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Tindak balas di antara �-karotena dengan ion logam tidak mematuhi 

Teori Universal Asid Lembut - Bes Lembut Pearson. 

xiv 



CHAPTER I 

INTRODUCTION 

Carotene and Carotenoids 

Carotene, a red crystalline substance, was first isolated in 1 83 1 by 

Wackenroder55 from carrots. Willstater and Meig5? ( 1 907) established that the 

carotenoids were the derivatives of isoprenoids. Zechmeister60 ( 1 928) realized 

that carotenoids were polyenes and these polyenes were shown to conjugate 

among themselves by Kuhn31 in 1 93 1 .  Kuhn and Brockmann30 were able to 

isolate three isomers which are, 1 )  a-carotene (Figure 1 . 1 ), m.p 1 88°C, 2) �

carotene (Figure 1 .2), m.p 1 84°C and 3 )  y-carotene (Figure 1 . 3), m.p 1 78°C 

using a technique of applied column chromatography discovered by Tswett in 

1 906.53,54 

Figure 1 .  1 : a-Carotene 

1 
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Figure 1 .2 : �-Carotene 

Figure 1 . 3  : y-Carotene 

Carotenoids are of importance in mammalian nutrition as pro-vitamin 

A. 18 Although they are highly valued nutritional products, carotenoids, in 

particular the carotenes, are easily destroyed and bleached during their refining 

and processing. Carotenoids are the only naturally occurring tetraterpenes 

consisting of eight isoprenoid residues. 

The physical and chemical properties of carotene determine its use in 

various industries such as in medicines, cosmetics, food colorants, vitamin A 

preparations and animal feeds.22 p-Carotene was found to stimulate the body's 

immune defense mechanism by way of increased capacity of macrophages to 

kill tumor cells and to increase the production of tumor necrosis factor. 47 

In mammals, �-carotene readily undergoes oxidative cleavage at the 

central double bond, C9, to give two equivalents of an aldehyde which is known 

as retina1.24 Von Euler15 ( 1 929) showed that crystall ine carotene possesses high 
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vitamin A activity, and a pioneering English biochemist, Moore36 ( 1 930) 

demonstrated that, in the rat, absorbed carotene is converted to vitamin A which 

is stored in the liver. 

B-Carotene exists m several different configurations (isomers) . 

Synthetic B-carotene is almost 1 00% trans-B-carotene. Meanwhile, B-carotene 

found in fruits and vegetables contains about 1 0% cis-isomers and B-carotene 

derived from algae contains about 50% of the 9-cis isomer.4, 16 Therefore, this 

shows that B-carotene appears mostly in the trans-form.48,49 

Most carotenoids, including B-carotene, easily undergo decomposition 

under light and oxygen. This implies that studies should be carried out in an 

inert atmosphere, in subdued light and with highly purified solvents. Therefore, 

during an experiment, heating of the carotenoid compounds in solution should 

be done carefully, to prevent the carotenoids being destroyed before they react. 

The carotenoids should be stored in the dark, under an inert gas atmosphere and 

refrigerated. 13,20 

Natural Occurrence of Carotenoids 

Carotenoids are widely distributed in higher plants and in some 

microorganisms. In higher plants, the carotenoids are found in the green leaves, 

together with chlorophyll .  They are found in great abundance in dark yellow

orange vegetables (eg. carrots)34 and dark green vegetables (eg. kale, broccoli 
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and spinach), and also in potatoes, fiuits (eg. apricots, cantaloupe, peaches, 

papayas)46 and many others. It is found that carotenoids play an important role 

in coloration of flowers. Carotenoids are also found in the chloroplasts of many 

organisms such as red and green algae, yeast, fungi and photosynthetic 

bacteria. 19 

Carotenoids can be classified into two major groups, 

a) Carotenes - hydrocarbons which are highly soluble in petroleum ether and 

carbon tetrachloride but only slightly soluble in ethanol and other polar 

solvents. e.g., a-carotene, �-carotene, y-carotene and lycopene (Figure 

1 .4).5 

b) Xanthophylls - oxygenated derivatives of the carotenes which are quite 

soluble in ethanol, methanol and petroleum ether. e.g. , lutein (Figure 1 . 5) 

and cryptoxanthin (Figure 1 .6i 

Figure 1 .4 : Lycopene 

.. ' I,OH 

Figure 1 . 5 : Lutein 
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OH 

Figure 1.6 : Cryptoxanthin 

Carotenoids, as noted above, are highly unsaturated polyenes and in 

some cases, like carotene, they contain eleven conjugated double bonds. The 

long chain of carbon atoms and the double-bonds which are located 

alternatively keep the molecule inflexible and elongated. 

Physical and Chemical Properties of �·Carotene 

As was indicated above, carotenes are insoluble in water, slightly 

soluble in fats, moderately soluble in aliphatic hydrocarbons, and very soluble 

in aromatic and chlorinated hydrocarbons such as benzene and carbon 

tetrachloride.28 Their melting points are fairly high (around 200°C) and 

increase with increasing molecular weight and number of functional groups. 

When they are oxidised, carotenes lose their red-orange colour and turn 

colourless. 19 The highly unsaturated structure of �-carotene enables this 

compound to undergo oxidation, isomerisation and thermal degradation very 

easily.6 

The structure of the carotenoids which are made up of eight isoprenoid 

structures, formed by head to tail condensation of four isoprenoid units that 

joined tail to tail was shown by Zechmeister ( 1928) . 59 
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For molecules containing conjugated double bonds, the ultra-violet or 

visible spectra give an indication of the nature of the polyene systems. The 

conjugated double bond system gives colour to the molecule. As example, p

carotene has three absorption maxima at 425 nm, 45 1 nm and 482 nm. 18 All 

these three bands are located in the visible region. The first band has intense 

absorption and gives the colour characteristic of this class. There is another 

weak band at about 220 nm in the ultra-violet which indicates the presence of 

the long conjugated chain . The wavelengths of the three absorption bands in the 

visible spectrum increase with each extension to the conjugated system.37 This 

is important for the analysis of the carotenes13 since the absorption of samples of 

the same concentration will give different values depending on the number of 

conjugated double bonds present. The solvent in which the absorption spectrum 

of a carotenoid is measured also has a marked effect on the position of the 

maxima and on the molecular absorbance of the compound. 20 

Advances in chromatographic techniques, leading to a marked 

improvement in sensitivity and resolution, have paved the way for great 

development in the identification of carotenoids. Through working with the 

counter current extraction techniques applied to solutions containing 

carotenoids and chlorophylls, Tswett ( 1 906) first isolated carotenoids and then 

adopted the application of the column chromatographic technique to separate 

the components. 53 ,54 
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However it was not until 1 93 1 ,  that the separation of isomeric �-

carotene and a_carotene30,3 1  and the enrichment of vitamin A26 were achieved. 

Chromatography on various forms of paper for separation of mixed compounds 

was first introduced around 1 950, and was followed by the more efficient thin-

layer chromatography (TLC). Later, with the introduction of specialized 

uniform stationary phases and refined instrumentation, column chromatography 

evolved into High Performance Liquid Chromatography (HPLC), which permits 

the highly efficient separation of mixtures of carotenoids that are of very similar 

polarity, and their sensitive detection and accurate quantitative analysis. 

A useful tool for structural identification of carotenoids IS Mass 

Spectroscopy.37 Schweiter43 proposed a mechanism to explain that the 

elimination of M-92 and M-I06 ions recorded in the mass spectrum is a result 

of the fragmentation of the carotenoids (like �-carotene) actually corresponded 

to toluene (C7Hs) and m-xylene (C12H1S) respectively. 

+. +. 

+ 

M-106 
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+. 

+ 

M-92 

Figure 1 .7 : Mechanism for the Fragmentation of Carotene 

The above reaction occurs by the coiling of the polyene ehain and the 

expulsion of the fragment. 33 

Infra-red Spectroscopy has been widely applied to carotenoids. The 

main peaks in the spectrum of pure p-carotene are 

a) above 3000 cm-I , due to the stretching ofC-H bond in C=CH groups. 

b) around 2900 cm-I, resulting from the stretching of C-H single bonds in 

C-C-H groups. 

c) near 970 em-I, due to the bending of the C-H bond of the C=CH grouping.8 

Because of the presence of acyclic conjugated units, reactions 

involving hydrogenation, oxidation, methyl group migration and chain 

elongation or shortening may occur. Sometimes, antioxidants like tocopherol 

and butylated hydroxytoluene (BHT) are used to enhance the stability against 

oxidation. 

The oxidation of p-carotene by strong reagents normally gives several 

derivatives. 
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For instance, 

a) potassium permanganate oxidizes �-carotene to beta-apo-8' -carotenal 

and beta-apo- 12 '  -carotenal. 25 

b) iodine reacts with it to form 5 , 5 '  ,6,6' -tetraiodo beta-carotene. 20 

c) peracids such as peracetic acid combine with �-carotene form 5,6-

d· 'd b 20 lepoXI e eta-carotene. 

Meanwhile, the normal trans �-carotene may undergo cis-trans 

isomerization under the following conditions,28 

a) exposure to light, 

b) heating in hydrocarbon solvents, 

c) melting briefly in vacuo, 

d) prolonged contact with an active surface, e.g. AhO), 

e) treatment with acids. 

Thermal degradation of �-carotene in solution gives several simple 

aromatic compounds such as 2,6-dimethylnapthalene, ionene, toluene and 

xylene. I7 

Biological Functions, Actions and Uses of Carotenoids 

Most of the functions, applications and uses of carotenoids, are a 

consequence of the light-absorbing properties of the polyene chromophore. 
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Natural roles in coloration, photosynthesis and photoprotection are well 

established and are of major biological importance. The great importance of 

carotenoids in human and animal nutrition and health, however, is not based 

upon the light-absorbing properties of the molecules. 

Colour and Coloration 

Carotenoids, particularly carotenes are responsible for the colours of 

some parts of living organisms.32 They are harmless colorants which can be 

used in foods and cosmetics.9 Some of them have been used for centuries, 

especially bixin (Figure 1.8), crocin (Figure 1 .9) and lycopene (Figure 1 .4 )  

which can be found easily in annatto, saffron and tomato, respectively. Even 

though nature-identical carotenoids are now produced synthetically and are 

used on a large scale as food colorants, the demand for the natural extract 

carotenoids is increasing greatly . Carotenes are used as additives to animal 

feed, for the purpose of imparting a desired colour either to animal tissues or to 

derived products (e.g. �-carotene, Figure 1.2, to cattle for cream or fat 

coloration; lutein, Figu're 1.5, and zeaxanthin, Figure 1. 10, to chickens for egg 

yolk and skin coloration) or to provide adequate supplies of vitamin A.7 

HOOC 

COOCH3 

Figure 1.8 : Bixin 


