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Résumé 

Le cantaloup (Cucumis melo L.) contient de nombreuses molécules biologiquement actives, 

telles que les caroténoïdes qui sont des pigments naturels, et qui ont des propriétés 

souhaitables sur le plan commercial en tant que produits de santé ou nutraceutiques. Les 

solvants organiques lipophiles tels que l'acétone sont habituellement utilisés pour 

l'extraction des caroténoïdes, puisque la plupart d'entre eux sont lipophiles et insolubles 

dans l'eau. Des traces de ces solvants organiques peuvent cependant rester dans l'extrait et 

être nocifs pour la santé humaine. Dans cette étude, les principaux caroténoïdes qui ont un 

intérêt nutritionnel ont été extraits, sous conditions optimales, en utilisant de l'éthanol 

comme solvant car il a une influence limitée sur la santé. Cependant, l'éthanol n'est pas 

aussi efficace que de nombreux solvants lipophiles pour l'extraction des caroténoïdes. 

À cette fin, les caroténoïdes dans la peau et la chair lyophilisées du cantaloup ont été 

extraits et puis identifiés par chromatographic en phase liquide à haute performance 

(CLHP). Des conditions optimales d'extraction éthanolique ont été déterminées pour 

maximiser l'extraction des caroténoïdes totaux (TC). Une durée d'extraction de 2 heures à 

une température de 50 °C s'est avérée optimale pour la chair alors celle pour la peau était 2 

heures à 30 °C. Dans des conditions optimales, les valeurs de TC de la peau et de la chair, 

mesurées par CLHP, ont été 0,33 mg/g et 0,22 mg/g de poudre sèche, respectivement. Le 

caroténoïde prédominant dans la chair était le P-carotène, tandis que le caroténoïde majeur 

de la peau était la lutéine. Ainsi, l'extrait de la peau peut être potentiellement considéré 

comme une nouvelle source de caroténoïdes naturels pour l'alimentation et des produits 

nutraceutiques. 

Les polyphenols de la peau et de la chair lyophilisées du cantaloup ont également été 

identifiés en utilisant la chromatographic en phase liquide à ultra performance (CLUP) 

couplée à la spectrométrie de masse en tandem (SM/SM). Quarante deux composantes de 

polyphenols ont été identifiées dans la peau et la chair. La valeur de polyphenols totaux de 

la peau, déterminée par spectrophotométrie, a été plus élevée que celle de la chair. 

Différents types de flavonoïdes, d'acides hydroxybenzoiques et d'acides 

hydroxylcinnamiques ainsi que des stylbènes habituellement retrouvés dans le vin rouge 
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(viniférine) ont été identifiés. De la conidendrin, un lignane, a été également identifiée et 

pourrait possiblement agir comme des phytoalexines aux propriétés antifongiques. 

Toutefois, la présence de viniférine et conidendrin doit être confirmée par d'autres 

méthodes. 

Les paramètres optimaux pour l'extraction éthanolique de caroténoïdes ont été utilisés à 

l'échelle pilote sur le mélange de peau et chair de cantaloup pour valider les résultats de 

laboratoire et pour produire un produit riche en caroténoïdes. Après extraction et séchage, 

une poudre et une résine ont été obtenues. Contrairement à la poudre, la résine était riche en 

caroténoïdes et soluble dans l'huile. Le jus de cantaloup constitue une bonne source de 

polyphenols. 
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Résumé court 

Les carotenoides et polyphenols de la peau et la chair du cantaloupe ont été identifiés par 

CLHP et CLUP, respectivement. Des conditions optimales d'extraction éthanolique ont été 

déterminées pour maximiser d'extraction des caroténoïdes totaux (TC). Une durée 

d'extraction de 2 heures à une température de 50 °C s'est avérée optimale pour la chair 

alors celle pour la peau était 2 heures à 30 °C. Les valeurs de TC de la peau et de la chair, 

mesurées par CLHP, ont été 0,33 mg/g et 0,22 mg/g de poudre sèche, respectivement. Le 

caroténoïde prédominant dans la chair était le p-carotène, tandis que le caroténoïde majeur 

de la peau était la lutéine. Différents types de flavonoïdes, acides hydroxybenzoïque et 

hydroxylcinnamic ont été identifiés. La valeur de polyphenols totaux de la peau a été plus 

élevée que dans la chair. Les paramètres optimaux de laboratoire pour l'extraction 

éthanolique de caroténoïdes ont été utilisés dans l'échelle pilote pour valider les résultats de 

laboratoire et produire un produit riche en caroténoïdes. 



Long abstract 

Cantaloupe (Cucumis melo L.) contains many biologically active molecules such as 

carotenoids which are natural pigments with desirable health benefits and nutraceutical 

properties. Organic lipophilic solvents such as acetone and chloroform are usually used for 

extraction of carotenoids, since most of them are lipophilic and insoluble in water. 

However, these solvents may remain in the extract and can be harmful for human health. 

The extract product, therefore, is not safe for addition to food to increase their health value. 

In this study, the important carotenoids that are found naturally in cantaloupe and are of 

nutritional and pharmacological interest have been extracted, under optimum condition, 

using ethanol as solvent which has limited influence on the health. However, ethanol is not 

as efficient as many lipophilic solvents for extraction of carotenoids. 

For this purpose, the carotenoids in freeze dried peel and flesh of cantaloupe, were 

extracted and identified using high-performance liquid chromatography (HPLC). Optimum 

ethanolic extraction conditions were determined for maximizing the extraction of total 

carotenoid (TC). Extraction duration of 2 hours and temperature of 50°C were found to be 

the optimum extraction conditions for the flesh while it was 2 hours and 30°C for the peel. 

Under optimal conditions, the amount of TC in peel and flesh, measured by HPLC, were 

0.33 mg/g and 0.22 mg/g of dry powder, respectively. The predominant carotenoids 

identified by HPLC were p-carotene and lutein. P-Carotene was the most prevalent 

carotenoid in the flesh, while the major carotenoid of peel was lutein. Thus, the extract of 

peel can be potentially considered as a new source of natural carotenoids for food and 

nutraceutical products. 

Polyphenols in freeze dried peel and flesh of cantaloupe were also identified using ultra 

performance liquid chromatography (UPLC) coupled with tandem mass spectrometry 

(MS/MS). Forty two polyphenol compounds were found in peel and flesh. The amount of 

total polyphenol in peel, determined by spectrophotometer, was higher than that in the 

flesh. Many different types of flavonoids, hydroxybenzoic and hydroxylcinnamic acids as 

well as common stylbene found in red wine (viniferin) were identified in non-negligible 

quantities. Another stylbene, conidendrin, was identified and probably act as a phytoalexin 
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with antifungal property. However, the presence of viniferin and conidendrin should be 

confirmed by other methods. 

The optimum laboratory parameters for ethanolic extraction of carotenoids were used in 

pilot scale on the mixture of peel and flesh of cantaloupe to validate the laboratory results 

and produce a product rich in carotenoid. After extraction and drying, a powder and a resin 

were obtained. In contrast to the powder, the resin was rich in carotenoid and soluble in oil. 

The juice of cantaloupe was a good source of polyphenols. 
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Short abstract 

The carotenoid and polyphenol compositions of the peel and the flesh of cantaloupe were 

identified using HPLC and UPLC, respectively. Optimum ethanolic extraction conditions 

were determined for maximizing the extraction of total carotenoid (TC). Extraction 

duration of 2 hours and the temperature of 50°C were found to be the optimum extraction 

conditions for the flesh while it was 2 hour at 30°C for the peel. Under optimal conditions, 

the amount of TC in peel and flesh were 0.33 mg/g and 0.22 mg/g of dry powder, 

respectively. p-Carotene was the most prevalent carotenoid in the flesh, while the major 

carotenoid of peel was lutein. Different types of flavonoids, hydroxybenzoic and 

hydroxylcinnamic acids were identified. The amount of total polyphenol in peel was higher 

than that in the flesh. The optimum laboratory parameters for ethanolic extraction of 

carotenoids were used in pilot scale to validate the laboratory results and produce a product 

rich in carotenoid. 
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Chapter 1: Introduction 



Consumption of fruits and vegetables is considered by many authorities as a public health 

issue and is the subject of global nutritional recommendations by the Food and Agriculture 

Organization (FAO) and the World Health Organization (WHO). Increased intake of fruits 

and vegetables is generally associated with a reduced risk of cancer (Mayne, 1996; World 

Cancer Research Fund/American Institute for Cancer Research, 2007) and cardiovascular 

disease (Mayne, 1996; Kris-Etherton et al., 2002; Miiller, 1997). This association is due to 

the presence of different phytochemicals, such as carotenoids and phenolic compounds, in 

fruits and vegetables, which has potential or proved beneficial effects on human health 

(Mattila and Kumpulainen, 2002). That is why vegetables as well as fruits are widely 

recommended as healthy foods. 

Melons (Cucumis melo L.), one of the most widely cultivated and consumed vegetable 

crops in the world, have significant economic value (Nmfez-Palenius et al., 2008). 

Cantaloupes are commonly grown commodities and popular dietary choices. They are rich 

sources of vitamin C, vitamin E, polyphenols and carotenoids, which have been suggested 

as natural sources of antioxidants. They belong to the family of Cucurbitaceae and are 

cultivated in all tropical regions of the world. Consumers are principally interested in the 

sweetness, texnare, flavour/aroma and more recently the health benefit phytonutrients of 

melons (Lester, 2008). 

Carotenoids are one of the valuable constituents of the cantaloupes. Carotenoids, as the 

main group of natural pigments in nature, are responsible for the red, orange and yellow 

colors of fruits and vegetables. The restrictions on several certified food colors have 

stimulated the interest in commercial production and storage stability of these natural 

carotenoid pigments. Natural colorants in foods can be simply named in ingredient list as 

colorants and do not need to be certified. Recently, food processors and technologists have 

shown a great interest in the extraction, identification, and purification of natural pigments, 

including carotenoids. Such an interest is due to favourable properties of these pigments 

such as natural origin, nutritional value, high versatility, innocuity and consisting both lipo-

and hydro-soluble colorants. In addition to the provitamin A activity of some carotenoids, 

these pigments have recently been used in the prevention of or protection against serious 



human health disorders (Rodriguez-Amaya, 1997; Oliver and Palou, 2000; El-Qudah, 

2009). 

Phenolic compounds are another group of phytochemicals determined in cantaloupes 

(Ismail et al., 2010). They have antioxidant capacity, antimutagens, antiproliferative, 

antimicrobial properties and offer beneficial influences in human health, such as in the 

treatment and prevention of cancer, cardiovascular diseases, and other pathologies. 

(Manach et al., 2004; Machlin, 1995; Cacace and Mazza, 2003; Bravo, 1998; Gruz, Novak, 

and Strnad, 2008). 

This project aims to define and introduce a practical way for extraction and analysis of 

carotenoids in cantaloupe. Besides, polyphenol content in cantaloupe will be determined. 

The analysis of carotenoids is complicated due to several reasons. These include the 

presence of cis-trans isomeric forms of carotenoids, their characteristic conjugated double 

bond system and inherent instability (Oliver and Palou, 2000) that will be explained. In 

addition, organic lipophilic solvents such as acetone, chloroform and ethyl acetate are used 

for extraction of carotenoids, since most of the carotenoids are lipophilic and insoluble in 

water (Rodriguez-Amaya, 2001). These solvents, including acetone which is most often 

used (Wang and Liu, 2009), may remain in the extract and can be harmful for human 

health. The extract product, therefore, is not safe for addition to food products to increase 

their health value (Calo et al., 1995). This project, therefore, will focus on the procedures to 

extract the important carotenoids naturally present in cantaloupe and of nutritional and 

pharmacological interest, using ethanol as solvent, which has limited influence on the 

health. However, ethanol is not as efficient as many lipophilic solvents (for extraction of 

carotenoids). 

This thesis contains five chapters. After a brief description of cantaloupes and their 

constituents, the importance and benefits of the carotenoids and polyphenol will be 

explained, and the difficulties in the extraction methods of carotenoids will be discussed. 

Then the methodology and experimental details used for extraction and analysis of the 

carotenoids and polyphenols will be introduced. Finally, the laboratory and pilot scale 

results will be discussed and concluded. 





Chapter 2: Literature review 



2.1. Cantaloupe 

Production of melons has been so increased around the world that they are becoming the 

most highly produced fruits. Different cultivars of melon such as cantaloupes, Persian, 

honeydews, casaba, Santa Claus, and Christmas melons have been produced. China and 

Turkey are the world's largest melon producers with 13.7 and 1.7 million tons of yearly 

production, respectively (Kolayli, et al., 2010). The production of cantaloupe in Canada has 

increased 60.6% from 19105 tonnes in 2007 to 30681 tons in 2010, as indicated in Figure 2.1. 
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Figure 2.1. Production of cantaloupe in Canada between 2004 and 2010. 
www.syngenta-vegetables.conv'en/announcements/canada-melon-production-
on-the-increase.aspx 

Cantaloupes contain minerals such as potassium, calcium and iron. They are also qualified 

as a very good source of vitamin C, vitamin E (tocopherols), polyphenols and carotenoids 

(a-carotene, P-carotene, p-cryptoxanthin, lutein, zeaxanthin) which have been suggested as 

natural sources of antioxidants (Laur and Tian, 2011; Kolayli et al., 2010; Ismail et al., 

2010). It also contains the enzyme superoxide dismutase (SOD) which catalyzes the 

dismutation of superoxide into oxygen and hydrogen peroxide (Vouldoukis et al., 2004). 

Cantaloupes contain large quantities of seeds, a rich source of oil and proteins, which are 

reported to possess medicinal properties. The peel of cantaloupes is commonly discarded 

because it is indigestible or may be contaminated by sprays or human disease agents. It is 

reported that most fruits and fruit vegetables have higher carotenoid levels in the peel than 

in the pulp. Fruit peels, therefore, are a good source of carotenoids (yellow and orange), 

which are masked by green chlorophyll, and can be treated to make by products 

http://www.syngenta-vegetables.conv'en/announcements/canada-melon-productionon-the-increase.aspx
http://www.syngenta-vegetables.conv'en/announcements/canada-melon-productionon-the-increase.aspx


(Rodriguez-Amaya, 1997). It has been reported that the peel of peach contains higher 

amounts of phenols (Tomas-Barberan et al., 2001), carotenoids and total ascorbic acid than 

the flesh (Gil et al., 2002). The peel of apple contains a higher amount of phenolic 

compounds and antioxidant activity (Wolfe, Wu, and Liu, 2003). The level of lycopene in 

tomato skins is higher than that in the pulp and seeds (Toor and Savage, 2005). 

Extraction and separation of carotenoids from natural fruits and vegetables is a method to 

obtain the supplemental concentrated carotenoids. The intake of supplemental carotenoids 

improves the health condition and also is a good way to use the waste materials, such as 

fruit peels and seeds, since waste peels and seeds contain active constituents (Takahashi et 

al., 2006; de Melo et al., 2000, 2001; Maznah, 2010). 

2.2. Carotenoids 
2.2.1. Antioxidant activity and carotenoids 

Antioxidants are a group of compounds that are produced by the body or that occur 

naturally in many foods. They may work together in the body to maintain our health by 

protecting against damages caused by free radicals, which can injure healthy cells and 

tissues, causing them to lose their structure and function. Oxygen is a highly reactive atom 

that can become part of potentially damaging molecules called free radicals. Free radicals 

are unstable and react rapidly and destructively with biomolecules such as protein, lipid, 

DNA and RNA in the body. Generation of free radicals is associated with peroxidation of 

lipids and proteins. This peroxidation results in cell structural damage and tissue injury, and 

finally leads to various health disorders such as Alzheimer's disease, cancer, 

atherosclerosis, diabetes, mellitus, hypertention and ageing. Antioxidant functions are 

associated with reduced DNA damage and lipid peroxidation and maintained immune 

function that are thought to prevent the development of some diseases (Packer and Colman, 

2000; Velioglu et al., 1998; Becker, Nissen, and Skibsted, 2004; Valko et al., 2007; Ames, 

Shigenaga, and Hagen, 1993). 

Carotenoids have the ability to act against diseases which has been related to their 

antioxidant activity, specifically to their ability to quench singlet oxygen and interact with 

free radicals. The antioxidant property of carotenoids is related to their conjugated double 

bond system and carotenoids with more than nine double bonds offer the maximum 



protection. To ensure a sufficient intake of antioxidants, the human diet should contain 100-

500 g/day of carotenoid-rich fruits and vegetables (Millier, 1997). 

Carotenoids are one of the most important groups of natural pigments due to their wide 

distribution, structural diversity and numerous functions. Carotenoids have attracted the 

interest of researchers of different fields including biochemistry, biology, nutrition and food 

science, medicine and pharmacy for more than a century. They are responsible for the 

yellow, orange, and red colors of fruits, roots, flowers, fish, invertebrates and birds. For 

example, P-carotene and lutein are responsible for the orange and yellow colors, 

respectively. Carotenoids are synthesized by all plants and many microorganisms (bacteria 

and fungi), but not by animals. Humans, therefore, rely on dietary intake of carotenoids. 

Carotenoid structure provides very special properties which are the basis of their varied 

functions in all kinds of living organisms. They are essential for photosynthesis and living 

in an oxygen atmosphere. Carotenoids have two major functions in photosynthetic tissues 

of plants. They absorb energy for use in photosynthesis and protect the photosystems from 

photodamage. Up to now, more than 600 carotenoids have been identified in natural 

sources. However, only about 40 of them are present in a typical human diet and about 20 

of them have been identified in human blood and tissues. The carotenoid composition of 

foods is affected by several factors such as cultivar or variety; stage of maturity; part of the 

plant consumed; climate or geographic site of production; harvesting and postharvest 

handling; processing and storage (Rodriguez-Amaya, 2004, 1993). Elevated temperature 

and longer exposure to sunlight increases the generation of carotenoids in fruits. Tropical 

climates improve carotenoid biosynthesis, thus, fruits produced in such climates contain 

higher carotenoid concentrations (Cavalcante and Rodriguez- Amaya, 1992; Kimura et al., 

1991; Azevedo-Meleiro and Rodriguez-Amaya, 2004). During ripening, as chloroplasts 

change to chromoplasts, a decrease in chlorophyll and an increase in P-carotene content 

will occur (Lester and Eischen, 1996). 

The majority of carotenoids are lipophilic and are insoluble in water and soluble in organic 

solvents. Carotenes are readily soluble in petroleum ether, hexane, and toluene, while 

xanthophylls exhibit better solubility in methanol and ethanol (Rodriguez-Amaya, 2001). 



Lutein and P-carotene have excellent solubility in tetrahydrofuran (THF) (Craft and Soares, 

1992). The wavelength maxima and absorptivity of carotenoids depend on the nature ofthe 

solvent. For instance, P-carotene dissolved in ethanol has a visible spectrum with little fine 

structure and absorbance maxima at 453 and 480 nm, while in carbon disulfide exhibits 

more fine structure and maxima at 484 and 512 nm (Craft and Soares, 1992). 

Carotenes are lipophyllic molecules and are expected to be found in a hydrophobic core of 

thylakoid membranes. Xanthophylls are generally hydrophobic molecules and may have 

the same location as carotenes. The polar groups of xanthophylls are located at the opposite 

sides of a long rod-like non-polar skeleton (Gruszecki, 2004). A schematic of an artificial 

lipid membrane containing P-carotene and zeaxanthin is shown in Figure 2.2. These two 

carotenoids are oriented in different ways. P-carotene is distributed within the membrane 

without any preferred orientation. Zeaxanthin is located in the two polar regions of the 

bilayer while its long axis is almost perpendicular to the membrane. In contrast to P-

carotene, zeaxanthin decreases membrane fluidity (Michel, 1998). 

wStim 
B-carotene Zeaxanthin 

Figure 2.2. Influence of carotenoid orientation on 

membrane fluidity (Michel, 1998). 

2.2.2. Advantages of carotenoids 

Carotenoids have recently been used in order to protect human health and to prevent 

diseases such as various cancers, heart disease, macular degeneration and cataracts (Mayne, 

1996). Carotenoids have also been successfully used for many years in the treatment of 

individuals suffering from photosensitivity disease like erithropoietic protoporphyria. 

Numerous studies have shown that increased intake of carotenoid-rich foods, fruits and 

vegetables has a protective effect against several human chronic diseases (Oliver and Palou, 

2000). They are also powerful agents for growth inhibition in several human tumor cell 

lines but not in normal cells. Since many carcinogens inhibit gap junction communications, 



protection of this activity by dietary substances could be important for protection against 

cancer, p-carotene may play an important role in facilitating normal cell to cell 

communication through gap junction (Acevedo and Bertram, 1995). Lutein is another 

carotenoid that plays an important role in the human body's antioxidant defence system and 

is necessary for human health. Intake of lutein-rich fruits and vegetables has been linked to 

reduced risk of cancers and cardiovascular diseases, most likely due to the antioxidant 

activity of lutein (Alves- Rodrigues and Shao, 2004; Granado et al., 2003; Laur and Tian, 

2011). Lutein is found in dark green leafy vegetables such as spinach and seems to 

accumulate and act in the macular region of the human retina and is known as a macular 

pigment (Riso et al., 2004; Johnson, 2000). There is evidence that lutein and zeaxanthin 

have protective effect on the photo oxidation of eyes (Landrum et al., 1997). In well-

nourished populations, p-carotene supplementation is of little or no value in preventing 

these human health disorders. In smokers, P-carotene supplementation increases rather than 

decreases lung cancer and cardiovascular disease (Omenn et al., 1996). 

Some carotenoids have provitamin A activities. The term provitamin A is used to describe 

the biological activity that carotenoids exhibit in a human body. P-Carotene, a-carotene 

and P-cryptoxanthin are the only carotenoid molecules that have provitamin A activities 

due to the presence of unmodified p-ring(s) (Desobry et al., 1999). The P-ring exist in 

retinol (vitamin A) structure is essential for its activity and P-carotene has two such rings 

(Figure 2.3) (Zakaria et al., 1979). In fact, the structure of vitamin A is one-half of the 

molecule of P-carotene whereas a molecule of water is added at the end of the lateral 

polyene chain. Theoretically, the vitamin A activity of P-carotene is 100% and provides 

80% of vitamin A value of fruit and vegetables while the vitamin A activity of a-carotene 

is only 52±2% (Desobry et al., 1999). Humans cannot synthesize vitamin A and rely on 

intake of provitamin A compounds from foods. 
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Figure 2.3. Structure of P-carotene and Retinol (vitamin A) (adapted from 

Zakaria et al., 1979). 

2.2.3. Structure of carotenoids 

Food carotenoids, with the formula of C40H56, are usually C40 tetraterpenoids built from 

eight C5 isoprenoid units. They are joined in such a way that the sequence is reversed at the 

center, as shown in Figure 2.4. Modifications, such as cyclization, hydrogénation, 

dehydrogenation, double-bond migration, chain shortening or extension, rearrangement, 

isomerization, introduction of oxygen functions, or combinations of these processes result 

in several structures. Highly conjugated double bond system, consisting alternate double 

and single C-C bonds, is a unique structural feature of carotenoids. It is usually called as 

the polyene chain. This portion of the molecule contains delocalized 71-electrons and is 

known as the chromophore. This is responsible for the ability of carotenoids to absorb 

visible light and is also responsible for the yellow, orange, or red colors of these 

compounds in many foods (Rodriguez-Amaya, 1997, 2004). In most carotenoids, long 

conjugated double bond system results in the absorption of visible light, mostly between 

400 and 500 nm (Wrolstad et al., 2005). At least seven conjugated double bonds are needed 

for a carotenoid to impart. 

Hydrocarbon carotenoids, made up of only carbon and hydrogen, are called carotenes. 

Carotenoids containing oxygen, in addition to carbon and hydrogen, are named 

xanthophylls. Xanthophylls are oxygenated hydrocarbons that contain at least one oxygen 
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function such as hydroxy (OH) and epoxy (5,6- or 5,8- epoxides), aldehyde (CHO), keto 

(C=0), carboxy (C02H), methoxy (OMe) and carbomethoxy (C02Me) groups. In nature, 

they exist primarily in the more stable all-trans isomeric form. 

Carotenoids (carotenes or xanthophylls) can be acyclic, monocyclic, or bicyclic. 

Cyclization of carotenoids can take place at one or both ends of the molecule, which forms 

one or two six membered a-rings, so called ct-ionone. Therefore, monocyclic a-carotene 

has one a-ring while bicyclic a-carotene, a-cryptoxanthin and zeaxanthin have two a-rings 

(Rodriguez-Amaya, 1997). 

<fH3 
C H , C H , CH.» <fH3 H 1 3 H 1 3 H 1 3 H H H H H H H H 

HaC' ' C * C - H V C " C * C ' 'Sr^cSr C C -Si-Sr0, 

JH3
H *crSr 'Srfrc'N:'XH3 

H H H H H H H H 
-Si-Sr0, 

JH3
H 

C H 3
H C H 3 H C H 3 

Figure 2.4. Schematic structure of acyclic carotenoids (Nomenclature of Carotenoids, 1972). 

Nomenclature of carotenoids: The name of a specific carotenoid hydrocarbon is made by 

adding two Greek letters as prefixes to the name of stem carotene. These prefixes are 

characteristics ofthe two C9 end groups (Nomenclature of Carotenoids 1972). The prefixes 

are presented in table 2.1. The prefixes are corresponding to the end-group modifications 

(Figure 2.5). 

Table 2.1. The prefixes used for nomenclature of carotenoids (adapted from Nomenclature of 
Carotenoids 1972). 

Type Prefix Formula Structure 

Acyclic V C9H15 III 

Cyclohexene P,£ C9H15 IV, V 

Methylenecylohexane Y C9H.5 VI 

Cyclopentane K C9H.7 VII 

Aryl ix C9Hn VIII, IX 
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Figure 2.5. The prefixes correspond to the end-group modifications in carotenoid structure (adapted from 
Nomenclature of Carotenoids, 1972). 

Figures 2.6 and 2.7 show the principal carotenoids found in foods and common geometric 

isomers of P-carotene, respectively. Carotenoids such as p-Carotene, a-carotene, 

p-cryptoxanthin, lutein, and lycopene are usually found in human plasma (Rodriguez-

Amaya and Mieko Kimura, 2004). 
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Figure 2.6. Structures ofthe principal carotenoids in foods and zeaxanthin (adapted from Rodriguez-Amaya 

and Mieko Kimura, 2004). 
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All-frotts-p-carotene 

15-os-P-carotene 13-cw-P-carotene 9-ciy-P-carotene 

Figure 2.7. Common geometric isomers of P-carotene (Rodriguez-Amaya and Mieko Kimura, 2004). 

Figure 2.8 shows the biosynthesis and structures of lutein and zeaxanthin in higher plants. 
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Figure 2.8. Biosynthesis of lutein and zeaxanthin in higher plants. Structures of selected carotenoid 

molecules are shown (Desjardins, 2008). 
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2.2.4. Problems with carotenoids extraction 

A great variety of food products of plant and animal origin, contain a wide range of 

carotenoids. In recent years, there has been particular interest on the analysis and extraction 

of carotenoids in foods for various health and nutrition activities. However, the analysis of 

carotenoids is complicated due to several reasons. Diversity and the presence of cis-trans 

isomeric forms may affect their biochemistry. Highly unsaturated carotenoids are subjected 

to isomérisation and oxidation which produces problems associated with work and 

manipulation on carotenoids. Isomérisation of usual configuration of carotenoids (trans 

forms) to the cis forms can occur due to heat, light, acids, and adsorption on an active 

surface. This isomérisation leads to some loss of color and provitamin A activity. Oxidative 

degradation is the main reason for loss of carotenoids. This degradation depends on the 

presence of oxygen and is enhanced by light, metals and enzymes. Carotenoids have 

different susceptibilities to oxidation. The first step of oxidation is formation of epoxides 

and apocarotenoids. Subsequent fragmentations produce a series of low-molecular-weight 

compounds, as shown in Figure 2.9. The last consequences are total loss of color and of 

vitamin A and other biological activities. Conditions necessary for isomerization and 

oxidation of carotenoids exist during preparation, processing, storage and analysis of food 

(Rodriguez-Amaya, 2001). For this reason, several precautions are necessary when 

handling carotenoids. 

7>a«s-Carotenoids 

Oxidation 

Epoxy carotenoids 
Apocarotenoids 

Isomerization 

Cw-carotenoids 

Oxidation 

Low molecular weight compounds 

Figure 2.9. Isomerization and oxidation of carotenoids (adapted from Rodriguez-Amaya, 2001). 


