Picha, 1986; Stevens, 1986). Sugar and acid contents change during
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ripening. According to Ottosson and Wiberg (1977) the maximum acid content is 

reached at breaker stage. High acid and low sugars will produce a tart tomato while 

high sugars and low acids will result in a bland taste. When both sugars and acids 

are low, the result is tasteless, insipid tomatoes (Grierson and Kader, 1986). A high 

content of both compounds indicate good taste composition (De Bruyn et al., 1971) 

with a tomato which has a high sugar and a high acid content being favoured 

(Stevens, 1986).

2.4.5. Texture

Flesh firmness is an important criterion both for transportation and storage of tomato 

fruit. It is directly related to its shelf life. It affects the susceptibility of fruits to 

damage, and consequently their consumer acceptability. The peak of fruit ripeness is 

associated with a narrow range of firmness values. Firmness of pericarp tissue is a 

key component of both processing and fresh market tomato cultivars (Stevens and 

Rick, 1986). Most consumers prefer firm fruits which do not lose much juice when 

sliced (Kader et al., 1978b).

Most fruit soften during ripening. This is a major quality attribute that dictates shelf 

life. Tomato fruit softening can arise because of loss of turgor and cell wall 

degradation. Several processes occurring in the fruit contribute to softening. Loss of 

turgor is associated with postharvest dehydration of the fruit during storage. Another 

factor related to softening is cell wall degradation which usually consists of apparent 

dissolution of the pectin-rich middle lamella region of the cell wall (Tucker, 1993). It 

was reported that during ripening there is a loss of neutral sugars, in most fruits, and 

the changes in the sugar side-chains may then allow desegregation of the pectic 

mosaic (Hobson, 1993; Tucker, 1993). Pectin is a natural constituent of ripe
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tomatoes. It is formed between the cells which make up the red tissues, cementing 

them together (Gould, 1983a). Softening has been interpreted as a change in the 

pectin materials cementing the cell walls and is characterised by the solubilisation of 

pectic substances (Goodenough, 1991).

The textural quality of tomatoes is influenced by skin toughness, flesh firmness and 

internal fruit structure. The enzymes involved in textural changes in tomato fruit are 

mainly polygalacturonase (PG), pectinesterase (PE), p-(1-4) glucanase (or cellulase) 

and p-galactosidase. It was thought that PG was very effective on tomato fruit 

softening and Hobson (1965) found earlier a close link between the firmness of 

tomato fruits and the PG activity. Its activity is closely associated with the rate at 

which pectins become solubilized, and PG is also responsible for depolymerisation of 

the pectin chain (Hobson and Grierson, 1993). Recently Tong and Gross (1989) 

found that there was no clear relation between firmness and PG activity of tomatoes. 

Hobson and Grierson (1993) reported that PG is not the primary determinant of 

softening of tomatoes. They also reported that the reduction of PG activity largely 

prevented pectin depolymerisation, but had little effect on solubilisation of pectin or 

firmness of fruit measured by probe penetration. Hobson (1993) also reported that 

although a significant amount of softening and ripening took place, PG activity was 

too low to be involved.

A selected pectolytic enzyme, PE is also found in tomato fruit; changes in activity 

occur during ripening so it may also be implicated in softening (Hobson and Grierson,

1993). It is possible that PG and PE occupy different sites in the cell wall and middle 

lamella, thus adding a further control point over their activities (Brady et al., 1987). It 

was reported that a PG gene introduced into tomato in the sense orientation,
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designed to be transcribed to produce sense in mRNA, also down-regulates PG 

activity (Hobson and Grierson, 1993). Hobson (1993) reported that the reduction in 

PG activity by at least 98 % improved survivability and the processing quality of 

transgenic fruit. Reducing ethylene synthesis in transgenic fruit has shown that 

expression of the PG gene is largely unaffected, although PG mRNA does take 

longer to reach maximum levels in these low ethylene fruits (Hobson and Murray, 

1994). This has been genetically engineered so that fruit have reduced ethylene 

synthesis. The result is that the fruit can be harvested fully ripe but will be still firm 

which makes it less susceptible to injury during postharvest handling.

Clearly, tissue softening is a complex process, and entails more than increased PG 

activity. Consequently, other explanations must be sought for changes in texture that 

occur during ripening (Hobson and Grierson, 1993). Some other factors may be 

involved in the solubilisation of cell wall uronides, such as glycaneses non-enzymatic 

mechanism of pectin degradation, methyl esterification of pectic carboxyls, or Ca+ 2  

binding between adjacent carboxyls and between pectic chains (Tong and Gross, 

1989). In this case calcium ions are chelated by regions of de-esterified galacturonic 

acid residues on adjacent polymers (Buescher and Tigchelaar, 1975), and large 

number of possible bonds would be expected to hold adjacent polymers firmly 

together (Tucker, 1993).

Cell wall structure is very important for texture changes of fruits. Cell wall in which 

cellulose fibrils, which were coated with hemicellulose are found embedded in a 

matrix composed of pectin and protein. Cellulose consists of linear chains of p(1-4)- 

linked glucose residues which aggregate together via hydrogen bonds to form fibrils 

(Tucker, 1993). Similar bonds attach the hemicellulose, mainly xyloglucans, to the 

cellulose fibres, and xyloglucans probably also span the melieu between the
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microfibrils. The pectic substance typically consists of a backbone of (1-4)a-D- 

galatosyluronic acid residues interspersed to varying degrees with rhamnosyl 

residues. These rhamnosyl units can form the attachment point for side chains of 

galactosyl or arabinosyl units. Cross-linking by calcium forms a complex whose 

stability increases with the chain length. The relation between the cell wall and 

ripening has been closely linked with Ca+ 2  metabolism. Increasing tissue Ca+ 2  

levels by as much as fourfold significantly delayed ripening and therefore softening of 

tomato fruit (Wills et al, 1989). Calcium ions are thought to stabilise soluble polymeric 

chains in the cell wall through adjacent carboxyl groups and through interpolymer 

associations, with calcium ions sandwiched between the inner faces (Hobson, 1993). 

The pectic substance became increasingly soluble as the calcium complex breaks 

down and as calcium is found particularly in the middle lamella, its degree of 

solubility leads to loss of cell cohesion. This change in texture by fruits during 

ripening has been linked with the loos of neutral-sugar side chains, a change in the 

components being incorporated into the cell wall enzymes which than promote 

ripening and the disintegration of calcium-pectate (Hobson, 1993).

2.5. Storage of Tomato Fruits

2.5.1. Effects of Varieties/Cultivars

There are hundreds of tomato cultivars available. Fruits come in a number of 

shapes, sizes and colours. The main crop types produce medium to large fruit of 

various maturities. Orange or yellow fruit cultivars when ripe are frequently 

considered to be lower in acid, but the acid content is similar to main crop cultivars.
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Those cultivars have higher sugar content and taste sweeter. Paste cultivars contain 

less water in the fruits are used for paste, catsup or canning (Splittstoesser, 1984). 

Stevens et al., (1977) worked on those aspects of the chemical content of fruits most 

responsible for variation in flavour of six fresh market tomato cultivars and found that 

there was significant quantitative variation among cultivars.

2.5.2. Harvest Maturity

One of the primary factors in maintaining quality and extending the postharvest life of 

fresh fruits and vegetables is harvesting at the optimum maturity (Kader, 1992). 

Harvesting maturity is very important to composition and quality of tomatoes. The 

harvesting of tomatoes before ripening has an effect, not only on the peak sugar 

content, but also on the development of the full flavour spectrum, thus affecting 

consumer acceptability (.Grierson and Kader, 1986). Determining the maturity is 

especially a problem with tomatoes picked green since it is difficult to differentiate 

between mature and immature green fruits. Advanced mature green tomatoes will 

usually attain a much better flavour when subsequently ripened than those picked at 

the immature or partially mature stages. Riper fruit are also much more susceptible to 

physical injuries and water loss because of increased softness (Grierson and Kader, 

1986). Ripeness stage at harvest affects fruit composition and quality. Tomatoes 

accumulate acids, sugars, and ascorbic acid during ripening on the vine (Sakiyama 

and Stevens, 1976; Betancourt et al., 1977). Grierson and Kader (1986) reported that 

tomatoes picked at less than table-ripe and ripened at 20°C were evaluated by 

panellists as being less sweet, more sour, less tomato-like and having more off- 

flavours than those picked at the table-ripe stage.
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2.5.3. Transpiration and Water Loss

Water loss can be one of the main causes of deterioration resulting in loss of 

saleable weight and thus is a direct loss in marketing. Minimising the water loss after 

harvest can be profitable for marketing. A loss in weight of only 5 % will cause many 

perishable commodities to appear wilted or shrivelled, thus reduce their market value. 

Controlling the rate of water loss from the produce primarily involves lowering the 

capacity of the surrounding air to hold additional water by lowering the temperature 

or increasing the humidity, that is, by reducing the vapour pressure difference 

between the produce and the air or providing a barrier to water loss (Wills et al., 

1989).

2.5.4. Temperature

It is well established that the rate of deterioration of most agricultural produce is a 

direct function of temperature. Many authors have investigated the relationship 

between temperature and deterioration rate or quality loss of the fruits. Reducing the 

temperature from 20°C to 7.5°C generally increased the fruit firmness but decreased 

their colour. But the colour of overripe fruits was slightly paler than ripe fruit (Hobson,

1989). Between 12°C and 19°C, colour development was much more regular than at 

lower temperatures (Efiuvwevwere and Thorne, 1988).

2.5.4.1. Low Temperature

Temperature is a major factor in the control of decay causing organisms, respiration 

and transpiration. In general, the lower the storage temperature (above freezing 

point) the longer the shelf life of the fruit or vegetable (Shewfelt, 1986). Optimum 

temperature to be used during cold storage depends on the degree of ripeness of the 

tomatoes. Optimum storage temperature of turning tomatoes is between 12°C and
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13°C (Anon, 1991). Exposure of tomatoes to temperatures below their freezing point 

results in freezing injury. Tomato fruits are susceptible to chilling injury, if held at too 

low a temperature (Kader, 1986). There is agreement in the literature on the minimum 

storage temperature of mature green tomatoes which does not result in chilling injury. 

The range of chilling temperature for unripe tomatoes was reported to be between 

0°C and 12.5°C (Kader et al., 1978a). The optimum storage temperature in MAP 

storage was observed to be 12.6°C (Parsons et al., 1970) and 12.5°C by Kader et 

al., (1978a). Risse and Miller (1984) also reported that for maximum shelf life a 

temperature range between 13°C to 20°C was the most suitable for tomatoes. Ripe 

fruits can safely be held for a few days at 6 °C to 10°C (Hobson, 1987). For example, 

reducing O2  or increasing CO2  can overcome the impact of low temperature injury on 

the ripening process (Lyons et al., 1979). Chilling injury occurs when tomatoes are 

exposed to temperatures above their freezing point and below 12.5°C (Grierson and 

Kader, 1986), 12.8°C (Morris and Kader, 1974), 12°C (Thorne and Alvarez, 1982) or 

11°C (Hobson and Grierson, 1993). The length of the period depends on the 

temperature (Grierson and Kader, 1986). Chilling injury is a physiological response to 

low temperature and results in symptoms that affect product acceptability (Shewfelt, 

1986). The major symptoms of chilling injury in tomatoes are surface pitting, uneven 

ripening or inhibition of ripening and increased fungal infection (Rhodes, 1980), 

acceleration of senescence (Morris, 1982; Morris and Kader, 1974) and the softening 

of tomatoes (Grierson and Kader, 1986). The symptoms usually become apparent 

only after the transfer of the chilled fruit to higher temperatures (Morris, 1982). 

Exposure to chilling temperatures adversely affects tomato flavour before other 

symptoms of chilling become apparent. Hobson (1987) reported that the packaging of 

tomatoes had more influence than storage in air on the development of chilling injury 

at 5°-7.5°C.
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Several tests have been carried out to determine the critical time-temperature 

combinations in relation to chilling injury of fruits harvested at various stages of 

ripeness. Morris and Kader (1974) reported that for ’mature green' and 'breaker', the 

critical time-temperature combinations are approximately, 1 day at 0 °C, 3 days at 

5°C, 5 days 7.2°C or 8  days at 10°C. The results indicate that 8.5°C is the minimum 

that can be tolerated by green orange (turning) fruit (Hobson, 1987). Storage of 

mature green tomatoes at 9°C or 11 °C in 5 % O2  and CO2  atmospheres resulted in 

enhanced fungal spoilage compared to storage under identical conditions at 13°C 

(Dennis et al., 1979).

Storage at chilling temperatures markedly affected fruit colour. Thorne and 

Efiuvwevwere (1988) reported that poor colour development after chilling was 

attributed to the disorganisation of fruit structures. Tomato acids increased during 

chilling as indicated by the decline in titratable acidity. Tomato firmness declined 

throughout 15 days of low temperature storage and then increased. The effect of 

storage temperature on chilling-induced quality changes in tomatoes varies with 

cultivar, duration of storage (Hobson, 1981) and ripeness of the fruit (Abou Aziz et al 

(1974). The relationship between duration of chilling and the development of its 

symptoms is difficult to assess and incompletely understood (Efiuvwevwere and 

Thorne, 1988).

2.5.4.2. High Temperature

In addition to chilling stress, some commodities are susceptible to heat stress. 

Thorne and Alvarez (1982) found that storage above 27°C disrupted ripening of 

tomatoes. Cheng et al., (1988) also reported that tomatoes stored at 37°C evidenced

Silsoe College, Cranfield University Ali Batu, 1995



Chapter 2, Literature Review 21

a significant delay in colour development during postharvest ripening from that of the 

control sample at 20°C. The delaying in colour development was attributed to 

inhibition of lycopene biosynthesis (Lurie and Klein, 1992). It is also reported that the 

softening process in tomatoes was slowed during 6 -day storage at 33°C, but 

proceeded normally after transfer to 20°C and ethylene production was suppressed 

when tomatoes were held at 33°C (Buescher, 1979b).

2.5.5. Humidity

Relative humidity (RH) is defined by Wills et al (1989) as 'the ratio of the mole 

fraction of water vapour in a given mass of a moist air sample to the mole fraction in 

an air sample of the mass when saturated at the same temperature and pressure'. 

During fruit storage, humidity is a controllable factor that has assumed increasing 

importance (Shirazi and Cameron, 1992). Most of the major pathogens affecting the 

postharvest life of tomato fruit need an environment with a water activity of more than 

0.80 for their growth (Troller and Christian, 1978). The reduction of humidity to levels 

below the critical water activity of micro-organism is an effective way to limit their 

growth. Generally recommended levels of 85 % to 95 % R.H. (Hardenburg et al., 

1986) for storage of fresh produce represent a compromise to prevent excessive 

weight loss while providing some control of microbial spoilage.

Humidity can affect disease development in tomatoes. Dennis et al (1979) reported 

that approximately 2 % of mature green tomato fruit were infected after 4 weeks 

storage at 90% and 95 % RH whereas 24 % were infected at 98 % RH. The weight 

loss (excluding that due to fungal decay) from fruit during this period was 

approximately 5 % at 90 % RH compared to 2 % and 1 % respectively at 95 % RH 

and 98 % RH as used for tomatoes to create an environment where moisture can
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easily condense on the fruit depending on the water vapour transmission rate of the 

packaging film (Bedrosian and Schiffman, 1979). Inside packages RH can be 

reduced by using films with a high water vapour transmission rate but cannot be 

controlled to a specific level using this approach alone. Desiccants such as CaCl2  

have been used to lower RH in the package (Bedrosian and Schiffman, 1979). 

Compounds, such as sorbitol, xylitol and NaCI absorb relatively little moisture until 

RH increases to a critical level (Shirazi and Cameron, 1992). They also showed that 

in control packages using 10 grams of xylitol, KCI, NaCI or sorbitol held the RH was 

held at 78 % to 79 %, 84 % to 85 %, 73 % to 76 %, and 72 % to 74 % for 48 days, 

respectively, in packages with a single tomato fruit (70-90 g).

2.6. Atmospheric Composition

2.6.1. Controlled Atmosphere Storage (CAS)

Tomato quality changes continuously during ripening after harvesting. The speed and 

magnitude of these changes depends on the temperature and harvest maturity. This 

can result in loss of quality and restricted shelf life since overripe fruit may be too soft 

and unacceptably red (Geeson et al., 1985). Delaying ripening and extending the 

shelf life of tomatoes is very important for domestic and export marketing. Generally 

the shelf life of tomatoes is extended by refrigerated storage (Risse et al., 1985). 

Cooling is the most widely utilised technique for prolonging the life of perishable 

produce but CAS is a very important technique usually used in conjunction with 

refrigeration in maintaining quality. It extends the post harvest life of fresh fruit and 

vegetable beyond cooling alone (Ben-Yehoshua et al., 1981; Ben-Yehoshua, 1985 

and Peleg, 1985) or where refrigeration alone is not enough to guarantee long term 

quality (Anon, 1990). Kader (1992) defined CAS as the modification of O2 , CO2
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and/or ethylene concentrations in the atmosphere surrounding the commodity to 

levels different from those in air. Generally reducing the O2  concentration of the 

storage atmosphere decreases the respiration rate of fruits and vegetables (Geeson, 

1984). CAS is used effectively to extend the storage life of seasonal perishable 

products. This technique can be used for many fruits and vegetables; however it is 

primarily used for apples and pears (Hardenburg et al., 1986).

CAS is also used effectively to extend the storage life of tomatoes. Salunkhe and Wu 

(1973) worked on the long term CAS of tomatoes and found that lycopene content of 

tomatoes did not increase until 60 days of storage in 1 % O2  and 99 % N2  at 23°C 

whereas it inhibited pigment formation until 40 days after harvest in 3 % O2  and 97 % 

N2 . This means that the ripening of tomatoes was delayed, but they did not analyse 

the eating quality of tomatoes in this experiment. Yang et al., (1987) also showed that 

off-flavour scores of mature green tomatoes after 45 days storage were much higher 

in ambient conditions and much higher than those stored in other CAS conditions. 

But they did not report whether the tomatoes kept in CAS had acceptable flavour or 

not after 45 days storage. Yang and Chinnan (1988a) found that higher off-flavour 

scores was occurred after 45 days of storage of tomatoes in 5 to 15 % CO2  all in 5 % 

O2  whereas they had lower off-flavour scores after 30 days storage. Parsons et al., 

(1970) reported that all tomatoes were considered to have acceptable flavour after 6  

weeks storage in CAS.

2.6.1.1. Ethylene Effects

The effect of introducing ethylene to in-storage climacteric fruits such as tomatoes at 

the preclimacteric stage is to initiate and accelerate ripening if the concentration of 

the gas is above the required threshold (Watada, 1986). Ethylene is produced by fruit
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as a part of the ripening process (McGlasson, 1985). Geeson et al., (1986) reported 

that all mature green tomato fruits stored in atmospheres containing 1 pl.liter-1 or 

more ethylene ripened satisfactorily through orange colour to the normal full red 

colour when transferred to air at 20°C. CAS can reduce ethylene production, but the 

hormone can still build up to significant levels in CAS rooms. It has been shown that 

reduction in these ethylene levels improves the storage life and reduces disorders in 

certain crops (Dover, 1989). The synthesis of polygalacturonase only occurs in 

response to ethylene (Grierson and Tucker, 1983; Grierson et al., 1987). Ethylene 

has been implicated in several postharvest physiological disorders of horticultural 

crops. The incidence and severity of these disorders depends upon the physiological 

age of the commodity, temperature, ethylene concentration and duration of exposure 

to ethylene (Kader, 1985a). High levels of ethylene in the storage atmosphere can 

cause undesirable flavours and increased sugar losses in cabbages, and flavour 

losses in onions (Watada, 1986). Exposing the mature green tomatoes to ethylene 

can result in the rapid breakdown of chlorophyll. This effect has been shown in a 

wide variety of green coloured crops (Kader, 1985a). Higher levels of decay were 

also observed in the presence of ethylene for a variety of crops (Watada, 1986). 

Firmness of many fruit and vegetables decreases with ethylene treatment and 

exposure to ethylene can reduce their storage life (Kader, 1985a).

2.6.1.2. Oxygen Effects

Many chemical reactions in crops are catalysed by enzymes and the reactions 

require molecular oxygen. If the O2  level in the cell is too low there may be 

undesirable changes in the chemicals which contribute to the flavour and aroma of 

the crop (Bishop, 1990). The minimum O2  level required to avoid fermentation and to 

ensure aerobic metabolism depends on the kind of crop as well as on duration of
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exposure. O2  concentration has to be below 8  % to have a significant effect on fruit 

ripening, the lower the O2  concentration, the greater the effect, but it must not be less 

than 2% (Kader et al., 1989). Vegetable crops reacting positively to CAS conditions 

usually require a minimum O2  content of 1-3 % in the storage atmosphere 

(Weichmann, 1989). When O2  content is below 2 %, most vegetables react with a 

sudden increase in CO2  production (Isenberg, 1979). Kader (1980) reported that 

lowering O2  levels to about 2  % can be injurious to fruits because of anaerobic 

respiration and the potential development of off-flavours. Low O2  and high CO2  

concentration were found to have the same effect in reducing the respiration rate 

(Yang et al., 1987). Elevated CO2  levels (above 1 %) also retard fruit ripening and 

their effects are additive to those of reduced O2  atmosphere (Kader et al., 1989). If 

the O2  level in the cells is low there may be undesirable changes in the chemicals 

which contribute to the flavour and aroma of the crop (Zagory and Kader, 1988). 

Irregular shaped brown areas develop that may be superficial or slightly sunken when 

mature green tomatoes are exposed to less than 2 % O2  (Grierson and Kader, 1986).

CAS conditions reduce respiration rates as long as the levels of O2  and CO2  are 

within those tolerated by the commodity. This, combined with the decreased ethylene 

production and reduced sensitivity to ethylene action, result in delayed senescence 

and sensory quality of non-fruit vegetables (Kader et al., 1989). When mature green 

tomatoes were stored for six weeks at 12.8°C the fruit kept much better in an 

atmosphere containing 3% O2  than in air.

2.6.1.3. Carbon dioxide effects

The effect of CO2  on extending the storage life of crops appears to be due to a 

reduction in their respiration. Where the level of CO2  in the store is increased its
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level within the crop tissue will also increase (Baumann, 1989). Depending upon the 

vegetable, CO2  concentration, and length of exposure, elevated CO2  causes various 

problems during storage or transit. In general CO2  build-up to concentration above 

5-10 % or more should be avoided in CAS (Herner, 1987). Depending on cultivar and 

exposure time, subjecting mature green tomatoes to CO2  levels above 3-5 % can 

result in CO2  injury and some detrimental effects on the colour of tomatoes during 

CAS (Kader, 1986). Symptoms include retarded and irregular ripening, premature 

softening, and the appearance of brown spots at the blossom-end (Grierson and 

Kader, 1986). At high CO2  concentrations (15 % or more), off-flavour is usually 

produced. In some case, off-flavour may be due to an accumulation of ethanol 

(Ulrich, 1975). When CO2  concentration is above 20 %, a significant increase in 

aerobic respiration occurs and can irreversibly damage the tissue and cause 

physiological disorders in fruit. CO2  injury may be associated with the disruption of 

the respiratory pathway leading to an accumulation in the crop cells of alcohol and 

acetaldehyde (Kader, 1987). Recent reports show that brief exposure to high CO2  

levels (2 0 - 1 0 0  %) had a beneficial effect on the shelf life of some fruit and vegetables 

(Kubo et al., 1989).

High CO2  levels can also affect ethylene evolution in the crops. Buescher (1979a) 

found that the a rate of ethylene evolution declined with increasing time of exposure 

to 5 and 10 % CO2 , while in 20 % CO2  it reached a minimum after 4 days and then 

remained constant. In 40 and 60 % CO2 , the rate of ethylene development declined 

for 3 days then increased with additional exposure. Suppression of the O2  uptake 

rate during high CO2  exposure was accompanied by a decrease of ethylene 

development. Suppression of ethylene production was also observed in tomatoes, 

pears and apples during exposure to high CO2  levels (Kubo et al., 1989). In addition
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to that, CO2  appeared to be a competitive inhibitor of C2 H4  action (Burg and Burg, 

1967).

Colour development was inhibited in tomatoes exposed to CO2 . Loss of chlorophyll 

from fruits was delayed and the formation of lycopene and p-carotene of tomato fruits 

was inhibited when they were stored at high CO2  and low O2  in controlled 

atmospheres. The lower the O2  and the higher the CO2  the greater the inhibition, 

especially of lycopene. Exposure of fruits to more than 10 % CO2  for 4 and 7 days 

reduced the number of saleable fruits. The severity of CO2  injury to fruits increased 

with increasing concentration of CO2  and duration of exposure (Buescher, 1979a).

2.7. Modified Atmosphere Packaging (MAP)

Extension of the shelf life by the slowing down of ripening has also been achieved by 

packaging tomatoes in sealed polyethylene and other types of polymeric films. When 

the fruit or vegetable has been enclosed within a plastic film, a modified atmosphere 

can be established by introducing or generating the required gas or gas mixture, or 

by allowing the respiration of the enclosed plant material to consume O2  and to 

produce CO2  within the sealed space (Wills et al., 1989). This method is called 

modified atmosphere packaging (MAP). MAP is used to extend the storage life of 

seasonal perishable products and can be used for many fruits and vegetables 

(Hardenburg et al., 1986). Modification of the atmosphere depends on many factors, 

primarily the respiration rate of the plant tissue, the permeability of packaging films 

(Roberts, 1990) and surface area of the packaging material (Geeson, 1989).
r

Successful application of MAP totally depends on the accurate control of oxygen and 

carbon dioxide contents as well as on the temperature, relative humidity and storage 

time (Peleg, 1985). MAP of fruit and vegetables involves the inhibition of very
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complex, biologically active materials. This technique involves ensuring that micro- 

climatic conditions are able to maintain the sensory and the nutritive values of food 

from production to consumption (Barmore, 1987).

The disadvantage of packaging fruit vegetable within plastic films is that they can 

influence the rates of cooling and warming of the commodity. Film wrapped produce 

usually requires a longer cooling time than unwrapped produce. The harmful effects 

of MAP are the initiation of certain physiological disorders and the increased 

susceptibility to decay when the commodity is physiologically injured by too low O2  or 

too high CO2  concentration (Kader, 1985b). El-Grooni and Sommer (1981) pointed 

out that decreasing O2  levels to below 1 % and CO2  levels above 1 0  % are needed 

to significantly suppress fungal growth. O2  and CO2  levels beyond those tolerated by 

the commodity can induce physiological disorders such as brown stain, internal 

browning and surface pitting (Herner, 1987).

Geeson et al., (1985) showed that tomatoes had better flavour and texture after 20 

days (14 days in MAP and 6  days in perforated bags) at 20°C than the sample of 

fruits maintained at these temperature in perforated control packs throughout 

storage. Saguy and Mannheim (1975) found that tomatoes had acceptable flavour 

stored in MAP in various gas concentrations after 21 days at 25°C. Risse (1989) also 

reported that fruits stored in MAP for 3 weeks at 13°C were firmer and easier to slice 

than unsealed tomatoes kept at the same temperature. Floras et al., (1987) found 

that at 18 days MAP tomatoes in some treatments developed a very good taste and 

overall acceptability. Riquelme et al., (1994) reported that tomatoes harvested at 

breaker stage and packed in polymeric film (in 2-5 % O2  and 8  % CO2 ) for 23 days at 

15°C and showed that no changes in quality when ripened in ambient conditions.
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2.7.1. Factors Affecting MAP

2.7.1.1. Resistance within the commodity to diffusion of O2 , CO2

Most fruit and vegetables are tolerant of O2  levels down to 1-5 % and CO2  levels up 

to 5-10 % (Kader, 1980). However, plant enzymes involved in O2  utilisation can 

function in an environment of less than 1 % O2 . The difference between external O2  

(or CO2 ) available within the cell is determined largely by the resistance of the plant 

organ to gas diffusion (Zagory and Kader, 1988).

2.7.1.2. Optimum Relative Humidity (RH).

Low relative humidity can increase transpiration and lead to desiccation and 

increased respiration (Kader, 1987). One of the benefits of MAP in general is the 

maintenance of an adequate RH. But it can get too high, causing moisture 

condensation and conditions favourable for microbial growth, resulting in the surface 

damage and decay of the commodity. Condensation on the film package surface may 

affect the gas permeability properties of the film. Most common films have a relatively 

good barrier to moisture vapour because they maintain high internal humidity even in 

dry, ambient conditions (Zagory and Kader, 1988). A relative humidity of around 90 % 

plus for leafy vegetables and 85-90 % for fruits and most other vegetables would be 

ideal (Paine and Paine, 1992b). The relative humidity of the storage atmosphere has 

a marked effect on the storage life of vegetables. Traditionally, the recommended 

range of relative humidities for vegetables is 90 to 95 % (McKeown and Loughead, 

1980). Van den Berg and Lentz (1977) reported less disease in many crops held at 

very high RH (98-100 %) compared to crops held at 90-95 %, and they recommend 

RH of 98-100 % for vegetable crops.
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2.7.2. Plastic Films Commonly Used in MAP

Respiration plays a major role in the postharvest life of fresh fruits, and especially 

vegetables, due to the loss of substrate, oxygen requirement, carbon dioxide 

production and the release of heat energy (Kader, 1987). Extension of the storage 

life of fresh plant produce is thus dependent on applying modified atmospheres to 

limit respiration (Bishop, 1990). An adequate O2  concentration must be available to 

maintain aerobic respiration. On the other hand, reduction of O2  concentration to less 

than 1 0  % provides a means for controlling respiration rate and slowing down 

senescence (Kader, 1987).

Although many plastic films are available for packaging purposes, relatively few have 

been used to wrap fresh produce. Even fewer have gas permeabilities that make 

them suitable to use for MAP. Thermoplastics are very common films used for 

packaging which have the ability to soften when heated, and harden when cooled 

(Rouffignac, 1990). Packaging materials commonly used in MAP are polyethylene 

(PE), polyvinylchloride (PVC) and polypropylene (PP) (Kader et al., 1989). Low 

density polyethylene (LDPE) is the most widely used film. PVC is used for wrapping 

in the pre-packaging industry. PP is heat shrinkable and it is a good moisture barrier 

(Salunkhe et al., 1991; Zagory and Kader, 1988). Film permeability is critical and 

choice will depend on the respiration rate of the produce. The greatest problems 

occur in matching respiration rates to film permeability (Paine and Paine, 1992b).

2.7.2.1. General Characteristics of Films:

Polymers used in making film have different mechanical and chemical 

characteristics. Nitrogen, oxygen, carbon dioxide and the water vapour permeabilities 

of polymers are important from the point of view food packaging (Varsanyl, 1986;
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Roberts, 1990). Maintenance and even improvement of the quality of tomatoes 

sealed in plastic film is dependant on the barrier properties of the packaging material. 

The barrier properties of the package are mainly related to its permeability to the 

gases which affect the quality of the tomatoes and water vapour.

2.7.2.1.1. High Density Polyethylene (HDPE)

Density ranges between 941-965 kg/m3  (Crawford, 1985). HDPE has a higher 

melting point, is harder, is generally much more crystalline (Paine and Paine, 1992a), 

more resistant to chemicals, has lower water transmission properties (Rouffignac,

1990), and is stiffer and stronger than other films (Levy and Dubois, 1977).

2.7.2.1.2. Low density Polyethylene (LDPE)

Density ranges between 910-925 kg/m3  (Crawford, 1985). LDPE is widely used for 

the manufacture of carrier and wrapping bags (Rouffignac, 1990) and is relatively 

inert chemically and almost insoluble in all solvents at room temperature. Vapour 

permeability is low but many organic vapours and essential oils pass rapidly through 

LDPE. Its permeability to oxygen is fairly high. It has higher vapour tolerance, 

puncture resistance and impact strength than HDPE (Greengrass, 1993).

2.7.2.1.3. Polypropylene (PP)

The density of PP was around 900 kg/m3; In film form, PP is widely used in 

packaging (Crawford, 1985). PP is similar chemically to LDPE . Its melting point is 

higher than LDPE, but it is easier to seal and will stand steam sterilisation (Paine and 

Paine, 1992a). PP provides a much greater barrier to gases, seven to ten times that 

of PE (Greengrass, 1993).
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2.7.2.1.4. Polyvinylchloride (PVC)

PVC is a moderate barrier to moisture vapour (Greengrass, 1993). Chemically, it is 

resistant to weak or strong acids and alkalis. It is soluble in esters and ketoses and is 

attacked by aromatic hydrocarbons (Paine and Paine, 1992a). PVC is hard and 

brittle, but can be softened when heated. PVC and its derivatives are widely used in 

many forms of packaging. Its permeability varies, but it is generally resistant to 

chemicals and solvents. The unplasticised form (UPVC) is the most widely used 

thermoformable base web for MAP (Greengrass, 1993). A PVC copolymer variable 

polyvinylidene chloride (PVdC) film, is widely used in the home and in stores for 

wrapping foods such as cheeses, as its permeability to water and gases is 

comparatively low (Rouffignac, 1990).

2.7.2.1.5. Other films

There are some other films available in the market such as polycarbonate (PC), 

ethylene vinyl acetate copolymer (EVA), polystyrene (PS), polyamides (nylons) and 

ethylene vinylalcohol (EVOH). PS is not suitable for MAP because of its poor gas and 

water vapour barrier properties. Polyamides are also not suitable for MAP because 

they are hygroscopic and the mechanical properties are altered by water absorption. 

EVOH is a moisture sensitive, very high gas barrier material (Greengrass, 1993). 

Polyethylene tetraphthalate is another film (polyester or PET) which can be used in 

various forms in MAP (Paine and Paine, 1992a).

2.7.2.2. Permeability of the MAP films

One of the very important factors of films to be considered from the point of food 

packaging is their gas permeability. The permeability of a particular film depends on 

several factors including the nature of the gas, the polymeric structure and thickness
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of the film, storage temperature and relative humidity (Day, 1988). The relative 

humidity inside the package is dependent on the water produced by the crop and the 

permeability of the film. The equilibrium composition of the gases inside the package 

depends on the rate of respiration of the produce in the pack, the gas permeability of 

the film and its surface area (Frith, 1991). If the permeability of the pack allows less 

oxygen to diffuse into the pack than is consumed by the respiration of the crop, the 

pack O2  level will decline. Similarly, if the permeability of the pack allows less CO2  to 

escape than is produced by the respiring fruit, then CO2  will accumulate within the 

package. As the concentration of O2  decreases and that of CO2  increases, the rate 

of diffusion of these gases through the packaging material will also continue to 

increase (Geeson et al., 1981; Gorris and Peppelenbos, 1992). The rate at which O2  

diffuses into the pack will increase until it is equal to the rate at which O2  is taken up 

by the respiring fruit, and similarly the rate at which CO2  passes out of the pack 

increases until it is equal to the rate of CO2  production by the fruit. When this point is 

reached, little further change in the concentration of O2  and CO2  within the pack 

occurs, and a state of equilibrium is reached. The time taken to reach this position is 

known as the 'equilibrium time' (Geeson et al., 1981 and Geeson et al., 1985).

Vegetables vary greatly in their respiration rate. Root, tuber, and bulb vegetables 

normally have a low respiration rate. Fruit and vegetables that are picked mature, 

such as tomato and melons, respire at a lower rate than those picked immature, such 

as green beans, peas, sweet corn, and okra (Kader, 1987; Paine and Paine, 1992b). 

Plant parts with vegetative tissues, such as asparagus, broccoli, and green onions, 

have very high respiration rates. In general the degree of perishability of fresh 

vegetables is parallel to their respiration rates (Kader, 1987). Low density 

polyethylene and polypropylene which have higher permeability rates than other films
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could be useful for produce such asparagus, broccoli, green onions leeks, sweet 

corn, etc. which have very high respiration rates. Films which have low gas 

permeabilities would only be suitable for those commodities with very low respiration 

rates (Zagory and Kader, 1988).

When the oxygen supplies to the respiring crop are low, anaerobic respiration may 

occur. Anaerobic respiration involves the production of partially oxidised products 

such as alcohols, aldehydes etc. It is therefore essential that the O2  atmosphere 

inside the film is at a level which ensures this does not occur. Packaging film with low 

WVTR results in excessively high internal RH which encourages rotting (Geeson, 

1989).

2.7.2.3. Selection of Films

The packaging material selected is crucial to the success of MAP. This is why films of 

correct permeability should be chosen for the MAP of respiring fruit and vegetables 

(Day, 1988). If the permeability of the film is too much atmosphere modification takes 

place and the produce continues to respire almost unchecked, while if the 

permeability is too low, too little O2  can pass into the pack and anaerobic conditions 

will occur with the subsequent rotting of the produce (Roberts, 1990). If a film of 

correct permeability is chosen, a desirable equilibrium modified atmosphere can be 

established when the rate of O2  and CO2  transmission through the package equals 

to that produced or consumed during the product's respiration (Day, 1993). An ideal 

film must let more CO2  exit than O2  enter. CO2  permeability should be somewhere in 

the range 3-5 times greater than the O2  permeability, depending upon the desired 

atmosphere (Zagory and Kader, 1988).
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If commodity characteristics are properly matched to film permeability characteristics, 

an appropriate atmosphere can passively evolve within the sealed package as a 

result of the consumption of O2  and the production of CO2  through respiration (Smith 

et al., 1987). In order to achieve and maintain a satisfactory atmosphere within a 

package, the gas permeabilities of the selected film must be such that they allow O2  

to enter the package at a rate offset by the consumption of O2  by the commodity. 

Similarly, CO2  must be vented from the package to offset the production of CO2  by 

the commodity (Zagory and Kader, 1988).

2.8. Hypobaric Storage

Hypobaric storage is a form of CAS in which the produce is stored in a partial vacuum 

(Salunkhe and Wu, 1974). The vacuum chamber is vented continuously with water 

saturated air to maintain O2  levels and to minimise water loss (Wills et al., 1989). 

Ripening of fruits is retarded by hypobaric storage, due to the reduction in the partial 

pressure of O2 . Reduction in the availability of O2  by hypobaric storage results in 

reducing respiration rate and ethylene production rate of tomatoes, and decreases 

their sensitivity to ethylene (Morris and Kader, 1979). Salunkhe and Wu (1974) 

reported that the ripening of green tomato fruits was retarded and the storage life 

extended by hypobaric storage. It was also reported that storage life of apples, pears 

and potatoes was significantly extended (Salunkhe and Wu, 1974) and that the 

reduction of the green colour of parsley and spinach during storage was delayed 

(McKeown, 1980) by hypobaric storage. However, hypobaric stores are expensive to 

construct because of the low internal pressure required (Wills et al., 1989).
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2.9. Summary, objective and development of a hypothesis

Previous studies have demonstrated that tomatoes harvested at the mature green 

stage can be stored in CAS or MAP conditions for an extended period and then ripen 

quickly at ambient temperatures. Some investigations indicated that there were 

differences between tomato varieties in their response to damage to fruit firmness or 

retardation of ripening during CAS and MAP. As shown in the literature many of the 

experiments were conducted over just 3 weeks time and the maximum storage time 

studied was 30 days. Some researchers reported that tomato flavour was acceptable 

after 20 or 30 days storage in controlled atmospheres, but what was not known was 

the effects of long term storage (more than 30-40 days) on tomato flavour.

Manipulation of the storage temperature, fruit maturity at harvest and the level of 

CO2  or O2  could be used to extend the period of availability of the tomatoes. 

However, organoleptic characteristics such as flavour, sweetness and sourness are 

important to the consumer as well as texture and appearance. The hypothesis was 

that there would be a combination of harvest maturity, storage temperature, humidity 

and gaseous environment which would enable long term storage of tomatoes while 

still producing ripe fruit with organoleptic qualities which were acceptable to the 

consumer. It was further hypothesised that the appropriate storage conditions could 

be achieved with a combination of refrigerated storage and plastic film packaging 

which would reduce the cost of storage compared to techniques such as controlled 

atmosphere storage.

The specific objectives of this study were as follows;
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1) To investigate the effect of storage at different humidity levels on 

subsequent fruit ripening and fruit qualities of tomatoes.

2) To develop a modified atmosphere packaging system, using different 

packaging films and different levels of CO2  and O2  in order to retard 

deterioration and extend the storage life and keeping quality of tomatoes 

harvested at the pink and the mature green stage of maturity without 

detrimentally affecting their organoleptic qualities.

3) To determine the effects of various levels of CO2  (0.2-15.6 %) atmospheres 

in a 5.5 % O2  on ripening behaviour and related biochemical changes of 

tomatoes during long term storage.

4) To determine instrumental colour and firmness measurements of tomatoes 

harvested at different stages of maturity and stored long term under various 

gaseous environments involving 0.2 to 15.6 % CO2  concentrations in 5.5 % 

0 2 .

5) To compare the internal environment conditions which develop within retail 

packaging of tomatoes sealed within various packaging films, and to 

evaluate the effects of conditions within the packs on the rate of ripening 

and shelf life and sensory quality of fruit.

6 ) To determine the effect of environmental gas compositions and storage 

period on the respiration rate, firmness and sensory attributes of tomatoes 

harvested at the mature green and the pink stage of maturity after long term 

CAS and MAS.
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7) To investigate the effects of temperature on: 1) the chemical composition of 

’’Liberto’ and ’Criterium’ tomato varieties; 2) and the possible retardation of 

ripening in fruits harvested at the mature green stage of maturity; 3) the 

keeping quality of tomatoes harvested at pink stage of maturity. To extend 

their season of availability.
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Chapter 3. MATERIAL AND METHODS 

3.1. Plant Materials.

Tomatoes were obtained from the greenhouse at the Silsoe Research Institute. 

In the study, freshly harvested tomatoes (cv 'Liberto' in 1993 and 'Criterium' in

1994) at either the pink or mature green stage of maturity were used. Maturity 

was judged for the pink stage as when a pinkish, red or reddish yellow colour 

was evident on between 30 and 60 % of the external surface of each fruit. 

Mature green fruit were entirely light to dark green, but mature and capable of 

ripening (Grierson and Kader, 1986).

3.2. Storage Systems

3.2.1. Modified Atmosphere Packaging (MAP) System

Both cultivars of tomatoes were used in the MAP experiment. The tomatoes were 

sorted for size, colour and physical damage. Only undamaged fruits, free of 

disease, 50-55 mm in diameter and with an absence of apparent defects were 

selected for all the experiments and all the tomatoes were dipped into 1 0 0  ppm 

fungicide thiabendazole for 5 minutes to reduce the microbial load. They were 

then dried at ambient temperatures (18-20°C) to remove excess surface 

moisture.

The tomatoes were then divided into two groups, one group was left unwrapped 

and the others were placed on individual polystyrene trays (15 cm x 25 cm) and 

then heat-sealed in polyethylene films (obtained from Courtaulds Packaging,

Silsoe College, Cranfield University Ali Batu, 1995



Chapter 3, Material and Methods 40

Plate 3.1. Modified Atmosphere Packaging system
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Hawkfield Way, Bristol, B514 OBD, England) of either 20 \i (PE20), 30 |u (PE30) 

or 50 p (PE50), polyvinyl chloride 10 p (PVC) (obtained from British Alcan 

Consumer Products Limited, Raans Road, Amersham, Bucks, HP6 6JY, 

England) or polypropylene 25 jll (PP) (obtained from Courtauld Packaging). 

Sealing was done with a Hulme Martin heat-sealer. A 1 cm diameter round 

silicon rubber septum was attached to each test film using double sided 

adhesive tape then over-sealed with adhesive cellulose tape to prevent leaks. 

In each experiment, each pack contained 6 fruits with a total weight of 500±25 g, 

therefore giving similar ratios between weight of fruit and area of film. The area 

of permeable film was approximately 260 cm2 and the volume of free space (900 

± 50 ml) within the pack. Tomato packages were kept in temperature controlled 

rooms at 13 (12.8-13.7)°C and 78 ± 3 % RH or 20 (19.5-20.8)°C and 54 ± 3 % 

RH for 2 months. Sample trays from each treatment were removed from storage 

every 10 days for objective and subjective analysis.

3.2.2. Controlled Atmosphere Storage (CAS)

Fruits which were subjected to controlled atmosphere storage experiments were 

exposed to the required gas mixture in a closed system. In the study, freshly 

harvested 'Criterium' tomatoes at either the mature green or the pink were used. 

Six tomatoes were placed in each of 12 plastic boxes (18 cm length, 9 cm depth 

and 11 cm width) which were placed in air tight 50 litre polyethylene containers 

(Model C217, Mailbox International Ltd, Cheshire, UK.), so that there were 72 

tomatoes in per container. The containers were connected to channels of a gas 

distributor (Mercury, UK. serial No.ss13306) by PVC tubing of 6.5 mm internal 

diameter. The gas distributor was connected to a computer controlled gas 

blender (Signal Instrument Co. Ltd. Surrey, UK., 850 series) which was
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Plate 3.2. Mercury gas distributor with (A) computer controlled Signal gas 

blender and (A) A non gas tight CAS container

Silsoe College, Cranfield University Ali Batu, 1995



Chapter 3, Material and Methods 43

connected to compressed oxygen, carbon dioxide and nitrogen cylinders. 

Controlled atmosphere combinations between oxygen and carbon dioxide and 

nitrogen were made according to the gas concentration needed in each 

controlled atmosphere container. After sealing the containers, the O2  content 

was rapidly reduced by flushing with a mixture of the desired concentration of 

gases. The appropriate atmospheres were obtained within a maximum 24 hours 

after harvest. The gas output from the gas blender and the controlled 

atmosphere storage containers were monitored for oxygen and carbon dioxide 

levels twice a day during the first week of experiments then twice a week using 

an Oxystat 2 Fruit Store Analyser fitted with an Infra Red Gas Analyser and a 

Paramagnetic Oxygen Analyser type 770 (David Bishop, Sussex, UK.).

One experiment was carried out on CAS of tomatoes at 13°C in 0.2 (0.1-0.3) %, 

3.2 (2.9-3.3) %, 6.4 (6.2-6.5) %, 9.1 (8.8-9.3) %, 12.2 (12.1-12.5) % or 15.6 

(15.2-15.7) % of CO2  all with 5.5 (5.3-6.0) % O2 . Another experiment was at 

15°C in 3.2 (2.9-3.3) %, 6.4 (6.2-6.5) % and 9.1 (8.8-9.3) % of C 02 again all at 

5.5 (5.3-6.0) % O2 . Other samples of tomatoes were kept in 20.9 % O2  and 0.3 

% CO2  as a control in each temperature. In control treatments CO2  

concentration increased to 0.3 % because of CO2  production of tomatoes in 

storage containers. Skin colour, firmness, weight loss, titratable acidity and total 

soluble solids were measured on samples every 10 days and at the end of 60 

days storage sensory evaluation was also carried out.

Silsoe College, Cranfield University Ali Batu, 1995



Chapter 3, Material and Methods 

3.3. Storage Conditions

44

3.3.1. Temperatures.

Fruits were stored within MAP and CAS in a controlled temperature room 

(2.1x2.4x2.1 m3). Temperatures were controlled automatically by a thermostat at 

13°C and 20°C for MAP in 1993 and 13°C and 15°C for CAS in 1994. 

Temperatures variation was ± 0.5° C. There was an internal air circulation 

system.

3.3.2. Relative Humidity.

The relative humidity in the rooms used in this experiments was between 80- 

85%. Water vapour was supplied by an Ultra Salton Humidifier and measured by 

using either a digital psychrometer or by thermohygrograph.

3.4. Assessment of Fruit Quality.

Two ways were used for the assessments and evaluation of fruit quality. In the 

first, some biochemical and physical measurement and analyses (objective 

methods) were used to determine the condition of tomato fruits at harvest and at 

intervals during storage. The second was sensory evaluation (a subjective 

method) which was carried out by taste panel after fruits had ripened. The 

following parameters were measured.
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3.4.1. Objective Methods.

3.4.1.1. Assessment of Fruit Colour

Yellow
90° 

+60 b*

+40--

+ 2 0 - -

-20 +20 +40 +60 |+ a* o°
-H  1 Red360°

-40-a * -30 
180° _ —  Green

- 20 "

-60 -b* 
270° Blue

Figure 3.1. CIELAB colour space diagram (Anon, 1992; W eatherall and Lee, 1991).

The skin colour of tomatoes was measured with a Tristimulus Minolta 

Chromometer (Minolta model CR 200) employing '0°' viewing angle and 8 mm 

viewing aperture. Because of colour variation of the fruits, average readings at 

three predetermined points on the circumference of the fruits were recorded. The 

instrument was calibrated against a standard white plate (Y=93.9, x=0.313,
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y=0.321 or L*=79.6, a*=-1.2, b**=2.8) (Anon, 1992). Results were record in, a*, 

b* and a*/b* values (Appendix 4-7) (Hobson et al., 1983; Tijskens and Evelo, 

1994; Yang and Chinnan, 1988b). A positive a* value corresponding to the 

degree of redness while a negative value corresponds to the degree of 

greenness. A positive b* value compared to the degree of yellowness and the 

negative one represents the blueness (Figure 3.1).

3.4.1.2. Assessment of Flesh Firmness

Force (N)
40 - a=deformation (mm) 

b=epicarp strength (N)
c=the point of the contact 

with tomato surface
d=bioyield point

30 -

10 -

Deformation (mm)

Figure 3.2. Typical force/deformation curve obtained during penetration of 

individual tomato

A destructive deformation test was used to evaluate fruit firmness according to 

Batu and Thompson (1993) by applying a constant 50 N force with an Instron 

Universal Testing Machine, model 1122. During the measurement of firmness,
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the probe used should be as large (in diameter) as possible, it is important that 

the entire surface of the probe be in contact with the fruit surface. Therefore a 

probe of 6 mm in diameter and made of stainless steel was used in this 

experiment. It proved to be the most suitable for tomato fruits 50-55 mm in 

diameter. The cross-head and the chart speed was 20 mm minute-1. The 

amount of force (N) which was required to penetrate through the skin to the 

tomato flesh and deformation (mm) values were recorded. Three textural 

characteristics were determined from the force/deformation curve in Figure 3.2. 

Epicarp strength was the force (N) at the bioyield point. Deformation was the 

distance (mm) travelled by the probe from first contact with the tomato skin to the 

bioyield point. Firmness (N mm-1) was defined as the average slope of the 

force/deformation curve or was defined as the amount of force (N) required to 

penetrate of 6 mm dia through the skin to fruit flesh, over deformation (mm) 

(Adegoroye et al., 1989).

3.4.1.3. Total Soluble Solids.

Six replicate samples of 12 fruits from each treatment were homogenised in a 

laboratory blender at high speed for 1 min. The homogenates were filtered 

through 'MN 126/60' filter paper and the total soluble solids (TSS) content of the 

resulting clear juice samples determined by placing 2-3 drops of the undiluted 

juice in a bench top Atago digital refractometer model PR I (Atago Co. Ltd). Total 

soluble solids content was expressed in terms of the percentage of fresh weight 

of tomato fruit (Stevens et al., 1979; Kopeliovitch et al., 1982).
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3.4.1.4. Titratable acidity.

Titratable acidity was determined by titration of extracted tomato juice. Two 

aliquots each of 10 ml tomato juice were titrated to pH 8.1 with 0.1 N NaOH 

using a Jenway Digital pH meter (Model 3020) and the results were converted to 

percent of citric acid according to the following equation and expressed in terms 

of fresh weight of tomato fruit (Rangana, 1979).

Volume of NaOH x Normality x Volume made up x Equivalent weight of citric acid x 100

Acid % = ...................................................... ....................................................................................................

Volume of the sample taken for estimation x Weight of sample taken x 1000

3.4.1.5. Weight Loss %.

The weight of each tomato was taken separately and recorded just before 

storage to an accuracy of ±0.01 g using a Mettler balance Model P1200 then 

they were reweighed at each sampling time and cumulative weight loss was 

calculated as follows;

% weight loss = j ^ 00

where: WQ = Original weight of tomatoes just after harvest

W1 = Weight at sampling time (fruit weight just after storage)
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3.4.1.6. Decay

During the 60 days storage period, samples of fruit were taken after each 10, 20, 

30 ,40 ,50 and 60 days storage, with two packages (having 6 tomatoes each) 

from each treatment for analysis. Fruits were considered to be decayed when 

any disease symptoms appeared on any part of the fruits. Those disease 

symptoms were identified as being one of Fuserium rot, blue mould rot, rhizopus 

rot, sour rot or alterneria rot on the basis of descriptions given by Snowdon 

(1991) and Sommer et al., (1992). The number of fruits that were decayed was 

expressed as a percentage of the total number of fruits (12) at each sampling 

time.

A
Percentage of decayed fruit = — xlOO

B
A: Number of decayed fruit at each sampling time

B: Total number of fruits (12) taken for analysis at each sampling time

3.5. Subjective Assessment (sensory evaluation)

For sensory evaluation, stored and control tomatoes were used. Mature green or 

pink tomatoes stored for 60 days in various modified atmosphere packaging 

films or within various controlled atmosphere environment were included. Control 

tomatoes were harvested from the same plants at the pink stage and stored for 7 

days at 13°C until reaching a light red (marketing stage) or a full red colour. 

Samples were evaluated by using scales for tomato flavour, sweetness, 

sourness, firmness (finger feeling) and acceptability level. Ten semi-trained 

judges were selected from a pool of MSc and PhD students from different 

countries. Those panellists were screened for taste acuity for tomatoes and
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trained to use the score sheet. Tomatoes were scored according to their quality 

on a scale between 1 and 5. Where:

sweetness: l=not sweet, 5= very sweet

flavour: 1= weak flavour, 5= strong tomato flavour

sourness: 1= very sour, 5= not sour

firmness: 1= very soft, 5= very firm. 

acceptability: l=not acceptable, 5= highly acceptable

3.6. Water Vapour Permeability of Films

Vaseline

Packaging film
Plastic ring

Water

Beaker glass

Figure 3.3. Water vapour transmission apparatus
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A gravimetric method was used (Brown, 1981). The 500 ml beaker glasses were 

filled with water and the packaging film was sealed onto the lip of the 500 ml 

beaker glass using wax (which has a very low permeability rate to water vapour) 

between the film and these glasses. Then the film was secured with a plastic 

ring (Figure 3.3). The initial weight of the every 500 ml beaker glasses were 

tared. The assembly was then placed in a temperature and humidity controlled 

room at either 13°C or 20°C for 24 hours then they were weighed again. The 

rate of weight change after 24 hours was used to calculate the quantity of water 

vapour which has permeated through the film per unit area of the packaging 

films. The results were expressed as g m'2 24 h“1 ■

3.7. Permeability Measurements of Packaging Films

Figure 3.4. A two chamber gas jar which enclosed the individual packaging films 

as a permeable membrane to measure their gas transmission properties.

Air (C>2) and _________
CC>2 injection

with — r * ®  c°2 i 
/  CQjC<iCQC(£ I  

sample taking CftCO> CQ CO. I
lrtN2 o r r — I
1 " a  n • / i  _ I

—  and 
sample taking

injection

2
7.07 cm plastic film
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Permeability characteristics of the plastic films were tested under normal 

atmosphere conditions. An area 7.07 cm2 was clamped tightly between the two 

plastic chamber. The plastic film was the only permeable membrane between the 

two gas chambers (Figure 3.4). Each end of the jar comprised a volume of 370 

ml. Four vessels were used at the same time. Two of them were used to 

measure film permeability to CO2  and two of them were used for 02- For 

measurement of CO2  permeability a mixture of 10 % CO2  and 90 % N2  was 

injected. In the opposite end 100 % N2  was injected. For O2  measurement the 

left hand side had air and the right hand side 100 % N2 . Initially 10 ml samples 

were taken from the both sides of the vessels to determine initial levels of CO2  

and O2 . The plastic vessels were kept in a temperature controlled room at either 

13°C and 20°C. After 24 hours gas samples from both ends of the vessel were 

taken and the CO2  and O2  levels were analysed by gas chromatography (see 

3.8). The difference between initial results and those after 24 hours were used to 

calculate the quantity of CO2  and O2  which permeated through the packaging 

films in 24 hours. The results were expressed as ml m"2. d_1.

3.8. Gas Measurements

To measure the gas levels inside the MAP containing fruit the concentration of 

carbon dioxide and oxygen around the fruit inside the plastic films were analysed 

daily by withdrawing ten millilitre gas samples from each package using a 

hypodermic needle and syringe. Those samples were then injected into a Carlo 

Erba Instrument GC 8000 Series Gas Chromatography equipped with a hot wire 

detector. The flow rate of the carrier gas (argon) was 40 ml min"1 and detector, 

oven, and attenuation temperatures were 120°C, 70°C and 128°C, respectively.
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3.9. Statistics

The experiments were designed as complete randomised factorial designs. Two 

replicates [two packages for MAP (see Section 3.2.1) and two boxes for CAS 

(see Section 3.2.2), each box or package had 6 tomatoes] were used in each 

treatment. At every sampling time (every 10 day during 60 days storage) 24 

measurements were recorded by measuring two points on the circumference of 

the 12 fruits for colour and firmness evaluation. These colour and firmness data 

were reduced to 6 means of 24 measurements. One figure corresponds to the 

mean of four measurements. These four measurements also correspond to two 

fruits at each sampling time. For weight loss, acidity and TSS one measurement 

was taken from each fruit at each sampling time. In this case 12 measurements 

were recorded at each sampling time. For statistical analysis a mean of two 

measurements was taken. These data were subject to analyses of variance 

(ANOVA) using a Genstat statistical package. Treatment effects reported were 

significant according to an F test at the 5 % probability level. Data for the 

different experiments were analysed separately. Significant differences between 

the treatments were detected using least significant differences (LSD). To 

compare the means LSD was calculated using standard errors of difference of 

means from ANOVA analyses multiplied by the appropriate standard deviation t 

value obtained from tables. Standard errors of means and percentage of 

coefficient variation were also calculated from the ANOVA analyses (Steal and 

Torrie, 1987).
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RESULTS AND DISCUSSIONS 

Chapter 4. Determination of Acceptable Levels of Tomato Firmness and 

Colour Values.

4.1. Introduction

For fresh tomatoes the two quality attributes that are most important to buyers and 

consumers are texture and skin colour (Tijskens and Evelo, 1994). Texture is 

influenced by flesh firmness and skin strength (Kader et al., 1978b). Softening 

during storage, distribution and ripening of tomatoes can be a major problem 

because it may increase their susceptibility to damage. The degree of fruit 

firmness has been used as an indication of fruit quality (Burton, 1982a), and 

firmness may be the final index by which the consumer decides to purchase a 

given batch of tomatoes (Gormley and Egan, 1978). Fruit firmness can be 

determined in several ways. Many kinds of machines have been developed which 

can measure firmness by destructive methods. The Instron Universal Testing 

machine is the most common and most accurate one used for this purpose (Kader 

et al., 1978b).

Tomato colour can be determined instrumentally, chemically or visually. 

Instrumental measurement is commonly used for measurements of colour of fruits 

and vegetables because it gives more accurate information than other methods 

(Bakker et al., 1986). The most common instrument used is a colour difference 

meter and a model of the Minolta Chroma Meter (produced by Minolta Camera 

Co., Ltd, Japan) which uses the 1976 CIE L* a* b* colour space technique.
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There is contradictory information about the results of colour and firmness 

measurements in literature. There is no satisfactory information on whether a 

measure of firmness or colour values of tomatoes by Minolta are within the 

acceptable levels required by consumers. This chapter reports on studies on the 

changes in firmness and colour of two tomato varieties 'Liberto' and 'Criterium' at 

the time of picking and again after storage.

The main objectives of the work described in this chapter were:

1) To determine the minimum level of consumer acceptance for the firmness 

of tomatoes

2) To determine the effect of skin on measurements of tomato firmness

3) To determine the colour values of marketable tomatoes

4.2. Material and Methods

In the first experiment 200 tomato fruits from two varieties of tomatoes at pink, 

light red and red stages of maturity were harvested from SRI glasshouse, 'Liberto' 

in 1993 and 'Criterium' in 1994 and then stored at 20°C. Twenty fruits were 

separated into the five firmness classes by finger feel 'A', 'B', 'C', 'D' and 'E' of the 

firmest fruit coloured light red. The 'A' firmness class was selected on the day of 

harvest, while those for the other classes were sorted out later when the tomatoes 

reached the approximate texture on the basis of finger feel firmness. The results 

were expressed as arbitrary percentages of maximum acceptability. 

Categorisation was tested using a triangle test method. For example, three fruits 

were offered to ten different judges in order to differentiate three samples, which 

two of them belonged to one group, and which belonged to the other group. On a
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subjective basis only 'A', 'B' and 'C' were considered acceptable for marketing. 

These judgements were made by a ten-member panel.

A destructive deformation test was used to evaluate fruit firmness. Epicarp 

strength was the force (N) at the bioyield point. Deformation was the distance 

(mm) travelled by the probe from first contact with the tomato skin to the bioyield 

point. Firmness (N mm'1) was defined as the average slope of the 

force/deformation curve (see Chapter 3).

The five different acceptability levels of tomatoes were;

A : Just picked at the pink or light red stage of maturity, very fresh and easily 

marketable

B : Picked at the pink or light red maturation stage and stored for 2-3 days, but 

they remained very firm and there was no indication of softness by finger 

touching test. Easily marketable.

C : Stored tomatoes, although they were slightly soft their firmness was good 

enough for making salads and slicing. Marketable.

D : Stored tomatoes. They were softer than C acceptability level and not good 

enough for making salads but could be used for cooking or production of 

tomato paste. Poor market quality.

E : Overripe tomatoes. They were very soft and softer than D acceptability
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level. They could be used for cooking or production of tomato paste. Very 

poor market quality.

In the second experiment, 30 tomatoes were used and the effect of removing the 

skin on firmness was measured using the destructive force/deformation test. 

Three treatments (skinless, cut skin and normal) were carried out on the same 

tomatoes around the equatorial line of fruits (Plate 4.1). The experiments were 

repeated with 10 different tomatoes.

Skinless: 1 cm x 1 cm area of tomatoes skin was cut to 2-3 mm depth then the 

skin was removed very carefully.

Cut skin : The skin was cut in the same way as the skinless but skin was left in 

place.

Normal: The skin was not cut and the fruit were left intact.

6 mm Probe6 mm Probe 6 mm Probe

1 cm

1~cm cm

A 1 cm

NormalCut SkinSkinless

Plate 4.1. Application of firmness measurements on treated tomatoes 
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4.3. Results

4.3.1. Determination of the Minimum Acceptable Firmness Levels

The relationship between subjective firmness values, which are very important for 

marketing, and objective firmness evaluation (acceptability levels; determined by 

finger feel firmness) of tomatoes was investigated. The minimum acceptable 

firmness values of tomatoes for marketing was determined using a 

force/deformation test.

Firmness (N/mm)
3.5

2.5

1.5

0.5

Liberto

LSD(0.05)=0.16

I i
1.45

1.28

*T“
A B C D E

Acceptability Levels (%)

Firmness (N/mm)
3.5

3 - Criterium

LSD(0.05)=0.15

A B C D
Acceptability Levels (%)

For Liberto, 1.45 Nmm"1: very firm, 1.28 Nmm 1: slightly soft but good enough for making salad 
For Criterium, 1.46 Nmm"1: very firm, 1.22 Nmm"1: slightly soft but good enough for making salad

Figure 4.1. The relationship between measured firmness values and subjective 
market acceptability levels of tomatoes (cv's 'Liberto' in 1993 and 'Criterium' in 
1994). The vertical lines represent maximum and minimum values.
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As expected the firmness values of tomatoes decreased with decreasing 

acceptability levels over the range of 'A' (freshly harvested) to 'E' (overripe). There 

was a significant (P=0.05) decrease in both varieties (Figure 4.1). There was a 

consistent decrease in firmness values of 'Liberto' between 'A' and 'D' 

acceptability levels. This decrease was between 'A1 and 'C' acceptability levels for 

'Criterium'. In both varieties there was a variation between maximum and 

minimum firmness values at 'A' and 'B' acceptability levels. Those variation levels 

were smaller than the others at 'C', 'D' and 'E' acceptability levels.

According to the results of this research on the basis of objective firmness 

evaluation, it was found that the minimum marketable level (MMV1) of tomato 

firmness at which an individual tomato fruit could be acceptable for sale at retail 

level, was, about 1.45 N mm-1 and 1.46 N mm-1 for 'Liberto' and 'Criterium' 

respectively. At these levels the fruit had a 'B' marketability score. However, the 

second minimum marketable value (MMV2) which was given to fruit which were 

judged could still be used in the home and which may still be marketable and 

capable of being sliced easily was 1.28 N mm"1 and 1.22 N mm"1 for 'Liberto' and 

'Criterium', respectively. These had a score of 'C' marketability. For firmness 

values below 1.22 N mm-1 it is very difficult to sell this kind of tomato and very 

difficult to slice or to use them for salads. For the firmness values of tomatoes 

above 1.28 N mm-1 (slightly soft, MMV2) they could be used for salads. If their 

firmness is above 1.46 N mm"1 (very firm, MMV1) they are easily marketable. The 

two varieties behaved in a similar way (Figure 4.1).
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4.3.2. Skin Effect on Firmness Evaluation

As would be expected it was found that skinless or cut skin tomatoes required a 

lower penetration force and resulted in lower deformation values during 

penetration than normal fruits picked at either mature green or the pink stages of 

maturity (Table 4.1). The force required for penetration of the probe through 

tomato flesh between cut skin and normal was significantly different (P=0.05) 

between all treatments of tomatoes harvested both at mature green and pink 

stages of maturity. It was also found that there was a significant difference in 

deformation values of tomatoes both harvested at mature green and pink stages 

of maturity.

Table 4.1. Firmness and deformation values of tomatoes harvested at pink and 
mature green stage of maturity which were tested as skinless, cut skin and normal.

Epicarp Strength (N) Deformation (mm)
Skinless Cut Skin Normal LSD(o.os) CV % Skinless Cut skin Normal LSD(o.os) CV %

Green
Pink

14.94 21.03 22.27 1.10 6.10 
2.96 5.85 10.50 0.56 5.40

7.81 8.06 8.43 0.34 5.90 
2.63 5.29 6.87 0.29 5.20

It was found that there was no difference in measurement of firmness due to 

cutting the skin of green tomatoes (Figure 4.2). However, differences were 

significant (P=0.05) when the skin was removed from the green tomatoes. This 

was the reverse for pink tomatoes. There was no difference in flesh firmness 

between cut and skinless pink tomatoes whereas it was significantly (P=0,05) 

higher in normal and cut skin treatments of tomatoes harvested at green maturity 

stage (Figure 4.2).

Silsoe College, Cranfield University Ali Batu, 1995



Chapter 4, Results and Discussion (Acceptable Firmness and Colour) 61

Firmness (N/mm)
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■  Skinless 
□ Cut skin
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Mature Green Pink

Figure 4.2. Firmness values of tomatoes harvested at green and pink stage 
of maturity which were tested when either skinless, cut skin or normal (see plate 4.1)

4.3.3. Relationship of Tomato Colour With Ripeness
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Figure 4.3. Mean of the Minolta Colour (a*/b*) values of tomatoes at USDA 
stages (vertical lines represent maximum and minimum values)
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Plate 4.2. USDA tomato colour stages
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The Minolta colour a*/b* values of the surface of tomatoes correspond to the six 

USDA colour stages which are used for estimation of the colour values. The 

measurement of the colours in terms of CIELAB a* and b* values enables 

objective evaluation of tomatoes when classified according to USDA colour 

stages.

Minolta colour a*/b* values increased with increasing USDA colour stages (Figure 

4.3) Minolta (CIELAB) a*/b* values were less variable for mature green tomatoes 

(range from -0.59 to -0.47). These values at the breaker stages of tomatoes were 

also negative (-) (range from -0.47 to -0.27). Separation values between the 

turning and pink stages were found to be 0.08. The light red stage is the one that 

is commonly marketed. It was found that at this stage the Minolta a*/b* values 

ranged from 0.60 to 0.95. The red stage of USDA tomato colour is a little overripe 

for normal maturity. Tomatoes which reached the red colour might have had a 

long overall storage time or might have stayed on the vine too long. The Minolta 

colour values at the red stage had a colour range from 0.95 to 1.21. Minolta a* 

and b* values of tomatoes at USDA maturation stages are included in Appendix 3.

4.4. Discussion

The variation between minimum and maximum values of fruits which had 'A' and 

'B' acceptability levels ( very firm) is slightly higher than the variations of other 

acceptability levels. This variation might be due to some difficulty in 

categorisation, especially of fruits which had 'A' and ’B' acceptability levels. All 

fruits were firm when touched with the fingers. It is very difficult to determine the 

texture of the inner structure of the fruits by hand but it is possible to determine 

the firmness of the fruits by very sensitive machines. The Instron machine gave
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accurate values which were varied, but all of the fruits were very firm. 

Categorisation was easier for softer ('C\ 'D' and 'E') fruits by touch.

As would be expected removing the skin before measuring tomato firmness was 

found to affect their firmness values. However, just cutting the skin did not reduce 

the force required for green tomatoes whereas it significantly affects pink 

tomatoes. The differences in firmness between fruit harvested at the pink or 

mature green stage could be related to properties of the skin which change during 

maturation and ripen. As it was shown the texture of the cellular structures of the 

fruit below the skin also changed during maturation and ripening so that the 

machine measurements will be affected by both the skin and sub-skin cellular 

characteristics. These results confirm the studies of Kader et al., (1978b) who 

reported that skin removal also resulted in lower penetration force values for fruit 

picked at different ripeness stages and that firmness decreased with increasing 

ripeness. They also pointed out that although removing the skin is recommended 

for textural measurements of other fruits (apples, pears, etc.) it is not essential for 

tomatoes, which was supported by this work. This could be due to the thinness of 

tomato flesh. Tomatoes are juicier than apples, and it is more difficult to measure 

the firmness of tomatoes without skin. However, it is important to specify whether 

the skin was removed or not in reporting firmness measurements and to note that 

damage to the skin of part ripe tomatoes is very important for determining the fruit 

firmness whereas not too important for mature green fruits.

Variation in colour readings between maximum and minimum values increased 

during ripening of tomatoes and is most variable at the pink stage of maturity. This 

is because of colour instability at this stage of maturity. The colour was not
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completely pink at the pink stage of maturity whereas tomatoes were 

predominantly green in colour at green and breaker stages and predominantly red 

in colour at the light red and red stages. It is very difficult to say this for the pink 

stage. There is some interpretation difference between scientists: Grierson and 

Kader (1986), and Yang and Chinnan (1988b) define this stage as 'pink' whereas 

Hobson and Davies (1971) and Gould (1988b) call it 'orange'.
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Chapter 5. Humidity Effects on Storage Quality of Tomato

5.1. Introduction

Ripening of the tomatoes was found to be delayed significantly when they were 

stored in MAP (Yang et al., 1987). Since MAP films provide high humidity 

around the fruits (Paine and Paine, 1992c) this might be a factor involved in 

ripening (Thompson et al., 1974). Very little definite information appears 

available on humidity effects on tomato ripening. It was reported that storage at 

high humidity has been found to delay ripening of tomatoes when compared 

with storage at low humidity (Thompson et al., 1974). Thus higher humidity can 

lead to condensation on produce and these conditions are very favourable for 

microbial growth, resulting in decay of commodity (Zagory and Kader, 1988). 

There is no available information on the relation between humidity levels and 

the postharvest evaluation of tomatoes.

The objectives of this study therefore was to investigate the effect of humidity 

levels in controlled environments on the ripening characteristics of tomatoes 

harvested at different maturation stages. The main reason for this was MAP 

affects many constituents of the storage environment of the fruit and the 

experiment was designed to differentiate between the O2  and CO2  effects and 

the humidity effect on delaying ripening.
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5.2. Material and Methods

5.2.1. Fruits

In the experiment tomatoes (cv Criterium) were harvested at either the green and 

pink stage of maturity from a greenhouse at Silsoe Research Institute.

5.2.2. Storage Treatments

Michell

Sensor

Water \  
or

Silica gel 
or nothing

Outlet

Tomatoes

Conical Flask

Jar

Figure 5.1. Schematic Illustration of Set up of the Relative Humidity Experiment

Ten fruits were placed in nine 3-litre air tight glass jars each with an inlet and 

outlet (Figure 5.1). Air at three levels of relative humidity were passed through the 

inlet into the jars of fruit continuously at 6 litre min-1 and the outlet gas was 

passed over the sensor head of a Michell dew point meter every 6 hours to 

measure the relative humidity. Conical flasks of 500 ml capacity were connected 

to the outlet of the pump. These flasks were filled with water to provide high (92-96 

%) humidity, the three others were filled with dried silica gel to provide low (60-65 

%) humidity in the air and the remaining 3 were left empty and ambient air
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(medium humidity, 76-80 %) was passed through them. The air was pumped to the 

three conical flasks to provide the three levels of humidity maintained above. 

Experiments were set up in a temperature controlled room at 20 (± 1) °C, and 

continued until the fruit ripened. Each experiments was repeated two times.

5.2.3. Analysis

Skin colour, weight loss, titratable acidity and total soluble solids were 

measured as described in Chapter Three. The same statistical analysis 

techniques were also used. A non destructive deformation test was used to 

evaluate fruit firmness according to Floros et al., (1987). A maximum 

compression force of 1 N was applied to the fruit surface with a 6 mm diameter 

round stainless steel probe in an Instron Universal Testing Machine, model 

1122. An appropriate full scale compression load deflection was chosen. The 

chart speeds was 50 mm minute"”* and cross-head speed was 1 mm minute'”*. 

Measurements were made on each fruit at 2 positions around its equator. The 

deformation (mm) due to application of the 1 N compression force was 

measured.

5.3. Results

Ripening of the tomatoes was significantly (P=0.05) delayed when they were kept 

in a high humidity environment (Table 5.1). There was no significant difference 

between high and medium humidity levels on ripening time of tomatoes harvested 

at pink stage of maturity and it took 10.13 to 14.41 days. Ripening time was 

shorter under low humidity than medium or high humidity. Those tomatoes 

ripened within 5.23 days at low humidity to reach the same ripening stage. Green 

tomatoes ripened within 12.83 days at low humidity but those at high humidity did 

not ripen fully and were still at the pink stage of maturity after 15 days of storage 

whereas the fruits at medium humidity levels were fully ripe after 14.92 days.
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Table 5.1. Relative humidity effect on tomato quality when they were picked at 
green and pink stage and stored at 20°C until they ripe (except green fruit stored in 
high humidity).

Humidity Ripening Minolta Firmness2 Titratable Total TSS Weight
Levels MS1 Time Colour Deforma­ Acidity Soluble Acid Loss
(%) (days) (a*/b*) tion, mm) (%) Solid (%) Ratio (%)
High Pink 10.41 0.81 0.71 0.26 4.60 17.69 2.41
Medium Pink 10.13 0.83 0.95 0.24 4.70 19.58 5.12
Low Pink 5.23 0.83 0.56 0.27 4.64 17.18 4.62
High M. Green >15.00 0.423 0.65 0.35 4.72 13.49 3.03
Medium M. Green 14.92 0.82 0.90 0.26 4.95 19.03 6.63
Low M. Green 12.83 0.83 0.83 0.26 4.85 18.65 7.23

LSD=5% 1.21 0.12 0.09 0.02 0.12 1.10 0.65

1: Maturation stages when tomatoes were harvested, 2: Smaller values are firmer 
3 : Still pink after 15 days of storage,

There was no significant (P=0.05) difference between medium and low levels of 

humidity on firmness, total soluble solids and titratable acidity of tomatoes 

harvested at the mature green stage when they had ripened, but in the high 

humidity environment firmness, TSS and titratable acidity of tomatoes were 

significantly different than fruits stored in medium and low humidity (Table 5.1). 

There was no significant difference between the three humidity levels for total 

soluble solids levels of tomatoes harvested at the pink stage of maturity when they 

were fully ripe. But the difference in titratable acidity and firmness values of those 

treatments were significant.

As would be expected it was found that weight loss significantly decreased as 

humidity increased. Although there was no significant difference on weight loss 

values green and pink tomatoes stored within low and medium humidity levels, the 

weight loss of tomatoes stored at high humidity was significantly (P=0.05) less than 

the others.
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5.4. Discussion

In the result of this experiment weight loss of tomatoes was inversely related to the 

RH levels in the storage environment as reported by Riquelme et al., (1994) and 

the lower RH gave the highest weight loss (water loss) and their ripening time was 

shorter than others. Dennis et al (1979) showed that weight loss (excluding that 

due to fungal decay) from the tomatoes during 4 weeks storage was approximately 

5  % at 90 % RH compared to 2  % and 1 % at 95 % and 98 % RH respectively. 

Risse (1987) also reported that film wrapped (approximately 100 % humidity 

environment) tomatoes had a lower fresh weight loss than non wrapped tomatoes 

(Kawada and Hale, 1980). The reason for this is that by increasing the RH in the 

storage environment this reduces the water losses (weight losses) from fruits and it 

also reduces the vapour pressure differences between the produce and the air in 

the storage atmosphere (Wills et al., 1989), therefore, respiration becomes slower 

and ripening decreases in high RH. Lower RH is directly correlated with increasing 

the water vapour deficit which cause higher transpiration and consequently higher 

weight losses (Van Den Berg, 1987) thus stimulating fruits respiration rate (Kader, 

1987a). Tomatoes harvested at the mature green stage and stored in medium and 

low RH environments had higher than 5 % fresh weight loss. The finger feel 

firmness of tomatoes which had lost about 5 % in weight was considered 

acceptable (even being slightly softer) for slicing. This was confirmed with Day 

(1993) and Risse (1987) who reported that weight losses of 5 % are usually 

enough to observe the initiation of fruit softness on many kinds of produce.

Tomatoes harvested at the mature green stage of maturity and kept at high 

humidity had a significantly (P=0.05) lighter colour (the colour at the market stage) 

and were more acidic and firmer than those ripened at the lower humidities. 

Delayed fruit ripening, firmer fruit with higher acid could be due to reduction of 

ethylene production in a high humidity environment (95-100 %) because of
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saturation of intercellular space within the fruits (Wilkinson, 1970 and Kader, 

1985a). It was also reported that the higher RH gives the slower respiration rate 

(Kader, 1987a). Risse (1987) reported that film wrapped (approximately 1 0 0  % 

humidity environment) tomatoes had longer storage life, and were much firmer 

than non wrapped tomatoes. Another reason for delayed ripening in higher RH is 

most likely water losses (especially higher than 5 %; Kader, 1987a) in lower RH 

increased ethylene production of fruit which causes it to increase its ripening rate 

and to hasten senescence (Van Den Berg, 1987). Therefore, ripening rate of 

tomatoes was increased and their ripening time was decreased in low RH 

environment. Tomatoes harvested at the pink stage of maturity and ripened at low 

humidity were firmer and had higher titratable acidity and normal TSS levels. 

These differences in ripening could explain why the time taken to ripen was 

shorter than those ripened in medium and high humidity.

There is no available information on the relation between humidity levels, the 

changing on acidity and TSS values of tomatoes. But at seems to be consistent 

that in high RH, ripening time of fruit takes longer than at lower RH and the fruit 

remain less red in colour. Acid and TSS values of the tomatoes were correlated 

with ripening rate of the fruits. So, the less ripe fruits gives the higher acidity and 

lower TSS.
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Chapter 6. Modified Atmosphere Packaging (MAP) and Controlled 

Atmosphere Storage (CAS) of Tomatoes

6.1. Introduction

Tomato quality changes continuously during ripening after harvesting. A 

vegetable store will be successful only if it will keep the produce in good 

condition with minimum deterioration when it was compared with freshly 

harvested fruits by the customers. Cool or cold storage techniques can be used 

to extend the period of supply by short or long term storage. But it is very difficult 

to slow down the respiration rate, and hence ripening rate of tomatoes with these 

techniques because fruits will suffer chilling injury especially if it is necessary to 

store the fruits such as tomatoes over long periods.

Ripening of tomatoes can be delayed by holding them in low O2  and high CO2  

than air. The modification of storage atmosphere also may help to reduce 

development of decay during storage. Therefore, MAP and CAS can be 

effectively used to extend the storage life of tomatoes.

The specific objectives of the work described in the present chapter were as 

follows;

1) To investigate the permeability levels of plastic film packaging material and 

the effects of film permeability on the shelf life of tomatoes packed in them.

2) To develop a MAP system, using different packaging films, which would 

retard deterioration and extend the shelf life of tomatoes harvested either at 

the mature green or pink maturation stages without detrimentally affecting
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their organoleptic qualities.

3) To determine instrumental colour and firmness changes of tomatoes stored in 

various gaseous environments.

4) To compare the initial environmental condition (particularly atmospheric 

composition) and evaluate the effects of conditions within packs on the rate 

of ripening and fruit during their shelf life.

6.2. Material and Methods

For plant materials, storage techniques and objective quality assessments see

Chapter 3. In this chapter for MAP in 1993 'Liberto' variety and for CAS in 1994

'Criterium' variety of tomatoes were used.

6.3. Results

6.3.1. Modified Atmosphere Packaging of Tomatoes

6.3.1.1. Permeability of Packaging Materials

The relative permeabilities of the films to O2 , CO2  and water vapour were 

determined at 13°C and 20°C. It was found that CO2  permeability of the films 

was higher than O2  permeability. Permeability quantities of all packaging films to 

CO2 , O2  and water vapour were found to be higher at 20°C than 13°C and their
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permeability ratios to CO2  over O2  between 13°C and 20°C were approximately 

similar (Table 6.1).

Table 6.1. Thickness, gas and water vapour permeabilities of some packaging 
films at 13°C and 20°C

Packaging
Materials

Storage 
Temperature (°C)

cc m-2.d-l PCO2/PO2 WVTR

CO2 O2

PE20 13 37109 6085 6.1 29.0
20 46232 8561 5.4 72.5

PE30 13 31938 5349 5.9 24.9
20 39480 6976 5.7 50.4

PE50 13 16168 3099 5.2 12.1
20 22577 4224 5.3 19.5

PVC 13 35184 5580 6.3 21.1
20 41798 7929 5.3 45.2

PP 13 8731 3736 2.3 16.7
20 12339 4000 3.1 24.2

PE20: 20p polyethylene, PE30: 30ji polyethylene, PE50: 50 p polyethylene,
PVC: lOp polyvinyl chloride, PP: 25j l i  polypropylene
WVTR: Water vapour transmission rate, PCO2 : permeability to CO2 , PO2 : permeability to O2

6.3.1.2. Gas Compositions of Internal Atmosphere of Packages

This experiment was conducted for 7 days to determine the equilibrium 

concentration of CO2  and O2  during storage. In this case, three replicates 

(packages) from each treatment were prepared (see plate 3.1 and Section 3.2.1) 

using tomatoes harvested at mature green or pink stage of maturity. Then these 

sealed packages were left in temperature controlled rooms that half of the 

packages were kept at 13°C and another half of them were kept at 20°C. Then 

10 ml gas samples were taken from each individuall packages every 24 hours to 

estimate the amount of CO2  and O2  by Gas Chromatography (see Section 3.8). 

Concentrations of O2  decreased and CO2  increased during the first few days of 

storage, after which a 'state of equilibrium' was reached between respiration of 

the produce and the diffusion of the gases through the film. This has previously
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been described by Geeson and Browne (1983). The equilibrium concentration of 

C>2 in the packages was lower for the fruit stored at 2 0 °C compared to the fruits 

stored at 13°C, and CO2  concentration was slightly higher at 20°C than at 13°C.

Table 6.2. Times for concentration of CO2  and O2  to equilibrate and equilibrium 
concentrations (%) in experimental packages of mature green and pink tomatoes 
sealed in different packaging films at 13°C and 20°C.

Mature Green o2 co2
Pack.
Materials

Storage 
Temp (°C)

Equilibrium 
Time (days)

Equilibrium
Concentration

(%)

Equilibrium 
Time (days)

Equilibrium 
Concentration (%)

13 1.2-2.2 11.0-13.6 1.8-2.8 2.8-3.4
PE20 20 1.0-1.2 10.8-11.8 1.8-2.8 3.0-3.6

13 1.0-2.4 7.4-8.2 2.6-3.8 2.8-4.0
PE30 20 1.4-2.2 7.2-8.0 3.4-4.8 4.0-4.8

13 1.8-3.2 4.6-5.8 3.4-4.8 4.6-6.0
PE50 20 1.8-2.6 4.4-5.4 3.0-4.8 7.6-8.2

13 1.2-2.2 10.6-12.0 1.8-3.2 3.9-4.6
PVC 20 1.2-2.0 10.8-12.3 1.8-3.4 4.2-4.8

13 1.8-2.6 4.6-5.8 2.8-4.2 11.0-12.0
PP 20 2.6-3.2 4.5-5.4 2.8-4.6 9.2-11.6

Pink o2 CO9
Pack.
Materials

Storage 
Temp (°C)

Equilibrium 
Time (days)

Equilibrium 
Concentration (%)

Equilibrium 
Time (days)

Equilibrium 
Concentration (%)

13 1.2-1.8 11.4-12.6 1.8-3.0 2.8-3.4
PE20 20 1.2-2.6 11.3-12.0 2.2-3.2 3.0-3.6

13 2.0-3.2 8.0-9.8 2.2-3.2 2.8-4.8
PE30 20 2.2-3.0 7.8-9.4 2.0-3.2 4.0-5.2

13 2.2-3.8 4.2-4.8 3.4-4.8 4.6-6.0
PE50 20 2.4-4.0 4.8-5.4 2.6-5.0 6.4-8.2

13 1.2-2.0 10.6-11.6 1.8-3.2 3.4-4.2
PVC 20 1.3-2.4 11.0-11.8 2.2-3.2 3.8-4.4

13 2.4-3.6 5.2-6.0 2.8-4.2 12.4-12.8
PP 20 2.6-3.8 5.4-5.8 1.8-3.2 13.8-14.2

PE20: Sealed with 20\x polyethylene, Sealed with 30jll polyethylene, PESO: Sealed with 50|H
polyethylene, PVC: Sealed with 10fi polyvinil chloride, PP: Sealed with 25|X polypropylene
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In the packages sealed in PE20 the internal atmosphere changed and 

concentrations of O2  fell to 10.8-13.6 % from the 21 % and CO2  rose from 0.03 

% to 2.8-4.8 % for both pink and green tomatoes at 13°C and 20°C (Table 6.2). 

O2  concentrations were similar at both temperatures when they reached their 

equilibrium concentration but it was lower in PE30 packages which contained 

pink tomatoes than for mature green tomatoes ones. CO2  concentrations in 

PE30 films were similar for both pink and mature green tomatoes but they were 

slightly higher at 20°C than 13°C. In the packages sealed in PE50 the 

equilibrium concentration of O2  was at 4.2-5.8  % for pink and green tomatoes at 

both temperatures. The equilibrium level of CO2  was 4.6-6.0  % for mature green 

and pink tomatoes at 13°C and it was 6.4-8.2 % for both mature green and pink 

tomatoes at 20°C in PE50 films. Gas composition changes and equilibrium 

concentrations of O2  inside the PVC films were very similar for either pink and 

green tomatoes at 13°C and ranged between 10.6-12.3 %.

The equilibrium level of CO2  was similar at 13°C and 20°C and they were 

ranged between 3.6 % and 4.8 %. However it was slightly higher for mature 

green tomatoes (3.9-4.8 %) than the pink tomatoes (3.4-4.4 %) at both 

temperatures. In the package sealed in PP the equilibrium level of O2  

concentrations were similar to that in the PE50 packages at both temperatures 

for both pink and green tomatoes. The CO2  concentrations were similar in both 

PP and PE50 and ranged between 11.0 % and 12.0 % at 13°C. CO2  contents 

was higher at 20°C than 13°C for mature green tomatoes whereas it was lower 

at 20°C than at 13°C for pink tomatoes sealed in PP (Table 6.2).
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6.3.1.3. Colour

• Normal colour changes of tomatoes occur from green (corresponding -a*) to 

red (corresponding +a*) during colour development. Yellowing (corresponding 

b*) of tomatoes is also clearly shown by the change in the level of (b*) values. 

The results indicate that colour changes can be expressed by a* or a*/b* 

(Tijskens and Evelo, 1994) (see Chapter 3). Concerning the changes in b* 

(which changed slightly, Appendices 4-7) the colour value of tomatoes was 

expressed as a*/b* by many authors (Tijskens and Evelo, 1994; Yang and 

Chinnan, 1988b; Yang et a., 1987). The effects of the interaction of storage 

temperature and packaging treatment on the colour development of tomato fruits 

during storage periods was highly significant (P=0.001) (Table 6.3).

Table 6.3. Mean squares from the analysis of variance of tomatoes 
during 60 days modified atmosphere packaging storage (for colour).

Source of Variation df Mature Green Pink
Temperature (T) 1 4.36*** 0.06*
Treatments (TR) 5 5.85*** 0.24***
Storage (S) 5 15.68*** 0.26***
TxTR 5 0.05ns 0 .0 2 ***
TxS 5 0.34*** 0.06***
TRxS 25 0.51*** 0.03***
TxTRxS 25 0.04*** 0 .0 1 ***
Residual 350 0.07 0 .01
Total 421
*** Fpr < 0.001 ** Fpr < 0.01 * Fpr < 0.05 ns= No significant interaction

The red colour development of mature green tomatoes increased significantly 

(P=0.05) during storage. The red colour development of mature green tomatoes 

sealed with PE50 and PP was retarded, even after 60 days storage when 

compared to PE20, PE30, PVC and especially to the control fruits at both 13°C 

and 20°C storage temperatures. Mature green tomatoes sealed in PE20 and
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PE30 reached their reddest colour after 50 days while those in PVC reached it 

after 40 days at 13°C and tomatoes sealed in PE20, PE30 or PVC reached their 

reddest after 40 days at 20°C. The colour of the tomatoes sealed in PE20, PE30 

and PVC film had not changed after 40 days at 13°C or 20°C and there was no 

significant (P=0.05) difference between them after that time. There was also no 

significant difference (P=0.05) between the colour values of all the tomatoes 

(harvested at both mature green and pink stage of maturity) sealed with PE50 

and PP films throughout the storage period at both temperatures. Although their 

colour values increased steadily throughout the storage period (Figure 6.1 and 

6 ), mature green tomatoes at harvest were still not fully red even after 60 days 

storage (Figure 6.1). After 50 days the colour of these tomatoes had just 

reached the pink stage of maturity. On the 60th day their colour was light red 

(the colour commonly found in the market). By that time the fruit colour was 

slightly darker if they were stored at 20°C rather than at 13°C.

The colour development of pink tomatoes sealed in PE50, PP and stored at 

13°C was delayed until the 30th day of storage although control fruits reached a 

light red colour in 10 days. The colour values of fruits sealed with PE50 and PP 

were significantly (P=0.05) lower than other treatments until 30 days storage at 

13°C. Full colour development was delayed until the 20th day of storage at 20°C 

for fruits in PE50 and PP films. There was no significant (P=0.05) difference 

between the treatments after 30 days storage at 13°C and after 20 days storage 

at 20°C. The fruits sealed with PE20, PE30 and PVC reached a light red colour 

by the 2 0 th day (Figure 6 .2 ). Control fruits reached a dark red colour in 1 0  days. 

The fruits sealed in PE20, PE30 and PVC films were nearly dark red at this time,
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Figure 6.1. Minolta colour (a*/b*) changes of tomatoes harvested at mature green stage 
of maturity and stored at 13°C and 20°C in sealed various packaging films during 
storage
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Figure 6.2. Minolta colour (a*/b*) changes of tomatoes harvested at mature green stage 
of maturity and stored at 13°C and 20°C in sealed various packaging films during 
storage
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but by the 20th day they were a much darker red colour. The O2  and CO2  

concentrations at this time are given in Table 6.2.

The colour stability of unwrapped tomatoes was maintained for 30 and 20 days 

at 13°C and 20°C respectively, although there was some slight increase in the 

colour values of tomatoes sealed in PE20 and PE30 film between 40 and 50 

days. There were no significant (P=0.05) changes in the colour development of 

mature green tomatoes sealed in PP and PE50 before 20 and 10 days of 

storage at 13°C and 20°C respectively. After that time it increased steadily 

during the whole storage period at both temperatures. In contrast there was a 

significant (P=0.05) increase in the colour values of pink tomatoes sealed with 

PE50 and PP films within 20 and 30 days at 20°C and 13°C, respectively. The 

colour values of tomatoes sealed in PE20, PE30 and PVC increased on the 2 0 th 

day of storage at 13°C. It was 10 days earlier at 20°C than 13°C. No significant 

(P=0.05) difference was observed in the colour values of mature green or pink 

tomatoes sealed with PVC and PE20 throughout storage period at 13°C and 

20°C. The colour of unwrapped control fruits also increased within the first 1 0  

day of storage at 13°C or 20°C.

6.3.1.4. Firmness

A destructive deformation test was used to evaluate fruit (see Chapter 3). 

Subjective estimate of fruit softness relating to the minimum that would be 

acceptable on the market was established as the minimum marketable value of 

tomatoes (cv 'Liberto'). Firmness has been described in Chapter 4 inasmuch as 

1.28 N mm-1 is the second minimum marketable value (MMV2) and that this is
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slightly soft but acceptable to use at home and even to sell in the market. 1.45 N 

mm-1 value is the first minimum marketable value (MMV1) and is very firm.

Table 6.4. Mean squares from the analysis of variance of tomatoes 
during 60 days modified atmosphere packaging storage (for firmness).

Source of Variation df Mature Green Pink
Temperature (T) 1 37.54*** 12.42*
Treatments (TR) 5 12.61*** 7.17***
Storage (S) 5 37.51*** 8.55***
TxTR 5 0.23* 0.40***
TxS 5 0.31*** 2.13***
TRxS 25 0.75*** 0 .1 1 ***
TxTRxS 25 0.13ns 0.19***
Residual 350 0 .11 0.05
Total 431
*** Fpr < 0.001 Fpr < 0.05 ns= No significant interaction

The effects of the interaction of storage temperature and packaging treatment on 

softening of tomato fruits was highly significant (P=0.001) (Table 6.4).

All fruit softened progressively during storage, but those sealed in plastic film 

softened significantly (P=0.05) more slowly than those stored unwrapped (Figure 

6.3 and Figure 6.4). All mature green tomatoes in plastic films were very firm 

even after 60 days storage at 13°C (Figure 6.3). Unwrapped fruits were very firm 

until the 45th day of storage and even after 50 days they were only slightly soft 

with a firmness value of 1.34 N mm'1. All mature green tomatoes sealed within 

PP, PE30 and PE50 films were very firm throughout the storage period even at 

20°C. It was also found that the firmness of tomatoes sealed within PE20 and 

PVC films was still very high (above the MMV1) after 45 days and was still above 

the MMV2, after 50-55 days storage. Sealing pink tomatoes within PE50 and
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Figure 6.3. The changes of firmness values of tomatoes harvested at mature 
green stage of maturity and sealed in various thickness of various packaging 
films and stored at 13°C and 20°C.
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Figure 6.4. The changes of firmness of tomatoes harvested at pink stages of 
maturity and sealed in various thickness of various packaging films and stored at 
13°C and 20°C.
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PP stored at either 13°C and 20°C delayed them becoming soft (higher than the 

MMV2 value) for at least 60 days. No significant (P=0.05) difference was found 

between the firmness values of tomatoes sealed in PE50 and PP throughout the 

storage period at both temperatures and when harvested at the mature green 

and pink stage of maturity (Figure 6.3 and 6.4). The firmness values of the 

remaining treatment were significantly (P=0.05) lower than PP and PE50.

Softening of pink tomatoes sealed within PE30 and PVC and stored at 13°C and 

20°C was delayed until 50 and 40 days, respectively. Their firmness values were 

still higher than MMV1. After 60 days storage the firmness of tomatoes sealed in 

PE30 was still acceptable at both temperatures for use at home. The firmness 

value of fruits packed in PE20 film was 1.46 N mm-1 after 40, days and 1.44 N 

mm-1 after 50 days at 13°C. Firmness of tomatoes sealed in PE20 or PVC film 

and stored at 20°C was greater than MMV1 after 20 days and also greater than 

MMV2 after 50 days storage. Unwrapped pink tomatoes became slightly soft in 

12-13 days at 20°C and in 35-36 days at 13°C (Figure 6.4). Mature green 

tomatoes stored at 20°C decreased in firmness until 30 days storage but after 

this time there were no significant (P=0.05) changes. Firmness of pink tomatoes 

reduced during the first 10 days storage but there was no significant (P=0.05) 

decrease between 20 and 60 days at 20°C.

6.3.1.5. Weight Loss

The effects of the interaction of storage temperature and packaging treatment on 

weight loss of tomato fruits was highly significant (P=0.001) (Table 6.5).
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Weight loss of the plastic film packed fruits was significantly (P=0.05) lower than 

unwrapped fruits and increased throughout the storage period both for mature 

green or pink tomatoes at 13°C and 20°C (Figure 6.5 and 6 .6 ).

Table 6.5. Mean squares from the analysis of variance of tomatoes 
during 60 days modified atmosphere packaging storage (for weight loss).

Source of Variation df ' Mature Green Pink
Temperature (T) 1 234.29*** 208.54***
Treatments (TR) 5 75.98*** 330.50***
Storage (S) 5 220.38*** 78.64***
TxTR 5 11.64*** 14.64***
TxS 5 27.27*** 1.89***
TRxS 25 ~j -j 2 *** 11.24***
TxTRxS 25 1.63*** 2 .0 1 ***
Residual 350 0.07 0 .01
Total 421
*** Fpr < 0.001

Generally weight loss of tomatoes harvested at the mature green or pink stage 

of maturity and sealed within PP was significantly (P=0.05) lower than in PE30 or 

PE50 at both temperatures but for mature green tomatoes at 13°C fruits sealed 

in PE50 had the lowest weight loss. Generally at both temperatures all fruits 

which were sealed in PVC and PE20 films had the highest weight loss. Weight 

loss of fruits sealed in PE30 and PE50 was similar and there was no significance 

(P=0.05) different between them. Fruits in PVC and PE20 had similar weight loss 

at 13°C. Weight loss of fruit sealed in different films was related to film 

permeability to water vapour. For example PP and PE50 had the lowest gas and 

water vapour permeability (see Table 6 .1 ) and also had the lowest weight loss. 

Packaging prevented the higher weight loss of the fruits that were stored 

unpacked. Both mature green and pink tomatoes stored at 20°C had
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Figure 6.5. Changes of weight loss of tomatoes harvested at mature 
green stage of maturity and sealed within different packaging films during 
storage at 13°C and 20°C.
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higher weight loss than fruits stored at 13°C and weight loss was also higher in 

pink fruits than in mature green fruits. Both mature green and pink tomatoes 

sealed in either PP or PE50 had less than 2 % weight loss after 60 days 

storage. Generally fruits sealed in PP had the lowest weight loss (Figure 6.5 and 

6 .6 ) but at 13°C it was PE50 for mature green tomatoes (Figure 6 .5 ),

6.2.1.6. Titratable acidity

The effects of the interaction of storage temperature and packaging treatment on 

changes of titratable acidity of tomato fruits was highly significant (P=0.001) 

(Table 6 .6 ). Titratable acidity of mature green tomatoes generally increased for 

the first 10 days of storage at 13°C and 20°C (Figure 6.7). After 10 days those 

acidity levels decreased throughout storage at 13°C and up to the 40th day of 

storage at 20°C

Table 6 .6 . Mean squares from the analysis of variance of tomatoes

Source of Variation df Mature Green Pink
Temperature (T) 1 0.781*** 0.810*
Treatments (TR) 5 0.008*** 0.017***
Storage (S) 5 0.496*** 0 .1 2 1 ***
TxTR 5 0.004*** 0 .0 0 2 ***
TxS 5 0.018*** 0 .0 1 0 ***
TRxS 25 0.006*** 0 .0 0 1 ***
TxTRxS 25 0.003*** 0 .0 0 1 ***
Residual 350 0 .0 0 0 .0 0
Total 431

Fpr < 0.001 * Fpr < 0.05

Titratable acidity remained approximately the same and there was no significant 

(P=0.05) different between 40 and 60 days of storage at 20°C (Figure 6.7). 

Titratable acidity of those harvested at the pink stage of maturity fell during the

Silsoe College, Cranfield University Ali Batu, 1995



Chapter 6, Results and Discussion (MAP ans CAS) 91

first 20 days storage at 13°C and then remained constant (Figure 6 .8 ). At 20°C 

titratable acidity levels decreased rapidly during first 1 0  days and then continued 

to decrease slightly between 10 and 60 days of storage (Figure 6 .8 ). There was 

no correlation between either the O2  or CO2  concentrations inside the films and 

the acidity levels of fruits during storage. But the titratable acidity values of pink 

tomatoes sealed in PE50 were found to be significantly (P=0.05) higher than 

those for other treatments.

Tomatoes harvested at both the mature green and pink stages of maturity and 

stored at 20°C became less acid than fruits stored at 13°C, while the lowest acid 

value of unwrapped mature green tomatoes was 0.25 % after 60 days of storage 

at 13°C. The acidity values of mature green tomatoes packed in the same films 

became less than 0.25 % even after 30 days storage at 20°C (Figure 6.7). After 

20 days storage acidity levels of pink tomatoes stored at 20°C became lower 

than those stored at 13°C.
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Figure 6.7. Changes of titratable acidity values of tomatoes harvested at mature 
green stage of maturity and sealed in various thicknesses of various packaging 
films and stored at 13°C and 20°C.
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Figure 6 .8 . Changes of titratable acidity values of tomatoes harvested at pink stage 
of maturity and sealed in various thickness of various packaging films and stored at 
13°C and 20°C.
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6.3.1.7. Total Soluble Solids (TSS)

Table 6.7. Mean squares from the analysis of variance of tomatoes 
during 60 days modified atmosphere packaging storage (for TSS).

Source of Variation df Mature Green Pink
Temperature (T) 1 0.29** 0 .2 1 **
Treatments (TR) 5 3.81*** 3.13***
Storage (S) 5 0.06*** 0.04***
TxTR 5 0.03*** 0 .0 2 ***
TxS 5 0.06*** 0.04***
TRxS 25 0 .0 2 *** 0 .0 2 ***
TxTRxS 25 0.05*** 0.04*** /
Residual 350 0 .11 0.05
Total 421
*** Fpr <0.001 ** Fpr <0.01

The effects of the interaction of storage temperature and packaging treatment on 

the softening of tomato fruits was highly significant (P=0.001) (Table 6.7). The 

TSS content of mature green tomatoes increased significantly (P=0.05) during 

the first 30 days of storage at both 13°C and 20°C, and the titratable acidity 

values of mature green tomatoes sealed in PE50 were found to be significantly 

(P=0.05) higher than the other treatments at 30 days storage (Figure 6.9 and 

6.10). Although the TSS values of tomatoes stored at 20°C became slightly less 

than those at 13°C after 30 days of storage, there was a general similarity 

between 13°C and 20°C. Sugars are one of the major constituents of TSS. The 

sugar content (therefore TSS) increases progressively throughout maturation 

because of pectin degradation and there is a particularly pronounced rise which 

occurs with the appearance of yellow pigmentation (Hobson and Davies, 1971). 

In this experiment all the mature green tomatoes had shown some evidenceof 

begining to ripen by 30 days storage (Figure 6.1), and their TSS values had 

increased up to maximum point by this time. There were also similar
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Figure 6.9. The changes of total soluble solids of tomatoes harvested at 
the mature green stage and sealed in various thicknesses of various 
packaging films and stored at 13°C and 20°C.
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Figure 6.10. The changes of total soluble solids values of tomatoes harvested at 
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and stored at 13°C and 20°C.
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TSS values for pink tomatoes stored at both temperatures decreased 

progressively during 60 days storage and reduction was more extreme at 20°C. 

TSS values for pink tomatoes stored at 13°C were slightly higher than the TSS 

values of fruits stored at 20°C (Figure 6.10). Although the TSS tended to 

decrease during storage, there was no apparent correlation between this and 

the identify of plastic film wraps used.

6.3.1.8. Decay

Decay was not found until 40 days of storage at 13°C for all tomatoes stored in 

films (Table 6.3). During storage, the number of fruits showing decay increased 

progressively after 40 days. It was observed 10  days earlier at 20°C than at 

13°C. All treatments showed some rotting (8  %) after 50 days storage which 

increased again after 60 days ranging between 8  % and 33 % dependent on 

packaging films. 8  % of the pink tomatoes sealed within polyethylene films had 

decayed at 20°C by the 40th day (Table 6.3). Unwrapped pink tomatoes started 

to decay after 30 and 40 days at 20°C and 13°C respectively. At the end of the 

60 days storage 16 % or 25 % of the unwrapped fruits harvested at pink stage of 

maturity were decayed at 13°C and 20°C respectively. It was 0 % and 16 % for 

tomatoes harvested at mature green stage of maturity at the same temperatures 

respectively, mentioned above, but 25 % of those sealed in PE20 decayed after 

60 days storage. Decay percentages of tomatoes sealed with PE30 were 16 % 

at both 13°C and 20°C but when they were sealed in PE50 and PP it was 8  % 

after 60 days of storage at 13°C and 16 % at 20°C.

Mature green fruits which had been packaged did not decay during 40 days 

storage at 13°C and 20°C. Even after 60 days storage the percentages of
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decayed tomatoes sealed in whole films had the lowest at 13°C (8  %). Rotting 

did not appear in unwrapped tomatoes at 13°C but these tomatoes were very 

soft at the end of the storage period and there was slight senescence: fruits 

became softer and had some small twists or wrinkles in the fruit skin. There was 

no significant difference between storage temperatures of 13°C and 20°C until 

30 days of storage but after that more rotted tomatoes were recorded at 20°C. 

Pink tomatoes had more decayed fruits than mature green ones.

Table 6 .8 . The percentages of decayed mature green pink tomatoes packed in 

different films and stored at 13°C and 20°C during the storage periods.

Period
(days)

Tempe­
rature

Unwrapped PE20 PE30 PE50 PVC PP

Gree
n

Pink Green Pink Green Pink Green Pink Green Pink Green Pink

10 13 0 0 0 0 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 0 0 0 0

20 13 0 0 0 0 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 0 0 0 0

30 13 0 0 0 0 0 0 0 0 0 0 0 0
20 0 8 0 0 0 0 0 0 0 0 0 0

40 13 0 8 0 0 0 0 0 0 0 0 0 0
20 0 8 0 8 0 8 0 8 0 0 0 0

50 13 0 8 8 8 0 8 8 8 0 8 8 0
20 16 16 8 16 0 16 8 16 8 16 8 8

60 13 0 16 8 25 8 16 8 8 8 8 8 8
20 16 25 16 25 16 16 8 16 16 33 8 16

There was no difference between the packaging films in terms of rotting of green 

tomatoes at 13°C. Fruit in PVC and PE20 had a higher percentages of rotted 

fruits for pink tomatoes at 20°C.
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6.3.2. Controlled Atmosphere Storage of Tomatoes

6.3.2.1. Colours

In tomatoes harvested at the pink stage of maturity considerable variation was 

observed and there were significant differences (P=0.05) between the 

treatments during storage period. The colour of control (20.9 % O2  and 0.3 % 

CO2  ) tomatoes generally showed a rapid increased in redness over the first 30 

days storage, reached its reddest point by the 40th day and then remained 

constant. There was no significant (P=0.05) difference in the colour values of 

fruits in any of the treatments before 20 days storage. After 20 days storage the 

colour of the fruits stored in 0.2 % CO2  with 5.5 % O2  increased steadily and 

reached a light pink colour (between turning and pink maturation stages) at the 

end of 60 days storage. No significant (P=0.05) change occurred in the other 

treatments throughout the storage period.

Control fruit stored in 20.9 % O2  and 0.3 % CO2  changed colour more quickly 

than all the fruits in the CAS treatments. Fruit stored in 0 .2  % CO2  with 5.5 % O2  

generally changed colour more quickly than the other CA levels (Figure 6.11). 

Tomatoes stored as control and tomatoes stored at 0.2 % CO2  and 3.2 % CO2  

reached their reddest colour after the first 20 and 30 days of storage 

respectively, then remained approximately the same colour. The colour of 

tomatoes stored in 3.2 % and 6.4 % CO2  also increased during the first 20 days 

of storage but levels were significantly lower than control and fruits stored in 0 .2
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Figure 6.11. Changes of Minolta colour (a*/b*) values of mature green and Pink 
tomatoes stored in various controlled atmosphere environments (all with 5.5 %
O2 ) during storage time at 13°C.
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Plate 6.2. Some tomatoes stored in CAS in various CO2  levels with 5.5 % O2  at 

(A) 13°C and (B) 15°C.
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for fruits stored in 12.2 % CO2  with 5.5 % O2  and 15.6 % CO2  with 5.5 % O2  

actually decreased during the 60 days of storage. Colour values of fruits stored 

in 15.6 % CO2  with 5.5 % O2  decreased more than those in 12.2 % CO2  with

5.5 % O2 . Although the colour values of tomatoes stored in 9.1 % CO2  with 5.5 

% O2  increased slightly during the first 2 0  days of storage, after 2 0  days, they 

started to decrease. After 40 days storage fruit colour remained the same and 

was very similar to the initial fruit colour.

6.3.2.2. Firmness

Firmness (Nmm-1) was defined as the amount of force (N) required to penetrate 

of 6  mm dia through the skin to fruit flesh dwided by the deformation (mm) of 

fruits during penetration (see Chapter 3.4.1.2). Firmness values of mature green 

tomatoes stored in CAS also decreased with increasing storage time. 

Decreases in firmness values were higher for control and tomatoes stored in 0.2 

% CO2  with 5.5 % O2  than for other treatments- Instrumental measurement of 

firmness showed that all the fruits softened at the end of a 60 days storage 

period. Tomatoes stored as control and in 0.2 % CO2  with 5.5 % O2  were 

significantly (P=0.05) softer than others especially after 20 days. Although there 

were significant (P=0.05) differences among the treatments, whole mature green 

tomatoes stored (including fruits stored in 0.2 % CO2 ) in CAS were very firm 

until that time, and their firmness values were higher than the MMV1 throughout 

the storage period (Figure 6 .1 2 ).

In tomatoes harvested at the pink stage of maturity all fruit softened throughout 

the storage period but some of those stored in CAS (0.2 % CO2 , 3.2 % CO2 , 6.4 

% CO2  and 9.1 % CO2  with 5.5 % O2 ) softened significantly (P=0.05) more
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Figure 6.12 Changes of firmness values of mature green and pink tomatoes 
stored in various controlled atmosphere (all with 5.5 % O2 ) environments during 
storage at 13 °C.
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slowly than those stored as control, in 12.2 % CO2  with 5.5 % O2  and 15.6 % 

CO2  with 5.5 % O2 . Slight CO2  injuries were shown on those stored in 1 2 .2  % 

and 15.6 % CO2  with 5.5 % O2 . Therefore those tomatoes softened prematurely 

because of CO2  injury. The primary symptoms of CO2  injury are retarded and 

irregular ripening, premature softening and appearance of brown spots at the 

blossom-end (Grierson and Kader, 1993). Water soaked areas are also 

observed caused by CO2  injury on tomatoes (Buescher, 1979b). There was no 

significant (P=0.05) difference in firmness values between tomatoes stored as 

control and those in 15.6 % CO2  with 5.5 % O2  until the 40th day storage. Also 

no significant (P=0.05) difference was observed in the firmness values of the 

rest of the treatments until 40 days storage. But after that time tomatoes stored 

in 15.6 % CO2  with 5.5 % O2  lost their firmness very rapidly (Figure 6.12). 

Tomatoes stored as controls and those stored in 15.6 % CO2  with 5.5 % O2  

were shown to fall below the MMV1 (see Chapter 4) after 35 days storage while 

all those stored in between 0 .2  % CO 2  and 12.2 % CO2  with 5.5 % O2  were 

above the MMV1 level even after 40 days storage. It was found that fruits stored 

in 9.1 % CO2  with 5.5 % O2  remained close to this MMV1 level and were still 

very firm after 60 days storage. Fruits stored in 3.2 % CO2  and 6.2 % CO2  with

5.5 % O2  were considered to be still marketable even after 60 days storage.

6.3 2.3. Total Soluble Solid (TSS)

TSS values of all the fruits (except kept in 12.2 % CO2  with 5.5 % O2 ) harvested 

at the mature green stage increased significantly (P=0.05) during the first 20 

days of storage, then these levels tended to decrease with the exception of 6.4 

% and 9.1 % CO2  with 5.5 % O2 . The acidity of fruits stored in 6.4 % CO2  with
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Figure 6.13. Changes of total soluble solids values of mature green and pink 
tomatoes stored in various controlled atmosphere (all with 5.5 % O2 ) 
environments during storage time at 13 °C.
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5.5 % C>2 , 9.1 % CO2  with 5.5 % O2  and 1 2 .2  % CO2  with 5.5 % O2 , did not 

decrease between 20 and 40 days of storage. The fruits were stored in 6.4 % 

and 9.1 % CO2  all with 5.5 % O2  remained approximately the same between 20 

and 40 days while it was slightly increasing in 9.1 % CO2  with 5.5 % O2  until 30 

days. Although there was no clear correlation between the TSS values of fruits 

and their storage atmospheres, the TSS values of tomatoes stored as a control 

and in 15.6 % CO2  with 5.5 % O2  were significantly (P=0.05) lower than all other 

treatments. The TSS values of the fruits stored in 3.2 %, 6.4 % and 9.1 % CO2  

with 5.5 % O2  for 60 days were significantly (P=0.05) higher than all other 

treatments. It was found that the TSS values of all tomatoes stored in CAS were 

higher than their initial TSS values after 60 days of storage except for the TSS 

values of the fruits stored in 15.6 % CO2  (Figure 6.13. and 6.14).

TSS values of all the fruits harvested at the pink stage of maturity increased 

significantly (P=0.05) during the first 20 days of storage except the fruits stored 

as a control and in 15.6 % CO2  levels with 5.5 % O2 . Their TSS values 

decreased continuously throughout storage. TSS values of tomatoes harvested 

at pink stages of maturity and stored in 0.2 % CO2  and 6.4 % CO2  all with 5.5 % 

O2  increased significantly (P=0.05) during the first 20 days of storage whereas 

the TSS values of fruits stored in 9.1 % CO2  with 5.5 % O2  increased 

significantly (P=0.05) within the first 40 days of storage. TSS tended to decrease 

during storage after these days. TSS values of tomatoes stored in 6.4 % CO2  

with 5.5 % O2  and 9.1 % CO2  with 5.5 % O2  were higher after 60 days of 

storage than their initial TSS values (Figure 6.13). At the end of 60 days storage 

the TSS values of tomatoes stored in 3.2 % CO2  with 5.5 % O2 , 6.4 % CO2  with

5.5 % O2  were found to be approximately the same as their initial TSS values.
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TSS values of tomatoes stored in 0 .2  % CO2 , 1 2 .2  % CO2  and 15.6 % CO2  all 

with 5.5 % O2  and control treatment were found to be significantly (P=0.05) 

lower than their initial TSS levels (Figure 6.13).

6.3.2.4. Titratable Acidity

Titratable acidity of pink and mature green tomatoes in all treatments increased 

during the first 10  days of storage and then steadily decreased until 60 days of 

storage (Figure 6.14). Although there was a significant (P=0.05) difference in 

acidity of tomatoes between treatments, there was no direct correlation with the 

concentrations of CO2  levels to which the fruit had been exposed during 

storage.

The acidity values of tomatoes harvested at the pink stage of maturity and stored 

in 12.2 % CO2  with 5.5 % O2  and 15.6 % CO2  with 5.5 % O2  were lower than 

the other treatments during all storage times, but after the 30th day of storage 

control fruit acidity values also fell (Figure 6.14). Tomatoes stored in 3.2 % CO2  

with 5.5 % O2 , 6.4 % CO2  with 5.5 % O2  and 9.1 % CO2  with 5.5 % O2  

treatments had higher acid levels than the other treatments. The situation was 

slightly different for mature green tomatoes. Acidity values of both the control 

and fruits stored in 12.2 % CO2  with 5.5 % O2  levels were lower than other 

treatments.
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Figure 6.14. Changes of titratable acidity of tomatoes harvested at mature green 
and pink maturity stages and stored in various controlled atmosphere (all with 
5.5 % O2 ) environments at 13 °C.
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6.3.2.5. Decay

Table 6.9. The percentages of decayed tomatoes harvested at the pink stage of 
maturity and kept in CAS using various CO2  levels with combined with 5.5 % O2  
during storage time at 13°C

Maturity Storage Periods (days)
Treatments Stage 10 20 30 40 50 60

Control Green 0 0 0 0 8 20
20.9 % 07+0.3 % CO9 Pink 0 0 0 0 25 50

0.2 % C02 Green 0 0 0 0 8 20
+ 5.5 % O9 Pink 0 0 0 0 10 30
3.2 % C02 Green 0 0 0 0 10 10
+ 5.5 % O9 Pink 0 0 0 0 9 10
6.4 % C02 Green 0 0 0 0 10 15
+ 5.5 % O9 Pink 0 0 0 10 18 40
9.1 % C02 Green 0 0 0 0 5 8
+ 5.5 % O9 Pink 0 0 0 5 8 10
12.2 % C02 Green 0 0 0 0 10 15
+ 5.5 % O9 Pink 0 0 0 33 55 65
15.6 % C02 Green 0 0 0 0 10 15
+ 5.5 % O9 Pink 0 0 0 50 61 80

Decay was not detected until 30 days of storage and it was first observed in pink 

tomatoes stored in 6.4 % CO2  with 5.5 % O2  level and over after 40 days of 

storage (Table 6.4). While decay levels ranged between 5-8 % in 9.1 % CO2  

they were higher in 12.2 % CO2  with 5.5 % O2  and 15.6 % CC^* All treatments 

showed some decay after 50 days storage and a further increase after 60 days. 

After 60 days storage the lowest number of decayed fruits were in 3.2 % CO2  

with 5.5 % O2  and 9.1 % CO2  with 5.5 % O2  environments for both pink and 

mature green tomatoes. It was found that pink tomatoes had a higher decay 

ratio than mature green tomatoes and decay symptoms were observed 1 0  days 

earlier in pink tomatoes than mature green tomatoes.
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6.4. Discussion

6.4.1. Permeability of packaging materials and internal atmospheres of 

packages

Previously published work on permeability of plastic films used the standard 

condition of 25°C and 75 % RH or 38°C and 90 % RH to test the films. This was 

in order to have the same conditions for the analysis of the permeability of the 

films to gas and water vapour. However, it has been shown that film permeability 

is proportional to temperature (Parry, 1993). Also, if humidity is too high moisture 

may condense on the film and may affect its permeability (Pascat, 1986). The 

same temperatures were used with permeability measurements and in the 

subsequent MAP and CAS experiments. The packages were also kept in 

temperature controlled rooms to limit temperature variation and to reduce the 

possibility of condensation on the inside of the packages.

The differences between permeability studies and the actual O2  and CO2  levels 

in the packed fruit are difficult to explain. As shown in previous works (Saguy 

and Mannheim, 1975; Geeson et al., 1985; Zagory and Kader, 1988) the films 

were less permeable to O2 , CO2  and water vapour at the lower temperature. 

However there was little difference in the equilibrium O2  and CO2  levels inside 

the packaged fruit at the two temperatures used in the experiments. This could 

be due to the higher temperature giving the films a higher permeability 

(Varsanyl, 1986) or to the higher respiration rate of the fruits at the higher 

temperature. This is a very useful phenomenon and one that could be exploited 

commercially because it may be expected that fruits will spend periods of time at 

different temperatures in marketing. However, condensation may occur in the
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packages when they are moved from lower to higher temperatures but, 

treatments are available to prevent condensation on plastic films (Zagory and 

Kader, 1988; Pascat, 1986). The effect of different packaging films, especially 

PE films in different thicknesses, on the O2  and CO2  concentration was 

predictable from the permeability data because there is a clear relationship 

between film thickness and gas permeability ratios of PE films.

The difference in equilibrium concentration of O2  and CO2  inside the packaging 

films related directly to the permeability ratios of the gases. Generally, 

permeability is dependent on the thickness and nature of the films. Comparing 

one film to another, the O2  permeability of PP is approximately the same as 

PE50 whereas PVC is the same as PE30 film. In terms of CO2  permeability PP 

is the least permeable film: it is approximately 2  times less permeable than 

PE50, 3 times than PE30 and 3.5-4 times than PE20. These results were in 

agreement with Greengrass (1993) who reported that PP film provides a five to 

ten times greater barrier to gases than the same thicknesses of polyethylene. 

Equilibrium concentration of both gases at both temperatures was approximately 

the same. This could be due to the permeability of packaging films (Parry, 1993) 

and the respiration rate of tomatoes (Day, 1993), both could be increased by 

increasing the storage temperature. This work shows that the effect of storage 

temperature increase is that the permeability of packaging films increases less 

than the respiration rate of tomatoes. Therefore tomatoes consumed more O2  

and produced more CO2  than the films allowed to pass in and out of the 

packages. Consequently, O2  fell more and CO2  increased more at 20°C than at 

13°C.
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6.4.2. Colour

In these experiments, the eventual red colour of all the fruits, irrespective of 

harvest maturity and storage temperature, was similar. However, the reduction of 

the rate of development of the red colour in tomatoes during storage was 

affected by the level of CO2  in the atmosphere around them in the MAP. These 

effects had previously been reported by Saguy and Mannheim (1975); Geeson 

et al., (1985) and Zagory and Kader (1988). The mechanism of the CO2  action 

was reported to be that CO2  successfully competes for binding sites with 

ethylene and thus impedes the effects of ethylene on the ripening process (Burg 

and Burg, 1969; Kubo et al., 1989). The development of red colour in tomatoes 

is due to chlorophyll destruction and the synthesis of carotenoids and lycopene 

(Grierson and Kader, 1986). Synthesis of lycopene and p-carotene is dependent 

on the availability of O2  (Hobson and Davies, 1971; Salunkhe and Wu, 1973). 

This would account for the delayed development of the red colour in fruits in 

MAP (especially in less permeable films which are PP and PE50) as observed in 

my experiments. However, there were indication (not statistically significant) that 

the fruits harvested at the mature green stage of maturity, and stored in MAP 

which gave the highest CO2  and lowest O2 , were slightly less red in colour than 

the fruit in the other treatments. Although CO2  and O2  concentrations were very 

similar in the packages at both 13°C and 20°C, ethylene production by tomatoes 

would be more inhibited or delayed at 13°C than at 20°C (Kubo et al., 1989). 

So, the ripening rate of the fruits was earlier at 20°C than at 13°C for both 

maturation stages. There was a clear correlation between the CO2  levels and 

red colour development of tomatoes. Yang et al., (1987) and Salunkhe and Wu 

(1973) showed that there was also a clear correlation between red colour 

development and lycopene content of tomatoes. The slowing down or
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decreasing of red colour development of tomatoes was directly dependent on 

the level of ethylene required to stimulate ripening. In this experiment a high 

level of CO2  inhibited the production of ethylene. Therefore red colour values of 

tomatoes were decreased in 12.2 % and 15.6 % C0 2 , ?both combined with 5.5 

O2 . It could be due to the continuation of synthesis of p-carotene but not (or 

less) lycopene in high CO2  as mentioned by Buescher (1979b). Another 

possibility was reported by Buescher (1979a) that the retardation of lycopene 

development in high CO2  exposed fruits may be explained on the basis that 

ethylene synthesis declined faster in the presence of high CO2 .

The fruits in CAS behaved differently to the fruit in MAP. In fact the fruit in CAS 

behaved like the results of experiments reported in the literature (Kader, 1980; 

Dennis et al., 1979; Parsons et al., 1970 and Yang and Chinnan, 1988). The 

difference was that the fruit harvested at the mature green stage never became 

fully red in CAS whereas they were at marketable (light red) stage of ripening 

when they were in MAP. The difference may be due to the difference in O2  and 

CO2  levels. However this seems unlikely since the range of O2  concentration in 

the less permeable films was 4 to 6  % (compared to 5.5 % O2  in the CAS) and 

CO2  concentrations were in the range of 3 to 14 % (compared to 0.2 % to 15.6 

% in the CAS). The differences between MAP and CAS could also be due to 

ethylene accumulation in MAP since the CAS were continuously flushed. This is 

confirmed by the literature (Burg and Burg, 1969, Kubo et al., 1989) at the very 

high CO2  levels. At higher temperatures O2  consumption and ethylene 

production increases, causing ripening to hasten, so the colour of the fruits 

becomes redder by accumulating a higher level of lycopene at a higher
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temperature. It has also been reported that lycopene synthesis slows down 

below 16°C (Goodwin and Goad, 1974).

6.4.3. Firmness

Delayed softening in MAP could also be due to higher water loss during storage, 

which might have contributed to lower flesh firmness. Firmness was related to 

packaging films. Fruits sealed in less gas and water vapour permeable films 

were firmer than fruits sealed in more permeable films at the same temperature 

and at both maturity stages. Tomatoes became softer in the higher O2  and CO2  

permeable films. This could be related to higher ethylene production by fruits in 

that kind of storage environment. Lyons and Pratt (1964) confirmed that ethylene 

level encourages ripening in tomatoes, and ethylene production increased at 

breaker stage and was at its highest level at the light red stage of maturity. This 

shows that the ethylene level contributed to the softening of the fruits. It was 

reported that ethylene production in eggplants in low CO2  concentration is 

higher than in high CO2  concentration, which indicates that exposing fruit to 

ethylene causes abscission and softening (Reid, 1985), and therefore reduce 

storage life (Kader, 1985a). Lowering the temperature decreases ethylene 

production and the rate of response of the tissues to ethylene, since ripening 

and enzyme reactions are delayed and therefore fruits are firmer at the lower 

temperature.

Tomatoes harvested at the pink stage of maturity became softer than fruits 

harvested at the mature green stage of maturity during storage time. Cell wall 

degradation is very effective on the softening of fruits. Hobson and Grierson 

(1993) reported that swelling of middle lamella occurs in ripe fruit as the
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structure disintegrates and allows cell movement, and that turgor pressure falls 

as the cell wall progressively weakens. Once fruit is fully ripe tissue 

disorganisation becomes increasingly dominant when the cell wall becomes very 

thin and the organised cytoplasmic units largely disintegrate (Ho and Hewitt, 

1986). So firmness of the fruits harvested at further stage of ripeness becomes 

softer before fruits harvested at an earlier stage of ripening.

It was found that during MAP of the mature green tomatoes, TSS values were 

increased until 30 days of storage (Figure 6.7) while their firmness values were 

decreasing (Figure 6.3). When their TSS values tended to be decreased (Figure 

6.7) firmness values remained approximately constant (Figure 6.3). The same 

situation was also observed on the tomatoes harvested at the pink stage of 

maturity. TSS values of some of those tomatoes did not decrease (or decreased 

slightly) within the first 20 days of storage (Figure 6 .8 ). During that time, 

especially the first 10 days, their firmness values decreased dramatically. TSS 

values of fruits, especially, stored at 20°C decreased dramatically after the 30th 

days of storage (Figure 6 .8 ), but their firmness values remained constant. 

Therefore it was thought that increasing TSS values clearly contributed to the 

softening of tomato texture.

Tucker and Grierson (1987) reported that there was a loss of neutral sugars and 

that these losses could be affective in the softening process of tomatoes. During 

ripening there is a loss of nautral sugars in most fruit this is predominantly 

galactose, but some loss in arabinose also occurs (Tucker and Grierson 1987). 

Hobson (1993) reported that it is commonplace for neutral sugars to be lost from 

the cell walls during the ripening and softening of many fruit species, but it is

Silsoe College, Cranfield University Ali Batu, 1995



Chapter 6, Results and Discussion (MAP ans CAS) 116

difficult on present knowledge to ascribe the dramatic changes in texture just to 

the loss of selected sugars. But at least sugars may contribute slightly to these 

changes, since Tucker (1993) reported that galactose and arabinose are the 

major component of the wall's neutral pectin (Tucker, 1993).

Of the quality factors investigated the most marked response was the 

maintenance of texture under elevated CO2  concentrations in CAS (including 

3.2 %, 6.4 % and 9.1 % all combined with 5.5 % O2 ), but fruits stored at 9.1 % 

CO2  with 5.5 % O2  were found to be firmer during CAS even when harvested at 

the pink stage of maturity. In this experiment, fruits became softer in the 0.2 % 

and 3.2 % CO2  with 5.5 % O2  because this amount of CO2  was not enough to 

inhibit the production of ethylene in tomatoes harvested at the pink stage of 

maturity but it was enough to inhibit it in mature green tomatoes, at least for 2 0  

days (Figure 6.9). This could be due to the ethylene production in tomatoes 

harvested at the pink stage of maturity being higher than at the mature green 

stage of maturity, since Yang et al., (1987) found that ethylene production of the 

tomatoes in MAP was 4-5 times higher in tomatoes harvested at the pink stage 

of maturity than the mature green stage of maturity. Ethylene promotes the 

action of polygalacturase (PG) which contributes towards in tomato softening 

(Grierson and Tucker, 1983). This is because the state of the cell walls has the 

strongest effect on fruit firmness (Goodenough, 1991). Burton (1982a) and 

Mutschler and Guttierri (1987) reported that those pectic materials could be 

broken down by pectinestarase (PE) and polygalacturanase (PG) by solubilizing 

the polygalacturonic acid in the pectin fraction in the walls (Themmen et al., 

1982). Because ethylene encourages the synthesis of PG in a low CO2  and high 

ethylene environment (Grierson and Tucker, 1983), high CO2  levels help to
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delay the ripening action of ethylene. In tomato fruits, CO2  accumulation in the 

intercellular space functions as a natural ethylene antagonist (Yang, 1985). 

Grierson et al.,(1985) reported that natural production of ethylene precedes PG 

synthesis by at least 20 hours. In tomatoes, a rise in the internal ethylene 

concentration was shown to occur before the respiratory rise and the application 

of ethylene to mature green tomatoes stimulated ripening. It was reported that if 

mature green tomatoes were treated with ethylene in air they initiate the ripening 

and synthesis PG earlier than similar fruit held in ethylene free air.

In my experiment, increasing CO2  concentration to 12.2 % and 15.6 % with 5.5 

% O2  gave fruits harvested at the pink stage of maturity a softer texture. This 

was not because ethylene levels were increased, since Buescher (1979a) found 

that ethylene production in ripe tomatoes in 1 0  % and 2 0  % CO2  was 

significantly lower than fruits stored in 5 % CO2  or in air. High C02 can inhibit 

ethylene formation by limiting the formation of ACC and inhibiting the conversion 

of ACC into ethylene (Riquelme et al., 1994). But the phenomenon could be due 

to CO2  injuries during long term storage. The effect on fruit softness could be 

detected until 30 days of storage of tomatoes harvested at the pink stage of 

maturity. There was no indication of softening even after 60 days of storage of 

tomatoes harvested at the mature green stage of ripening (Figure 6.10) even 

with some CO2  injuries. Beneficial effects on texture with 5 % CO2  have been 

reported by many authors (Herner, 1987 and Kader, 1986) and Larsen and 

Watkins (1995) showed that strawberries stored in 10  % CO2  with 2 % O2  at 20 

°C had a firmer texture then those stored in air. Kader (1986), also reported that 

although elevated CO2  atmospheres slowed the softening rate of tomatoes, the
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mechanism of controlled or modified atmosphere effects on the texture of fresh 

fruits and vegetables is still not fully understood.

6.4.4. Weight Loss

Weight losses of tomatoes sealed in plastic films are consistent with the results 

of other works (Parsons et al, 1970 and Floros et al, 1987). The occurrence of 

the highest weight loss throughout storage in unwrapped tomatoes is in 

agreement with Ottosson and Wiberg, (1977). It may be due to loss of moisture 

from the produce to the surrounding environment. A small contribution may have 

come from the lower respiration rate of the tomatoes which would have occurred 

with the higher carbon dioxide and lower oxygen levels inside these films. For 

example PP and PE50 had the lowest gas permeability (Table 6.1) and also the 

lowest weight loss. Storage temperature has a considerable effect on weight 

loss during MAP. At a higher temperature, the permeability of the films and 

respiration rate of fruits will be affected. Films became more permeable (Parry, 

1993) with increase in fruit respiration rate (Day, 1993). Fruits had less weight 

loss in lower storage temperature because of the lower respiration rate causes 

less water production from the fruit tissues. Fruit respiration involves many 

enzymatic reactions and these reactions increase with the increase in 

temperature. Higher temperature also causes a decrease in the RH in the 

storage environment. This shows that less humidity and higher temperature 

result in higher weight loss.

The rates of weight loss of tomatoes sealed in plastic films also correlated quite 

closely with the water vapour transmission rates (WVTR) of the packaging films. 

Higher relative humidity could be one of the most important factors which affect
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weight loss in order to prevent water loss from the fruits. Riquelme et al., (1994) 

reported that weight loss in tomatoes was inversely related to the relative 

humidity inside the film and directly related film permeability to water vapour. If 

the loss of fresh weight is over 5 %, this level may cause wilting or shrivelling, 

thus reducing market values (Wills et al., 1989). All the fruits lost less than 5 % 

fresh weight value after 60 days storage except fruits harvested at the pink stage 

of maturity and sealed in PVC and PE20 during storage at 20°C.

6.4.5. Acidity

Major changes in titratable acidity were shown in tomatoes during storage. 

Change in titratable acidity during tomato ripening is also a major factor in the 

eating quality of fruit. The present results demonstrate the influence of storage 

temperature, maturity at harvest, and storage time. Titratable acidity was higher 

in tomatoes stored at 13°C than at 20°C whether harvested at the mature green 

or pink stages of maturity. This can probably be attributed to the good physical 

condition of the fruit. This means that less disease or injury occurred in tomatoes 

stored at 13°C. The decreases in acidity at 20°C are probably associated with 

faster ripening, and therefore these fruits had earlier senescence compared to 

those stored at 13°C. The present results also demonstrate that storage 

temperature and length of time affected acidity changes. These results are in 

agreement with Richardson and Hobson (1987) who reported that the acidity of 

tomatoes decreased with the increase in temperature. Goodenough and Thomas 

(1980) showed that in the Seaford Abundance variety malic and citric acid fell as 

well as titratable acidity during storage. In my experiment all treatments 

displayed decreasing acidity. This observation is in agreement with Hall (1966) 

and Hobson and Davies (1971). Titratable acidity was affected by MAP and CAS

Silsoe College, Cranfield University Ali Batu, 1995



Chapter 6, Results and Discussion (MAP ans CAS) 120

treatments. This is also in agreement with Parsons et al., (1970), and 

Goodenough and Thomas (1981).

Although there was no correlation between the changes in acidity values of 

tomatoes and the thickness of packaging films, the acidity levels of tomatoes 

harvested at the pink stage of maturity and sealed in PE50 were higher at both 

temperatures than at the other treatments. This could be due to the higher RH 

which occurred inside the PE50 packages, because the PE50 film had the 

lowest permeability to water vapour (Table 6.1). Delay in the ripening of fruits 

could be due to a reduction in ethylene production in high humidity, because of 

saturation of intercellular space within the fruits could slow down the respiration 

rate (Wilkinson, 1970; Kader 1985a). Therefore, fruits harvested at the pink 

stage of maturity and sealed in the PE50 had a slower ripening rate than fruits 

sealed in PE20, PE30 and PVC during storage. So, in this case, the acidity of 

those tomatoes could be more affected by fruit ripeness, and they were more 

acidic. However, fruits sealed in PP were also less ripe, and were similar in 

ripeness to the fruit sealed in PE50. But their acidity values were lower than 

fruits sealed in PE50. This lower acidity could be due to higher CO2  (13-14 %) 

or lower (4-5 %) O2  levels (Table 6.2).

Retardation of ripening is at least partially attributable to a low O2  atmosphere 

which slows down ethylene synthesis and action, and high CO2  inhibiting 

ethylene action (Sherman, 1985). O2  is necessary for ACC to be converted into 

ethylene. Low O2  concentration can inhibit the action of EFE (ethylene forming 

enzyme), increase the levels of ACC, decrease the phenomenon of autocatalytic 

ethylene production and limit the increase in ACC synthesis activity (Riquelme et

Silsoe College, Cranfield University Ali Batu, 1995



Chapter 6, Results and Discussion (MAP ans CAS) 121

al., 1994). CO2  directly regulates the biosynthesis rate of ethylene (Horton,

1985). It was shown that a low level of CO2  can affect ethylene synthesis, and 

high levels inhibit its formation and action by limiting the formation of ACC and 

inhibiting the conversion of ACC into ethylene (Riquelme et al., 1994). CO2  can 

also influence the physiological effects of ethylene by acting to regulate the 

retention of ethylene within fruit tissues, and part of this 'retention' could be at 

'action' sites within the cells (Horton, 1985).

Maturity at harvest obviously affects acidity levels in tomatoes. The acidity levels 

of tomatoes were highest when they were harvested at the pink stage of maturity 

(Figure 6 .6  and 6.12), and then decreased throughout the storage period. The 

acidity values of tomatoes harvested at the mature green stage of ripening and 

kept in MAP (Figure 6.1) and CAS (Figure 6.9) increased during the first 10 days 

then tended to decrease. The colour values of those many tomatoes kept in 

MAP by that time were still mature green especially those stored at 13°C (Figure 

6.1) and during CAS (Figure 6.9). Hall (1966) and Hobson and Davies (1971) 

state that the highest level of acidity was at the green yellow (breaker) stage. But 

my research shows that this is not the case when the fruits are harvested at the 

mature green stage of maturity and stored long term, because the fruits had the 

highest acidity in the first 1 0  days during long term storage, and all the fruits kept 

in CAS were still at the mature green stage by that time. Many of the fruits kept 

in MAP were also still at the mature green stage until 10 days storage, whereas 

some of them could have reached breaker stage of maturity by that time 

depending on their storage environments. The reason for the increased acidity 

in mature green tomatoes in the first 10 days packed in MAP and CAS could be 

due to CO2  fixation before reaching an equilibrium concentration of CO2 . This is
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because CO2  concentration in the packs became higher in the first week after 

sealing depending on the permeability of packaging films then the desired 

equilibrium concentration of the CO2  was reached within a couple more days.

It would seem logical that fruits stored in CAS with increased levels of CO2  

would be more acid because CO2  is an acid gas which should be dissolved in 

the cell sap in proportion to its concentration in the surrounding atmosphere, but 

my results disagreed with this. Goodenough and Thomas (1981) reported that 

acids increased steadily throughout maturation and ripening, reaching a peak as 

the fruit changed colour and then declining somewhat. Hobson and Davies 

(1971) also reported that the highest level of acidity was at the green yellow 

stage mentioned earlier. However, it seems that this research was carried out 

during vine ripening of tomatoes in air. There is little information on acidity 

changes during CAS of tomatoes. Parsons et al., (1970) found that titratable 

acidity increased with increasing CO2  concentration from zero to 5 % CO2  

during CAS, but there was no comment about consumer response to these 

levels of acidity, and there was also no information about comparison to control 

tomatoes at that time. It is difficult to find adequate information about the 

relationship between acidity changes and CO2  concentration during CAS. But 

there are conflicting reports on some other fruits. In a recent review paper, 

Riquelme et al., (1994) reported that storage of strawberries in low O2  and high 

CO2  concentrations does not affect titratable acidity. It was also reported that in 

60 % CO2  there was no affect on titratable acidity in Valencia oranges, while 

storage of lemons under high CO2  leads to accumulation of organic acids (Biale, 

1960). Salunkhe and Wu (1974) reported that the titratable acidity of green 

beans increased during air storage, but decreased slightly in CAS. They also
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reported that the titratable acidity of broccoli and asparagus decreased 

progressively with increasing concentration of CO2  in the CAS. It was 

concluded that titratable acidity levels decreases firstly because the maturation 

and ripening rates of fruits increase when they are stored in air or in very low 

CO2  environment during long term storage. Secondly, if the CO2  level is higher 

than 9 % in the storage environment these CO2  levels cause a decrease in the 

acidity levels of the tomatoes. It was more effective on ripe fruits (i.e. more 

effective on pink tomatoes than mature green ones).

6.4.6. Total Soluble Solids

It was found that in this study TSS values of mature green tomatoes kept in MAP 

increased until 30 days of storage then tended to decrease progressively (Figure 

6.9). But their TSS values on 40 days storage were approximately the same as 

their initial TSS values. After 40 days they were less than their initial values. 

Goodenough and Thomas (1981) also found similar results during MAP with the 

fructose and glucose content of tomatoes which increased for the first four 

weeks of storage then tended to decrease. The sugar content of tomato fruits 

started to rise at the onset of ripening and ripeness was attained only during, or 

just after, the climacteric rise in respiration (Whiting, 1974). It was also reported 

that it increased progressively throughout maturation and ripening (Hobson and 

Davies, 1971; Davies and Kempton, 1975). There is, however, a particularly 

pronounced rise which occurred with the appearance of yellow pigmentation 

(Hobson and Davies, 1971). The TSS of tomatoes are made up largely of 

sugars with some organic acids and other chemicals (Hobson and Grierson, 

1993). Acidity levels have been shown to decrease during storage which would 

account for some of the losses in TSS, but other losses would be accounted for 

by sugar consumption in the normal metabolism of the fruit. Generally TSS
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values of tomatoes stored in higher CO2  environments are lower compared to 

those stored in lower CO2 , because the ripening rate is inhibited by high CO2  

concentration. Therefore production of sugars, organic acids and other 

substance which contributes to TSS values of tomatoes were inhibited. Hobson 

and Davies (1971) reported that higher CO2  prevented the production of sugars, 

organic acids and other chemicals which are the main substance of TSS. Herner 

(1987) also reported that the accumulation of reducing sugars in potato tubers is 

prevented by concentration of 5 % CO2  or more. He also reported that the 

conversion of sugar in peas and sweet corn can be inhibited by high CO2  levels.

TSS values of tomatoes harvested at mature green or pink stage of maturity and 

kept in 3.2 %, 6.4 % and 9.1 % CO2  all with 5.5 % O2 , remained higher than 

other treatments after 60 days storage (Figure 6.13). Fruits stored in 6.4 % and 

9.1 % CO2  in 5.5 % O2  were significantly (P=0.05) higher than other treatments' 

TSS values. In CAS ethylene production by tomatoes was negligible as 

mentioned earlier. In these storage environments with the contribution of a high 

level of CO2  concentration the ripening of the fruits was inhibited. Thus some 

sugar and organic acid production was prevented and TSS values of these 

tomatoes (kept in CAS) were higher than the TSS values of the fruits kept in 

MAP.

In tomatoes the rate of total sugar accumulation is considerably reduced by 

storage in 10 % CO2  compared to storage in air (Burton, 1982b). However, low 

O2  (1 %) storage is shown to inhibit sugar accumulation. It is also reported that 

swelling and extensive hydration of cell walls accompany ripening and there is 

much evidence that insoluble pectin becomes solubilised. Hemicellulose also 

becomes degraded at this time (Hobson, 1993). The results of my experiment
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confirm this latter trend, and may be related to the suppression of the fruit’s 

metabolism affecting the degradation of pectins and hemicelluloses more than 

the respiration rate. There are some conflicting reports also about changes in 

TSS and sugar levels in the literature. These include no changes in TSS 

(Esquerra and Bautista, 1990) and an increase in reducing sugar (Goodenough 

and Thomas, 1981).

6.4.7. Decay

The atmospheres within the PP (5-6 % O2  and 11-13 % CO2 ) gave the best 

result for the Liberto variety (1993 results) without any physiological disorders 

and with less decay. This is contrary to the finding of Geeson et al., (1985) who 

reported that PP films caused severe physiological damage to the tomatoes, and 

that ripening was completely inhibited and did not resume when packs were 

perforated. This contradiction might be due to different thicknesses of packaging 

films, because there was no information about the thicknesses of film in this 

report, or it may be due to the effect of the variety of tomatoes, because they 

used a different variety to those used in this study. The Criterium variety was 

used in the 1994 experiments. Fruits sealed in PP (containing of 5-6 % O2  and 

11-13 % CO2 ) had severe physiological damage, as reported by Geeson et al., 

(1985). There is also another finding which is contrary to Geeson et al (1985): 

they reported that the WVTR of sealed packs did not influence the development 

of fungal spoilage whereas it influenced my results.

Generally, at the end of 60 days storage tomatoes harvested at the pink stage of 

maturity had more decayed fruit than fruits harvested at the mature green stage 

of maturity. Those stored at 20°C had much more decay than those at 13°C. 

Tomatoes harvested at the pink stage and sealed in higher WVTR films (PVC
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and PE20) had slightly more senescence, [meaning that fruits became softer 

and had some small twisted folds in the fruit skin] than those sealed in lower 

WVTR films (PP and PE50). Tomatoes sealed in higher WVTR film had more 

decayed fruits after long term storage because they were too weak in texture to 

resist microbial attack. Occurrence of more decayed fruit with PVC or PE20 than 

PP or PE50 could be due to more senescent tissue which could be easily 

affected by fungi penetrating fruits encouraged by humidity during long term 

storage. In his paper Thompson (1971) showed similar results in disease 

development in mangoes when they were stored in plastic film compared to 

those stored unsealed. He concluded that the effect was due either to the fruit 

being less ripe in the plastic film bags or because they were more turgid 

because of the plastic films. This fruit turgidity could have reduced the ability of 

the fungi to penetrate the cells of the fruit thus lowering the infection levels. In 

terms of the former explanation, Dennis (1987) showed that tomato fruit became 

more susceptible to disease as they ripen. Another possible explanation could 

be that reduced O2  or increased CO2  levels in the atmosphere have been 

shown to reduce the growth of fungi (Kader, 1986; McGlasson and Wills, 1972).

In CAS of tomatoes the results are similar to those of Parsons et al., (1970) who 

reported that mature green tomatoes held at 12.8°C for 6  weeks kept 

significantly better in 3 % O2  and zero CO2  plus 97 % N2  than in air. However 

they showed that in air 6 6  % of the tomatoes decayed after 6  weeks at 12°C. No 

CO2  injury was observed in the present experiment. CO2  injuries were reported 

by Parsons et al., (1970) in low O2  (0 to 3 %) in combination with 3-5 % CO2  but 

Buescher (1969a) did not observe CO2  injury at 4 % O2  with 5 to 10 % CO2 .
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Chapter 7. Temperature effects on MAP and CAS of tomatoes.

7.1. Introduction

Storage temperature is very important for the shelf life of tomatoes. Many 

researchers have investigated the relationship between temperature and the 

deterioration rate of tomatoes (see Chapter 2 , section 2.5.4.1). It is concluded 

that the lower the storage temperature, the longer the shelf life (Shewfelt, 1986). 

But tomato fruits are susceptible to chilling injury at low temperature (Kader,

1986), so to save tomato fruits from injury there is general agreement on a 

minimum storage temperature for mature green tomatoes without causing any 

chilling injuries, namely 13°C (Kader et al., 1978b; Parsons et al., 1970; Risse 

and Miller, 1984 and Hobson, 1987).

The main reason for doing this experiment was that there were no chilling injury 

problems with the experiments done in 1993 for MAP treatments at 13°C. No 

problem was seen until 30 days of storage in 1994 at 13°C when I set up the 

same MAP experiment using the same storage conditions with the 'Criterium' 

variety before setting up the CAS experiment. However, such good results were 

not achieved with the 'Liberto' variety and some temperature injury occurred in 

the 1994 experiments after 30 days storage. The symptoms were mainly shown 

as local water accumulation and some discolouration on the fruits. It was 

therefore decided that another experiment should be set up at 15°C. In fact, 

comparison of storage temperature was not initially one of the main objectives of 

the work. However, as a result of chilling injury problems at 13°C at the 

beginning of 1994 using the 'Criterium' variety, comparison of the storage 

temperature became one of the objectives of the work.
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7.2. Material and methods

This experiment was carried out in 1994 using the 'Criterium' variety. Tomato 

fruits were harvested at the mature green stage of maturity and stored in either 

MAP or CAS at 13°C and 15°C. The source of fruits, MAP and CAS methods, 

colour, acidity and TSS measurements are described in Chapter 3.

7.3. Results

7.3.1. Gas Composition of Internal Atmosphere.

Table 7.1. Times for concentration of CO2  and O2  to equilibrate and equilibrium 
concentrations (%) in experimental packages of pink and green tomatoes sealed with 
different packaging films at 13°C and 15°C.

o? COp
Pack. Storage Equilibrium Equilibrium Equilibrium Equilibrium

Materials Temperature Time (days) Concentration (%) Time (days) Concentration (%)
PP 13 1.8-2.6 4.6-5.8 2.8-4.2 11.0-12.0

15 1.9-2.2 4.5-5.6 3.2-4.6 12.1-13.1
PE30 13 1.0-2.5 7.4-8.2 2.6-3.8 2.8-4.8

15 1.2-2.4 8.2-9.5 1.4-2.3 5.0-5.3
PE50 13 1.8-3.2 4.6-5.8 3.4-3.6 4.6-6.0

15 1.9-3.4 3.5-4.3 4.2-5.4 5.9-8.1

Generally, O2  concentration decreased and CO2  concentration increased in 

packages when they reached their equilibrium concentration at both 

temperatures (Table 7.1). Equilibrium rate of O2  decreased and CO2  

concentration increased with increasing thicknesses of polyethylene film. It was 

found that CO2  permeability of PP was approximately half of PE50 at both 

temperatures whereas the O2  concentration was the same for PE50 at 13°C and 

was slightly higher at 15°C (Table 7.1). PE50 packages gave the lowest O2  

concentration and PP gave the highest CO2  concentration in the packages at 

both temperatures. Although O2  concentration was similar in PE30 at both
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temperatures it was considerably lower in PE50 at 15°C than at 13°C. In 

comparison test at 15°C gave somewhat higher CO2  concentrations than test at 

13°C in all packages.

7.3.2. Colour

The effects of the interaction of storage temperatures and storage treatments on 

the colour development of tomato fruits during 70 days was highly significant 

(P=0.001) (Table 7.2).

Table 7.2. Mean squares from the analysis of variance of tomatoes during 
70 days modified and controlled atmosphere packaging storage (for colour).

Source of Variation df MAP CAS
Temperature (T) 1 0.36** 0.44***
Treatments (TR) 3 0.85*** 0.50***
Storage (S) 2 15.68*** 15.03***
SxT 2 0.03ns 0 .0 1 ns
SxTR 6 0.14*** 0.04***
TxTR 3 0.05** 0.07***
SxTxTR 6 0.06*** 0.09***
Residual 1 2 0 0 .0 2 0 .01
Total 143
*** Fpr < 0.001 ** Fpr < 0.01 ns= No significant interaction

Red colour development of tomatoes increased significantly (P=0.05) 

throughout the storage time (Figure 7.1). Colour stability of unwrapped 

(control) fruits occurred after 40 days storage at both temperatures while 

there was no change in colour development of tomatoes sealed in PP 

and PE50 until 20 days of storage at 13°C. From 20 days onwards red 

colour increased steadily throughout the storage period (Figure 7.1). The 

red colour development of mature green tomatoes sealed with PE50 and 

PP was retarded, even after 60 days storage compared to PE30, and 

especially to the control. The colour of all
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Storage Time (day)

Control: unwrapped, PE30. Sealed with 30p polyethylene, PE50. Sealed with 
50p polyethylene, PP: Sealed with 25p polypropylene

Figure 7.1. Changes of Minolta colour (a7b*) values of tomatoes harvested 
at mature green stage of maturity and sealed in various MAP films for 60 
days storage at 13°C and 15°C plus 10 days in air at 20°C.

Minolta Colour a*/b*
1.2 T

—O— Control
 -  PP

—o — PE30 
— PE50

r LSD(0.05)=0.09
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Figure 7.2. Changes of Minolta colour values of tomatoes harvested at 
mature green stage of maturity and kept in CAS (all with 5.5 % O2 ) for 
60 days storage at 13°C and 15°C plus 10 days in air at 20°C.

Silsoe College, Cranfield University Ali Batu, 1995



Chapter 7, Results and Discussion (Temperature effects on...) 132

tomatoes sealed in PE50 and PP films steadily increased during 60 days, and 

did not reach a full red colour even after 60 days. Tomatoes sealed in PE30 just 

began to change in colour after 40 days of storage at 15°C. Colour development 

of tomatoes stored at 15°C increased faster than tomatoes stored at 13°C 

although the CO2  level was higher and the O2  level was lower inside packages 

stored at 15°C than at 13°C (Table 7.1). The colour of all fruits sealed in either 

PP or PE50 was still at the turning colour stage at 13°C after 60 days storage 

whereas the colour of the fruits in PP changed earlier than fruit colour in PE50 at 

15°C and reached the pink stage. Tomatoes sealed in PP reached pink colour 

on the 40 th day, whereas the fruits stored in PE50 reached the same colour 

stage 20 days later than fruit sealed in PP. In both MAP or CAS development of 

red colour was slow at 13°C. It even stopped in CAS. It was found that the 

Criterium variety was more sensitive to low storage temperature (even 13°C) and 

O2  levels with high CO2  concentration in storage environment. Tomatoes stored 

at 13°C had some uneven ripening for 10 days following 60 days at 20°C 

storage.

The colour of tomatoes stored in 3.2 %, 6.4 % and 9.1 % CO2  at 13°C did not 

change even after 60 days storage (Figure 7.5). But by that time (even after 30 

days) some decay and local water accumulation occurred in tomatoes stored at 

13°C (Table 7.5 and 7.6). The colour development of tomatoes in the same 

storage environments increased steadily and significantly (P=0.05) throughout 

the storage period at 15°C compared to 13°C. The colour values of tomatoes 

stored at 15°C were significantly (P=0.05) higher (especially after 20 days 

storage) than the colour values of fruit stored at 13°C. Water condensation did 

not occur and there was less decayed fruit at 15°C than at 13°C.
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7.3.3. Titratable acidity

The effects of the interaction of storage temperatures and storage treatments on 

the titratable. acidity changes of tomato fruits during 70 days was highly 

significant (P=0.001) (Table 7.3).

Table 7.3. Mean squares from the analysis of variance of tomatoes 
during 70 days modified and controlled atmosphere packaging 
storage (for titratable acidity).

Source of Variation df MAP CAS
Temperature (T) 1 0.03** 0 .0 1 ***
Treatments (TR) 3 0.05*** 0.04***
Storage (S) 2 0.08*** 0.03***
SxT 2 0.03*** 0 .0 1 ***
SxTR 6 0.04** 0 .0 1 ***
TxTR 3 0.03*** 0 .0 1 ***
SxTxTR 6 0 .0 2 *** 0 .0 1 ***
Residual 1 2 0 0 .0 0 0 .0 0
Total 143
*** Fpr < 0.001 ** Fpr < 0.01 ns= No significant interaction

The acidity of all sealed tomatoes decreased throughout the storage time. There 

was a similarity in the acidity values of tomatoes stored between 13°C and 15°C 

(Figure 7.3). The acidity of tomatoes stored long term in 11-13 % CO2  and 4.5-8 

% O2  levels (in PP film) decreased significantly and faster than fruits in PE30 

and PE50 throughout the storage time at both 13°C and 15°C, and control 

tomatoes also had a decrease in titratable acidity after 40 days storage at 13°C. 

So, the acidity values of fruits sealed in PP were similar to control fruit and both 

of them lower than the acidity of fruits sealed in PE30 and PE50 especially after 

40 days storage at both 13°C and 20°C. There was no significant (P=0.05) 

difference on the acidity values between tomatoes sealed in PE30 and PE50.
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Figure 7.3. Changes of titratable acidity of tomatoes harvested at mature 
green stage of maturity and stored in various MAP films for 60 days at 
13°C and 15°C plus 1 0  days in air at 20°C.
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Figure 7.4. Changes of titratable acidity tomatoes harvested at mature 
green stage of maturity and kept in CAS (all with 5.5 % O2 ) for 60 
days storage time at 13°C and 15°C plus 1 0  days in air at 20°C.
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Titratable acidity of tomatoes in CAS increased during the first 20 days at both 

13°C and 15°C (Figure 7.4). After 20 days acidity levels tended to decrease until 

70 days of storage. Although there was no correlation between the O2  or CO2  

concentrations and acidity levels of fruits during CAS, the acidity values of 

tomatoes stored in 6.4 % CO2  with 5.5 % O2  were the highest among the 

treatments and the lowest was in 9.1 % CO2  with 5.5 O2 . There was significant 

a (P=0.05) difference between the control fruits and fruits exposed to all levels of 

CO2  during storage while no significant difference occurred among the tomatoes 

exposed to different levels of CO2 . The acidity values of tomatoes kept in CAS 

at 13°C were very similar to fruits stored at 15°C.

7.3.4. Total Soluble Solids (TSS)

The effects of the interaction of storage temperatures and storage treatments on 

the changes in TSS of tomato fruits during 70 days was highly significant 

(P=0 .0 0 1 ) (Table 7.4).

Table 7.4. Mean squares from the analysis of variance of tomatoes during 
70 days modified and controlled atmosphere packaging storage (for TSS).

Source of Variation df MAP CAS
Temperature (T) 1 4.36** 6 .1 1 ***
Treatments (TR) 3 0.55*** 0.42***
Storage (S) 2 1 .6 8 *** ■J .4 4 ***
SxT 2 0.53** 0.23***
SxTR 6 0.64** 0.44***
TxTR 3 0.04ns 0 .0 1 ns
SxTxTR 6 0.06*** 0.06***
Residual 1 2 0 0 .01 0 .01
Total 143
*** Fpr < 0.001 ** Fpr < 0.01 ns= No significant interaction
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TSS contents of tomatoes increased more rapidly at 15°C than at 13°C during 

the first 20 days of storage (Figure 7.5). There was a trend towards decreasing 

TSS during storage after that, but no consistent relationship between different 

plastic films was observed at either 13°C or 15°C. There was a similarity in TSS 

values of fruits sealed in the same packaging materials at 13°C and 15°C 

whereas the acidity of control fruits was lower at 13°C than at 15°C.

Tomatoes kept in CAS also showed approximately the same TSS changes as 

with the MAP treatments (Figure 7.6). Except for control fruits, the TSS values of 

tomatoes kept in MAP were lower than fruit kept in CAS at both temperatures. 

Tomatoes stored at 13°C in CAS had slightly higher TSS than fruits stored at 

15°C between 2 0  and 40 days storage. But when fruits were taken out of CAS to 

ripen for 10 days between 60 and 70 days storage the TSS values of fruits 

stored at 13°C continued to decrease while it increased for fruits stored at 

15°C.
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Figure 7.5. The changes of total soluble solid contents of tomatoes 
harvested at mature green stage of maturity and stored in various MAP 
films for 60 days at 13°C and 15°C plus 10 days in air at 20°C.
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Figure 7.6. The changes of total soluble solid contents of tomatoes 
harvested at mature green stage of maturity and stored in various CAS 
(all with 5.5 % O2 ) for 60 days at 13°C and 15°C plus 10 days in air at 
20°C.
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7.3.5. Effect of MAP on Decay

Table 7.5. The percentages of decayed tomatoes packed in different films and stored 
at 13°C and 15°C for 60 days followed by storage unwrapped at 20°C for 10 days.

Storage Period Unwrapped PP PE30 PE50
(day) 13°C 15°C

OoCO 15°C 13°C 15°C 13°C 15°C
2 0 0 0 0 0 0 0 0 0
40 0 0 8 5 0 0 0 0
60 17 5 17 30 17 28 17 17
70 2 0 10 25 40 25 35 25 2 0

Table 7.6. The percentages of decayed tomatoes harvested at mature green stage of 
maturity and kept in CAS at 13°C and 15°C for 60 days and subsequent stage in air at 
2 0 °C for 10 days.

Storage
Period
(day)

Unwrapped 3.2 % CO2  
+ 5.5 % Op

6.4 % CO2  
+ 5.5 % Op

9.1 % C 0 2  
+ 5.5 % Op

13°C 15°C 13°C 15°C 13°C 15°C 13°C 15°C
2 0 0 0 0 0 0 0 0 0
40 10 2 0 0 0 0 10 0 8
60 2 0 35 10 15 15 2 0 8 10
70 40 75 15 2 0 2 0 25 12 15

Generally, the incidence of decay was higher in film wrapped fruits than in 

unwrapped fruit (Table 7.5). No decay was found until 40 days storage at 13°C 

and at 15°C for tomatoes sealed in plastic films except for fruits sealed in PP. 

Some infection was observed after 40 days storage in PP. All treatments showed 

some decay after 50 days storage, with a further increase until 60 days. Decay 

levels increased when packages were opened and left to ripen between 60-70 

days storage at 20 °C. Decay levels were similar in fruits stored in CAS (Table 

7.6) to those stored in MAP (Table 7.5) but they were generally lower. This is in 

spite of the CAS controls having more higher than the MAP controls.
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Plate 7 1. Some diseases occurred during storage 'Criterium' variety in 1994 at 

13°C Alterneria rot (a), blue mould rot (b) and cottony leak (c).
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In comparison, there was a significant difference between storage temperatures 

especially after 50 days when more decayed tomatoes were recorded. More 

'Alternaria rot' and 'blue mould rot' with 'Cottony leak' (local water accumulation) 

occurred at 13°C (Plate 7.1).

7.4. Discussion

The colour pigments of tomatoes and the relationship between pigments and 

effective gases in MAP were discussed in detail in Chapter 6 . Furthermore, the 

formation of lycopene were highly dependent upon the presence of oxygen 

(Hobson and Davies, 1971). Delay in colour development ((3-carotene and 

particularly lycopene formation) in this experiment is not only due to high CO2  

and low O2  concentrations but also these differences in the behaviour of 

tomatoes stored at 13°C and 15°C could be due to the fruit at the lower 

temperature being subjected to chilling injury. Some chilling injury symptoms 

such as the pitting of the skin and some local discolouration with browning and 

yellowish colour (Wills et al., 1989) were observed in MAP and CAS at 13°C. But 

this contrasts with Parsons et al., (1970), and Risse and Miller (1984) who all 

reported that 12.8°C storage temperature was safe for long term storage of 

mature green tomatoes without causing chilling injury. Hobson (1987) found that 

a temperature of 10°C or less inhibits red pigment (probably lycopene) 

formation.

A change in the acid concentration during tomato ripening is a major factor in the 

flavour of the fruit. The present results also demonstrate that the influence of 

storage temperature and time on these acidity changes is considerable as 

previously shown by Richardson and Hobson (1987). Thorne and Efiuvwevwere, 

(1988) found that chilling temperatures affected citric and malic acids. They
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reported that these acids increased with the decrease of storage temperature 

(19°C, 12°C, 7°C and 5°C). In the present work it was found that there was a 

considerable increase in titratable acidity occurred as temperature was reduced, 

especially in CAS. The acidity values of tomatoes decreased throughout storage 

in MAP but it did not decrease during the first 20 days in CAS. It could be due to 

ethylene accumulation in MAP, because this starts very early in MAP while in 

CAS it is only produced in limited amounts even towards the end of storage.

Increasing TSS levels in the first 20 days could be due to the ripening process 

because during normal ripening, pectic compounds degrade into sugar and 

acids (Malis-Arad et al., 1983) and contribute to increasing the amount of TSS. 

An increase in TSS values in fruits stored at 13°C is likely because of this, but it 

could also be also result of chilling injury. This causes the release of some 

amino acids, sugars, and mineral salts from cells, together with the degradation 

of cell structure (Wills et al., 1989), and also provides an excellent substrate for 

the growth of pathogenic organisms especially fungi (Buescher, 1974; Hatton 

and Cubbedge, 1982). Water condensation was visible in MAP while it was not 

visible in CAS fruit because of the flow through system and lower humidity. The 

higher level of decay could be due to the high relative humidity in the 

atmosphere of the sealed package tomatoes because many researchers agree 

about higher humidity levels in MAP increases and hastens fungal spoilage 

(Kader et al., 1989; Risse et al., 1985 and Geeson et al., 1985). The incidence 

of decay in the fruits in sealed bags was probably due to infection with Fusarium 

spp (Sommer et al., 1992) but definite identification has not been carried out. 

High humidity and accumulation of CO2  can contribute to decay as indicated by 

the studies of Parsons et al., (1970) and Esquerra and Bautista (1990).
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Hobson (1987) reported that translucent water soaked patches occurred when 

the red tomatoes were stored at 5°C or 7.5°C for 9 days in air. In tomatoes a 

soft, water-soaked lesion may occur on any part of the fruit and enlarge rapidly. 

This disease is sometimes called 'water rot' (Snowdon, 1991). But there is one 

contrary report which claims that water soaked appearance is associated with 

CO2  toxicity (Buescher (1979a). Sommer et al., (1992) and Snowdon (1990 and 

1991) reported that Alternaria rot and Blue Mould rot appears especially when 

the fruits have been weakened by chilling injury. Decayed tissue due to 

Alternaria rot is firm and dry (Sommer et al., 1992).

Unsealed treatments had less decayed fruits than sealed fruits but unsealed 

fruits were unmarketable because of a softer texture than those sealed in MAP. 

The decay differences between MAP and CAS were most probably due to 

differences of RH. RH was higher in MAP and resulted in more decayed fruits. 

These findings were in agreement with Parsons et al., (1970) who reported that 

the percentages of decayed tomatoes in CAS were significantly lower than for 

fruits stored in ambient atmosphere.
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Chapter 8. Relationship between sensory attributes and objective 

measurements of postharvest quality of tomatoes stored in CAS and MAP

8.1. Introduction

Appearance and flavour are the main quality factors for fresh tomatoes (Kader et 

al., 1978a). To reach acceptable colour and hence flavour development, tomato 

fruit should be left to fully ripen on the plant. However, if this is done the fruit 

must be marketed locally without delay (Hobson, 1989). The problem arises 

when the tomatoes are transported to other regions or where an extension of the 

shelf life is required. Delaying ripening and extending the shelf life of tomatoes 

for long term storage could be achieved by CAS and MAP as shown in previous 

chapters. But there was no adequate information in the literature on sensory 

evaluation of tomatoes after long term MAP or CAS. In the present study, 

subjective and objective measurements of quality were made on random 

samples of tomatoes stored in CAS or MAP at different storage temperatures. In 

seeking ways to relate sensory assessment to objective measurements of 

quality, TSS, titratable acid TSS/acid ratio of tomatoes have been studied.

The objectives of this work were to determine the relationship between sensory 

and objective measurements of postharvest qualities of tomatoes stored in CAS 

and MAP and to determine the effect and contribution of storage treatments on 

those quality measurements.
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8.2. Material and Methods

The source of fruits, MAP and CAS methods were described in Chapter 3. 

Sensory evaluation: For sensory evaluation stored and reference (control) fruits 

were used. Tomatoes were harvested at either the pink or the mature green 

harvest maturity then stored for 60 days sealed within different modified 

atmosphere packaging films or various controlled atmosphere environments (see 

Chapter 3). After 60 days all modified atmosphere packages and controlled 

atmosphere containers were opened. Tomatoes which had been stored in CAS 

for 60 days were given a further 10 days for ripening in air at 20°C. Reference 

tomatoes were harvested at the pink stage 1 0  days earlier than taste panel and 

kept in store at 13°C. At the time of the taste panel, all the fruits were fully red. 

Ten semi-trained judges were selected from a pool of MSc and PhD students 

from different countries. Those panellists were trained to use the score sheet. 

Statistically, firstly, triangle testing was applied to differentiate the acceptable 

fruits concerning their firmness, colour and appearance after storage, then 

secondly a scoring test was applied to fruit from the rest of the treatments 

(Larmond, 1987). Three tomatoes from each of the different treatments, which 

had been stored for 60 days (for MAP) or 70 days (for CAS) together with three 

reference fruit, were sliced into 4 pieces. Each panellist tasted one piece of 

tomato from all the treatments. MAP samples were evaluated by using scales for 

three flavour attributes in 1993: fresh tomato flavour, sweetness and sourness. 

Additionally in 1994, acceptability levels also evaluated for tomatoes stored in 

CAS. The scale used was between 1 and 5. Flavour. 1: poor flavour, 2 : weak 

flavour, 3: moderate, 4: good enough, 5: Strong tomato flavour; Sweetness: 1: 

not sweet, 2: slightly sweet, 3: moderate, 4: good enough, 5: very sweet;
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Sourness: 1: not sour, 2 : slightly sour, 3: moderate, 4: sour, 5: very sour; 

Acceptability. 1: not acceptable, 2: less acceptable, 3: acceptable (moderate), 

4: more acceptable, 5: perfect.

8.3. Results

8.3.1. R ipening o f tomatoes

After 60 days storage the Minolta a*/b* colour values of tomatoes stored in MAP 

were between 0.92-0.95 in tomatoes assumed to be at the same stage of 

ripeness. The Minolta a*/b* colour values of tomatoes stored in CAS were 

between 0.58-0.69, therefore, on the basis of skin colour, the tomatoes were 

also assumed to be at the same stage of ripeness in CAS treatments.

8.3.2. Effects of MAP on sensory qualities of tomatoes

The flavour scores of the control tomatoes were significantly (P=0.05) higher 

than those stored in MAP for 60 days after being harvested both at the pink and 

mature green stages and stored at either 13°C or 20°C (Figure 8.1). Control 

tomatoes had similar sweetness scores to the whole tomatoes stored at 13°C 

and tomatoes harvested at pink stage of maturity stored at 2 0 °C.

The flavour of fruits sealed in PP was significantly (P=0.05) higher than the fruits 

sealed in PE50 (Figure 8.1 and Table 8.1). Harvest maturity and storage 

temperature did not affect the flavour of fruits sealed in the same packaging 

material (Figure 8.1). There was an indication that fruit harvested at the mature 

green stage of maturity were sweeter than those harvested at the pink stage of 

maturity after storage at 13°C, but differences were not significant. Storage
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Figure 8.1 . Means of sensory evaluation scores of tomatoes harvested at 
mature green and pink stage of maturity and stored for 60 days within various 
modified atmosphere packaging films at 13°C and 20°C.
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Figure 8.2. Means of objective measurements of tomatoes harvested at mature green 
and pink stage of maturity and stored for 60 days within various modified atmosphere 
packaging films at 13°C and 20°C.
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Table 8.1. The effects of packaging materials, storage temperature and 
maturation stages on subjective and objective quality measurements of tomatoes

Tomato
Flavour

Sweetness Sourness Total Soluble 
Solids (TSS)

Titratable 
Acidity (TA)

TSS/TA

Main effect wrapping (Figures are means of mature green stage of maturity,
the two storage temperatures 13° and 20°C)

PP
PP50

4.15 ** 
3.70

3.00 
2.85 ns

1.75 
1.65 ns

5.02 
5.00 ns

0.28
0.30 ***

18.43 *** 
16.62

Main eifects of temperature (Figures are means of wrapping and mature
green stage of maturity)

13°C
20°C

4.00 
3.85 ns

3.10*
2.75

1 95 *** 
1.45

5.08 *** 
4.94

0.30 *** 
0.27

16.68
18.37***

Main effects of harvest maturity (Figures are means of wrapping and
storage temperature is 13°G)

Pink
Green

3.90 
4.00 ns

2.90 
3.10 ns

1.70 
2.00 ns

5.05 
5.08 ns

0.29 
0.30 ns

17.12 
16.68 ns

ns= not significant, Significance levels are: *= 0.05, **= 0.01, ***= 0.001

temperature appeared to affect the sweetness of fruit harvested at the mature 

green stage of maturity: fruit stored at 13°C gave a higher sweetness than those 

stored at 20°C. Packaging films did not significantly (P=0.05) affect the 

sweetness score of tomatoes although there was some indication that fruit 

sealed in PP were slightly sweeter than those stored in PE50 (Table 8.1). There 

were no significant (p=0.05) differences in sourness between PP and PE50 or 

between pink and green harvest maturity. There was an indication that the fruits 

stored at 13°C were sourer than those stored at 20°C. There was generally a 

positive correlation between titratable acidity and sourness. Although titratable 

acidity values of mature green tomatoes sealed in PP and stored at 20°C was 

significantly (P=0.05) lower than the acidity values of other treatments, judges 

gave the normal scores them. The lower acidity level was not reflected by the 

panellists.
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There was no significant relationship between packaging films and total soluble 

solids except for mature green fruits sealed in PE50 films, which were 

significantly (P=0.05) higher than control and mature green tomatoes stored at 

20°C (Figure 8 . 2). Those mature green fruits had a significantly (P=0.05) lower 

TSS value than all other treatments when they were stored at 20°C.

Although there were no significant differences in the acidity values among the 

majority of the treatments, it was found that the titratable acidity of the control 

fruit was significantly (P=0.05) higher than the fruit in all other treatments. It was 

also lower for green tomatoes sealed in PP and stored at 20°C. There were no 

significant (P=0.05) differences in TSS:acid ratio among the treatments except 

for two treatments whih were unwrapped (control) and fruits sealed in PP.

Table 8.2. Correlation coefficient (r) for sensory scores and objective measurements of 
tomatoes harvested at mature green stage of maturity and sealed within MAP films for 
60 days (n=60)

Tomato Flavour Sweetness Sourness
TSS 0.37** 0.42** 0.29*
Acid 0.39** -0.64*** 0.39**

TSS/Acid -0.37** 0.63*** -0.35**

Results of correlation analysis for MAP are summarised in Table 8.2. Regression 

analyses show that there was a strong relationship between sensory scores and 

objective measurements (Table 8.2). Titratable acidity and TSS had the most 

effect on the sensory characteristics of the tomatoes. Generally, flavour had the 

highest correlation with sourness, sweetness, titratable acidity and TSS. 

According to sensory evaluation results there was a strong correlation between TSS 

and tomato flavour, TSS and both sweetness and sourness. Also, as expected,
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acid concentration gave a negative correlation with sweetness but was positively 

correlated with sourness (Table 8.2).

8.3.3. Effects of CAS on the Sensory Qualities of Tomatoes

Control tomatoes had the highest score for tomato flavour and sweetness; their 

consumer acceptability (Figure 8.3 and 8.4) was significantly higher than 

tomatoes from the other treatments, and they were more acceptable than fruit 

stored in CAS for 60 days.

No significant differences occurred in the flavour, sweetness or acceptability 

scores between the three CAS treatments for the tomatoes harvested at the 

mature green and pink stages of maturity. These three CAS treatments are; 3.2 

%, 6.4 % and 9.1 % CO2  environments all with 5.5 % O2 . Except the sweetness 

scores of tomatoes harvested at the pink stage of maturity and stored in 6.4 % 

CO2  (Figure 8.4), which were significantly higher than fruit stored in 3.2 % C0 2 - 

Tomatoes harvested at pink stage of maturity and stored in 3.2 % CO2  had the 

lowest scores of tomato flavour and sweetness and were less acceptable 

although their sourness was similar to the sourness of fruits stored in 6.4 % and

9.1 % CO2  combined with 5.5 % O2 .

Tomatoes harvested at the pink stage of maturity and stored in 9.1 % CO2  had 

medium sweetness, the lowest sourness and the highest tomato flavour and 

consumer acceptability among the CAS treatments. Their fruit sourness was 

found to be significantly lower than other treatments (Figure 8.4).
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Figure 8.3. Means of sensory scores of tomatoes harvested at mature green stage of 
maturity and kept in CAS for 60 days at 15°C plus 10 days in air at 20°C.
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Figure 8 .6 . Means of objective measurements of pink tomatoes stored for 60 
days in controlled atmosphere storage for 60 days in air at 13 °C.
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Tomatoes harvested at the mature green stage of maturity and stored in 6.4 % 

CO2  with 5.5 % O2  had the lowest score for acceptability, although their tomato 

flavour and sweetness scores were very similar to other treatments in CAS. This 

might be due to the fact that fruits stored in 6.4 % CO2  with 5.5 % O2  had the 

highest sourness scores and these sourness score were significantly higher than 

the control fruit (Figure 8.3). There was no significant difference in sourness 

scores for the rest of the treatments. This higher sourness could be affected by 

decay, because of higher decayed levels in this treatment giving off-flavours 

which could be interpreted as sourness.

Control fruits had the highest scores for TSS and acidity and naturally the lowest 

TSS over acid ratio (Figure 8.5 and 8 .6 ). There was a significant variation among 

the treatments on TSS values. Tomatoes harvested at the mature green stage of 

maturity and stored in 9.1 % CO2  had significantly higher TSS at the end of 60 

days of storage than fruits stored in 3.2 % and 6.4 % (Figure 8.5). TSS values 

were also higher for those tomatoes stored in 9.1 % CO2  than for all other 

treatments for tomatoes harvested at the pink stage of maturity (Figure 8 .6 ), with 

only the difference between 9.1 % CO2  and 3.2 % CO2  found to be significant 

(P=0.05). TSS values of tomatoes generally increased with increasing CO2  

levels. There were no differences in the titratable acidity of tomatoes either at the 

mature green or pink stage of maturity which are similar to the results of the taste 

panel.

Results of correlation analysis for CAS are summarised in Table 8.3. and 8.4. 

Regression analyses show that there was a strong relationship between sensory 

scores and objective measurements (Table 8.2). It was found that tomato 

flavour had a strong positive correlation with TSS and acidity levels of both the
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mature green and pink stages of tomatoes after 60 days of storage. Sweetness 

had a strong positive correlation with TSS, whereas it had a strong negative 

correlation with acidity levels. It was also found that there was a negative 

correlation between the acidity and sourness values of tomatoes. Acceptability 

level of tomatoes had a strong correlation with sweetness, TSS and acid levels 

(Table 8.3 and 8.4).

Table 8.3. Correlation coefficient (r) for sensory scores and objective 
measurements of tomatoes harvested at mature green stage of maturity 
and kept in CAS for 60 days at 15°C plus 10 days in air at 20°C (n=40)

Tomato Flavour Sweetness Sourness Acceptability
TSS 0.43** 0.46** 0.13 -0.45**
Acid 0.54** -0.42** 0.34* 0.39**

TSS/Acid -0.54** -0.21 -0.23 -0.29

Table 8.4. Correlation coefficient (r) for sensory scores and objective 
measurements of tomatoes harvested at pink stage of maturity and kept in 
CAS for 60 days at 13°C plus 10 days in air at 20°C (n=40)

Tomato Flavour Sweetness Sourness Acceptability
TSS 0.55** 0.36* 0.08 0.46**
Acid 0.53** -0.39* 0.38* -0.43**

TSS/Acid 0.39* 0.09 -0.41** 0.36*
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8.4. Discussion

Both CAS and MAP gave considerable extension in storage life of tomatoes at 

13°C or 20°C irrespective of maturity. This effect has been shown previously 

(Morris and Kader, 1974; Dennis et.al., 1979; Grierson and Kader, 1986). 

However what was not known was the comparative effect of CAS or MAP on the 

eating quality of those fruit after long term storage. There is considerable 

difficulty in obtaining information on comparative eating quality of fruit stored in 

CAS or MAP because fruit which have been stored in air cannot be used as a 

control for comparison because their storage life is very much shorter. In all 

experiments the control fruit used for comparison were fruit that had been 

harvested (from the same sources for CAS and MAP of the fruit stored) and 

stored in a manner in which tomatoes would be treated in commercial practice. 

Although these may not be ideal in terms of eating quality, vine ripened fruit 

would have a better flavour, (Kader et al., 1978a), it was felt that they would give 

a more realistic comparison. The result confirms that the controls always gave 

higher scores than the CAS or MAP stored fruits.

The sugar and acids are more important and more quickly perceived by 

panellists. Long term storage of tomatoes always results in inferior sensory 

characteristics than those stored in short term. This is because tomatoes lose 

their flavour compounds, which are mainly based on the acid and sugar 

amounts, during long term storage. Hence it is particularly important that acid 

levels should be maintained in stored fruit to avoid a bland and uninteresting 

impression when the fruits are consumed. Several workers have shown that 

tomato fruit flavour reaches the best acceptable level when acidity and sugars 

are high (Kader et al., 1977; Grierson and Kader, 1986; Hobson and Grierson, 

1993). High sugar and high acid are associated with high flavour intensity
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(Stevens et al., 1977), high acid and low sugar give tart fruit while high sugars 

and low acid give bland, tasting fruit (Grierson and Kader, 1986).

Stevens (1986); Kader et al., (1978a) and Resurreccion and Shewfelt, (1986) 

have shown that variation in sugar and acids and the sugar/acid ratio are 

important to tomato flavour, but my research quantifies the contribution of long 

term MAP or CAS on tomatoes. Sugar and acid contents are not the only 

contributors to sweetness and sourness. Tomato flavour intensity is also affected 

by the organic volatile compounds produced by the fruit (Stevens et al., 1977). 

These were not measured in my experiment, but may have contributed to the 

flavour and acceptability scores from the taste panels.

The differences in tomato flavour shown between those packed in PP and PE50 

films occurred because of their permeability to gas and water vapour. High CO2  

and low O2  maintained better acidity levels than low CO2  and high 0 2 - Kader 

(1980) and Kader (1987) reported that it is because high CO2  delays the 

ripening of fruits acid and total sugar levels could be higher in less ripe fruits than 

in ripe or over ripe fruits. This is because acid and sugar contents of fruits 

decrease with the increasing ripening rate, especially after the pink stage of 

maturity (Grierson and Kader, 1986; Ho and Hewitt, 1986). Furthermore, a 

desirable humidity level was obtained in PP and PE50 packages. So the water 

vapour transmission rate in those films was more suitable to long term storage 

in MAP.

The effect of the combination of harvest maturity, packaging film and storage 

temperature on flavour was very important because of the inhibition of ripening.
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Storage temperature differences could be explained by the affect of packaging 

films on respiration rates and permeability characteristics. Therefore the 

accumulation of some gases (high CO2  and low O2 ) in the packages affects the 

ripening rate by causing the inhibition of ethylene production in the storage 

environments (Kubo et al., 1989). The storage life and sensory quality of fruits at 

the end of the storage period could also be affected. Keeping less ripe fruit (i.e. 

mature green) in PP film at lower storage temperature (at 13°C) gave the best 

and most acceptable fruit quality.

At the end of this study the findings on the improvement in sensory quality after 

long term storage of tomatoes in MAP and CAS warrants future study as a basis 

of recommendations for improving consumer acceptance. Sensory results 

suggested that the use polyethylene film in 50 micron thickness or polypropylene 

25 micron in thickness is good for packaging of tomatoes without any disease or 

disorders at least 40 days at 13°C. Tomatoes stored in 5.5 % O2  combined with

3.2 to 9.1 % CO2  had a lower ripening rate with higher tomato flavours and 

consumer acceptability.
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Chapter 9. Conclusions and Further Recommendations

9.1. General Conclusion

The investigations described in this thesis were carried out in small scale storage 

room conditions and were conducted to evaluate possible storage treatments to 

extend the storage life as well as to retain high quality tomatoes harvested either 

at the mature green or pink stage of maturity. The changes in fruit colour and 

flesh firmness were inhibited in some storage temperatures and storage 

environments. Certain combinations of O2  and CO2  were also effective in 

reducing disease.

In general, from the results of the research showed that some of the packaging 

films showed potential in the control of fungal growth on the surface and fruits 

calyx. The application of MAP and CAS techniques was observed to reduce the 

rate of skin reddening and softening of tissues. Consequently the storage life of 

tomatoes was extended and the fruit's eating quality was maintained at 

acceptable levels. This was achieved by using suitable packaging films at 13°C 

and suitable storage atmospheres in CAS for the variety 'Liberto'. For the variety 

'Criterum' storage at 13°C resulted in physiological disorders.

The conclusion of this work was that tomatoes can be stored for at least 60 days 

and still have acceptable colour, texture and flavour. There was some variability 

in disease development over this storage period with fruit in all treatments 

showing decay symptoms but, generally the ones kept in MAP or CAS at 9.1 % 

CO2  with 5.5 % O2  had less diseased fruit than with other treatments.
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The major findings of this study are;

1 ) If the firmness values of tomatoes are above the 1.28 N mm"1» although they 

are slightly soft, they are good enough to making a salad in the opinion of ten 

judges. If the firmness value is above 1.46 N mm"1 the tomatoes are firm and 

easily marketable.

2 ) Tomatoes harvested at the pink stage of maturation will change to a light red 

colour within 2-3 days at 20°C. From this work the optimum colour for marketing 

could be expressed as Minolta colour a*/b* within the range of 0 .6  to 0.95.

3 ) On the contribution of the skin to firmness measurement of tomatoes: it can 

be concluded that damage to the skin of ripe tomatoes affected firmness 

significantly. This effect was less noticable with mature green tomatoes.

4 )  As expected, the relative humidity levels had a significant effect on the eating 

and marketing quality of tomato fruits. Storage of both pink and mature green 

tomatoes at a high (92-96 % ) RH level was better than medium RH (76-80 %) 

and low RH (60-65 %) levels.

5 ) An increase in CO2  concentration did not produce CO2  injury even in 13-14 

% for 'Liberto' variety of tomatoes (1993 results with MAP). But more than 10 % 

CO2  was harmful for 'Criterium' variety (1994 results with CAS).
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6  ) Tomatoes packaged in PE50 (6-7 % CO2  and 4-5 % O2 ) and PP (12-13 % 

CO2  and 5-6 % O2 ) were more firm than fruits within PE20 (3 % CO2  and 

11-13% O2 ), PE30 (4-5 % CO2  and 7-8 % O2 ) and PVC (3-4 % CO2  and 1 0 -1 1  

% O2 ) at 13°C. Keeping quality of tomatoes improved when harvested at pink 

stage of maturity and packaged in PE50 or PP, and for mature green tomatoes 

packaged in PP, PE30 or PE50.

7 ) In terms of decay and growth of fungi, this was inhibited and the best results 

were achieved when mature green tomatoes were sealed within PVC and PE30 

at 13°C. In these packages no decay was not observed after 50 days storage 

whereas 8  % of the fruit was decayed in PP and PE50. It was observed that PVC 

(especially 10 p thick) is not suitable for long term MAP of tomatoes due to 

increasing water loss. After 60 days of storage only 8  % of the fruits were 

decayed in each packaging treatments at 13°C.

8  ) In CAS it was concluded that it would be possible to extend the storage life of 

tomatoes for at least 40 days with zero decay ratio and very good retention of 

firmness. For 60 days MAP (or 70 days CAS) the quality of a majority of 

tomatoes stored in 9.1 % CO2  with 5.5 % O2  was good with low decay (8  %) 

ratios. The fruits were the most acceptable to consumers on the basis of 

sensory evaluation.

9 ) For many years researchers have claimed that 12.8°C (or 12°C according to 

some) was safe for the storage of mature green tomatoes. However the results 

of this experiment using the 'Criterium' variety of tomatoes is that storage at 

13°C (12.8°C-13.9°C) is not safe, and that some chilling injury symptoms are
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observed during the storage period at 13°C. There is uneven colour development 

with unclear changes in titratable acidity and total soluble solids in the 'Criterium' 

variety during storage at 13°C. Furthermore the amount of decayed fruits is very 

high, especially after 50 days storage.

9.2. Conclusion

In CAS some treatments delayed softening and full colour development. CAS 

had much less effect on other biochemical processes so that, at the end of the 

70 days storage, the fruits showed that greater biochemical similarities when 

they ripen to the fruits were stored short term (control) in air. When tomatoes are 

harvested at mature green stage of maturity and stored in CO2  between 3.2 % 

and 9.1 % with 5.5 % O2 , it is possible to obtain shelf life of at least 40 days 

without any decayed fruits and 40-50 days with higher TSS at 13°C. Even after 

70 days at 15°C fruits have acceptable acidity levels and very good tomato 

flavour, have a brighter red colour and their overall acceptability is very 

satisfactory.

9.3. Further Recommendation

This study recommends a number of new lines for research.

1) At the end of the 60 days storage period it was found that in the MAP and 

CAS experiments fruits in some of the treatments had very good sensory 

qualities concerning consumer acceptance within suitable packaging film or 

when using suitable concentrations of O2  and CO2 . During sensory evaluation it 

could be better to determine the contribution of individual sugars and organic
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acids to sensory qualities and consumer acceptability of the tomatoes after long 

term MAP or CAS.

2 ) The effects of high CO2  and low O2  levels on the development of tomato 

colour pigments during MAP or CAS could be undertaken.

3 ) Work is needed to determine the effects of CO2  and O2  concentrations on 

inhibitation of ethylene production from in during CAS.

4 ) Work is needed to determine the effects of especially high CO2  levels on the 

changes of organic acids in tomatoes during CAS.

5 ) In terms of CO2  injury concern, 13 % CO2  did not have a harmful affect on 

'Liberto' variety of tomatoes but 'Criterium' variety had some CO2  injurey at 

above 10 % levels. Therefore, development of decay increased above that CO2  

concentration combined with 5.5 % O2 . This level of CO2  is not recommended 

especially for long term storage of 'Criterium' variety of tomatoes.

6  ) The response of various tomato varieties to chilling injury symptoms at 13°C 

and the development of colour in mature green tomatoes was not uniform. A 

more comprehensive examination of this aspect should be undertaken especially 

with the improved new varieties and available in UK.
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Appendix 1. Relationship between epicarp strength values and acceptability levels of 
tomatoes
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Appendix 2. Relationship between deformation values and acceptability levels of tomatoes
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Appendix 3. Minolta colour values of tomatoes during ripening according to USDA 
tomato colour classification
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