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Abstract.

Colour of tomato (Lycopersicon escuientum) is one of the most important quality
factor. That is mainly depend upon the quantity of carotenoid availabie in thge fruit. Lycopene
is the simple carotenoid found in tomato.

in tomatoes lycopene biosynthesis increase dramatically during the ripening process.
Temperature is one of the most important factors for the biosynthesis of lycopene in tomato.
There for the objective of this study was to identify the optimum ripening condition of

lycopene and estimation of it.

Two common varieties Thilina and Marglobe were ripened in ambient conditions (23
- 35 ° C and 85-95% Rh) and cold room conditions (15 - 18 ° C and 85-95% Rh). Sets of
preliminary quality were checked to identify the colour, pH, Moisture and TSS after ripening
process was completed. Juice, puree and powder was prepared from well ripened fruits.

Statistically evaluated results said that coid room ripening has a trend of lycopane
development. Margiobe showed 10 to 12 % of lycopene development in cold room ripening
and variety Thilina showed 4 to 6% of lycopene development than Ambient ripening
condition. Quantitatively verity Afargiobe has high amount of lycopene than Thilina.
Reduction of lycopene in tomato powder and puree is depend on the amount of isomaration
and auto oxidation.

Therefore maximum development of lycopene is only carried out at low temperature,
unless it converts to other forms of carotenes. Control the temperature at harvest and
storage is essential for maximum development lycopene.
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Chapter1.
Introduction.

Tomato (Lycopersicon esculentum) belongs to the genus Lycopersicon of the
family Solanaceae. Usually it is herbaceous, annual to perennial, prostrate, and sexually
propagated. Occasionally, however, it is also asexually propagated. A full-grown plant can
produce a large number of seeds. Tomato has become one of the most popular and widely
cultivated vegetables in the world due to the several reasons. Tomatoes are grown at many
latitudes and under a wide range of soil types, with different climatic conditions. Tomato is
not particularly nutritious, but it can be a major source of minerals and vitamins if its
consumption is encouraged (Ngym, 1999).

Tomato is accepted by the consumer according to its unique sensory qualities
including flavour, aroma, colour and other sensory attributes. The colour of tomato fruits and
its products is the most important quality factor. It is probably the first character to be
captured by the consumer's eyes. The degree of colour quality practically represents an
essential component of the total quality. Therefore it is very essential that the fruit or tomato
based product contain a standard colour which is familiar to the consumer which should
satisfy the consumer.

Colour of the tomato mainly depends upon the quantity of carotenoid amount
available in the fruit itself. As far as carotenoids found in tomato are concern lycopene is the
principle member. Lycopene is a phyto chemical synthesised by plants and microorganisms.
This pigment, after ingestion with tomato-based products, can be found in human serum and
other vital organs (Stal and Sies 1996). .

Lycopene is predominantly found in the chromoplast of plant tissues. Lycopene can
be characterized into two types,; globular chromoplast containing mainly B carotene and
located in the jelly part of the pericarp and chromoplast in the outer part of the pericarp
contain voluminous sheets of lycopene (Mac Gilvery et al, 1929). In tomato, lycopene
biosynthesis is increased dramatically during the ripening process because at this stage,
chloroplasts are converted to chromoplasts.

It has been found that serum level of lycopene and dietary intake of lycopene through
tomato and its products were inversely related to occurrence of certain types of cancer such
as prostate cancer, digestive track cancer and lung cancers and heart diseases-
athrogenasis. Lycopene, with its ability to act as an antioxidant and scavenger of free
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radicals that are often associated with carcinogenasis, is potentially a key compound in
preventing such cancers thereby being beneficial for the human health. It may also inhibit
the formation of LDL cholesterol level in the blood. Therefore the amount of lycopene in diet
has a lot of positive effects to human body. ( hitp \ www:lycopene.com )

Different storage conditions differently affect the production of lycopene both in flesh
and peel. Temperature is the most important factor to affect the biosynthesis of carotene
including lycopene. Generally the optimum temperature for carotenogenesis in plants is
relatively low. The synthesis of certain pigments was shown to be temperature sensitive
varieties from plant to plant. At higher temperature, it is not formed and fruits become yeliow
(Gaylord, et al 1981).

In order to ensure the stability of both quality and quantity of lycopene and to
minimize the loss of colour in the fruit, storage conditions are to be controlled. It is also
necessity to study the effect of environmental factors such as temperature on the
biosynthesis of lycopene in tomato.

The present study was aimed at finding out the effect of temperature on development
of lycopene and estimating it. Experimental part of the study was conducted at Department
of Agriculture, Food Research Unit, Gannoruwa and at the Food Laboratory in Faculty of
Applied Science. Buttala.

In this study, two common varieties were used (Marglob and Thilina) and
tomato based products namely tomato juice, puree and powder were investigated for
lycopene content.

Objectives of the study were,

1. To check the preliminary parameters on different storage conditions under

< Ambient ripening.
< Cold room ripening

2. To estimate lycopene content under different storage conditions.
3. Find out the best variety for the maximum development of lycopene.

4. Estimation of lycopene retention in different tomato products.

9



Chapter 2.
Literature Review.

2.1 Botany of tomato.

Tomato belongs to the genus Lycopersiconof the f
includes many species including some polymorphic types. Usually it is herbaceous, annual
to perennial, prostrate, and sexually propagated. Occasionally, however, it is also asexually
propagated. A full-grown plant can produce a large number of seeds per time (Word G.M.
1964)

2.1.1 Origin and Distribution.

Although the tomato’s origin and the early history of its domestication are obscure,
the weight of evidence suggests that Mexico was the probable center of origin from where it
‘was transported to Europe and Asia. The most likely ancestor is the wild cherry tomato
(Lycopersicon escufentum) found first throughout tropical and sub tropical American and
then the tropics of Africa (Word G. M. 1964).

2.1.2 The fruit.

The fruit is a soft berry. Glandular hairs and glands are usually present on the small
fruit that degenerate in the advanced stage. The fruits of some varieties do not have

glandular hairs and glands. There are various shapes of fruit.

Locular Cavity
Outer wall of the
pericarp

Radial wall of

. the pericarp
Placental tissues

inner wall of the
_ pericarp
Figure 2.1
Cross- section of tomato.



The transverse section of the fruit (in figure 2.1) indicates that there are five main
parts in the fruit walls (outer and inner) skin locular tissues, pulp and seed. The pericarp
constitutes the wall of the fruit and to considerable extent the quality of the fruit depends on
the pericarp. The lavers of the mesocarp increases the size of the cell resulting in the growth
of the pericarp there is much variation in the number of locules. The radial wall of the
pericarp known also as columella divides the locules. Each locule has a lot of seeds and the
jelly like substance surrounds the seeds. The substance consists of parenchymatous cells
that develop round the ovule. Jeana Gross (1978),



2.2 Tomato Composition.

Tomato is a rich source of minerais and vitamins. There are various types of
flavouring compound found in the fruits that enrich their taste. The attractive red colour of the
fruit is due to lycopene, and the yeliow colour is due to carotenes. Carotenes are a good
source of vitamin A. The tomato fruits comprise mainly pericarp, radial wall, and locular
tissues. The chemical composition of these parts is influenced by the variety, the age of the
fruits, and certain external and intemal factors. (Williams and Bevenue, 1954)

Table 2.1: Nutritive values of raw and processed tomatoes.

(100-gram of edible portion)

Nutrient Raw Canned* Catsup Juice
Water (%) 94 94 69 94
Food energy (cal) 19 21 106 19
Protein (g) 0.7 0.8 1.8 0.8
Fat (g) trace trace 0.4 trace
Carbohvdrate (g) 4 4 , 25 4
Calcium (mg) 12 6™ 22 7
Phosphorous (mg) 24 19 50 18
fron (Mg) 0.4 0.5 0.8 0.9
Potassium (ma) 222 217 363 227
Vitamin A value {i.u.) 822 900 1399 798
Thiamin (mg) 0.05 0.05 0.09 0.05
Riboflavin (mg) 0.04 0.03 0.07 0.03

Ascorbic acid (mg) 21 17 15 . 16

* solids & lquieds -
** applies to products without adding calcium salts

source USDA home and garden bulietin, no. 72.



2.2.1 Pigments and Colour.

The red colour of the tomato is due to availability of major carotene, lycopene which is
found at least up to 90% of the total carotenoid content. The total carotenoid content of
tomato varies between 70 -190 ug (g fresh wt). Carotenoids are predominantly carotenes,
consisting of 90 to 95 % out of the total carotenoids. The common red tomato also contain
the colourless precursors phytone and pvhtofluene (15 — 30 %) and minor pigments such as
B carotene, & carotene, y carotene and neuresparone.

The carotenoids are not uniformly distributed within the fruit. The outer pericarp has the
highest concentration of pigments. B Carotene is equally distributed throughout the fruit,
lycopene predominate in the flesh in which the total carotenoid contain is six fold higher than
in the pulp (Olsion M.k et al, 1978).



2.3 Lycopene,

2.3.1 Importance of Lycopene.

Lycopene, a carotenoid in the same family as beta-carotene, is what gives tomatoes,
pink grapefruit, apricots, red oranges, watermeion and guava their red color. Lycopene is not
merely a pigment. It is a powerful antioxidant that has been shown to neutralize free radicals
especiaily those derived from oxygen, thereby conferring protection against lots of diseases.
in addition, preliminary research suggests lycopene may reduce the risk of macular
degenerative disease, serum lipid oxidation and blindness in old age risk of exercise-induced
asthma (EIA) and cancers of the lung, bladder, cervix, and skin. (www//Biocem.com)

Plants and microorganisms synthesize Lycopene but not by animals. It is an acyclic
isomer of beta-carotene. This highly unsaturated hydrocarbon contains 11 conjugated and 2
unconjugated double bonds, making it longer than any other carotenoid. Human cannot
produce lycopene and must ingest from fruits and vegetables then absorb the chopene and
process it for use in the body. (Bern et al .(1987).)

i | I
I |

Lycopene
Molecular Weight = 536.99
Exact Mass = 536
Mdecular Formula = C40HS6 -
Mdecular Composition=C 89.49% H 1051%

Fig 2.2: Structure of lycopene.

Although best known as an antioxidant, both oxidative and non-oxidative
mechanisms are involved in lycopene’s bio protective activity. Since lycopene lacks a beta-
ionone ring structure, it cannot form vitamin A. Lycopene configuration enables it to
inactivate free radicals. Because free radicals are electrochemicélly unbalanced molecules,
thev are highly aggressive, feady to react with cell components and cause permanent
damage. Oxygen-deri\"/ed free radicals are the most reactive species. These toxic chemicals
are formed nafurally as by-products during oxidative cellular metabolism. As an antioxidant,
* lvcopene has a good-oxygen-quenching ability twice as high as that of beta-carotene
(vitaminA relative) and ten times higher than that of alpha-tocopherol (vitamin E relative).
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Lycopene participates in a host of chemical reactions hypothesized to prevent
carcinogenasis and atherogenesis by protecting critical cellular biomolecules, including
lipids, proteins, and DNA.(www \Lycored.com)

Lycopene is the most predominant carotenoid in human plasma, present naturally in
greater amounts than beta-carotene and other dietary carotenoids. This perhaps indicates its
greater biological significance in the human defense system. lts level is affected by several
biological and lifestyle factors. Because of its lipophilic nature, lycopene concentrates in low-
density and very-low-density lipoprotein fractions of the serum. Lycopene is also found to
concentrate In the adrenal, liver, testes, and prostate. However, unlike other carotenoids,
lycopene levels in serum or tissues do not correlate well with overall intake of fruits and
vegetables. (Davis. 1997).

Scientists believe that excess oxidative stress plays an important role in the initiation
and cancer and other degenerative diseases. Exposure to environmental perils, such as
smoking, poliution or irradiation, increases the oxidative stress beyond the ability of the
organism's defense system to fight with it. The natural mechanism, which protects us from
free radicals, weakens with age. Therefore, the elderly, srmokers and those exposed to
environmental hazards, are more susceptible to degenerative diseases. (Clinton, -S.K.1998).

2.3.2: Absorption of lycopene.

Research shows that lycopene can be absorbed more efficiently by the body after it
has been processed into juice, sauce, paste, or ketchup. In fresh fruit, lycopene is enclosed
in the fruit tissue. Therefore, oniy a portion of the lycopene that is present in fresh fruit is
absbrbed. Processing fruit makes the lycopene more bio availabie by increasing the surface
area available for digestion. More significantly, the chemical form of lycopene is altered by
the temperature changes involved in processing to make it more easily absorbed by the
body. Also lycopene is fat-soluble (as are vitamins, A, D, E, and beta-carotene), absorption
into tissues is improved when oil is added to the diet. Although lycopene is available in
supplement form, it is likely there is a synergistic effect when it is obtained.from the whole
fruit instead, where “other components of the fruit enhance lycopene effectiveness.
(wwwillyco on helthweil.com).



Table 2.2: Approximate Lycopene Content of Various Foods.

(mg/100g of wet weight)
Apricot, dried 0.86 Tomato sauce 6.20
Grapefruit, raw pink 3.36 Tomato paste Jﬁ5.40-1 50.00
Guava, fresh 5.40 Tomato soup, condensed 7.99
Guava juice 3.34 Tomato powder, drum or spray dried 11122622'
Papaya, fresh 2.005.30 Tomato juice 5.00-11.60 ;
‘w“&:l-';l—';'-.!toes, fresh 0.88-420 Sun-dried tomato in oil 46.50 |
Tomatoes, cooked 3.70 Watermeion, fresh 2.30-7.26 |

Source: Clinton, -S.K.1998. Lycopene. Chemistry, Biology, and Implications for human
health and disease, Nutrition Review, 56(2) P35-51.




2.4 Binsynthesis of colour pigments.

2.4.1 Pigment changes during ripening.

Tomato is one of the most important carotenogenic fruits. During ripening the colour
of the red tomato turns gradually from green to red as chloroplast are transformed to
chromoplast, chiorophylls disappear, and carotenogenasis is taking place.

Green fruits under light conditions contain chlorophyll a and b; however, under dark
conditions, they remain colourless, both types undergo change to red colour formation under
favourable conditions (Kader. 1578) Green to white to yellow to Pink to red.

Carotene were followed in unripe, half ripe and fully ripe fruits. Concentration of all
pigments increased, particularly lycopene, which showed a 70-fold increase and B carotene,
which showed a lower 5-fold increase (Jhan. 1975)

2.4.2 Molecular changes in ripening.

The chloroplasts of mature green fruits of the cultivated varieties are starchy and
vacuolated. The primary major components of mature green fruits are chioroplasts, which
underge vatious step-wise changes resuiting in chromoplast or red colour. As chiorophyli
decreases, ithe fiuils become coiouiless, pale yellow and finally red under favourable
conditions. The grana part of the chioroplast plays a vital roli in the formation of red colour.

The osmophilic giobuies yeliow in colour appear first as carotenoid. Later in the
grainum part the carotenoids are synthesized and in the advanced stage likewise a large
crystal of lycopene is synthesized covering a major part of the chromoplast. Lycopene
crystailcids are formed in association with thylakoid. By ripening lycopene content is
remarkably increased (Table 2.3).
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Table 2.3: Changes of major carotenes in ripening of Margiobe.

Percent of total Carotenoid.
Carotenoid Pattern RS1T RS2 RS3 RS4 RS5 RSé
Phytone - - 20 10.7 108 90
Phvtofluene - - 25 21 26 24
B carotene 100 750 550 170 98 26
Lycopene - 16.7 100 643 729 847
Total carotene 1.2 2.4 40 140 306 977

*RS= Ripping Stage. 1= Mature green; 2= Break; 3= Tuming; 4 =Pink; 5=light red; 6=red.

2.4.3 Biosynthetic path way of iycopene.

Porter and Anderson (1977) have described the detailed procedures of the
biosynthesis of carotenoids and lycopene. in plants, carotenoid Cyp tetraterpené.es are
biosynthesised by the terpenoid pathway. Terpenoid compounds are built up from Cs
Mevalonic acid. Mevalonic acid (MVA, 3,5-dihydroxy-3-rnethylpentanoic acid) is the first
specific terpenoid precursor, which, in tum, is converted into carotene and lycopene. in the
carotendid biosynthesis, the terpenoid chain is built up to the Cy level, and two Cy units
condense to give the typical Cyo carotenoid skeleton. Lycopene biosynthesis involves in fore
inajor stages: '

i. Formation of Mevalonic acid.

2. Formation of Geranyl Geranyl pyrophosphate.
3. Formation of Phytone.

4. Desaturation of Phytone.

11



2431 Formation of Mevalonic Acid.

Mevalonic acid (MVA) itself is formed through the condensation of three molecules of
acetyl CoA, acetoacetyl CoA and B-hydroxy B methylgliutaryl CoA, the latter being reduced
to MVA. (fig 2.3)

3 Acetyl-co-A + Acito Acetyl-co-A + B-Hydroxy- -Methyl Glutaryl-co-A

o0 Reduced

OH
HiC__C__CH,__CH,_ _ OH

H,— COOH

. Mevalonic Acid
Fig 2.3: Formation of mevelonic acid

The biological isoprene precursor of carotenoids and all terpenoids is isopentenyl
pyrophosphate (IPP). It is formed from mevalonjc acid (MVA), which is successively
phosphorylated into mevalonjc acid-S-phosphate and 5-pyrophosphate by kinase enzymes
and ATP. MVA-5-pyrophosphate is then decarboxylated to give the isopreneunitiPP (fig 2.4)

Mevalonic Acid \
ATP na=i—_> ADP
Mevalonic Acid-5-Phosphate. } Phosporilation
T
Kinase
Mevalonic Acid-5-Pyrophosphate.

Dicarboxy;ase

Isopentyle Phyrophospate (IPP)

Fig 2.4: Formation of isopentyle Phyrophospate 12



243.2 Formation of Geranyl Geranyl Pyrophosphate.

The chain elongates from IPP (Cs) to geranyl geranyl pyrophosphate (C20), Which is
catalysed by the prenyl transferase enzyme.

IPP is first isomerised into dimethylallyl pyrophosphate (DMAPP). DMAPP undergoes
condensation with IPP to give the Co intermediate. geranyl pyrophosphate (GPP).
Successive addition of 2 molecules of IPP gives the Cis intermediate farneslyl
pyrophosphate (FPP) and the Cy geranyigeranyl pyrophosphate (GGPP). GGPP may be
used to form diterpenes such as phytol, the side chain of chiorophyll, or Ceg carotenoid. (Fig.
2.5).

Isopentenyl pyrophosphate isomerase, which catalyses the isomerisation of IPP into
DMAPP, and prenyl transferase, which catalyses the successive condensation of 3
molecuies of iPP with DMAPP, GPP, and FPP, both present in tomato plastids (Spurgeon et
al., 1984). '

Isopentyie Phyrophospate (C5) IPP Isomarase Dimethalyl Phyrophospate
(&)
— /
Condensation.

-Prinyl Transferase

Geranyl Phyrophospate . (GP C10)

IPP
Prinyl Transferase

Faranyl Phyrophospate . (GGP C15)

<]
N PP
- Prinyl Transferase

Geranyl Geranyl Phyrophospate . (GGP C20)
' Fig 2.5: Formation of Fig Geranyl Geranyl Phyrophospate.
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2433 Formation of Phytoene.

The first step unique to carotenoid biosynthesis is the condensation of 2 molecules of
GGPP to form phytoene. Phytoene is formed via the Cy cyclopropane intermediate,
prephytoene pyrophosphate (PPPP) (Jordan., 1978). In higher plants 15-cis-phytoene is
generally found, the trans isomer occurring in other organisms. The formation of one isomer
or another depends on the stereocchemistry of the hydrogen removal involved in the con-
densation of GGPP (Fig 2.6).

2 Geranyl Geranyl Phyrophospate

Condensation

v
Priphytone Phyrophospate .

P e IPP (As a substrate)
@ Phytone Synthetase .

Priophytone Phyropospate (PPPPP C40)
(directly Incorporated with carotene)

Phytone (G40).

Fig 2.6: Formation of Phytone
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2434 Desaturation of Phytone.

From phytoene, according to the Porter-Lincoln pathway, lycopene is formed through
stepwise dehydrogenation. Through each dehydrogenation sequence the chromophore is
extended by two double bonds alternately from either side. Phytoene is converted into
lycopene, via phytofluene, &-carotene, and neurosporene (fig 2.7). Since all the coloured
carotenes are frans isomers, a cis-trans isomerisation must occur at the phytoene or
phytofluene level. (Spurgeon.,1984)

Phytone

Phytofluene

v

& Caritene

l

Neurosporene

l

Lycopene

Fig 2.7: Formation of iycopene



2.5 Factors affecting the biosynthesis of carotenoid.

2.5.1 Photohormones.

The different effects of photohormones, which also involve pigment changes. Plant
carotenoids are influenced reversibly by various endogenous and exogenous plant growth
regulators.

Ethylene, the fruit-ripening hormone, is extensively used to promote ripening. The
quality of ethylene-ripened tomatoes, including the carotenoid changes, was repeatedly
investigated (Davis ,1986). One effect was an increased lycopene content in some varieties.
Veegan tomatoes, picked at 90% development and treated with ethylene, showed an
accelerated rate of chlorophyll degradation and a rapid synthesis of carotene
(Spurgeon,1984). The same effect of ethylene was observed in a range of varieties, but the

reaction to ethrel differed among cultivars.

2.5.2 Light.

Carotenoids are synthesised within fruits, tubers, and roots where only low light
intensity can penetrate. For practical reasons the irifluence of light on colour development in
tomatoes was thoroughly studied. It has been shown that with red light being more effective
than white or green light (Kader, 1978).

'n fact, red-light-induced carotenoid synthesis and far-red light inhibited it in ripening
tomatoes, thus suggesting a phytochrome-mediated response (Kader, 1975a,b).
Comparative effects of light and ethephon on the ripening of detached tomatoes indicated
that carotenoid biosynthesis is light-dependent and that ethephon has no effect on the total
carctenoid content (Olsion and Len, 1976).
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2.5.3 Temperature.

Generally the optimum temperature for carotenogenesis in plants is relatively low.
The synthesis of certain pigments has been shown to be temperature sensitive: the
temperature sensitivity varies from plant to plant. Temperature sensitivity was studied
thoroughly in connection with lycopene formation in tomato. Very early, the effect of
environmental factors on tomato colour was studied (Vogele, 1937). The optimal
temperature for lycopene formation in the tomato is 16°C to 21 °C; above 30°C it is not
formed. Detached fruits, ripened at temperatures between 32°C and 38°C, became yellow;
after being retumed to lower temperatures (20—24°C), they developed normally (Went et al,
1942).

Koskitalo and Ormrod (1972) investigated the influence of sub-optimal temperatures
on colour quality and pigment composition of ripening tomatoes. Fruits exposed to a diumal
regime of 18°C to 26°C had the highest pigment content, with lycopene accounting for 90%
of the carotenes At this regime the carotenoid biosynthesis rate was highest, whereas in

fruits exposed to a diurnal regime of-lower temperature the ripening process was delayed.

Neuresparone is the major precursor of all carotenoids. In different environmental
conditions it changes the original characteristics. At higher temperatures (20 — 32°C)
neuresparone produce B-ring structure, as well as in 20 — 25 it produce e — ring structure
respectively. Under low temperature neuresparbne produce lycopene. The optimum
temperature for the development of lycopene is in-between 15 — 22 ° C (Olsion, 1978).

The monocyclic intermediates of ¢- and B-carotene are &-carotene and y-carotene,

respectively. Cyclization may also occur at the neurosporene level, as indicated by the
existence of n-zeacarotene and B-zeacarotene. Cyclization occurs in carotenes that have at
least a double bond at C-7,8.



At lower temperatures, only lycopene can be developed properly unless it is
converted either to y carotene or & carotene under present temperature. Therefore, fruits
should be kept in correct temperatures during the harvest, storage and handling in order to
keep bright red colour in the fruit. If v carotene or 8 carotene present in the ehromoplast the
other reactions happens spontaneoué!y. Both v carotene and & carotene have an ability to
produce o-carotene, but the most predominant reaction is the formation of B--carotene from
v carotene (Camara and Dogbo, 1986) (Fig. 2.8).

Neqrosporene

4—/\»

B-zeacarotene o- Zeacarotene

Y carotene g Lyccpene » Jcarctene
B—carotene ' g--carotene
, a-—carotene

Fig 2.8: Temperature effect on carotenogenasis
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26 Changes of carotene During Storage and processing

Changes in B-carotene and lycopene levels, during a long storage of tomatoes were
investigated (Dalal et al, 1978).The fluctuations differed among cultivars. The content of B-

carotene was unchained during first week, but lycopene decreased more rapidly up to 10%
of the initial content at the end of the storage pericd.

2.8.1 The effect of dehydration and temperature.

The oxidative destruction of lycopene during the manufacture of tomato puree was
studied. The factor affecting lycopene losses during the concentration of tomato juice
seemed to be the length of heating rather than the temperature (Mac, 1995)

The stability of lycopene during heating of tomato pulp was studied (Cole and Koper,
1854). The rate of lycopene breakdown varied according to availability of oxygen,
emperature and intensity of illumination. Heating tomato pulp at 100 °C in daylight in the
presence of oxygen led to a loss of 15% of lycopene after 1h and 33% after 3h. After heating
for 3h in the presence of oxygen and in light, the loss increased with temperature: 22% and
57% in lycopene tomatc pulp.

During storage of tomato puree, both the contents of B-carotene and lycopene
decreased. One year of storage reduce the content of both pigments to half of the initial
values, which were 190 and 380 pg g cis-trans isomeration of lycopene and colour stability
of form-mat-dried tomato powder during storage were studied. The main cause of colour
fading was the oxidation of lycopene as well as trans-cis isomeration of lycopene. Excessive
desiccation strongly promoted oxidation losses. Storage in an inert atmosphere improved
colour retention. (Spurgeon et al 1984).
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2.7 Properties of lycopene.
2.7.1 Physical properties.

Carotenoid are soluble in lipids that is, they are liposoluble and in fai solvents, such
as acetone alcohol diethyl ether, and chloroform. The Carotenes are soluble in apolar
solvents such as petroleum ether and hexane, Except for the most unsaturated carotenes
(phytoene, Phytofiluene, and i-carotene), the Carotenoid are solids at room temperature and

can be crystailized in various forms,

2.7.2 Spectroscopic Properties.

Carotenoids can specifically absorb light in the ultraviolet (UV) and visible region of
the spectrum. Rest is transmitted or reflected, and they appear colored. The structural
feature responsible for light absomption is the chromophore, which in Carotenoid is the
system of conjugated double bonds. Each Carotenoid is characterized by an electronic
absorption spectrum. In Consequence, absorption spectroscopy is an important technique in
tomato. The progressive bathocromic shift (movement to longer wave length) is illustrated by
the absorption spectra of the acyclic Carotenoid of increasing chromophore length. (fig 2.9)

Frfi e

rA- A

. L=y

Fig 2.9: Absorption Maximal of carotenes.
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Carotenoid absorb mainly in the blue (430 — 470 nm) region, but they also absorb in
the blue region (470 — 500 nm) and green (500 — 530 nm) region of the spectrum. The
solvent used influence the position of the absorption maximal, petroleum ether and methanol
have little or no effect. Lycopene shoes the maximum absorption at 473 and 503 nm.

2.7.3 Chemical properties.

Natural Carotenoids (lycopene and beta carotene) consist of carbon,
hydrogen, and oxygen. They are hydrocarbon or derivatives of hydrocarbons. Those are
consisting isoprene unit. Because the functional groups are oxygen functions, their
characterization can be carried out on a spectroscopic scale requiring only small amount of
sample, and a usually routine analysis. due to the system of conjugated double bonds in the
molecule, the lycopene (a major carotenoid in tomato) are easily destroyed by oxidative
degradation.

2.7.3.1 Chemical Oxidation.

The various oxidants are oxygen, ozone, alkaline permanganate, chromic acid. The
nature of degradation products depend on the location at which the attack occurs. By
ozonolysis, oxidative cleavage of the carbon-carbon bond occurs, and the form carboxylic
acid allow the characterization of the carotenoid end group.

2.7.3.2 Auto oxidation.

Auto oxidation is the spontaneous combination of substance with oxygen in the air at
room temperature. Both in solution and crystaliized. The carotenoid undergo auto oxidation
in the presence of oxygen, a free radical chain process. The process is stimulated by
temperature, light, humidity and some metals. Because lycopene oxidation occurs widely
during processing and storage.
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2.7.3.3 Effect of water content.

it is known that carotenoids are more rapidly oxidized in dehydrated products,
because water attached on the food surface forms a protecting film. Agrawal studied the
effect of water on carotenoid stability in low moisture system. Presence of antioxidant inhibits
the rate of oxidation. The presence of oxygen in the headspace is a crucial factor in
lycopene degradation. Even a low concentration of 1% to 2 % leads to a significant loss of
pigment. The presence of free radicals also accelerate the degradation rate

2.7.3.4 Photo oxidation (light effect).

Photo oxidation is the oxidative bleaching produce by the oxygen in the air. The
kinetics of carotenoid photodegradaiton in a tomato juice were studied (Boskovicl 1979). The
photo degradation followed first order kinetics, And alpha and beta carotene were degraded
much faster than lycopene.
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2.8 Analytical Method.

Analytical method have been describe by S. Rangana (1 985').The analysis of
carotinoid is complicated because of their instability, their tendancy to undergo
stereomutation, their photo and thermolabiiity, and the readiness with which they undergo
oxidation. Carotenoids are altered by acid and partially destroyed enzymatically, especially
by lipoxiganase.

Solvents must be purified, the temperature no higher than 40 °C, and samples must
be stored at about —20 °C .Estimation of Carotenoids involve extraction, Separation by
chromatography and spectroscopic data analysis on the basis of absorbency.

2.8.1 Extraction.

Materials shouid be fresh and undamaged, and a sampie of it must be
representative. Extraction should be done as rapidly as possibie to ovoid oxidétive or
enzymatic degradation. Before extraction the material must be ground or cut in to smali
pieces to facilitate complete extraction. Since the iycopene liposolubie they are extracted
with organic solvents. All solvents used must be pure and free of oxidizing compounds, acids
or haiogéns.

For fresh tissues, which contain a high percentage of water miscible polar organic
soivents ( acetone, methanol, ethanol, usualily a mixture of acetone and methanoi) are used.
Dry materiai must be extracted with water — imsicibie solvents such as diethyl ether or
petroleum ether. The extraction procedure is repeated until the pigment is totally extracted.

2.8.2 Chromatography.

Chromatography is the most important technique for -separation and purifying
Carotenoids. A multitude of absorbent is used for carotenoid chromatography, among them
sucrose, cellulose, starch, CaCO,, MgO, ZnCo;, Al,O3 Silica gel, kieselghur, which are all
used as mixtures. The absorbents are used according to the type of Carotenoid to be
- separated, because different absorbents achieve the separation in different ways. Thus,
-group of different polarity hydrocarbons, monohydroxy and polyhydroxy carotenoids can be
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separated on alumina or silica, with the most polar carotenoids being more strongly
adsorbed. -

For MgC and Ca(OHY), for example separation is determined by the number and type
of double bond in the molecule. In the carotene series lycopene is the most strongly
absorbed and is followed by neuresparone and &- carotene . The column may be pack with
adsorbent such as alumina or silica gel as a slurry in petroleum ether. The pigments are
eluted with solvent of increasing polarity (diethyl ether in petroleum ether). The polarity of the
solvent is changed after the colored band ‘is completely eluted. Open column
chromatography on MgC a