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Résumé

Le cantaloup (Cucumis melo L.) contient de nombreuses molécules biologiquement actives,
telles que les caroténoides 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 I’acétone sont habituellement utilisés pour
’extraction des caroténoides, puisque la plupart d’entre eux sont lipophiles et insolubles
dans I’eau. Des traces de ces solvants organiques peuvent cependant rester dans I’extrait et
étre nocifs pour la santé humaine. Dans cette étude, les principaux caroténoides qui ont un
intérét nutritionnel ont été extraits, sous conditions optimales, en utilisant de 1’éthanol
comme solvant car il a une influence limitée sur la santé. Cependant, 1’éthanol n’est pas

aussi efficace que de nombreux solvants lipophiles pour I’extraction des caroténoides.

A cette fin, les caroténoides dans la peau et la chair lyophilisées du cantaloup ont été
extraits et puis identifiés par chromatographie en phase liquide a4 haute performance
(CLHP). Des conditions optimales d’extraction éthanolique ont été déterminées pour
maximiser 1’extraction des caroténoides totaux (TC). Une durée d’extraction de 2 heures a
une température de 50 °C s’est avérée optimale pour la chair alors celle pour la peau était 2
heures a 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 seche, respectivement. Le
caroténoide prédominant dans la chair était le B-caroténe, tandis que le caroténoide majeur
de la peau était la lutéine. Ainsi, 1’extrait de la peau peut étre potentiellement considéré
comme une nouvelle source de caroténoides naturels pour 1’alimentation et des produits

nutraceutiques.

Les polyphénols de la peau et de la chair lyophilisées du cantaloup ont également été
identifiés en utilisant la chromatographie en phase liquide a ultra performance (CLUP)
couplée a la spectrométrie de masse en tandem (SM/SM). Quarante deux composantes de
polyphénols ont été identifiées dans la peau et la chair. La valeur de polyphénols totaux de
la peau, déterminée par spectrophotométrie, a été plus élevée que celle de la chair.
Différents types de flavonoides, d’acides hydroxybenzoiques et d’acides

hydroxylcinnamiques ainsi que des stylbénes habituellement retrouvés dans le vin rouge
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(viniférine) ont été identifiés. De la conidendrin, un lignane, a été également identifice et
pourrait possiblement agir comme des phytoalexines aux propriétés antifongiques.
Toutefois, la présence de viniférine et conidendrin doit étre confirmée par d’autres

méthodes.

Les paramétres optimaux pour I’extraction éthanolique de caroténoides ont été utilisés a
I’échelle pilote sur le mélange de peau et chair de cantaloup pour valider les résultats de
laboratoire et pour produire un produit riche en caroténoides. Aprés extraction et séchage,
une poudre et une résine ont été obtenues. Contrairement a la poudre, la résine était riche en
caroténoides et soluble dans I’huile. Le jus de cantaloup constitue une bonne source de

polyphénols.



Résumé court

Les carotenoides et polyphénols 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 caroténoides totaux (TC). Une durée
d’extraction de 2 heures a une température de 50 °C s’est avérée optimale pour la chair
alors celle pour la peau était 2 heures a 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 séche, respectivement. Le
caroténoide prédominant dans la chair était le B-caroténe, tandis que le caroténoide majeur
de la peau était la lutéine. Différents types de flavonoides, acides hydroxybenzoique et
hydroxylcinnamic ont été identifiés. La valeur de polyphénols totaux de la peau a été plus
élevée que dans la chair. Les paramétres optimaux de laboratoire pour I’extraction
éthanolique de caroténoides ont été utilisés dans 1’échelle pilote pour valider les résultats de

laboratoire et produire un produit riche en caroténoides.



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 1t 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 PB-carotene and lutein. [-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. B-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 (Nun“ez-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, texture, 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.com/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
(o-carotene, B-carotene, B-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
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(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 (Miiller, 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 B-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 B-carotene have excellent solubility in tetrahydrofuran (THF) (Craft and Soares,
1992). The wavelength maxima and absorptivity of carotenoids depend on the nature of the
solvent. For instance, B-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 [-carotene and zeaxanthin is shown in Figure 2.2. These two
carotenoids are oriented in different ways. B-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 [-

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

Sl

B-carotene Zeaxanthin
T

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. [B-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, B-carotene supplementation is of little or no value in preventing
these human health disorders. In smokers, B-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. B-Carotene, o-carotene
and B-cryptoxanthin are the only carotenoid molecules that have provitamin A activities
due to the presence of unmodified B-ring(s) (Desobry et al., 1999). The B-ring exist in
retinol (vitamin A) structure is essential for its activity and B-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 B-carotene whereas a molecule of water is added at the end of the lateral
polyene chain. Theoretically, the vitamin A activity of B-carotene is 100% and provides
80% of vitamin A value of fruit and vegetables while the vitamin A activity of a-carotene
is only 5242% (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 3-carotene and Retinol (vitamin A) (adapted from

Zakaria et al., 1979).

2.2.3. Structure of carotenoids

Food carotenoids, with the formula of C4Hse, are usually Cyp tetraterpenoids built from
eight Cs 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, hydrogenation,
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 m-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



11

function such as hydroxy (OH) and epoxy (5,6- or 5,8- epoxides), aldehyde (CHO), keto
(C=0), carboxy (CO,H), methoxy (OMe) and carbomethoxy (CO;Me) groups. In nature,

they exist primarily in the more stable all-trans 1someric 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 a-ionone. Therefore, monocyclic a-carotene
has one a-ring while bicyclic a-carotene, a-cryptoxanthin and zeaxanthin have two a-rings

(Rodriguez-Amaya, 1997).

Hy CHy . CHj CHS
H d I H H H H H l'c':l i E CH
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Hy? o cH P e P

—

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 of the two Cy 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 CoH,5 111
Cyclohexene B.e CoH;5 v,V
Methylenecylohexane v CoHy s VI
Cyclopentane K CoH,4 VII

Aryl % CoH,, VIIL IX
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13 4 18 a
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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, o—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 of the principal carotenoids in foods and zeaxanthin (adapted from Rodriguez-Amaya

and Mieko Kimura, 2004).
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Figure 2.7. Common geometric isomers of B-carotene (Rodriguez-Amaya and Micko 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 isomerisation and oxidation which produces problems associated with work and
manipulation on carotenoids. Isomerisation 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 isomerisation 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.

Trans-Carotenoids

Isomerization

Oxidation
A{Jﬂ

Epoxy carotenoids
Apocarotenoids

Cis-carotenoids

Low molecular weight compounds

Figure 2.9. Isomerization and oxidation of carotenoids (adapted from Rodriguez-Amaya, 2001).
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Structural diversity of carotenoids and difficulty in obtaining standard compound are other
problems related to analysis of carotenoids. Composition of carotenoids changes
qualitatively and quantitatively in foods. Thus, the analytical procedure, specifically the
chromatographic step, should be adapted to the carotenoid composition. In a given food,
carotenoid concentrations changes in a wide range. One to four principal carotenoids are
typically identified while a series of carotenoids with low or trace concentrations are
present. The separation, identification, and quantification of trace carotenoids are a

challenge in food analysis (Rodriguez-Amaya and Mieko Kimura, 2004).

Other common sources of error in carotenoid analysis are:

e Non representative samples for food lots;

e Incomplete extraction and chromatographic separation;

e Physical losses of carotenoids during different steps, such as transfer of
carotenoids from one solvent to the other during partitioning, loss of carotenoids
in the washing water, sticking on the container walls when solutions are
evaporated,;

e (Chemical losses due to oxidation;

e Incorrect identification, quantification and calculation.

2.2.5. Precautions

Precautionary measures should be considered for all analytic methods to prevent artifact
formation and quantitative losses. These measures include the shortest analysis time,
elimination of oxygen, protection from light and high temperature, avoiding contact with
acids, and using high purity solvents. Oxygen, particularly in combination with light and
heat, is extremely destructive. The presence of traces of oxygen in stored samples (even at
deepfreeze temperatures) and of peroxides in solvents as THF can quickly lead to bleaching
and the formation of artifacts, such as epoxy carotenoids (Britton, 1991). Helium bubbling
as well as nitrogen or argon atmosphere can be used during analysis and storage to
eliminate oxygen. Antioxidants such as butylated hydroxytoluene, pyrogallol, and ascorbyl
palmitate can also be used, particularly when the analysis time is long. They can be used

through saponification or can be added to solvents, standard solutions, and isolates.
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Exposure to light, particularly UV or direct sunlight leads to #rans-cis photoisomerization
and photodestruction of carotenoids. Therefore, open columns and vessels containing
carotenoids should be kept in dark or wrapped with aluminum foil. Polycarbonate shields
can be used for fluorescent lights. For extracts containing chlorophylls or other potential
sensitizers, rapid manipulation and covering from light are very important. The presence of
these sensitizers leads to rapid photodegradation and isomerization, even with brief
exposure to light. Extraction should be performed immediately after sample preparation,
since tissue disruption releases enzymes (e.g., lipoxygenase), which catalyze oxidation of
carotenoid, and liberates acids that accelerate trans—cis isomerisation (Rodriguez-Amaya

and Mieko Kimura, 2004).

Heating should be performed only when is really required. Concentrating of carotenoid
extracts or solution should be done in a rotary evaporator at low pressure and a temperature
below 40°C. Complete dryness of extract in the rotary evaporator should be prevented since
it may lead to carotenoids degradation (especially lycopene) (Tonucci et al. 1995). In

addition, the more polar part of the carotenoids may stick strongly to the glass walls.

The majority of carotenoids are stable against alkali. Calcium carbonate, magnesium
carbonate and sodium bicarbonate can be used as neutralizing agents during extraction to
neutralize acids released from the food sample itself. Acidic reagents and strong acids

should not be used in the same place where carotenoids are handled.

2.2.6. Extraction solid-liquid of carotenoids

In the extraction process of active molecules such as carotenoids from a solid material,
diffusion takes place from solid to liquid or solvent. Extraction is a solid-liquid interaction
in which one or more solid, crystals and liquids components (solute) are dissolved in a
solvent to produce a solution or extract (solvent+solute). A concentration gradient exists
between solvent and solute due to which solute transfers from solid (concentrated) to liquid
phase. Towards the end of the process, conditions tend to equilibrium and diffusion is
almost terminated. If fresh liquid phase is supplied, diffusion will continue until the entire
solid is consumed (Brianceau, 2010). Diffusion controlled solid-liquid interactions have

five consequent steps, as shown in Figure 2.10:
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Transfer of the solvent to the solid surface

2- Diffusion of the solvent into the solid phase

(S ]
1

Dissolution of the solute in the solvent
4- Diffusion of the dissolved solute to the solid surface

5- Transfer of the solute in the solution by diffusion or convection

Figure 2.10. Extraction solid-liquid
(adapted from Brianceau, 2010).

The performance of extraction process is influenced by several factors such as extraction
time and temperature, particle size, stirring, nature of solvent and pH. The most important
factors affecting solvent extraction for the determination of total carotenoids (TC) include
extraction duration, repeated extraction cycles, solvent-solid ratio and extraction

temperature (Wang and Liu, 2009).

Following extraction, an efficient way of initiating the isolation of carotenoids is to
saponify the extract. Carotenoids in fruits and vegetables are predominantly esterified by
fatty acids. Saponification removes many of the unwanted lipids and chlorophyll present in
the sample. This method is done in a KOH solution: aqueous, methanolic or ethanolic
solution (Wrolstad et al., 2005; Rodriguez-Amaya et al., 2004). However, saponification
increases the analysis time and enhances the formation of artifacts and degradation of
carotenoids. Despite the resistance of provitamin A carotenoids (p—carotene, a—carotene,
B—cryptoxanthin and vy-carotene) to saponification (Rodriguez-Amaya et al., 1988),
significant amount of lutein, violaxanthin, dihydroxy, trihydroxy and epoxycarotenoids can
be lost through saponification and washing step (Rodriguez-Amaya and Mieko Kimura,
1988; Khachik et al., 1986).
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2.2.6.1. Samples preparation

The sample that is brought to the laboratory is usually too large, in bulk or particle size, for
direct analysis. It must be transformed into a homogeneous, small sample for analysis while
maintaining its representativeness. Inedible portions (i.e., peel, seed, shell, etc.) may be
removed and prepared for separate analysis. Physical operations, such as chopping, cutting
into pieces, mixing, milling, blending, and sieving, are carried out, along with bulk
reduction, for example, by quartering and riffling. The process can be done manually or

through commercially available mills, blenders, grinders, riffle cutters, etc.

Several problems may occur in sample preparation including difficulty in taking small
representative samples, loss of material, difficulty in elimination of inappropriate material
without removal of plant constituents (analyte), and changes in enzymes and unstable
components during preparation and analysis. Nature of the food and analyte, analyte
distribution in the food, and analytic method are determining factors to select the sample

preparation procedure (Rodriguez-Amaya, 2001).

Water content is considered an important factor for extraction of carotenoids. It has been
found that working with low-moisture samples simplifies the extraction process. Industrial
extraction normally is done with dry material, which reduces complications arising from
the solvents used for processing and their recovery. The plant material may contain some
water (<10%), which will not affect extraction. Therefore, complete dehydration is not
recommended before extraction. A small quantity of water can be advantageous when a
solvent with low polarity is used. On the other hand, excess water may reduce extraction

effectivness (Wrolstad et al., 2005).

Freeze-drying is a widely used method for dehydrating a vast range of materials, including
foodstuffs. Compared to conventional drying and many other processing methods, freeze-
drying offers a number of advantages such as maintaining food quality and weight
reduction. It is an appropriate way to preserve samples that have to be stored before
carotenoid analysis. By freeze-drying, the moisture content is reduced to such a low level
appropriate for an efficient extraction. However, degradation of carotenoids takes place
during lyophilisation. In addition, this processing technique increases sample porosity and

exposure of carotenoids to oxygen during storage (Park, 1987; Craft et al. 1993).



21

In addition to the moisture content of samples, particle size may influence the performance
and efficiency of extraction procedure. The grinding of solid material can intensify the
transfer of solvent through increasing the exchange interface between the solvent and the
solid and also reducing the distance of penetration of the solvent in the solid. For example,

the extraction yield of phenolic compounds is increased by decreasing particle size.

2.2.6.2. Solvents

The selection of the solvent to promote the extraction is a very important issue since it
determines the degree of affinity to the chemical composition of the substances to be
extracted (Henriques et al., 2007). A solvent, by definition, is a substance that has the
power to form a homogeneous solution with other substances. The solvent should be
selective, with a high dissolving capacity, a low boiling point and low viscosity. The
pigment polarity is a determining factor to choose the extraction solvent. If this factor is
unknown, an acetone/hexane (1:1, v/v) mixture is usually used. When the carotenoids are
nonpolar or in the ester form, hexane is an efficient solvent. Ethanol is able to extract polar
carotenoids, while a nonpolar solvent such as hexane lead to crystallization (Wrolstad et al.,

2005).

In addition to the dissolution ability, the solvent has also an important effect on cell lysis.
In cells with strong walls, the extraction yield is increased using more aggressive solvents.
Methanol was the first solvent used for extraction of chlorophylls, however, because of its
toxicity it has been replaced by other solvents. Till 1995, acetone was used for evaluation
of the chlorophyll content. Since then, ethanol has been recommended as the extraction

solvent (Henriques et al., 2007).

Methanol (MeOH) or a mixture of MeOH and other more apolar solvents are usually used
for extraction procedures. A MeOH-tetrahydrofuran (1:1, v/v) solution was used by Hart
and Scott (1995) for carotenoid analysis of raw and cooked vegetables and fruits. MeOH
and acetone-hexane (Gregory et al., 1987), MeOH and hexane (Schmitz et al., 1989),
MeOH and diethyl ether (Weissenberg et al., 1997), and MeOH and chloroform (Oliver et
al., 1998), have also been reported. Acetone alone or in combination with light petroleum
(Mouly, Gaydou, and Corsetti, 1999) has also been applied to food products. Chen and co-

workers (1991) reported a more complex extracting solution consisting of hexane—acetone—
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MeOH-toluene (10:7:6:7, v/v), for analysis of carotenoids in carrot and water convolvulvus

(Ilpomoea aquatica). Craft and Wise used methanol and nine mixtures of methanol and

other solvents to extract seven different carotenoids. They measured the absorbance of the

extract by chromatography, as shown in Figure 2.11, and reported that 95% methanol/5%

THF was the best solvent for carotenoids (Craft and Wise, 1992). Table 2.2 shows

valuable information on the selection of solvents for carotenoid extraction as well as the

absorption coefficient A'” |, of the carotenoids (absorbance at a given wavelength of a

1% solution in spectrophotometer cuvette with a 1-cm light path) which is used for the

calculation of the carotenoid concentration.
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Figure 2.11. The effect of nine solvent modifiers on the separation of seven carotenoids

(L=Lutein; Z= Zeaxanthin; 3-C= -cryptoxanthin; E= echinenone; o= a-carotene; f= p-

carotene; Ly= lycopene) (Craft and Wise, 1992).
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Table 2.2. Relative solubility, stability, and absorptivity of Lutein and 3-Carotene in organic solvents (adapted

from Craft and Soares, 1992).

Solvent Lutein [P-carotene
Solubility Absorptivity  Solubility Absorptivity
P A max B E™ om’? (mg/L) A pax N E™ e
Acetone 800 446 2540 200 452 (452) 2559
Acetonitrile 100 446 2559 10 452 2540
Benzene 600 456 (458) 2350 4000 462 (462) 2304
Chloroform 6000 454 (458) 2369 2000 462 (461) 2330
Cyclohexane 50 448 2520 2000 454 (457) 2508
Cyclohexanone 4000 454 2359 2000 462 2359
dichloromethane 800 452 2320 6000 460 2369
DMF 1000 454 2390 200 460 2389
DMSO 1000 460 2369 30 466 2259
Ethanol 300 444 (445) 2550 30 450 (449) 2529
ethyl acetate 800 446 2529 500 452 2520
ethyl ether 2000 444 2629 1000 448 2659
Hexane 20 444 (445) 2589 600 448 (453, 450) 2592
2-propanol 400 444 2599 40 450 2508
Methanol 200 442 (444) 2629 10 450 2540
MTBE 2000 A4 2589 1000 450 2588
THF 8000 450 2469 10000 456 2399
Toluene 500 456 2290 4000 462 (463) 2270

2.2.6.2.1. Ethanol for carotenoid extraction

Carotenoids are usually extracted with organic solvents such as chloroform, hexane,
acetone, petroleum ether and etc., since carotenoids are liposoluble. In the case of samples
with large amounts of water, water-miscible organic solvents such as ethanol, acetone, etc.
are also used. A mixture of various solvents is usually used in carotenoid extraction.
Carotenoid extraction methods are generally time consuming procedures with errors due to
oxidation and losses during extraction. The obtained carotenoid-rich extract is usually used
in food additives, health foods, medicines and cosmetics. For these applications, the
residual solvents should be eliminated to obtain a safe extract. This problem can be avoided
using food grade solvents such as ethanol and ethyl acetate. Carotenoids are enclosed
within cells and the cell walls have a complex composition. It is also known that ethanol
can break cell walls. Therefore, good accessibility of ethanol to the carotenoids may lead to
a good extraction yield. On the other hand, higher polarity of ethanol than ethyl acetate can
influence the higher concentration obtained with ethanol. Calo et al. (1995) mentioned that
using ethanol as solvent for the extraction of pigments has several advantages including;

lower toxicity as compared to other solvents used for carotenoid extraction; and the
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prevention of toxic residues that would be derived from the use of acetone. Calvo et al.
(2007) evaluated the extraction yield of food grade solvents (ethanol and ethyl acetate) by
extracting lycopene, B-carotene, phytoene and phytofluene from tomato peel powder. In the
extractions performed with ethanol, the concentration of lypidic extract and the yield of
each carotene were higher than those obtained with ethyl acetate. Taungbodhitham et al.
(1998) evaluated a carotenoid extraction method for a wide range of fruit and vegetable
samples. Their results showed that the extractions with ethanol and hexane (solvents with
low biological hazard) have good recovery and precision and can be successfully used for

the analysis of carotenoids in fruits and vegetables.

Takahashi et al. (2006) extracted the carotenoids from Japanese persimmon peels by
supercritical fluid extraction (SFE), using CO; as solvent. 5 to 20 mol% of ethanol was
used to increase the selectivity and extraction yield. According to their results, increasing
ethanol concentration resulted in a nonlinear increase of B-carotene extraction yield. The B-
carotene yield was considerably enhanced in the range of 10 to 15 v/v% ethanol. This may
be due to the fact that solvent polarity changes with addition of ethanol. They also indicated
that water is not efficient for B-carotene extraction. Sun and Temelli (2006) studied the
effect of water on the extraction of carotenoids from carrot. They observed that extraction
yield of lutein was increased, using water as solvent, while the extraction yields of a- and
B-carotene were reduced. They reported that interaction between the OH groups of lutein
and water molecules, through hydrogen bonding, was the reason for improving the lutein
extraction. Lutein has two OH groups, while a- and B-carotene does not have any oxygen in

their structures.

Canals et al. (2005) studied the influence of ethanol concentration and ripeness on the
extraction of color and phenolic compounds from grape skins and seeds during
maceration/fermentation process. According to their results, ripeness and ethanol
concentration can significantly influence the extraction of color and phenolic compounds.
However, the effect of ripeness on the extractability was more than that of ethanol content.
The presence of ethanol in the solvent improves the extraction of anthocyanin and
especially proanthocyanidin, but it decreases co-pigmentation phenomena, which can

decrease the color intensity. The extraction of anthocyanin and the astringency of
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proanthocyanidins increased in all stages of ripening with increasing the ethanol
concentration in the maceration media. Long maceration will lead to wines with a high
concentration of proanthocyanidin and high astringency. Because skins and especially

seeds have been in contact with a medium rich in ethanol for a long time.

2.2.6.3. Factors influencing carotenoid extraction

In nature, carotenoids are protected by cellular structure. The susceptibility of carotenoids
to degradation increases with destruction of the cell structure. On the other hand, this
natural protection limits the bioavailability of carotenoids. Food processing causes
denaturating of proteins and breaking of cell walls, therefore, facilitating the release of
carotenoids from the food matrix during digestion. It has been shown that by processing of
spinach and carrots, the bioavailability of f—carotene in humans increased (Castenmiller et
al. 1999). It is also reported that the bioavailability of lycopene was increased in heat-
processed tomatoes compared with unprocessed tomatoes (Gértner et al. 1997; Stahl and
Sies 1992; Hof et al. 2000). Processing conditions should be optimized to minimize losses
of carotenoids while enhancing their bioavailability (Rodriguez-Amaya and Mieko Kimura,

2004).

Extraction conditions such as temperature and stirring can affect the extraction results.
Mechanical stirring results in continued suspension of particles in the solvent and
homogenization of the medium, and has a positive effect on extraction yield. In the case of
aqueous extraction, stirring can reduce resistance to the transfer of solutes at the solid-

liquid interface (boundary layer) and can increase the transfer coefficient.

Although carotenoids are susceptible to light oxidation, they are more stable than
chlorophylls during thermal processing (Bergquist et al., 2006). It is also reported that
carotenoids of cooked or processed foods have a better bioavailability than those of raw
products (Gartner, Stahl, and Sies, 1997; Hedren, Diaz and Svanberg, 2002; Stahl and Sies,
1992). The stability of these nutrients is dependent on their location and distribution in

plant tissues.

The heat, below the degradation temperature, facilitates the extraction of solute by

permeabilization of cell walls, increasing the solubility of solutes, increasing of diffusion
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coefficients and decreasing the viscosity of the solvent extraction. Nguyen et al. (2001)
reported that heat treatment changes the physical structure of the tomato tissue and the
bioavailability of carotenoids. Hart and Scott (1995) found an increase in the concentration
of carotenoid in heated vegetables which could be due to changes in the cell structure and
therefore the availability of the carotenoid. Calvo et al. (2007) used different heating
intensities and solvents to study the influence of these factors on carotenoids isomerization
and degradation during extraction. They extracted lycopene, p-carotene, phytoene and
phytofluene from tomato peel powder to investigate the extraction yield of ethanol and
ethyl acetate. The heat treatment temperatures of 25, 35, 50 and 60 °C were applied for 5,
10, 20, 30 and 40 minutes. Their results showed that carotenoid concentrations increased
with increasing the temperature; however using ethanol at 60 °C resulted in lower yield of
(all-E)-lycopene and their (Z)-isomers, comparing to that obtained at 50 °C. This can be an
indication for great isomerisation occurs when extraction is performed at high temperature
with ethanol; however, the oxidative degradation is the principal reaction. In contrast, they
found that the isomerization is the main reaction when ethyl acetate is used. Barth et al.
(1995) reported that there is an optimum temperature of 50°C for extraction of a-carotene

and B-carotene from freeze-dried carrots.

2.2.6.4. Characterization

2.2.6.4.1. Measurement of total carotenoid concentration by spectrophotometer

Spectrophotometer is a quantitative measurement method which uses the reflection or
transmission properties of a material as a function of wavelength. Spectrophotometer is
much less expensive and much faster than HPLC, however it is not able to estimate the

individual content of carotenoids (Henriques et al., 2007).

Carotenoids in solution follow the Beer-Lambert law in which absorbance (4) is equal to
concentration multiplied by extinction coefficient (4’”). The extinction coefficient (4") is
the absorbance of a 1% (10 g/liter) solution of carotenoid, in a defined solvent, in a 1-cm
path-length cuvette, at a specific wavelength (A). This equation can be used to determine
the concentration of carotenoid in a standard sample or in a mixture or extract of
carotenoids. The extinction coefficient can also be expressed in molarity (Wrolstad et al.,

2005). The following equation is used for determination of the carotenoids concentration:
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¢ = (gma) * (0) < €570 @D
C: concentration (pug/g)

A: absorption at 450 nm

V: volume of solvent (dl)

E'”: absorptivity of lutein and B-carotene in organic solvents (cm)

M: mass of sample (g)

D: dilution factor

2.2.6.4.2. High- Performance Liquid Chromatography (HPLC)

High-performance liquid chromatography (or high-pressure liquid chromatography, HPLC)
i1s a chromatographic technique to separate a mixture of compounds and is used in
biochemistry and analytical chemistry to identify and quantify the individual components
of the mixture. HPLC is used for analysis of carotenoids levels due to its ability to
distinguish between similar conformational structures of carotenoids. The rapidity, non-
destructiveness and ease in automating as well as small amount of required sample make
the new HPLC methods a suitable technique for analysis of carotenoids (Oliver and Palou,
2000).

2.2.6.4.2.1. Determination of carotenoids by HPLC

Some researchers have worked on the extraction of carotenoids of cantaloupe. Bureau and
Bushway (1986) determined alpha- and beta-carotene and beta-cryptoxanthin in twenty-two
fruits and vegetables such as cantaloupe, carrots and grapefruit. They used the method that
Bushway and Wilson employed in 1982. They used a Partisil 5 ODS column 25 cm x 4.6
mm ID and a solvent mixture of acetonitrile-tetrahydrofuran-water (85:12.5:2.5) pumped at
a flow rate of 2.0 mL/min. Absorbance was determined at 470 nm.

A carotenoid analysis of carrot, spinach, tomatoes, corn (canned) and tangerines using a
stainless steel (250x4.6 mm 1.D.) column packed with Vydac 201 TP, 5 mm particle size,
and a mobile phase consisting of MeOH-THF (95:5, v/v) have been performed (Konings
and Roomans, 1997). The flow-rate was at 1 ml /min, the chromatogram was recorded at
450 nm and ethyl-B-apo-8’-carotenoate was used as internal standard. Lutein, zeaxanthin,

a-carotene, B-carotene and lycopene were separated and quantified with this method.
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Craft and Wise (1992) optimized the isocratic HPLC separation of carotenoids using a
polymeric C;g column and MeOH-based mobile phase with nine solvent modifiers at
several column temperatures. They found that 3 to 5% THF in MeOH at a column
temperature of 20°C results in a good separation of seven carotenoids including lutein,

zeaxanthin, B-cryptoxanthin, echinenone, a-carotene, B-carotene and lycopene.

El-Qudah (2009) quantified carotenoids using a high-performance liquid chromatography
equipped with Cs;p column (3 pum, 150%x4.6 mm). Absorbance of carotenoids was
determined at 455 nm using a Waters 2996 photodiode array detector. The HPLC mobile
phases were methanol: Methyl-tert-Butyl Ether (MTBE): water (85:12:3 by volume, with
1.5% ammonium acetate in water) and methanol: MTBE: water (8:90:2 by volume, with
1.0% ammonium acetate in water) for solvent A and B, respectively. The flow rate of 0.4
mlmin" and the injection volume of 20 ul were employed. HPLC was calibrated by
standard solutions. Peak areas under the curve were determined to quantify the carotenoids.

The peaks were confirmed by the retention time and characteristic spectra of the standards.

Cis-isomers have different biological potencies than their frans counterpart and it is,
therefore, necessary to separate and quantify cis-isomers when they exist in considerable
amounts. Detailed analysis, however, makes the analysis more complicated. The polymeric
Csp column has been developed specifically for this purpose (Sander et al. 1994). YMCsg
column is much more hydrophobic than classical C,g stationary phases. Using YMCs
column, many sample solutes are retained even when pure organic eluents are used. The
stationary phase of YMC;3 provides sufficient phase thickness to increase interaction with
long chained molecules (Figure 2.12). Therefore, YMCj3, phase is capable to recognize and

resolve geometric and positional isomers of conjugated double bonding systems.
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Figure 2.12. Comparison of the film thickness of
C,gand C;, stationary phases with the molecular

length of B-carotene (Sander et al., 1994).

This column, with an isocratic solvent system consisting of methanol:methyl-tert-butyl
ether (89:11), has been used for the quantification of cis-frans isomers of provitamin A

carotenoids in fresh and processed fruits and vegetables (Lessin et al. 1997).

2.3. Polyphenols

Phenolic compounds or polyphenols are one of the most numerous and universal groups of
plant metabolites and are an intrinsic part of both human and animal diets. Polyphenol
structure consists of several hydroxyl groups on aromatic rings. Several thousand of
molecules with a polyphenol structure have been identified in higher plants, while in edible
plants several hundred have been found. These molecules are secondary metabolites of
plants and are involved in defense against ultraviolet radiation or aggression by pathogens.
Phenolic compounds may be classified based on the number of phenol rings and the
structural elements that bind these rings together. Using this classification method,
polyphenols are classified into the phenolic acids, flavonoids, stilbenes, and lignans. The
flavonoids can be divided into 6 subclasses as a function of the type of heterocycle
involved. The flavonoids subclasses are flavonols, flavones, isoflavones, flavanones,
anthocyanidins, and flavanols (Manach et al., 2004; Bravo, 1998; Kondratyuk and Pezzuto,

2004). The subclasses of polyphenols are presented in Figure 2.13.
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Proanthocyanidins
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Peonidin Epigallocatechin
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Figure 2.13. The subclasses of polyphenols (adapted from Paredes-Lopez, 2010).

Phenolic acids can be classified into two groups: derivatives of benzoic acid and cinnamic
acid. Hydroxybenzoic acids are components of complex structures such as hydrolyzable
tannins (gallotannins and ellagitannins). Edible plants have generally very low content of
hydroxybenzoic acids. The hydroxycinnamic acids are more common than the
hydroxybenzoic acids and include p-coumaric, caffeic, ferulic, and sinapic acids. These
acids are rarely found in the free form, except in processed food that has been freezed,
sterilized, or fermented (Manach et al., 2004). Chemical structures of phenolic acids,

benzoic acids and hydroxycinnamic acids are presented in Figure 2.14.
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e.g. gallic acid: Rj=R,=OH ¢.g. caffeic acid: Ry=OH. R,=H

Figure 2.14. Chemical structures of phenolic acids, benzoic acids and hydroxycinnamic

acids (adapted from Bravo, 1998; Cheynier, 2005).
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Flavonols such as quercetin and kaempferol are the most universal flavonoids in foods,
however their concentration is relatively low. Fruits often contain 5 to 10 different flavonol
glycosides. These flavonols accumulate in the outer and aerial tissues (skin and leaves)
where the biosynthesis is enhanced by light (Manach et al., 2004). Flavanols are a group of
plant polyphenols responsible for many bitter and astringent flavors in food products which
exist in two forms: monomer (catechins) and polymer (proanthocyanidins). The most
abundant and widely distributed flavonoids consumed in the diet are proanthocyanidins.
These compounds have health-promoting properties toward chronic diseases. However the
isolation and quantification of proanthocyanidins are difficult, since they have large degrees
of chemical variation and stereochemistry. Although there is no current industry standard,
the 4-dimethylaminocinnamaldehyde (DMAC) spectrophotometric assay is a rapid and
popular technique for quantification of the amount of proanthocyanidins exists in beverages
and foods (Wallace and Giusti, 2010). Chemical structures of flavonols and

proanthocyanidins are presented in Figure 2.15.

b
Ry
= H
H
R,
OH Proanthocyanidins
OH © or
Flavonols (Ry. R, = H. OH, OCH;) condensed tannins
e.g. quercetin: Ry =OH: R, =H

Figure 2.15. Chemical structures of a) flavonols and b) proanthocyanidins (adapted from
Cheynier, 2005; Bravo, 1998).

Stilbenes are another class of polyphenols. Most stilbenes in plants are synthesized only in
response to infection or injury and act as antifungal phytoalexins. Resveratrol (trans-3, 5,
40-trihydroxystilbene) is the most extensively studied stilbene and is a phytoalexin or a
class of antibiotics of plant origin and are produced mainly in grapes and peanuts. Grape
skin contains the highest concentration (50-100 wg/g) of resveratrol. It has been used in
oriental medicine for the treatment of lipid, inflammatory and heart disorders (Kondratyuk
and Pezzuto, 2004). It has been reported that resveratrol has a wide range of

pharmacological properties, such as effects on cell signaling pathways, cell proliferation,
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tumor growth, and apoptosis (Stewart et al., 1999), anti-inflammatory, estrogen receptor
agonist (Gehm et al., 1997), anticancer (chemopreventive), antifungal and antimicrobial
properties (Kondratyuk and Pezzuto, 2004). However, since resveratrol is found in small
quantities in the diet, the protective effects of this molecule cannot be achieved by

nutritional intakes (Manach et al., 2004). Figure 2.16 shows the chemical structures of

RO
Pio-

stilbenes.

Stilbenes
e.g. resveratrol: R=H

Figure 2.16. Chemical structures of stilbenes

(adapted from Cheynier, 2005).

Phenolics are not uniformly distributed in tissue, cellular and subcellular levels of plants.
Soluble phenolics are components of plant cell vacuoles while insoluble phenolics are
found in cell walls. The outer layers of plants contain higher concentrations of phenolics

than the tissues in their inner parts (Bengoechea et al., 1997).

2.3.1. Beneficial health effects of polyphenols

Scientists have been interested in plant polyphenols because they are essential to plant
physiology. Polyphenols contribute to plant pigmentation, growth and reproduction and
protection of crops from plague and preharvest seed germination. They also act as
phytoalexins, or increase food astringency to provide resistance against pathogens and
predators. Recent interest in food phenolics has increased greatly, due to their antioxidant
capacity, antimutagens, antiproliferative, and antimicrobial properties as well as their
beneficial applications in treatment and prevention of cancer, cardiovascular disease and
other pathologies. Health beneficial effects of polyphenols are presented in Figure 2.17.
Phenolic compounds also protect other natural antioxidants such as B-carotene and a-

tocopherol and result in the reduction of risk of disease. The health effects of polyphenols
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depend on two factors: the amount consumed and their bioavailability. Polyphenols are
used in the food industry as additives (natural colorants and preservatives). In addition,
some phenolic compounds such as flavonoids, are used as antibiotics, antidiarrheal,
antiulcer, and anti-inflammatory agents, as well as in the treatment of hypertension,
vascular fragility, allergies and hypercholesterolemia (Manach et al., 2004; Machlin, 1995;
Cacace and Mazza, 2003; Bravo, 1998; Gruz, Novak, and Strnad, 2008).
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g _, LDL Oxidation
Anti-allergic < saail
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Figure 2.17. Health beneficial effects of polyphenols (http:/www.scribd.com/doc/61911692/polyphenols).

2.3.2. Factors influencing polyphenol content

The polyphenol content is mostly influenced by environmental factors. These factors may
be divided into pedoclimatic and agronomic factors. Pedoclimatic factors include soil type,
sun exposure and rainfall while agronomic factors are culture in greenhouses or fields,
biological culture, hydroponic culture, fruit yield per tree and etc. Exposure to light has a
significant effect on most flavonoids. The degree of ripeness also changes the

concentrations and proportions of the polyphenols. Generally, anthocyanin concentration
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increases during ripening, whereas phenolic acid concentration decreases. Storage is
another factor which may affect the content of polyphenols that are easily oxidized.
Oxidation of polyphenols may result in the formation of polymerized substances, which
changes the quality of foods, specially the color and organoleptic properties. Grinding of
plant tissues may also results in oxidative degradation of polyphenols. Because cellular
decompartmentation and contact between cytoplasmic polyphenol oxidase and phenolic
substrates present in the vacuoles may occur. It leads to transformation of polyphenols into
brown pigments that are polymerized to different levels. Peeling of fruits and vegetables
can remove a considerable amount of polyphenols because polyphenols are more

concentrated in the outer parts than in the inner parts (Manach et al., 2004).

There are many parameters influencing the extraction of phenolic compounds in plant
materials. The most important parameters are solvent, temperature, solid-liquid ratio, flow
rate, extraction time, particle size, extraction method, sample conditions, storage time and
condition, presence of interfering substances and etc. In addition, plant polyphenols have
various structures which make it practically impossible to develop an extraction method
suitable for all plant phenolic compounds (Naczk and Shahidi, 2004). Solubility of
polyphenolic compounds as well as their diffusion into the solvent depends on their
chemical structure and changes greatly from simple compounds to highly polymerised
compounds. Therefore, the choice of solvent is one of the most important steps in
extraction process. Solubility of phenolic compounds depends on several parameters
including the degree of polymerization of phenolics, polarity of solvent, interaction
between phenolics and other food constituents, and formation of insoluble complexes.
According to the literatures, the most frequently used solvents for extraction of plant
phenolics are methanol, ethanol, acetone, water and ethyl acetate however, their efficiency
is not the same. The other solvents used to a lesser extent are propanol,
dimethylformamide, and their combinations. Water and different aqueous solution of
ethanol are not toxic for human health and have the environmental friendly effect.
Compared to water and ethanol, some other organic solvents such as methanol, acetone and
ethyl acetate have better efficiency in polyphenol extraction, however, they are not
preferable in view of food applications of the extracts (Escribano- Bailon and Santos-

Buelga, 2003; Naczk and Shahidi, 2006). It should be noted that the solvent used for the
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extraction may not be suitable for all phenolics. In the other words, polyphenols may exist
in complex compositions with plant components such as carbohydrates and proteins.
Phenolics and their complexes with high molecular weight may be completely insoluble.
On the other hand, phenolic extracts of plants are composed of different classes of
phenolics dissolved in the solvent. Unwanted phenolics and non-phenolic substances such
as chlorophylls, fats, waxes and terpenes may be removed by additional steps (Naczk and

Shahidi, 2004; Bucic¢-Kojic¢ et al., 2009).

2.3.3. Quantification of phenolics

A number of spectrophotometric methods have been developed for quantification of
phenolic compounds in plant materials. The most widely used method for quantification of
total phenolics in plant materials is the Folin—Denis assay. In this method, in the presence
of phenolic compounds and in an alkaline solution, phosphomolybdic—phosphotungstic
acid (Folin—Denis) reagent is reduced to a blue colored complex. Swain and Hills (1959)
modified the Folin—Denis method for routine analysis of a large number of samples. The
Folin—Ciocalteu assay is also used to determine the total phenolics content of plant foods.
Folin—Denis and Folin—Ciocalteu reagents are not specific and detect all phenolic classes
found in extracts. The interference of reducing substances such as ascorbic acid may be
another disadvantage of this assay. The 4-dimethylaminocinnamaldehyde (DMAC) assay
has also been proposed for determination of proanthocyanidins. Thies and Fischer (1971),
for the first time, reported the formation of a green chromophore between catechin and

DMAC.

2.3.4. Ultra high performance liquid chromatography (UPLC) coupled with tandem mass
spectrometry (MS/MS)

Ultra high performance liquid chromatography (UPLC) coupled with tandem mass
spectrometry (MS/MS) is a rapid method which is developed for qualitative and
quantitative analysis of phenolic acids (PHA). For determination of PHAs, analytical
methods based on reverse-phase high-performance liquid chromatography (HPLC) are
used. Another separation technique used for PHAs, is gas chromatography or capillary
electrophoresis, followed by ultraviolet (UV), electrochemical (EC), fluorescence (F) or

mass spectrometric (MS) detection. Most of these methods require complex extraction, pre-
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concentration and hydrolysis before quantification. Unfortunately, these steps often result
in the oxidation/degradation of analysed PHAs. UPLC is an advanced form of liquid
chromatography (LC) in which narrow-bore columns packed with very small particles and
mobile phase delivery systems operate at high back-pressures. Compared to conventional
HPLC, UPLC has major advantages such as improved resolution, shorter retention times
and higher sensitivity (Yu et al., 2006). Coupling UPLC with electrospray ionisation (ESI)
tandem mass spectrometry (MS/MS) offers more advantages than conventional HPLC-
MS/MS (Gruz, Novak, and Strnad, 2008). Gruz et al. used this method for qualitative and
quantitative analysis of phenolic acids in different beverages (Gruz, Novak, and Strnad,

2008).

2.4. Large scale extraction of carotenoids

Carotenoids can be extracted in large scale to produce carotenoid rich supplements. In this
scale, the equipment may be different from those used in laboratory scale and the extraction
conditions are not easy to control. For example, filtration and drying processes of the
extraction solution in large scale are different from lab scale methods. Residual pectins in
fruit juice lead to formation of colloids which may result in blockage during filtration. A
possible solution in fruit juice processing can be enzymatic degradation of the colloids

(Will et al., 1994).

Another possible problem is degradation of sensible carotenoids during drying and storage.
Using additives to encapsulate the product may protect it against heat and moisture to solve

the problem.

2.4.1. Enzymatic treatment

Raw press juice is viscous due to persistent clouds formed from cell wall and middle-
lamina pectin of the fruit with cytoplasmic protein. The clouds are degraded by pectinase
treatment. Pectinase leads to an increase in press capacity and the yield of juice. It has also
a positive effect to increase carotene and dry matter content of the product (Demir et al.,
2001). In addition, pectinase reduces the viscosity of the juice and agglomerates the cloud
particles to larger units which sediment and can be easily removed by centrifuge or

filtration (Pilink and Voragen, 1989).
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Pectinases, cellulases and hemicellulases are three enzymes used for fruit juice treatment.
Grohmann and Baldwin (1992) studied the effect of commercial cellulose and pectinase
enzymes on the hydrolysis of polysaccharides in comminuted orange peel. Pectinase
enzyme resulted in high levels of conversion to monomeric sugars but cellulose enzyme
lead to only limited solubilisation. Treatment of comminuted orange peel with a
combination of cellulose and pectinase enzymes was the most effective method for

enzymatic hydrolysis of polysaccharides.

Viscozyme is a multi-enzyme prepared from Aspergillus aculeatus, and contains a wide
range of carbohydrases, such as arabanase, cellulase, hemicellulase, and xylanase (NCBE,
2011). Viscozyme is commercially used in food industry to process cereals and vegetables.
Viscozyme is able to degrade the non-starch polysaccharides and branched pectins in plant
cell wall, which reduces the viscosity of plant extract and increases the yield of juice (Sun,

2007).

2.4.2. Additives

-carotene is sensitive to oxidation during storage. Wagner and Warthesen (1995) reported
a half-life of 2-3 days at 23°C in spray dried carrot juice. Encapsulation isolates the
sensitive ingredient, like B-carotene, in a wall of coating material and provides a barrier to
oxygen and water vapour. Emulsification of the sensitive ingredient in a solution which
contains the wall material is the easiest encapsulation method. The solution is so dried that
the sensitive ingredient is coated by or entrapped in the wall material. Figure 2.18 shows

the schematic of encapsulation.

Wall

Internal Phase: Liquid or Gas Irregular Particle

Wall

Internal Phase: Suspended Solid in Liquid Dispersed Solid in Solid

Figure 2.18. Encapsulation of gas and solid particles in single capsule (adapted from Balassa et al., 1971).
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Application of this technique has widely used in food industry to enhance their stability and
maintaining viability. Encapsulation is also used to mask odours or tastes, and to make the
application of the powder easier and more widespread. Several techniques are performed to
form the capsules, including spray drying, spray chilling or spray cooling, extrusion
coating, fluidized bed coating. Encapsulation is used for a wide variety of foods including
flavouring agents, artificial sweeteners, colorants, antioxidants and agents with undesirable

flavours and odours (Gibbs et al., 1999).

Large surface area in spray dryer may increase oxidation. Thus, the wall material should be
thick enough to provide a barrier against oxygen. In general, 80% of the total weight must
be the wall material which reduces delivery efficiency of the product. Maltodextrins are
efficient and cost effective and have mild flavour. They exhibit low viscosity at high solid
ratios and are accessible in several average molecular weights. Maltodextrines have
dextrose equivalent (DE) values of 4, 10, 15, 20, 25, 30 and 42 while the average molecular
weight decreases with increasing DE. This feature allows for blending to produce different
wall densities which provides the protection of the encapsulated ingredient against
oxidation. Using maltodextrins with higher DE values provide a denser matrix which is

more impermeable to oxygen and results in longer shelf life (Desobry et al., 1997).

In addition to maltodextrin, other agents are used industrially such as acacia gum, sucrose
and starch. However, maltodextrins are the most frequently used agent because of their
good efficiency and low price. Desobry et al. (1999) revealed that addition of glucose to
maltodextrin 4-DE to reach 25 DE extended the half-life of the encapsulated -carotene to
17 weeks as compared to 6 weeks with a commercial maltodextrin 25 DE. It can be used to

extend the shelf-life of provitamin A in foods.

2.4.3. Spray drying

Atomization or spray drying is the most widely used industrial process for formation of
solid powders, granulates and agglomerate particles from solutions, emulsions and
pumpable suspensions. It is also the most common method of encapsulation of the extract

due to its short drying time and low cost (Robert et al., 2003).
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The quality of food powders is based on a variety of properties depending on the specific
application. Final moisture content, solubility index, rheological properties and bulk density
are among the important powder properties (Straatsma et al., 1999). Several parameters
such as solid content of feed, inlet and outlet air temperature have to be carefully controlled
to obtain a powder with desired properties (Bhandari et al., 1992). For example, the low
solid content can increase the moisture content, while the high solid content can increase

the viscosity of the feed (Chen and Tang, 1998).

Figure 2.19 shows the schematic of a typical spray dryer. Most spray dryers consist of a
vertical cylindrical chamber (A). Material is sprayed into this chamber in the form of small
droplets (B) and at the same time a large volume of heated gas (C), usually air, is fed into
the chamber. The volume and temperature of the heated gas must be sufficient to
completely evaporate the solvent from the droplets. Drying should be completed before
separating the particles from the gas. This separation is partially done in the drying
chamber due to the gravity of the larger dried particles (D). The fine particles are separated
from the gas in external cyclones (E) and secondary bag collectors (F) (Balassa et al.,

1971).

A
Air = m Drying é Exhaust
Chamber [ |
A

| Lo
iy : [

Solution

2

Air heater 1 Solids

Figure 2.19. Diagram of a typical spray dryer (Balassa et al.. 1971).
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Hypothesis and objectives

Hypothesis:

A powder extract from cantaloupe rich in carotenoids and phenolic compounds and with

high quality, can be obtained by using ethanol as extraction solvent.

Objectives:

1. To study the effect of time and temperature of extraction by ethanol on the
carotenoid content.

2. To characterize (qualification and quantification) each type of carotenoid and
phenolic compounds in the skin, seed and flesh of cantaloupe.

3. To produce a dry extract rich in the carotenoids at pilot scale through using

additives to enhance the quality of the final powder extract.






Chapter 3: Methodology
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The proposed approach involves five sections:

3.1. Material preparation
Cantaloupes were purchased and separated into three parts; flesh, peel and seed, which
were freeze dried. The powder obtained after freeze drying was used for extraction and

characterization in the next steps.

3.2. Extraction and characterization of carotenoids and polyphenols

3.2.1. Extraction and characterization of carotenoids using tetrahydrofuran (THF) as solvent

The carotenoid content of each part of cantaloupe (flesh, peel and seed) was extracted at
room temperature, using tetrahydrofuran. The extraction procedure was done in triplicate,
as shown in table 3.1. The total carotenoid of extracts was determined by
spectrophotometer. High performance liquid chromatography (HPLC) was used for
qualitative and quantitative determination of carotenoids present in the extracts. The results

of this step provided a reference point to compare the results of sections 3.3 and 3.4.

Table 3.1. Experimental parameters for extraction and characterization of carotenoids with tetrahydrofuran.

Dependent Measurement Number of

variable i method il measurements Nusheraf samples

Total Flesh

carotenoid Peel Spectrophotometer 3 12

content Seed

24

Individual Flesh
carotenoid Peel HPLC 3 12

content Seed

3.2.2. Extraction and characterization of polyphenols

The polyphenol content of each part of cantaloupe (flesh, peel and seed) was extracted,
using methanol as solvent. The extraction procedure was done in triplicate, as shown in
table 3.2. The total and individual polyphenol of extracts were determined by
spectrophotometer and UPLC, respectively. The results of this step provided a reference

point for the results of section 3.3.2.
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Table 3.2. Experimental parameters for extraction and characterization of polyphenols with methanol

Dependent Measurement Number of Number of
; Sample Repeats
variable method measurements samples
Total FleSh
polyphenols Peel Spectrophotometer 3 9
content Seed 5
Individual Flesh
polyphenols Peel UPLC 3 9
content Seed

3.3. Optimization of carotenoid extraction parameters

3.3.1. Optimization of time and temperature for extraction of carotenoids, using ethanol as solvent

Ethanol was used as extraction solvent and optimum extraction parameters including time

and temperature were determined. Six extraction time and four extraction temperature were

considered and carotenoid content of the extracts was characterized by spectrophotometer.

The comparison of the results obtained in sections 3.2.1 and 3.3.1 revealed the efficiency of

extraction carried out with different parameters. Table 3.3 shows the experimental plan for

this step.

Table 3.3. Experimental parameters for optimization of extraction parameters.

Dependent | Independent Measurement Number of TYnier
: ; Levels | Sample Repeats of
variable variable method measurements
samples
0
30 Flesh
i 60
Total Time "
carotenoid (minute) 120
content 180 Peel | Spectrophotometer — e
extraction 25
i Flesh
w Temperature | 30 ;
°C) 40
Peel
50
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3.3.2. Optimization of ethanol/water ratio for extraction of carotenoids and polyphenols

Five ethanol/water ratios were used as extraction solvent, using the optimum extraction
time and temperature obtained in section 3.3.1. The carotenoid and polyphenol content of
the extracts were characterized by spectrophotometer. Individual carotenoid and polyphenol
contents of the extracts were characterized by HPLC and UPLC, respectively. The
comparison of the results obtained in sections 3.2.1, 3.2.2 and 3.3.2 revealed the efficiency
of extraction carried out with different solvent ratios. Table 3.4 shows the experimental

plan for this step.

Table 3.4. Experimental parameters for optimization of solvent ratio

Dependent | Independent Levsls | semple Measurement Reveats Number of Nu:;?er
variable variable method P measurements
samples
Total and
individual Spectrophotometer
polyphenol Pehaiiol and UPLC
contents 95%, Peel
Total and | Ethanol/water | 70%, and
individual ratio 50%, flesh | Spectrophotometer 3 150 30
carotenoid 30% and HPLC
contents and 0%
Extraction D
yield s

3.4. Ethanolic extraction of carotenoids

The optimum extraction time, temperature and solvent ratio obtained in sections 3.3.1 and
3.3.2 were used for ethanolic extraction of carotenoids in the flesh and peel (table 3.5).
Spectrophotometer was used to measure the total carotenoid and polyphenol content while
HPLC was used to distinguish the type of carotenoid and determine the content of each
type of carotenoid. THF was used as a solvent for extraction of the remained carotenoids in

the extraction residue.




Table 3.5. Experimental parameters for ethanolic extraction.

Dependent | Independent s Measurement Number of Number
variable variable e method Repeuss measurements of
samples
Total
carotenoid
pol;;ll(ljenol Opﬁml.im
: extraction
BatnE 10 time and Flesh
extract Spectrophotometer 3 18
temperature Peel
Total and solvent
carotenoid ratio
content in
residue "
Individual
carotenoid
(type & Optimum
content) in extraction
extract time and Flesh
Individual temperature Peel HPLC 2 L
carotenoid and solvent
(type & ratio
content) in
residue

3.5. Semi-industrial procedure for ethanolic extraction of carotenoids

The results obtained in section 3.4 revealed the individual carotenoids which can be
extracted with ethanol from each part of cantaloupe. The aim of this step was to validate the
laboratory scale results through a semi-industrial procedure. Based on the carotenoid
content and extraction efficiency obtained, ethanolic extraction procedure was applied to
selected parts in a semi-industrial scale and a carotenoid rich powder was produced and
characterized. In this step, centrifuge filtration and spray dryer were used to filter the
extract and produce a powder from peel and flesh of cantaloupe. Maltodextrine was used as

additive to protect the solution during spray-drying.

3.6. Statistics

Analysis of variance was performed using the GLM procedure of Statistical Analysis
System (SAS). In the case of optimisation of the extraction parameters, MIXED procedure
of SAS 9.2 was used. The results were presented as mean values and standard deviations

(mean + SD).
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3.7. Impact of the research

The current research is supposed to extend our knowledge of carotenoids in cantaloupe and
lead to a protocol for ethanolic extraction of these carotenoids. Using this protocol, we will
be able to produce a powder extract from cantaloupe rich in carotenoids and with high
quality. This powder can be used as nutritional additive to potentially reduce the risk of
serious human health disorders such as cancer, heart disease, macular degeneration and
cataracts. The use of ethanol as extraction solvent will provide such an extract and prevent

the harmful effects of other solvents.



Chapter 4: Experimental
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4.1. Material preparation

Cantaloupes with a total weight of 6 kg were purchased at a local grocery store (Figure
4.1). The cantaloupes were separated into three parts, flesh, peel and seed. From each
cantaloupe, three samples of flesh, peel and seed were kept at -80°C. Three grams of each
sample was dried at 105°C during 3 hours and humidity, dry matter and their ratio were
determined using the following equations. Then the flesh of all cantaloupes was blended
together at high speed. The peel and seeds of all cantaloupes were also mixed separately.
One sample was kept at -80°C and the remained mixture of the flesh, peel and seed were
freeze dried separately. Their humidity and dry matter were determined. All samples were
protected against heat and were covered with aluminum sheet to prevent the exposure to

light.

Figure 4.1. Cantaloupe used in the experiments.

The powder obtained after freeze drying was used for extraction and characterization in the

next Steps.
Weight of dry matter
0 =
%Dry matter weight of fresh material 100 (4.1)
%Humidity — weight of fresh material-weight of dry matter x 100 (42)

weight of fresh material

4.2. Extraction and characterization of carotenoids with tetrahydrofuran (THF)

4.2.1. Extraction of carotenoids with tetrahydrofuran (THF)

Total carotenoid extraction was carried out by employing the method of Bureau and
Bushway (1986). These extracts will be used as a reference for the ethanolic extraction
experiments. Two grams of freeze dried powder samples of each part of cantaloupe (flesh,

peel and seed) were separately added to 12.5 ml THF as solvent. They were mixed using a
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ULTRA-TURRAX at high speed (9500 rpm) for 5 minutes at room temperature. The
extract was vacuum-filtered through a Buchner funnel fitted with Whatman No. 42 filter
paper. The filter cake was re-extracted two more times to remove all the carotenoids. The

filtrates were combined and brought to a 25 ml volume with THF.

4.2.2. Determination of total carotenoids by spectrophotometer

Three milliliters of supernatant of the extract was transferred to a 50 ml round bottom flask
and evaporated to dryness under vacuum, using a Buchi rotary evaporator at a temperature
of 30°C. The evaporated sample was redissolved in 3 ml of hexane and then transferred to a
3 mL cuvette. The absorbance of UV at the wavelength of 450 nm was measured by

spectrophotometer.

The total concentration of carotenoids was calculated using the following equation:

¢ = (o) * (B) x 52 x D (4.3)

C: concentration (ng/g)
A: absorption at 450 nm for lutein and 448 nm for B-carotene
V: volume of solvent (dl)

E'"= absorptivity in organic solvents (cm™), 2592 for lutein and 2589 for p-carotene
M: mass of sample (g)

D: dilution factor

4.2.3. Determination of carotenoids by High-performance liquid chromatography (HPLC)

HPLC was used in this study because it is quick, accurate and reproducible for carotenoid
analysis. Ten milliliters of supernatant of the extract was transferred to a 50 ml round
bottom flask and evaporated to dryness under vacuum, using a Bushi rotary evaporator at a
temperature of 30°C. The evaporated sample was redissolved in 1 ml of methanol/MTBE
(9:91) and transferred to a 1 ml vial and placed in -80°C until injection into the HPLC.

During the analysis, the sample was wrapped in aluminum foil to protect against light.
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4.2.4. Preparation of f-carotene standard

Solution of B-carotene was prepared by weighing 0.001 g of B-carotene into a 100 ml
volumetric flask. The flask was brought to volume with stabilized hexane. Aliquots of 500
ul and 2.0 ml were taken and poured into two 10 ml volumetric flasks. This working
standard was brought to volume of 10 ml with stabilized hexane then 3 ml of each
transferred to a cuvette. The absorbance of UV at the wavelength of 450 nm was measured
by spectrophotometer. The total concentration of carotenoids was calculated using the

following equation:

copm) = (raramicmra) X () x (59 4.4)

Edlem~lg~1x1em 1
Edl cm™ g'= 2592 dl g"'=absorptivity of f-carotene in hexane

The concentration of B-carotene in 2 ml and 500 pl standard solutions were used to perform
calibration curve. Ten microliters of standard was injected, and quantification was
performed using peak area. Each peak was confirmed by the retention time and
characteristic spectra of the standards. Three milliliters of solvent B (methanol/MTBE) was
taken and poured into a vial as a blank solution and then 10 pl of that was injected into

HPLC.

4.2.5. High-performance liquid chromatography (HPLC)

Carotenoids were quantified using a high-performance liquid chromatographic system
equipped with column YMC C;p 250 mm X 4.6 mm. The column was maintained at 30°C
using a heated column. The wavelength of UV detector photodiode (Waters 996) was 450
nm. A 10 pl sample was injected using a Waters 717 plus. A standard solution was
prepared (p-carotene) over a concentration range of 1 to 5 mg/l diluted in solvent B
(methanol/MTBE, 9:91). All pigments were quantified by the B-Carotene. A Waters pump
600 was used for making the gradient. The mobile phase flow rate was 1.0 ml/min. The
mobile phases were A: methanol/MTBE/water (81:15:4) and B: methanol/MTBE (9:91).
The mobile phase gradient used was as follow: starting at 100% A to 50% A/50% B in 45
minutes followed by 50% A/50% B for 24:58 minutes. The column was re-equilibrated
between samples for 25 minutes. The rebalancing was necessary to remove residual effects

of solvent B.
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Table 4.1. The mobile phase gradient table

Time (min) % A % B
= 100.0 0.0

45 50.0 50.0
69:58 50.0 50.0
69:59 100.0 0.0

4. 3. Extraction and characterization of polyphenols

In order to quantify the extractable polyphenols, two successive extractions were performed
on | g powder of flesh, peel and seed. In these extractions, methanol:water with the volume
ratio of 80:20 and acetone:acide acetic 2% with the volume ration of 70:30 were used as

solvents extraction, respectively.

4.3.1. Double extraction of polyphenols

One gram of the powder of each part of cantaloupe was weighed accurately in a 50 ml tube.
Five milliliters of water was added and stirred. Twenty milliliters of methanol was then
added and mixed well by the vortex at high speed. Samples were mixed for 30 seconds,
sonificated for 30 minutes and then centrifuged at 3500 rpm for 5 minutes. The supernatant
(No. 1) was collected for analysis. One hundred microliters of the supernatant was used for
analysis of total polyphenol and 2 ml was used for determination of dry matter and yield.
The residue was used for a second extraction. Sixteen milliliters of acetone and then 4 ml of
acetic acid solution 2% were added to the residue. Samples were mixed for 30 seconds,
sonificated for 30 minutes and then centrifuged at 3500 rpm for 5 minutes. The supernatant
(No. 2) was collected for analysis. One hundred microliters of the supernatant was used for
analysis of total polyphenol and 2 ml was used for determination of dry matter and yield.
First and second supernatant were mixed together and centrifuged at 3500 rpm for 5
minutes. They were transferred into a 250 ml round bottom flask and were evaporated
completely at temperature of 45°C. Twenty five milliliters of water was added and mixed
well. The Brix of each sample was measured. Then, the extract went through the column
chromatography to purify the extract. The passage of extract through the chromatography
column allowed to separate polyphenols from other soluble materials present in the extract,
ie, sugars, polysaccharides and organic acids mainly. Twenty five milliliters of aqueous

extract was passed through 50 ml of resin. One hundred and fifty milliliters of ethanol was
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used to wash the column and detach the polyphenols from the resin. The volume of the
output of chromatography was measured and then transferred into a 500 ml round bottom
flask and were evaporated at 45°C completely. One milliliter of ethanol 95% was added
and mixed well. Then the solution was transferred into a UPLC vial and kept at -80°C. All

experiments were performed in triplicate.

In the case of purification of extract by column chromatography, the adsorption of
polyphenols on the resin is much more effective when the chromatography step is
performed directly after the evaporation step, without refrigeration and waiting time. In
fact, the resins are more efficient when heated (Schieber et al., 2003). Cooling has an
irreversible negative impact on the adsorption properties of polyphenols, since reheating of

the solution cannot provide the initial effectiveness of the resin (Brianceau, 2010).

4.3.2. Analysis of total polyphenol with Folin-Ciocalteu

One hundred microliters of sample, as well as the standard and blank solutions were
transferred into a 3 ml cuvette. Two milliliters of distilled water and 200 pL of Folin-
Ciocalteu were added, respectively. The samples were mixed well for about 1 minute and
were left for 5 minutes. Nine hundred microliters of sodium carbonate solution (200 g
sodium carbonate in 1000 ml of distilled water) was added and mixed well. The reading
was done by spectrophotometer at wavelength of 765 nm, two hours after addition of
sodium carbonate. The samples were kept in dark. The total polyphenol was calculated

using equations (4.5) and (4.6):

Concentration of polyphenol (mg/g) = (C(mg/1) x V(ml))/(1000 x M(g)) (4.5)

% Polyphenol = C(=%) x (K“i’) x (=) % () (4.6)

1000 M(g) 1000

C: concentration (mg/g)
M: mass of sample (g)

V: volume of solvent (ml)

4.3.3. Preparation of standard solutions
Gallic acid in methanol, with the concentrations of 100 ppb, 1000 ppb, 50 ppm and 250

ppm was used as a standard solution.
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4.3.4. UPLC-MS/MS instrumentation and conditions

UPLC-MS/MS analyses were carried out using an ACQUITY H-Class Ultra Performance
™ system (Waters, Milford, MA, USA) linked simultaneously to both a PDA detector
and TQD triple quadrupole mass spectrometer (Waters MS Technologies, Manchester,
UK), equipped with a Z-spray electrospray ionisation (ESI) source operating in negative

mode.

MassLynxTM software (version 4.1, Waters, Milford, MA, USA) was used to control the
instruments, and for data acquisition and processing. Sample solutions were injected into a
reversed phase column (Acquity UPLC @ HSS Ts 1.8 um, 2.1 x 150 mm (Waters, Milford,
MA), which was maintained at 30°C. Formic acid 0.1% and acetonitrile were used as a
solvent A and B respectively at a flow rate of 200 pL min-'. At the end of this sequence the
column was equilibrated under initial conditions for 1.40 minutes. The pressure ranged
from 4000 to 7000 psi during the chromatographic run. The effluent was introduced into a
PDA detector (scanning range 210-600 nm, resolution 1.2 nm) and subsequently into an
electrospray source (source block temperature 120°C, desolvation temperature 350°C,

capillary voltage 3.05 kV, cone voltage 39 V). Nitrogen was used as desolvation gas (650
L/h).

Table 4.2. The mobile phase gradient table

Time (min) % Solvent A % Solvent B

95.0 5.0
6.00 88.0 12.0
12.00 85.0 15.0
24.00 75.0 25.0
33.00 70.0 30.0
39.00 65.0 35.0
51.00 40.0 60.0
60.00 5.0 95.0
61.80 5.0 95.0
62.40 95.0 5.0

69.00 95.0 5.0
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4.4. Extraction of proanthocyanidin from peel, flesh and seed of cantaloupe

4.4.1. Solutions to prepare
1. Acidified ethanol: 12.5 ml of hydrochloric acid (36%) was added to 12.5 ml of
distilled water and 75 ml of ethanol (95%). They were mixed and kept at 18-25°C.
2. Dilution solution: 8 ml of ethanol (95%) was added to 19.5 ml of deionised water
and mixed well.
3. DMAC reagent: 0.1% mg of DMAC was weighted and added to 50 ml of acidified

ethanol.

4.4.2. Extraction

Five hundred milligrams of the powder was weighed in a 50 ml tube. Five milliliters of
acetic acid solution 2% was added and mixed well. Fifteen milliliters of acetone was then
added and mixed for 30 seconds. The extract was sonificated for 30 minutes and
centrifuged at 3500 rpm for 5 minutes, respectively. The supernatant was collected for the

analysis. All experiments were performed in triplicate.

4.4.3. Analysis of proanthocyanidin

Seven hundred microliters of the sample as well as the standard and blank (dilution
solution) were transferred into three 3 ml cuvettes. Then, 2100 ul of DMAC was added to
each cuvette and mixed well. The reading was done by spectrophotometer at wavelength of

640 nm from 15 to 20 minutes to select the highest absorption.

4.5. Optimization of parameters for carotenoids extraction using ethanol as solvent

4.5.1. Optimization of extraction time and temperature

The extraction of carotenoids was carried out by maceration of the powder in the ethanol.
The solid: liquid ratio of 1:20 (w:v) and ethanol 95% are most suitable in terms of
industrial production and were used for this step. To optimize the extraction parameters at
the laboratory scale, 1 g of the ground powder was mixed with 20 ml of ethanol using the
ULTRA-TURRAX at high speed (9500 rpm). Water bath was used for heating the
extraction solvent to 25°C, 30°C, 40°C and 50°C. After soaking times of O h, 0.5 h, 1 h, 2
h, 3 h and 6 h a sample was taken and analysis of total carotenoid was performed. The
impacts of extraction time and temperature on the extraction yield were investigated. After

6 h at different extraction temperatures a sample of 2 ml of extract was taken and
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transferred into a small glass tube. The sample was dried in the oven at 45°C and %yield
and %dry matter were calculated. All experiments were performed in triplicate.

The total carotenoid (TC) was determined by UV-visible spectrophotometer (Unico 1200).
The concentration of total carotenoids such as lutein and -carotene was calculated based
on the absorbance of the wavelength of 444 nm and 450 nm, respectively, and using the

following formula:

¢ = G * (B) x 9 %D (4.7)

C: Concentration (ug/g)

A: Absorption at 444 nm for lutein and 450 nm for B-carotene

V: Volume of solvent (dl)

E'"= Absorptivity in organic solvents (cm™), 2550 for lutein and 2529 for B-carotene
M: Mass of sample (g)

D: Dilution factor

4.6. Optimization of the ethanol/water ratio for extraction of carotenoids and polyphenols
4.6.1. Optimization of the ethanol/water ratio

One gram of freeze dried powder samples of flesh and peel were extracted using 20 ml of
ethanol 95%, 70%, 50% and 30%, and Ultra pure water as solvent to study the extraction
yield. The impacts of different percentages of ethanol were investigated. ULTRA-
TURRAX at 9500 rpm was used to mix the powder and solvent for 2 minutes at room
temperature. Water bath was used for keeping the solvent at 50°C. The soaking time was 2
hours for flesh and peel. The extracts were vacuum-filtered with Whatman 42 filter paper.
The supernatant was separated, centrifuged at 3500 rpm for 2 minutes and kept at -80°C for
the analysis. For calculation of dry matter, 1 ml of each supernatant was transferred into a

glass tube and dried in the oven at 45°C. All experiments were performed in triplicate.

4.6.2. Analysis of total polyphenol
One hundred microliters of supernatant was used for analysis of total polyphenol by

spectrophotometer using Folin-Ciocalteu, as explained in section 4.3.2.
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4.6.3. Analysis of polyphenols by UPLC

Three milliliters of supernatant was transferred into a glass tube. Ethanol was evaporated
under nitrogen, at a temperature of 50°C. After evaporation, the volume was adjusted to 3
ml by water. Five milliliters of methanol, 5 ml of HC1 0.01 M and 3 ml of supernatant were
passed through the SEP-PAK (solide phase extraction, C,g), respectively. Then the SEP-
PAK was washed with 5 ml of HCI 0.01 M. The polyphenols were recovered with 3 ml of
methanol and transferred into a vial of UPLC and kept at -80°C for analysis with UPLC, as

explained in section 4.3 .4.

4.6.4. Determination of total carotenoids in the extract by spectrophotometer

Three milliliters of supernatant of the sample was transferred to a 50 ml round bottom flask
and evaporated to dryness under vacuum, using a Buchi rotary evaporator (30°C).
Evaporated sample was redissolved in 500 pul of water. Then, 2.5 ml of acetone was added
and centrifuged for 3 minutes. The supernatant was transferred to 3 mL cuvette. The
concentration of total carotenoids such as lutein and -carotene was calculated based on the
absorbance of the wavelength of 446 nm and 452 nm, respectively, and using the following
formula:

¢ = (gmtram) * () x C5 29 %0 (48)

C: Concentration (ng/g)

A: Absorption at 446 nm for lutein and 452 nm for B-carotene

V: Volume of solvent (dl)

E'*: Absorptivity in organic solvents (cm™), 2540 for lutein and 2559 for B-carotene
M: Mass of sample (g)

D: Dilution factor

This small volume of water was used to dissolve the dried extract, since it was not soluble
in acetone and other solvents. The absorbance of water was unknown; therefore acetone

was used, after dissolving, for determination of total carotenoids.

4.6.5. Determination of carotenoids in the extract by HPLC
Three milliliters of supernatant of extract was transferred to a 50 ml round bottom flask and

evaporated to dryness under vacuum, using a Bushi rotary evaporator (30°C). The
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evaporated sample was redissolved in 1 ml of methanol/MTBE with the volume ratio of
80:20 which was found as the optimum ratio. The dried extract was less soluble in other
ratios of methanol/MTBE. The supernatant was transferred to 1 ml vial and kept at -80°C

until injection into the HPLC. HPLC was performed as explained in section 4.2.5.

4.7. Ethanolic extraction of carotenoids

4.7.1. Extraction of carotenoids with ethanol

One gram of freeze dried powder samples of flesh and peel were used for extraction of
carotenoids by ethanol 95%, as explained in section 4.6.1. The extract was centrifuged at
3500 rpm for 3 minutes and vacuum-filtered through a Buchner funnel fitted with a 0.7 pm
Whatman GF/F filter paper. The filter cake was separated for the analysis and the
supernatant was filtrated by filter paper of HPLC (0.45 um) and was kept at -80°C for the

analysis. One milliliter of the supernatant was dried in the oven at 45°C for calculation of

dry matter.

4.7.2. Analysis of total polyphenol
One hundred microliters of supernatant was used for analysis of total polyphenol by

spectrophotometer using Folin-Ciocalteu, as explained in section 4.3.2.

4.7.3. Determination of total carotenoid in the extract by spectrophotometer
Three milliliters of supernatant was transferred to a 3 ml cuvette and the absorbance of UV
at wavelength of 444 nm and 450 nm was measured by spectrophotometer. The total

concentration of carotenoids was calculated using the equation (4.7).

4.7.4. Determination of carotenoids in the extract by HPLC
The carotenoids in the extraction residue were determined by HPLC, as explained in
section 4.2.3. Evaporated sample was redissolved in 3 ml of methanol/MTBE (9:91). The

extracts were transferred to a 1 ml vial and kept in -80°C until injection into the HPLC.

4.7.5. Extraction of carotenoids in the extraction residue, using tetrahydrofuran (THF)

The carotenoids in the extraction residue were extracted by THF, as explained in section
4.2.1. The filter cake was re-extracted one more time to remove all the carotenoids. The
filtrates were combined and brought to a 20 ml volume with THF and was used for

determination of total and individual carotenoids remained in the residue.
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4.7.6. Determination of total carotenoids in the extraction residue by spectrophotometer
The concentration of total carotenoids in the extraction residue was measured using the
method explained in section 4.2.2. The total concentration of carotenoids was calculated

using the equation (4.3).

4.7.7. Determination of carotenoids in the extraction residue by HPLC
HPLC was used to determine the carotenoids in the extraction residue. The methods are

explained in sections 4.2.3 and 4.2.5.

4.8. Semi-industrial procedure for ethanolic extraction of carotenoids
Before starting the semi-industrial procedure, the amount of polyphenol and carotenoids
were measured in the presence and absence of enzymes (Kleryme and Viscozyme) in the

lab-scale experiments and the best enzyme was chosen for using in pilot scale.

For this purpose, 1 g of the powder of flesh of cantaloupe was mixed with 6 ml of water
and heated to 45°C for 1 hour. Then, 200 pl of Viscozyme and 3 ul of Kleryme was added
separately to three samples and kept at 45°C for 1 hour. The samples were centrifuged for
30 minutes at 5000 rpm. The water was separated and the amounts of polyphenol and
extraction yield were measured in the water. Twenty milliliters of ethanol 95% was added
to the residues. After mixing well, the samples were put in the water bath at 50°C for 2
hours. After centrifugation, the amounts of polyphenol and carotenoid as well as extraction

yield were measured for the extract.

Figure 4.2 shows the schematic of different steps of semi-industrial procedure for ethanolic

extraction of carotenoids.
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Figure 4.2. Semi-industrial procedure for ethanolic extraction of carotenoids.

4.8.1. Material preparation

Cantaloupes with a total weight of 10 kg were purchased from a local grocery store. The
cantaloupes were separated into two parts, flesh-peel and seed (Figure 4.3). Each part was
measured separately. Then the flesh-peel of all cantaloupes was blended at a high speed
(Figure 4.3.d). One sample of flesh-peel was kept at -80°C. The humidity and dry matter
were determined. All samples were protected against heat and will be covered with

aluminum sheet to prevent the exposure to the light.
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Figure 4.3. a,b and ¢) Cantaloupe preparation, d) Blender.

4.8.2. Enzyme treatment

Viscozyme (200 pl/g dry powder or 200 ml/kg dry powder) was used as an enzyme for
separating the pectin and facilitating the filtration. For this purpose, the remained mixture
of the flesh-peel was weighed and transferred into a mixer and the temperature was set at

45 °C. The mixture was heated for 1 hour at this temperature.
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4.8.3. Centrifuge-filtration

After enzyme treatment, the mixture was transferred into a centrifuge to separate the
residue from the juice. After centrifuge-filtration, the mass of residue, the volume and the
dry matter of liquid were measured. The juice was centrifuged again to separate the
particles. Then the juice was freeze dried and 588 g of dry powder was obtained. The
powder obtained after freeze drying was too hydroscopic. The quantity of total polyphenols

in the separated juice, after freeze drying, was measured by spectrophotometer.

4.8.3.1. Analysis of total polyphenol with Folin-Ciocalteu

Five hundred milligrams of the powder (after freeze drying of juice) was
weighed accurately in a 50 ml tube. Five milliliters of water was added and stirred. Twenty
milliliters of methanol was then added and mixed well by the vortex at high speed. Samples
were mixed for 30 seconds, sonificated for 30 minutes and then centrifuged at 3500 rpm for
5 minutes. One hundred microliters of sample, as well as the standard and blank solutions
were used for analysis of total polyphenol by spectrophotometer using Folin-Ciocalteu, as

explained in section 4.3.2.

4.8.4. Ethanolic extraction
To obtain the ratio 1:10, 6.5 litres of ethanol 95% was added to 650 g of the residue and
was mixed well for 2 hours at 50°C (Figure 4.4). Samples were taken at 30 min, 1 hand 2 h

for measuring the carotenoid content.

Figure 4.4. Ethanolic extraction of carotenoids



62

4.8.4.1. Analyse of total carotenoids by spectrophotometer

After centrifuge, 3 ml of solvent was transferred to a 3 ml cuvette and the absorbance of

UV at wavelength of 444 nm and 450 nm was measured by spectrophotometer.

4.8.5. Centrifuge-filtration

After extraction, the mixture was transferred into a centrifuge to separate the residue from
ethanol. A white residue was obtained after centrifuge (Figure 4.5). After centrifuge-
filtration, the mass of residue, volume, Brix and dry matter of the extract were measured.

The quantity of total polyphenols in the extract was measured by spectrophotometer.

Figure 4.5. a) Centrifuge-filtration, b) Residue after Centrifuge-filtration

4.8.5.1. Analysis of total polyphenol with Folin-Ciocalteu

One hundred microliters of extract was used for analysis of total polyphenol by

spectrophotometer using Folin-Ciocalteu, as explained in section 4.3.2.

4.8.6. Evaporation of ethanol
Ethanol was evaporated from 5400 ml of the solvent at temperature of 35°C and vacuum
pressure of 750 mm/Hg (Figure 4.6). As a result, the extract was concentrated about 27

times and 200 ml of aqueous fraction with dry matter of 20% was obtained.
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Figure 4.6. Evaporation of ethanol

After evaporation, a resin (Figure 4.6) was obtained which was the residue of carotenoids
and chlorophyll, sticked around the vessel. This resin was gathered and its carotenoid
content was determined after drying through two different ways; drying in oven at 45°C
and freeze drying. The results were compared with those obtained without drying (direct

analysis) to verify the effect of drying method on the degradation of carotenoids.

The volume of solvent (water), Brix, dry matter, total carotenoid and total polyphenol were
measured in the solution. Solution was protected against heat and was covered with

aluminum sheet to prevent the exposure to light.

4.8.7. Additives

Sixty grams of maltodextrine was mixed with 100 ml of water and added as additive to 200
ml of final extract (with the Brix of 20%) to obtain the extract to maltodextrine ratio of
1:1.5. One gram of silica was also mixed with 50 ml of water and added to this solution.

These additives were used to protect the solution during spray-drying.

4.8.8. Spray dryer
In this step, spray dryer (Figure 4.7.a) was used to produce a powder of the extract. The

inlet and outlet temperature of air were 170°C and 70°C, respectively. Fifty two grams of
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powder (Figure 4.7.b) with the humidity of 2.8% was obtained. The quantity of total

polyphenols and carotenoids in the final powder was measured by spectrophotometer.

Figure 4.7. a ) Spray dryer, b) Dried powder obtained after spray drying.

4.8.8.1. Analysis of total polyphenol with Folin-Ciocalteu
The concentration of total polyphenols in the powder was measured using the method

explained in section 4.8.3.1.

4.8.8.2. Determination of total carotenoids by spectrophotometer

Five hundred milligrams of the powder was weighed accurately in a 50 ml tube. Ten
milliliters of acetone was added and mixed well by the vortex at high speed. Sample was
centrifuged at 3500 rpm for 20 minutes and then was filtered with filter paper No. 0.45.
Three milliliters of supernatant of the extract was transferred to a 3 ml cuvette. The
absorbance of UV at the wavelength of 446 and 452 nm was measured by

spectrophotometer.



Chapter 5: Results and discussion
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5.1. Material preparation

The percentage of dry matter and humidity of three parts of cantaloupe (flesh, peel and
seed) are presented in the table 5.1. The results were obtained by taking the average of
humidity and dry matter of seven cantaloupes. According to table 5.1, the moisture content
of flesh is more than that of peel and seed. The dry matter of seed is higher than that of peel

and flesh of cantaloupe.

Table 5.1. % Dry matter and humidity in peel, flesh and seed of cantaloupes.

% Dry matter % Humidity
Peel (Average of seven cantaloupes) 10.1+1.8 89.9+1.8
Flesh (Average of seven cantaloupes) 9942 1 90.1+2.1
Seed (Average of seven cantaloupes) 6. 742.6 73.342.6

Percentage of humidity and dry matter of mixture of peel, flesh and seed, which were
determined after freeze drying are presented in table 5.2. It was used to calculate the

amounts of carotenoid and polyphenol in the fresh peel and flesh.

Table 5.2. % Dry matter and humidity in peel, flesh and seed of cantaloupes.

% Dry matter % Humidity
Peel (mixture) 10.2 80.8
Flesh (mixture) 9.8 90.2
Seed (mixture) 27.0 73.1

Ratio of dry matter and humidity in peel, flesh and seed are presented in table 5.3. These
ratios can be used to calculate the amounts of carotenoid and polyphenol in the fresh matter

of whole cantaloupe.

Table 5.3. Ratio of dry matter and humidity in peel, flesh and seed of cantaloupes.

Ratio between different parts of cantaloupe Dry matter Humidity
Peel : Flesh (Average of seven cantaloupe) 1.0 1.0
Seed : Flesh (Average of seven cantaloupe) 3.1 0.8
Peel : Seed (Average of seven cantaloupe) 0.3 1.3
Peel : Flesh (mixture) 1.1 1.0
Seed : Flesh (mixture) 2.8 0.8

Peel : Seed (mixture) 0.4 1.2
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Percentage of peel, seed and flesh in the whole fresh cantaloupe is 21.3%, 8.9% and 69.8%
respectively (Figure 5.1.a). As shown in Figure 5.1.b, peel, seed and flesh constitute 18.7%,
24.7% and 56.6% of an entire dry cantaloupe, respectively. The flesh constitutes the largest
part of the cantaloupe.

B %Peel
@ %Flesh
B %Seed

W %Peel
@ %Flesh
W %Seed

b

Figure 5.1. Average percentage of flesh, seed and peel in the
entire cantaloupe a) based on fresh matter, b) based on dry

powder.
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5.2. Extraction and characterization of carotenoids using tetrahydrofuran (THF) as
solvent

Carotenoid extraction was carried out by employing the method of Bureau and Bushway
(1986) and using tetrahydrofuran (THF) as solvent. Figure 5.2 shows the extracts. The
concentration of extracted carotenoids was measured using spectrophotometer. As shown in
table 5.4, the outer part (peel) of cantaloupe was the richest part and, therefore, a good
source for carotenoids. This is in agreement with the findings of Gross et al. (1973) and
Remorini et al. (2008) who have determined the total carotenoid content in the peel and
flesh of avocado and peach, respectively. Their results indicated that the peels of avocado
and peach had a higher content of carotenoids than the flesh. After the peel, the flesh and
seed had the highest amount of carotenoids, respectively. The results of statistical analysis
(LSD test) in table 5.4 show that the difference between the amount of total carotenoids in

the peel and flesh of cantaloupe is significant.



Figure 5.2. a) Protection of samples against light, b) Samples of peel, flesh and seed, after

extraction by THF, ¢) Residue of peel and flesh after extraction, d) Samples of peel, flesh and seed

in vial, prepared for HPLC.

69
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Table 5.4. Total concentration of carotenoids in different parts of

cantaloupe measured by spectrophotometer.

Total carotenoid in dry powder

(fresh matter)

(mg/g)
Peel 0.49+0.08 * (0.05)
Flesh 0.28+0.06 ° (0.03)
Seed 0.19+0.09 ® (0.05)

Different letters within columns represent significant difference at p < 0.05,
using LSD test. Means within a column followed by the same letter are not
significantly different at P < 0.05. Data are expressed as average of triplicate
measurements with standard deviation.

The carotenoid constituents separated from extracts of different parts of cantaloupe and
their quantitative amount determined by HPLC and using a C3y column are shown in table
5.5. Seven components were present which were separated and identified by comparing
retention times and UV/visible absorbtion spectra with commercial standard (B-carotene).
The carotenoids were B-carotene, lutein, cis isomers of B-carotene (9-Cis-f-carotene and
13-Cis-B-carotene), xanthophils, a-carotene and p-cryptoxanthin. In addition to known
carotenoids, there were unidentified carotenoids in the extracts (table 5.5). The major
hydrocarbon carotenoids in this fruit were identified as P-carotene and lutein. The cis
isomers of P-carotene, xanthophils, a-carotene and P-cryptoxanthin were identified as
minor components. The comparisons between the HPLC results of the carotenoid extracts
from peel, flesh and seed indicate that the highest level of B-carotene was detected in the
flesh (0.36 mg/g dry powder), compared with 0.14 mg/g dry powder in the peel (table 5.5).
On the contrary, the highest level of lutein was detected in the peel (0.21 mg/g dry powder),
compared with 0.005 mg/g dry powder in the flesh and 0.002 mg/g dry powder in the seed.
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Table 5.5. Concentration of 3-carotene, a-carotene, p-cryptoxanthin, Lutein, Xanthophilles, 9-Cis-B-carotene

and 13-Cis-B-carotene in different parts of cantaloupe, determined by HPLC.

Carotenoid in dry Carotenoid in dry Carotenoid in dry powder
powder (fresh matter) powder (fresh matter) (fresh matter) P-
Carotenoid of peel of flesh of seed value
(mg/g) (mg/g) (mg/g)
B-Carotene 0.14+0.01° (0.01) 0.36+0.03*(0.04) 0.20+0.02° (0.05)
B-Cryptoxanthin ND 0.0013£0.0004 (0.0001)  0.00130.0002 (0.0003)  -3739
ab
a-Carotene 0.009+0.001° (0.001)  0.004+0.001° (0.0004) $0037840.00004
(0.00155)
Lutein 0.21+0.03° (0.02) 0.005+0.002° (0.001) 0.002+0.001° (0.001)
Xanthophylles 0.07+0.01° (0.01) 0.004+0.002° (0.0004) 0.002+0.001° (0.001)
9-Cis-B-Carotene  0.020+0.003" (0.002) 0.009+0.002° (0.001) 0.0034+0.0003° (0.0009)
13-Cis-B-carotene ND 0.017+0.002 (0.002) 0.0049+0.0001 (0.0013)  0-1228
Unknown 1 ND 0.006:+0.002 (0.001) 0.0024+0.0003 (0.0006)  0-0789
Unknown 2 ND 0.005+0.001 (0.001) ND
Unknown 3 ND 0.003+0.001 (0.0003) 0.0009+0.0004 (0.0002)  0.0731
Total 0.45+0.03 (0.05) 0.4140.03 (0.04) 0.2240.02 (0.06)

ND: Not detected

Different letters within rows represent significant difference at p < 0.05, using LSD test. Means within rows followed by the

same letter are not significantly different at P < 0.05. Data are expressed as average of triplicate measurements with standard
deviation.

The P-value within rows was used to verify the presence or absence of significant difference between the individual carotenoids

content in peel and flesh, using F test.
The carotenoids in the extracts from peel, flesh and seed were identified and measured by
HPLC using a C3 column. The profiles of carotenoids are shown in Figures 5.3.a, 5.3.b and
5.3.c respectively. Using the reversed-phase HPLC, as shown in the profiles, dihydroxy
lutein as a more polar xanthophyll was the first component eluted. Monohydroxy
carotenoids, a-carotene and f-carotene were eluted after lutein, respectively. It is in
agreement with the literature (Rodriguez-Amaya, 2004). However, elution of carotenes
does not always follow the expected pattern and may vary depending on the type of column

and the mobile phase. For example, p—carotene may elute before or after lycopene.
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Figure 5.3. HPLC profile of carotenoids in the a) peel, b) flesh and c) seed extracts separated on a Cs

column, continued.

Although cis isomers of -carotene (9-Cis-f-carotene and 13-Cis-f3-carotene) are present in
the extracts, there is a probability that they may not be present in the fresh cantaloupe and
are formed during sample preparation and storage. As explained in chapter 2, analysis of
carotenoids is complicated by their diversity, instability, complexity and the presence of cis
and frans isomers with their diverse spectrum of polarities. In nature, carotenoids are
predominantly present in the all-trans configuration (Rodriguez-Amaya, 2001). However,
the presence of 9-cis- and 13-cis-B-carotenes has been reported in raw and processed fruits
and vegetables (Chandler and Schwartz, 1987; Forrest, 1987). Other authors have also
reported that cis isomers exist in some plants, however they can also be formed during
isolation procedures, storage and processing (Gortner and Singleton, 1961). Under these
conditions, especially during thermal processing of foods, frans double bonds are
susceptible to conformational isomerization, because of which some bonds take on a cis
configuration (Chandler and Schwartz, 1987). However the approach used here, making use
of an HPLC Csp column, was able to optimally separate a number of carotenoids with

negligible sample preparation.

Lessin (Lessin, 1997) separated and quantitatively measured the geometric isomers of

provitamin A carotenoids in fresh and processed fruits and vegetables, using a Csg
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stationary phase for reversed phase HPLC. The isomers of f-Carotene, o-carotene and f-
cryptoxanthin were determined isocratically. As shown in table 5.6, for most of the
samples, the percentage of all-trans isomer was lower in the processed samples than that in
the fresh samples. Thermal processing has caused frans to cis isomerization, which resulted
in this change in isomeric composition. In the case of cantaloupe, no isomer of B-carotene,

a-carotene and B-cryptoxanthin, except all-trans, were detected in fresh.

Table 5.6. Quantitative distribution of [-carotene, a-carotene, and B-cryptoxanthin isomers in fresh and

processed fruits and vegetables. Concentrations are in pg/g of dry weight tissue (adapted from Lessin, 1997).

f-carotene a-carofene B-cryptoxanthin
Eidtraci All 9- 13- 15  Other total | All- 9- 13- 13’  Other Total | All- 13/13’- 15- total | total
frans  cis cis cis cis trans  cis cis cis cis trans Cis cis
Broccoli
Fresh 29.2 5.0 33 1.9 2.0 41.4 41.4
Boiled 365 6.9 42 2.2 22 52.0 52.0
Cantaloupe
Fresh 162.8 162.8 0.9 0.9 163.7
Carrot
Fresh 5344 5344 3727 3727 907.1
Canned 4204 327 905 304 5740 2909 6.1 910 559 37.1 481.0 1055.0
Peach
Fresh 22 03 0.5 tr 3.0 0.3 0.1 0.1 0.5 3.5
Canned 0.9 0.2 04 tr 1.5 0.2 0.1 tr 03 1.8
Spinach
Fresh 3119 386 245 tr 225 3975 397.5
Canned 3098 969 286 149 229 4731 473.1
Tomato
Fresh 71.0 4.8 5.8 81.6 81.6
Canned 49.1 55 120 48 71.4 71.4
Juice 40.0 45 101 48 594 59.4
Orange
juice
Fresh 22 tr 0.4 tr 2.6 1.9 T 02 0.1 22 25 02 tr 27 7.5
Pasteurized 1.5 tr 0.3 tr 1.8 1.3 Tr 0.1 0.1 1.5 1.3 0.2 tr 1.5 4.8
tr: Trace

As a reference, carrots contain 0.066 mg/g fresh weight of S-carotene (Adams, 1975), as

shown in table 5.7. The measured amount of S-carotene in table 5.4 is consistent with the
given value in table 5.7. Among the commonly eaten fruits, orange-fleshed muskmelon is

one of the richest source of B-carotene.



75

Table 5.7: Reported amount of B-carotene in some fruits (adapted from Adams, 1973).

— [-carotene
(mg/g fresh matter)
Apple (Malus sylvestris Mill.) 0.0002
Apricot (Prunis armeniaca L.) 0.0162
Banana (Musa sp.) 0.0022
Grapes (Vitis vinifera L.) 0.0006
Mango (Mangifera indica L.) 0.0288
Muskmelon (Cucumis melo L. var. Reticulates Naud.) 0.0204
Nectarine (Prunis persica (L.) Batsch.) 0.0099
Oranges (Citrus sinenis (L.) Osb.) 0.0012
Peach (Prunis persica (L.) Batsch.) 0.008

Laur and Tian (Laur and Tian, 2011) used acetone:ethyl acetate with the ratio of 2:1 (v/v)

as solvent and determined the amounts of lutein and B-carotene in edible portion of selected

melons, by HPLC. B-carotene content varied from 3861.1 ng/100 g FW to 2447.9 ug/100 g

FW, as shown in table 5.8. They also compared their results with the data reported in the
USDA-ARS database (USDA-ARS, 2009). According to this database, the amount of f3-

carotene and lutein in cantaloupe is 2020+252.9 pg/100 g FW and 26+9.9 pg/100 g FW,

respectively, which is in agreement with the results of Laur and Tian.

Table 5.8. f-Carotene content, the corresponding vitamin A activity, and lutein content in selected melons

(adapted from Laur and Tian, 2011).

Variety (Origin) P-Crotene Vitamin A Vitamin A Lutein
(ug/100 g FW) (IU/100 g FW) (1g RAE/100 g FW) (ug/100 g FW)
Cantaloupe
Oro Rico (CA, USA) 3138+228.1° 5230+380.2° 261.5+19.0° 12.743.4*
Durango (CA, USA) 2448+291.8° 4080+486.3" 204.0+24.3° 17.346.6™¢
Caribbean Gold (Honduras) 36334322.7° 6055+537.9° 302.7426.9° 7.242.8>¢
Cantaloupe unknown 38614559.7° 64354932.8° 321.8+46.6° 13.546"

variety (Guatemala)

Curl (1966) reported that B-carotene is the predominant carotenoid in orange-fleshed

muskmelons. The total carotenoid (as B-carotene) in the edible portion of the melon was

0.02 mg/g FW. Vavich and Kemmerer used ethyl alcohol and petroleum ether as solvents
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and measured the carotene content by spectrophotometer. They found that the carotene
content of edible portion of cantaloupe is from 18 to 28 ug/g FW, at least 94% of the

carotene was in the form of B-carotene (Vavich and Kemmerer, 1950).

Bureau and Bushway (1986), quantified the major vitamin A active compounds and total
vitamin A activity of cantaloupe and carrot by using THF as solvent and HPLC which are

revealed in table 5.9.

Table 5.9. Vitamin A activity from each of the provitamins analyzed (adapted from Bureau and Bushway,

1986).

a-carotene in P-carotene in y thin i Total vitamin A
fresh matter [fresh matter fr L'l’:'yp 0':;1" p o activity
(mg/e) (mg/e) esh matter (mg/g)  (111100g)
Cantaloupe 8.99x107 0.016 5.85%107 2750
Carrots 0.0379 0.076 0.00 15475

Lester (2008) determined the concentration of B-carotene in different tissues of mature
orange-fleshed honeydew melon (Cucumis melo L.) using ice cold heptane as solvent. He
determined that there is a gradient for B-carotene concentration. For both dry and fresh
weight bases, B-carotene increased from the subpeel mesocarp tissues toward the inner
tissues (seed cavity), as shown in table 5.10. High concentration of [3-carotene in the inner
tissues is due to chromophore conversion in ripening tissues. Table 5.10 shows the

concentration of -carotene in different mesocarp tissues of melon.

Table 5.10. B-carotene concentration gradients in different mesocarp tissues of mature

orange-fleshed honeydew melon fruit, determined by HPLC (adapted from Lester, 2008).

Mesocarp tissue [P-carotene in dry powder [f-carotene in fresh matter

(mg/g) (mg/ g)
Hypodermal 0.18 0.009
Outer 0.27 0.016
Middle 0.22 0.023

Inner 0.21 0.027
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Lester and Hodges (2008) determined the concentration of B-carotene of five different
genotypes of cantaloupe, in two different seasons, using ice cold heptanes as solvent.
According to his results, orange delight and orange dew have the highest B-carotene
concentration. Table 5.11 shows the concentration of B-carotene in different genotypes of

melon, determined by HPLC.

Table 5.11. Comparison of B-carotene levels in orange-fleshed cantaloupes

(adapted from Lester and Hodges, 2008).

P-carotene in fresh [P-carotene in fresh
Genotypes matter of flesh (mg/g) matter of flesh (mg/g)

Autumn Spring
Honey Gold 0.013 0.010
Orange Delight 0.019 0.013
Orange Dew 0.018 0.016
SVR-03935152 0.008 0.011
Temptation 0.012 0.010

The measured total carotenoid in table 5.4 is in agreement with most of the references cited
above. It should be noted that in some studies data is reported on a fresh weight basis while
in other studies is reported on a dry weight basis with no moisture information included,
thus making comparisons of individual studies difficult. In addition, the analyzed parts of

the cantaloupe are not the same in references and are not clear in some cases.

There are several factors that can be attributed to these differences. The variety, length of
storage after harvesting, type of storage, the packaging and handling during shipment,
whether the product was mechanically or hand harvested, the cultivars and the method of
analysis are the most important factors. The method of analysis, can create a lot of
variations in the results, but can be controlled by a collaborative study to develop a
standard method which could be chosen for all to use for obtaining nutritional values for

food tables.

5.3. Extraction and characterization of polyphenols:
Double extraction of polyphenols was carried out by methanol and acetone as extraction

solvent and spectrophotometer was used for determination of total polyphenol. The results
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in table 5.12 show the concentration of total polyphenol (mg/g of dry powder) and the

extraction yield in peel, flesh and seed for first and second extractions.

Table 5.12: Concentration of polyphenol in different parts of cantaloupe, determined by spectrophotometer.

%

Polyphenol in dry powder  polynhenol — Extraction

Double extraction (fresh matter) in extract yield Polyphenol
of polyphenol in DM (dry
(mg/e) (mg/L) (% W/W) matter)

First extraction Flesh 1.45+0.08" (0.14) 64.149.3° 78.5+3.7° 0.19+0.01°
First extraction Peel 2.81+0.10°(0.29) 123.247.0° 33.6+0.9° 0.84+0.03°
First extraction Seed 1.1440.02% (0.31) 47.7£2.5° 31.0+1.6° 0.37+0.01°
Second extraction  Flesh 0.10+0.04° (0.01) 5.812.8° 17.342.6° 0.06+0.02°
Second extraction Peel 0.93+0.03% (0.10) 51.2+6.4° 9.9+0.4¢ 0.94+0.01*
Second extraction Seed 0.07+0.01° (0.02) 3.4+0.2¢ 5.2+1.0° 0.13+0.01°

Different letters within columns represent significant difference at p < 0.05, using LSD test. Means within a column
followed by the same letter are not significantly different at P < 0.05. Data are expressed as average of triplicate
measurements with standard deviation.

%Polyphenol in dry matter = (%polyphenol in dry powder) / (%extraction yield) x 100.

As indicated in table 5.12, in the first extraction, methanol could extract the majority of
extractible polyphenol, while in the second extraction with acetone, the extracted amount of
polyphenol from peel, flesh and seed was 33.1%, 6.9% and 6.1% of that for first extraction,
respectively. The affinity of polyphenols with the solvent plays an essential role in their
extraction. This affinity varies with the class of polyphenol. In contrast to the second

extraction, statistical analysis (LSD test) shows that there is no significant difference

between the amount of total polyphenol in the peel, flesh and seed after the first extraction.

The extraction yield from different parts of cantaloupe can be presented in the following
order: flesh > peel > seed. Lower extraction yield for seed is may be due to the low
solubility of its major components such as protein, fat and starch in methanol and acetone

(Ismail et al., 2010).

Table 5.13 shows the sum of total polyphenol obtained by double extraction from peel,
flesh and seed. The amount of total polyphenol in peel (3.73 mg/g dry powder) is
significantly higher than that in flesh (1.55 mg/g dry powder) and seed (1.20 mg/g dry
powder). This finding is in agreement with a previous study (Ismail, 2010) which reported

a higher phenolic content in peel of cantaloupe than in flesh and seed, as shown in table
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5.14. Probably, phenolic compounds accumulate in the epidermal tissue of plants due to
their potential influence on the protection against UV radiation, acting as attractants to
improve seeds dispersion, and as chemicals to defend against some pathogens and predators

(Dixon and Paiva, 1995).

Table 5.13. Concentration of total polyphenol in different parts of cantaloupe,

achieved after double extraction and determined by spectrophotometer.

Total polyphenol in dry ~ Extraction %
Name powder (fresh matter) yield Polyphenol in
(mg/g) (% W/W) DM
Flesh 1.55+0.09° (0.15) 95.8+4.5" 0.25+0.01°
Peel 3.74+0.10°(0.38) 43.5+1.0° 1.78+0.03"
Seed 1.21£0.02°(0.33) 36.2+1.9" 0.50+0.01°

Different letters within columns represent significant difference at p < 0.05, using LSD
test. Means within a column followed by the same letter are not significantly different at
P < 0.05. Data are expressed as average of triplicate measurements with standard
deviation.

Table 5.14. Extraction yield, total phenolic content and total flavonoid content of cantaloupe extracts

(adapted from Ismail et al., 2010).

Part of Extraction yield Total phenolic content Total flavonoid content
cantaloupe (% W/W) (mg GAE/g extract) (g RE/g extract)
Seed 13.66+0.52 2.8540.21° 1.62+0.74°
Flesh 89.62+0.29" 1.68+0.14° 2.03£0.16°
Leaf 16.29+2.15° 26.40+0.34° 69.70+3.37
Skin 50.33+4.35° 4.70+0.23¢ 5.1341.32°
Stem 23.78+2.09° 10.25+0.40° 9.68+0.74

Wolfe et al (2008) determined the total phenolic content of edible portion of 25 commonly
consumed fruits, using the Folin-Ciocalteu method. The total phenolic content of
cantaloupe was 16.0+0.4 mg GAE/100 g FW, determined by spectrophotometer. This
finding is in agreement with our results in which total phenolic content of flesh was 15

mg/100g FW.

Ultra performance liquid chromatography (UPLC) coupled with tandem mass spectrometry
(MS/MS) was used in this study because of high resolution, short retention times and high

sensitivity. The major polyphenol constituents separated from different parts of cantaloupe
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and their quantitative distribution in the order of elution on a reversed phase column are
shown in table 5.15. Eighty five components were shown to be present, which were
separated and identified by comparing retention times and mass with commercial standard
(gallic acid) and published literature. Different types of flavonoids and hydroxybenzoic
acids were identified. One classe of phytoalexin was found in cantaloupe, for which the
trivial generic name of viniferin was proposed. Among these polyphenols, viniferin and
conidendrin were the main components. The quantity of viniferin (26.49 pg/g dry powder
in flesh), conidendrin (23.01 pg/g dry powder in peel), ellagic acid acetyl-xyloside (12.27
pug/g dry powder in flesh), p-coumaroyl glucose (7.79 pg/g dry powder in peel) and
cyanidin 3-O-galactoside (7.40 pg/g, dry powder in peel) are significantly higher than other
components. It should be noted that these are preliminary findings and the presence of
viniferin and conidendrin should be verified by other methods such as nuclear magnetic
resonance spectroscopy (NMR). The values are approximative since the analysis method
used is semi-quantitative. However they still provide a range for the values. According to
this table, the amount of total polyphenol in peel (0.12 mg/g dry powder) is higher than that
in flesh (0.06 mg/g dry powder) and seed (0.02 mg/g dry powder).
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Table 5.15. Concentration of different types of polyphenol in peel, flesh and seed of cantaloupe, determined
by UPLC-MS/MS.

No.

@ N & U AW N -

=]

10
11
12
13
14
15
16
17

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

Polyphenol

4-Hydroxycoumarin

4-Hydroxybenzoic acid 4-O-glucoside

Hydroxybenzoylhexose
Protocatechuic acid
Galloyl-HHDP-glucose
m-Coumaric acid
Feruloyl tartaric acid

Apigenin 7-O-(6"-malonyl-apios
yl-glucoside)

1-caffeoylquinic acid
(Pseudochlorogenic acid)
Caffeoyl glucose

Dimere B (1)

Ferulic acid 4-O-glucoside
Cyanidin 3-O-galactoside
Caffeoyl glucose
(+)-Catechin 3-O-gallate
Feruloyl glucose

5-Caffeoylquinic acid (Chlorogenic
acid)
o-coumaric acid

p-coumaric acid 4-O-glucoside
2.4-hydroxybenzoic acid
p-coumaroyl glucose

Dimere B (2)

Malvidin 3-O-arabinoside
p-Coumaroyl glucose
Conidendrin

Dimere B (3)

Catechin

Ferruloyl glucose
4-p-Coumaroylquinic acid
(-)-Epicatechin

Peonidin 3-O glucoside
(-)-Epicatechin 3-O-gallate
Myricetin

Sesamolinol

Peonidin 3-O-glucoside
5-p-coumaroylquinic acid
Quercetin 3-O-glucosyl-xyloside

Peel
(ug/100 g)
251.98+£27.45
436.96+39.26
436.96139.26
40.07£29.17
5.45+1.37
67.99+5.27
50.82+44.51
ND

68.15+37.83

209.02+35.56
35.55+4.05
521.47£77.55
739.67+98.58
79.37£5.26
ND
521.47£77.55
24.19+1.45

443.57+0.41
282.27+22.30
28.59+2.44
779.17+£37.20
6.72+0.09
19.32+4.04
647.831+54.84
2301.05+211.64
ND
356.40+68.63
521.47£77.55
18.51+5.50
17.43
26.93+3.42
12.35+5.14
13.55+3.26
16.63+8.80
26.93+3.42
8.57+1.25
1.09+0.19

Flesh
(ug/100 g)
12.39+1.83

164.65+£20.67
155.37£14.24
12.84+1.40
7.79+1.45
0.28+0.04
31.01+8.12
5.25+1.14

40.39+4.68

110.50
3.10
12.55+8.25
4.83%£1.20
ND
ND
14.12+0.07
ND

25.68
10.73£2.70
5.10+0.14
9.67+4.20
16.38+4.67
6.21+1.23
5:5343.02
23.48+3.94
ND
21.50
15.82+£5.42
5.29+2.01
43.47+4.80
17.34+1.84
ND
7.07+1.46
2.64+0.62
17.34+1.84
11.33+6.12
2.83+0.04

Seed
(ug/100g)
32.63+8.80
11.994+4.32
11.9944.32
56.21+10.20
6.46%1.11
10.35+4.03
58.5613.90
0.75

118.20+26.62

ND
17.91+8.12
17.44+3.74

39.06£15.55
46.58+4.12
6.58+1.82
6.4110.22
0.06+0.002

ND
0.53
7.45+0.98
ND
73.39+1.12
18.14+2.74
ND
47.02+12.65
11.96+2.91
2.70+0.10
17.44+3.74
12.19+1.87
2.7210.81
5.4140.50
ND
174.461+46.52
18.03+5.95
5.4140.50
12.77
5.58+0.77




82

Table 5.15. Concentration of different types of polyphenol in peel, flesh and seed of cantaloupe, determined
by UPLC-MS/MS, continued.

No

38
39
40
41
42
43
44
45
46
47
48
49

50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

Polyphenol

Trimere A (5)

Trimere A (6)

Myricetin 3-O-galactoside
p-Coumaric acid
3,4-DHPEA-EDA

p-coumaroyl glycolic acid
Xanthohumol
5-heneicosylresorcinol
Dihydroquercetin 3-O-rhamnoside
(-)-Epicatechin 3-O-gallate
Sinapic acid

Quercetin 3-O-galactoside 7-O-
rhamnoside

Myricetin 3-O-arabinoside
Kaempferol 3-O-xylosyl-glucoside
Ellagic acid

Quercetin 3-B-galactoside
Quercetin 3-O-glucuronide
Dimere A

Benzoic acid

Cyanidin 3-O-(6"-succinyl-glucoside)
Peonidin 3-O-(6"-malonyl-glucoside)

Naringenin 7-O-glucoside
Ellagitannin B

Quercetin 3-O-glucoside
3-Hydroxyphloretin 2'-O-glucoside
Ac. Ellagic pentoside

Quercetin 3-O-arabinoside
Phloretin 2'-O-xylosyl-glucoside
Ellagic ac. Deoxyhexoside
Kaempferol 3-O-glucuronide
Kaempferol 3-O-glucoside
Myricetin 3-O-rhamnoside
3-Hydroxybenzoic acid
Phloretin

Isorhamnetin 4'-O-glucoside
Kaempferol 3-O-rhamnoside
Ellagitannin E

Kaempferol 3-O-galactoside

Peel
(1ug/100 )
2.89+0.29
2.27+1.16
8.67+1.43

293.83+4.64
10.26+1.43
82.84+2.13

7.14
25.8115.81
29.36+7.88

74.03£11.51
11.61£7.79
9.62+7.45

11.29+4.72
21.80+7.08
11.41+8.32
7.1240.53
179.42+40.18
60.02+14.96
4.53+1.16
14.19+0.63
14.01+0.23
40.79+0.11
0.16
25.27+10.14
7.93
4.98+1.72
12.21+0.009
6.25+0.97
81.34
4.5342.63
81.34
26.50+8.41
92.21+11.79
425+1.13
246.71+32.16
13.66+0.46
1.00
48.09+2.48

Flesh
(ug/100 g)
0.06
0.33
1.18
75.95+15.34
0.68+0.13
23.55+5.34
0.15+0.08
4.03+0.09
0.35
ND
36.8442.76
1.15£1.07

0.35
9.40+0.39
0.87
12.00+1.04
4.17+0.57
21.19+2.25
1.53+0.11
4.73
8.024+0.31
0.12
10.53+1.56
9.91+5.72
1.92+0.58
1.62+0.23
5.75+0.16
25.20+0.27
6.13+0.03
1.37+0.61
6.1340.03
9.91+5.72
13.81+0.75
3.08
21.58+2.06
5.3140.83
ND
37.22+2.90

Seed
(1g/100 )
6.24+1.35
6.24%1.35
8.90+2.24

133.73+20.99

3.71
35.5143.36
1.1740.28
3.74+1.32
7.814£0.41
1.99+0.07
67.50£6.30

9.41

7.8110.41
7.03+3.32
[.13
9.64+1.18
5.43+3.98
29.91+6.10
6.51+0.32
11.13+1.93
1.10+0.31
3.54+0.59
ND
11.16+8.64
3.40+0.97
2.9240.29
2.22+0.70
17.78+1.76
4.20+0.23
4.43+1.38
4.3040.64
11.16+8.64
24.60+2.25
31.64+1.82
49.70+4.34
2.49+0.34
48.71+8.06
2.51+0.42
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Table 5.15. Concentration of different types of polyphenol in peel, flesh and seed of cantaloupe, determined
by UPLC-MS/MS, continued.

No. Polyphenol Peel Flesh Seed
(ug/100 g) (ue/100 g) (1g/100 g)
76  (+)-Gallocatechin 288.40+23.34 1.19+0.13 8.3710.44
77  Dimere B (4) 253.70+26.44 5.4143.20 5.97+0.49
78  Apigenin 7-O-glucuronide 40.85+4.04 26.00+2.38 26.37+2.46
79  Dimere B (5) 12.12+3.74 4.56+0.32 68.2316.70
80  Quercetin 3-O-(6"-malonyl-glucoside) 24.48+3.34 7.99+1.94 20.9240.13
81  Rhamnetin 28.82 ND ND
82  Ellagic acid acetyl-arabinoside 29.30+7.72 318.70£13.08 13.69+1.80
83  Ellagic acid acetyl-xyloside 41.68+12.92 1227.36+£72.49 58.35+8.39
84  Resveratrol 106.44+1.76 105.69+5.44 115.15+4.37
85  Viniferin 230.44+90.59 2649.06+135.00  269.49+24.06
Sum (pg/100 g) 11653.074324.39  5534.56+192.99  2033.32+72.41

ND: Not detected.

Resveratrol (3, 5, 4'-trihydroxystilbene) is a phytoalexin synthesized by grapevine leaf
tissue following fungal infection and UV light irradiation (Langcake and Pryce, 1977).
Resveratrol is responsible for some beneficial effects such as prevention of cardiovascular
diseases (Constant, 1997). It has antioxidant and anticoagulant properties and inhibits the
events associated with tumor initiation, promotion and progression (Jang et al., 1997).
Langcake and Pryce (1977) have also identified oxidation products of resveratrol as &-, a-,
B-, and y-viniferin, respectively, as a dimer, trimer, tetramer, and a more highly
polymerized oligomer. &-viniferin is an analogue of the resveratrol dehydrodimer, as a
major resveratrol dimer with e-viniferin, synthesized by P. Viticola-infected or UV-C-
irradiated grapevine leaves (Pezet et al, 2003). Viniferin has beneficial effects, for instance,
e-viniferin (Figure 5.4) has a better antifungal activity and antioxidant capability than

resveratrol (Piver et al., 2003).
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e-Viniferin

Figure 5.4. Structure of e-viniferin (Piver et al., 2003).

Kolayli et al (2010), quantified seventeen different phenolic constituents in different
varieties of melon by the Folin-Ciocalteau procedure and using spectrophotometer and
reverse phase high-performance liquid chromatography (RP-HPLC). The amounts of total
polyphenol are presented in table 5.16. The amounts of the phenolic acids as mg/100 g FW

are presented in table 5.17.

Table 5.16. Total polyphenol contents of the tested melons, determined by spectrophotometer

(adapted from Kolayli et al., 2010).

Total polyphenol mg gallic Standard Grafted Hybrid
acid/100 g fresh matter of
melon 115:45.10 92.54 +4.00 96.00 + 4.00

Table 5.17. Phenolic constituents of melon types determined by reverse phase high-performance

liquid chromatography (mg /100 g of fresh matter) (adapted from Kolayli et al., 2010).

Compound standard grafted Hybrid
Phenolic acids
gallic acid 1.74 2.23 1.34
protocatechuic acid ND ND ND
p-hydroxybenzoic acid 0.72 ND ND
chlorogenic acid 0.90 2.29 1.60
vanillic acid 7.24 6.36 7.83
syringic acid 0.52 ND ND
caffeic acid 2.04 1.37 1.47
p-coumaric acid 3.24 4.16 3.07
ferulic acid 3.69 3.72 291
benzoic acid 30.06 5:55 9.06
o-coumaric acid 1.22 ND ND
abscisic acid 15.39 11.71 8.35
t-cinnamic acid 2.99 5.72 6.85
Flavanoids
Quercetin ND 2.26 ND
Catechin ND ND ND
Epicatechin 3.71 ND ND

Rutin ND 12.73 10.75
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The amount of phenolic acids of aqueous extracts of the melons varied widely from 0.5 to
30 mg/100 g FW. Table 5.17 shows that abscisic, benzoic, vanillic and trans-cinnamic acids
were the major phenolic component in all samples. A small amount of P-coumaric, ferulic
and gallic acids were found, while protocatechuic acid and cathecin were not detected in
any of the melons. Among the melon varieties, only standard melon contained P-
hydroxybenzoic acid, syringic acid, o-coumaric acid, and epicatechin, but in very low
concentrations. The highest phenolic acid variability and content were found in standard
melon. Quercetin was found only in grafted melon. Grafted and hybrid types had a high

concentration of rutin. (Kolayli et al., 2010).

5.4. Optimization of carotenoid extraction parameters using ethanol as solvent:

The total carotenoids (TC) extraction from flesh and peel of cantaloupe was investigated to
find the optimum extraction parameters. Solvent extraction method and UV-visible
spectrophotometer were used for extraction and carotenoid determination, respectively.
Extraction duration and extraction temperature are assumed to be the most important
factors affecting solvent extraction for determination of TC. Four extraction temperatures
of 25°C, 30°C, 40°C and 50°C and six extraction time of 0 min, 30 min, 1h, 2h, 3h and 6h
were employed to choose the most suitable temperature and time for extraction of TC from
peel and flesh. The results are shown in Figures 5.5 to 5.8. More details are provided in
Appendix I. Two repeated measure analysis of variance were performed for the B-carotene
and lutein data. The effect of time, temperature and type (peel/flesh) as well as their
interactions were studied. According to statistical analysis, the effect of time (P< 0.0001),
temperature (P< 0.0001), type (P< 0.0001), and the interaction of type X temperature
(P=0.0009 for B-carotene and P=0.0005 for lutein), type x time (P< 0.0001), temperature x
time (P< 0.0001) and type x temperature x time (P< 0.0001) were highly significant. More

details on the interaction effects are provided in Appendix 1.

Efficiency of ethanol for extraction of carotenoid was determined, using the following

equation (Cacace and Mazza, 2003):

F(%) = ETZ x 100 (5.1)
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Where C,, is the content of carotenoid extracted by ethanol 95% and Cj, is the content of

carotenoid extracted by THF, both in mg/g of dry powder.

Figures 5.5.a and 5.5.b show, respectively, the concentration curves for total carotenoids as

[B-carotene and lutein in the flesh for different extraction times and temperatures.
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Figure 5.5. Concentration of total carotenoids as a) B-carotene and b) lutein in flesh for

different extraction times and temperatures.
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Figures 5.6.a and 5.6.b show the efficiency of ethanol for extraction of total carotenoids as

B-carotene and lutein, respectively, in the flesh for different extraction times and

temperatures.
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Figure 5.6. The efficiency of ethanol for extraction of total carotenoids as a) 3-carotene

and b) lutein in flesh for different extraction times and temperatures.

According to the Figures 5.5 and 5.6, it can be concluded that temperature has a significant

effect on the extraction of carotenoids. For a constant extraction time of 120 minutes, the
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efficiency of ethanol increased by 20% with increasing the temperature from 25°C to 50°C.
For all extraction times, the amount of extracted carotenoids and the efficiency of ethanol
were higher at 50°C compared to 25°C, 30°C and 40°C. Figure 5.5 show that at higher
temperatures, shorter period is required to obtain a given concentration of carotenoids. This
confirms that heat promotes the  extraction  of solutes. Increasing in  carotenoid
concentration in heated extract could be possibly due to an increase in its availability
resulted from changes in the lipophilic membranes. Considering that carotenoids are
enlosed within cells and the cell membrane is composed of a complex composition,
temperature may facilitate the breakage of cell walls by ethanol (Calvo et al. 2007). As
explained in chapter 2, the heat, below the degradation temperature, facilitates the
extraction of solute by increasing the permeability of cell walls, the solubility of solutes and
the diffusion coefficients, and also by decreasing the viscosity of the solvent. It should be
noted that in addition to changes in temperature, mechanical stirring was also performed
which contributed to the transfer in the solution. Mechanical stirring results in continued
suspension of particles in the solvent and homogenization of the medium, and has a
positive effect on extraction yield. It can reduce resistance to the transfer of solutes at the

solid-liquid interface (boundary layer) and can increase the transfer coefficient.

Results indicate that for a constant extraction temperature, the carotenoid concentration
increases slightly with extraction time. However, for the temperature of 50°C, after
duration time of 2 hours the amounts of total carotenoids (both lutein and -carotene) does
not change significantly which may be due to isomerisation and degradation of carotenoids

at high temperature and long time (Calvo et al. 2007; Rodriguez-Amaya, 2001).

Table 5.18 shows the percentage of carotenoids in dry matter (DM), the extraction yield
and efficiency of ethanol for extraction of total carotenoids after 6 hours at different
temperatures, in flesh. As shown in table 5.18, the efficiency of ethanol for carotenoid and
the percentage of carotenoids in dry matter had the highest values at 40°C. However, it
should be noted that the values in this table were calculated after 6 hours. Increasing the
temperature from 25°C to 50°C, increased extraction yield. It may be an indicator that
between 40°C and 50°C, some constituents other than carotenoids were still dissolving in

the solvent without degradation.
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Table 5.18. Extraction yield and dry matter in flesh, after 6h at 4 different temperatures.

. ) ) ) Efficiency
: Lutein indry  B-carotene in ~ Extraction % % Efficiency  of ethanol
Time & d d o yield i3 of ethanol
temperature s o i Lutein in P-carotene Yutei Jor -
(mg/g) (mg/g) (% W/W) DM in DM Jfor lutein carotene

i (%)
6h-25°C 0.126+0.008"  0.136+0.008° 32.7+2.9° 0.039+0.003*  0.042+0.003* 44.5 48.1
6h-30°C 0.146+0.006™ 0.157+0.006®  38.9+0.4™  0.038+0.001* 0.040+0.001° 516 55.5
6h-40°C 0.170+0.007"  0.181+0.008" 42,155 0.040£0.006* 0.043+0.006" 60.1 64.0
6h-50°C 0.169+0.024*  0.180+0.026" 45,613 .4° 0.037+0.008"  0.039+0.008" 59.7 63.6

Different letters within columns represent significant difference at p < 0.05, using Bonferroni test. Means within a column
followed by the same letter are not significantly different at P < 0.05. Data are expressed as average of triplicate
measurements with standard deviation.

According to table 5.18 and Figures 5.5 and 5.6, it can be concluded that temperature of

50°C and duration time of 2 hours are the best parameters for extraction of carotenoids

from the flesh.

Figures 5.7.a and 5.7.b show, respectively, the concentration curves for total carotenoids as
B-carotene and lutein in the peel for different extraction times and temperatures. Figures
5.8.a and 5.8.b show the efficiency of ethanol for extraction of total carotenoids as B-
carotene and lutein, respectively, in the peel for different extraction times and temperatures.
Figures 5.7 and 5.8 show that extraction temperature has a slight effect on the extraction
of carotenoids in peel. The amount of extracted carotenoids and efficiency of ethanol for
carotenoids had the highest values at 30°C for 2 hours. When the temperature was
increased from 25°C to 30°C, the efficiency of ethanol after 120 minutes was increased
15%. Comparing the results of peel with those of flesh, it can be said that the extraction of
carotenoids from peel needs lower temperature. It may be due to the presence of more
pectin and sugar in the flesh than in the peel which makes the extraction more difficult by
complexing the structure of tissues. In addition, the carotenoid mixture of flesh is more
complex due to the presence of a number of cis-isomers and minor pigments (Gross et al.,
1973). Ethanol also caused the precipitation of pectin (Faravash and Ashtiani, 2008) which
results in the sedimentation of carotenoids. Due to these reasons, higher extraction
temperatures may be required to extract the carotenoids form the flesh compared to the

peel.
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Figure 5.8. The efficiency of ethanol for extraction of total carotenoids as a) §-carotene and

b) lutein in peel for different extraction times and temperatures.

Table 5.19 shows the extraction yield, percentage of carotenoids in dry matter and
efficiency of ethanol for extraction of total carotenoids after 6 hours at different
temperatures, in peel. According to table 5.19, the amount of total carotenoid and the
percentage of carotenoid in dry matter have the highest values after 6 hours at 30°C. With

increasing the temperature from 25°C to 50°C, the extraction yield increased.



Table 5.19. Extraction yield and dry matter in peel, after 6h at 4 different temperatures.
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Total Total ; Efficiency
; ; ; o Efficiency of ethanol
; carotenoid  carotenoid as  Extraction % %
Time & = 2 ; A of ethanol  for -
b B luteinin  f-carotene in yield Lutein in P-carotene forlaein  varotens
P dry powder dry powder (% W/W) DM in DM (%) (%)
(mg/g) (mg/g) ’
6h-25°C 0.392+0.014*  0.352+0.014° 15.6+2.6° 0.251+0.044° 0.226+0.039° 80.2 72.0
6h-30°C 0.457+0.018" 0.414+0.016" 17.740.4%  0.258+0.007* 0.234+0.006° 93.5 84.7
6h-40°C 0.423+0.015* 0.388+0.013"  19.5+0.8"  0.217+0.013* 0.199+0.012° 86.5 79.4
6h-50°C 0.408+0.006" 0.375+0.005®  20.9+0.9°  0.195+0.007* 0.179+0.006" 83.4 76.7

Different letters within columns represent significant difference at p < 0.05, using Bonferroni test. Means within a column
followed by the same letter are not significantly different at P < 0.05. Data are expressed as average of triplicate
measurements with standard deviation.

At a temperatures higher than 30°C, the concentration of total carotenoids starts to decline.
According to Calvo et al. (2007), it may be due to the auto oxidation of (-carotene. These
authors evaluated the extraction yield of food grade ethanol by extracting B-carotene from
tomato peel powder for 5 to 40 minutes at varying temperatures (25 °C, 35 °C, 50 °C and
60 °C). According to their results, for all extraction times, the highest concentrations of B-
carotene were obtained at 25°C and the lowest values were found at 60°C. In general the
extraction times did not have a great influence on the B-carotene yield. The (Z)-isomers
were not detected and they concluded that the increase in the extraction temperature

favoured B-carotene auto-oxidation (Calvo et al. 2007).

It can be concluded that extraction temperature of 30°C and the duration time of 2 hours are
the best parameters for extraction of carotenoids from the peel. However, it should be
considered that for industrial extraction, the mixture of peel and flesh of cantaloupe will be
used; therefore the same temperature should be used for the entire mixture. On the other
hand, flesh has the highest proportion in a cantaloupe. Therefore, the optimum extraction
parameters for flesh, temperature of 50°C and the duration time of 2 hours, were chosen as

the optimum parameters for the extraction of carotenoids from the peel.

5.5. Optimization of ethanol/water ratio for extraction of carotenoids and polyphenols
Different ratios of ethanol/water were used to verify its effect on the extraction of
carotenoids and polyphenols. The factorial design structure was 2x5. An analysis of

variance for two factors (ethanol ratio and type) was performed for seven dependent
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variables. The effect of type and ethanol ratio as well as their interactions was studied.
According to statistical analysis for seven variables in tables 5.20 and 5.22, the effect of
type (P< 0.0001), ethanol ratio (P< 0.0001) and type x ethanol ratio (P< 0.0001) were
highly significant.

Table 5.20 shows the total amount of polyphenols, extraction yield and efficiency of
solvent for extraction of polyphenol in peel and flesh. Table 5.20 shows that with
decreasing the percentage of ethanol from 95% to 0%, the concentration of polyphenols and
efficiency of solvent increased. According to statistical analysis, it can be concluded that
polyphenols extracted from peel and flesh using water as solvent is significantly higher
than those extracted by ethanol. Ethanol:water ratio of 0:100 is the best ratio that allows

optimal extraction of polyphenols.

Table 5.20. Concentration of polyphenols extracted from peel and flesh with different ratios of

ethanol/water, determined by spectrophotometer.

; Extraction % Efficiency o

Psgp:::;i:ﬂ yield Po{ypheuol .g;vent‘};rf

(mg/g) (%W/W) in DM palygg)enol
95%  Flesh 0.92+0.02% 49.5+2 .4 0.19+0.01% 59.4
70%  Flesh 1.25+0.05%° 82.6+1.2% 0.15+0.01% 80.7
50%  Flesh 1.28+0.05%° 96.3+0.6™ 0.13+0.01% 82.6
30%  Flesh 1.3040.02%° 89.6+1.6™° 0.15+0.01% 83.9
0% Flesh 1.75+0.07% 83.4+0.6™ 0.21+0.01% 112.9
95%  Peel 2.1240.16*¢ 21.340.4% 1.00+0.06™ 56.8
70%  Peel 3.35+0.10%° 34.6+1.5% 0.9740.07* 89.8
50%  Peel 3.5740.11%° 47.7+2.18¢ 0.75+0.024° 95.7
30%  Peel 3.6440.17*® 48.5+2.6™ 0.75+0.06"° 97.6
0% Peel 3.96+0.03* 45.0+1.0% 0.88+0.02%*° 106.2

For each type, different letters (a-c) within columns represent significant difference at p < 0.05, using
Bonferroni test. For each percentage of ethanol, different uppercase letters (A-B) within columns represent
significant difference at p < 0.05. Means within a column followed by the same letter are not significantly
different at P < 0.05. Data are expressed as average of triplicate measurements with standard deviation.

Table 5.21 indicates that the highest concentration of viniferin was extracted with ethanol
70% from the flesh which is equal to 29.44 pg/g, while the highest concentration of
conidendrin was extracted with water from the peel and it is equal to 5.68 pg/g. The values

of this table are approximative since the analysis method used is semi-quantitative.



0507069  ISSFTEY9  €9°0FIL'S 90°TFO801  OFOFIL'S SSOEFISSIT  190FCS'S  I88F6TLEL  IETFIOL  90'SFITESI
L8'OFL99  PUECIFOVILL  TS0F99°S  8O0OFYL9  900FIEL  S9OIFOTTI  19°0F0E’L  OSLFIUIL  OTOFIL'S 66 CIFSS6II
vH0FE9'S €011 0S'0¥8S'S  €I0FPT9  LSOFOI9  0SOFPI'9  6S0FS6'S  I¥0FT6L  OSOFIL'S LV OFIP'S
0907609  9STFLOLST  SPOF6L'S 99EFRI'EE  €9°0FT0°9  [9EFS6IE  [H0F06'S  9L'SFEL'6LT  STOF6Y'S  €8'EFEL'BOI
19°0F9L'S  99°0FS9'9  LI'0OF8S'S  TTOFISL  ¥8OFFT9  TSOFOF'9  9S0FS8'S  6S0FI8S  LI'OFS®'S  IETFLS9
TTOFLT9  SOSTROLL  €90FIL'S  650F61'8  OI0FIF9  +00F98'L  ITOF6E9  LOEF68FI  LEOFES'S  9TIFISH
ZOIFEYO1  9S'IFROTHT  LEOFIE'S  SLSTLSEOT  8TOFLEO  69°STSOV9  €00F9TL  68°SFTTHI €V 0FFPOI  SSBFINT6
6V°0FI6'S  PEEFOF'EE  YO0F6S'S 69 TFLSTE  ¥OO0F6S'S  69TFLSTE  VIOFLYS  900F60PLI  SPOFO8'S  E€8°EFELBOI
I80F6€9 €9 1FERST  ¥SOFLY'S  €E0F66'S  LSOFLIS  $SOFEF'S  8FOFOS'S  LTIFEEHT  ISOFIV'S  TIOFLTTI
09°078S'S  THIFLTEL  1S0F09°SC  LEOFPI'S  [91F69°11  IL°0F9S'S  $LOFT9S  TE€0F6T9  €S0F6SS  +90FTLS
80°0FSO9  OL'IFSOLI  LYOFV6'S  IH0FI0TI  O0SOFIL'S  6€0FI8S  LSOFI®S  TYOF8E8L  600FE09  16°0F8Y91
0T0FZU'S OV PTFLIOFT  €9°0F8L'S  0ETF0891  €SOFLYS  PTOFEP9L  OL0FER9  SILFLEOE  OVOFSE9  EL9FE6HI
6V 0FES T SLYFOL'6Y  STOFSS'S  LYOF6LL  9S0FSSS  LUTFHE9  6€0F91S  0SOFSL'El  69°0FI8L  6SHF88'6T
POOFPR9T  STTFITEE  IHOFISS  SHOFIP'S  09°0F09°S  ITOFI9S  9S0F09S  6I0FIL'ST  OFOFL6'6  THIFIEIT
IV0FI6'S  OTIFIL'T  9S0FTLS  9TOFPI'9  960FIEL  8LOFEE'S  TIOFE'9  LUTFLS'8T  0T0F8F9 8L IFHT'EE
S9'0FT061 86LFLI'T6T  9FOFIOS  TTEF6STY  8CO0FI09  LLEF6SPE IV OFLYS TEOSFEISHI ILTFYLI  L86IFTIBLI
BUIT88 Pl  TOETFLYEl  TSOFEV 1]  6SEF8YSE  LSOFRS'S  €TIFO8'TT  OT9FST9I  OSLFEO'ES  ¥SSFEL'EE 18'9IFLTOTI
LUTFIFPL  T€0FTOST  SSOF6I'IT 66 1F6LLE €V OFPOS OO IFIVHT  LTIFEL'T]  OSLFEOES  YTSFSETY 18'91FLTOTI
90°TFOI'IZ  8I0F8ETF  TO0FTYS  PLOFLOO  THOFPE'S  BEOFIES  09°0¥99°'S  STOFITIT  SIOFI®S  LI'6FER'LE
(Boor/81)  (Boo1/31)  (Boor/3)  (Boor/d)  (Boor3)  @oeersd)  @oeersd)  Boeors)  (Eeers) (@ oeor/s)
YSagq 1224 ysalq 1224 ysajd 122d ysalq 1224 Ysalq 1224
%001 42104 %08 1ouvyyy %08 1ounyry %0L 10uDY1] %86 10uDYyI

apisoon[3
-O- proe osurewnoo-d
PIO® OLIBUWINOD-0
(proe owadoroy))
p1oe orumbiAoagyen-¢
asoon|d [Loniag
oreqed
~0-€ WYIA1e)-(+)
2s0on[3 [Koayye)
apisoloeed
-O-¢ wprued)
aprsoon|3
-0 PloR JnIaf
(1) g 212w
proe ombiforred-o-g
PIOB OIWRUUIOAXOIPAH
aso0on[3 [Aoapge)
(proe
o1uaF0I10[y20pNasg)
proe orumbiAoajyes-|
pIoe oLee) [K0[nIa,]
PIOB OLIBWINO)-U
PIoE 0INYD218I0)0L]

asoxay[AozuaqAxoIpAH
ap1soon[3-O-¢

P1oB 2910ZUaqAX0IPAH-$
ULIBWMOIAXOIPAH -+

jouayddjo g

6

" TdN Aq pauTuLI2Op “I21EM/[OUBYIA JO SOTIEI JUAIAJJIP YIIM Usa[j pue [9ad woxy payoenxa ‘JouaydAjod jo sadA) juaragyip Jo uonenuasuo)) "1z's [qeL



PIOFZ09  €8°TFRYTT OC0F6T9 65 1F9S0E  8S0FL6'S  €6'079T8T  TYOFEL'S LV OFTOIE  9¥'0FCS'S  16°0FCT81 () g 210Uy
LVTFST'L  OL'SESE'TL  OTEFO9El  $LOFLT61  TSOF086  LUTFO8'ST  €60FITI1  LLSFI9LE  +vROF6E6  TTYIFOIPT  proe o10ZuaqAxoIpAH-g
LS OFLT9 L6'0FST 6 6V 0F61'9  S90FIS6  61°0FLLY LTOFITS 80°0FL99 0€°0F0L'S 79'0F76S°9 69°0FS0O'L [owmyoyjuey
R - e iR s s oo s s SRR P proe
ZE0FTT9 OSTFILIE  LSOFL69 EOEFITSY9 TTOFE99  €HIF8SL9 6V IF89L  98°TFISSHI  THOFSE6I  8EIFLTTE 5£j00k[S [Aamsuino-d
0SOFPL9  OTIFSI'PE  vLOFPTS  8PSFS6'99  TTOFIS9  L6PF80'S9 8P OFL69  6L0FFI8PI  SE0F8TL  #9'1FS0OTH proe oureumo))-d
o e ——— iR S nm— — — — — apisojoe[ed
6S0FRLTT  $HIFIR 1T TEOFTTOI  E€COFOV61  E€OTFLLIT  LOIFZE9Z OTIFSO'I1  8E0F09LZ  1S0F66'6  ¥SIFITLI T R
. . . e i s To— G o : ’ e apisojAx-[Asoon[3
16'1 €T0F08°01  STEFLL'E SUTFIOEL  99°0FS9'S TTFOL'L W0F09'9  8UOFSHIT  LTOFLTS ¥0'0F€9°9 o€ TAGTND)
o N e SREE o ST S g s S proe
[+'0F80°9 81 1F€69 6T0FTTS  6LOFEL9  E€EOFLLS 6S°0FELS 8 0FLS'S pS0F6S 'L 8S°0FEL'S LY OF16°S T
€S0F6S'S  6TOFLEST  T8OFSSS  6S0FIL9  06'0F6¥S 09°0F68°S £S°0FSH'S 9Z'0FSI'L I8°0%7S'S SE'0FS09 [ourjowesag
6£°0FS9°S ¥S0FIL'S 09°0FPL'S  SLOFIF'S  650F6S'S 1S°0F89°S IS0F16°S 0t €798°'8 8S°0F66°S 6€° 17589 urgoaeatdy-(-)
e s s S iy - N— o o e i proe
67°0%799°71  88°0F60°€EE  TEOFZ9S  I80FT6'ET  SECOFFS'S  TOIFSITI  6S0FI8S 9P TFOSST  €TOFEE'6  I€TF6TLI i
0Z0FZ9°9  9STFLOLST  THOFO0'9  OLLFOSEZ  €90FT09  #TOF6ITE  SPOF8YS LV EFR9VLI  $T0F89'S  $OOFELROI 9s00n[3 [A0[Nud|
6€°0TS0'0  16TFSF8/Y Y OFLY'S  PTEF690F  LUOFLYS  LELTFO990T 6L OFLLS OCPIFO6'80T 6S0FFT9  €8°EFOLOTI uyoare)
proe
SEOFEI'9  €STFOL'IS  LVFOFOV'S  ISIFEFSI  €S0FTFS  ILTFICLT  #S0FT9S 9L OIFTI'IIL 8I'TFLOOI 0T IFL89T  onaoejAuaydAxoipAyi(
b€
0E0F6S'S  SL'OTFERLIS S OFIES IR IFITI6T  1#0FOTS 9I°6ZFEC 061 SI'OFETS 080TFILELY 1V 0F09'S  099EFH9 LLE ULIPUSpPIUO))
LYOFPT9  LLOFISTI 1007479  09°0FPS'SE  9S°0F6L'S  OFEFOTST  T90F8S'S  £0TFRYEE  6E0FTI9  SLEFLTSK asoon(3 [Aorewno)-d
9C°0F0€'S  SLIFISIT  T90F8FS 69 1FPITI  OVOFFOS €9 TEF60°SIT  €HOFSOS  ¥6IFCI'El  9TOFEL'S  IL'SFRTH8I as0on[3 [Aorewnoo-d
Cron = — e e g Ve R s e proe
SI'TFRO' 1T ¥SOTF60'SLT  T90FI1'9  TOHOTFLTSE 8E0F809  PEPFLLET 6L EFE6L TO6PIFLS6T]  6L°0F89'S  TO'SFSR'ES o
@ po1/31) (@ pp1/31) @ gor/31)  (Boor/d)  @oeorEr) @oeorsd)  @eorsd)  @Eoors) (B oeersn) (3 eor/En)
ysajq 1224 YSaf 1224 Yysajq 1224 ysaf 1224 ysalq 1224 jouayddjoq
%001 421044 %0§ 1ounyq %08 10Uy %04 1ouvyy %S6 10Uy

“PANUNUO0D ‘) [d() Aq PAUIILIANAP ‘I2EM/[OUBYJR JO SOUERI JUILJIP Im ysafy pue [aod wo pajoenxa ‘JouaydAjod jo sad4y juaagyip jo uonenuasuo) "17°S J[qeL

S6



69°6£FCT 086 60 SHFEV ETIE 65 6SFLI098 €L 8FFEO LRI 1886 1FFS 170 PTH9FIE 6561 8C'681F88°L0OLY BEVLFLE161E 0ESITFIB6LEE LY 19F€T £C9T
09°0ES101 87 1F9S°L 18 LF8T9C 69TV Tl YL'S6IFOI'SLST 9V OFOL'69T 9T SSIFOCPY6T  S9'0TFR6'0L P8 TIIF6SLLIT — SYOFLY'S

SHOETTTLTO TEVIFOS'STY 6L'SSTHE'SSS 6T IHFSI0ZS  9L'0IF00'6YS  98'0EFBE96E  TI'OTFLEITY  OTSTFEV6IE  POEEFEL'IVE  BY'STFIT09C
POFITS 1S0FLF'S S8 079691 0S'0FSES 1L ZEFVT L6S T0'ZFES0€ 18 €EF00°98S 76'0F19°S £S°6FELTIT £S°0FEY'S
IS 0FSY'S $S'0F8E'S ¥ IFIT91 0€0FLO'S 8T EF00'SL SSEFSS O LS TFSL'E6 €T 1709 18°Z1F00°651 1S0F8F'S
0S°0F69°S 8T €F96'€€ LY 0FHP'S 66 1FET 1Y 0V 0F9S'S 07 STFS6'LY v 0FF9'S LEEFO19€ 81°0F6€°S TI0FIT L
(@ go1/31) (@ po1/31) (3 go1/37) (3 po1/31) (@ go1/31) (3 po1/51) 3 go1/31) (3 go1/31) @po1/ 3r) @ gor/3n)

Ysajg 12ad ysa g 122d YSaq 1224 Yysaq 1224 ysag 1224
%001 421044 %0§ j0uvYyIs %08 10unysy %0. 10uvy1y %56 10uvy1

@ 001/3M)
wng

ULIJTUIA

[O11EI2ASSY

OPISO[AX
-1A399¢ pioe
SELIE|
apisourqere
-141208. proe
orde[rg

(s)

€] 21au(]

jouayddjoq

-PANUNUOD Y Td( Aq PAUIILIAAP “IJeAr/[OURYID JO SONEI JUSIHIP YIIM Ysaly pue [32d woly pajoenxa ‘JouaydAtod jo sad4) JuaIajIIp JO UONBNUIIUOY) “[T'S A[qeL

96



97

The amount of carotenoid, the extraction yield and efficiency of ethanol for extraction of

carotenoids in peel and flesh are shown in table 5.22.

Table 5.22: Concentration of lutein and B-carotene in different ratios of ethanol/water in peel and flesh,

determined by spectrophotometer.

Total Efficiency E:-Fi;:e:?;
carotenoid as Total carotenoid  Extraction % % of ethanol 2 j.o:
% Ethanol lutein in dry as f-carotene in yield Lutein in DM Pcarotene in DM Sor B
powder dry powder (mg/g) (% W/W) lutein
(m g/ g) (% ) carotene
(%)
Flesh-95%  0.192+0.006" 0.2060.036™ 49.5+2 .47 0.039+0.003" 0.042+0.00152 67.8 72.8
Flesh-70%  0.012+0.001%° 0.011+0.001"° 82.6£1.2  0.0015+0.0002%° 0.0013+0.0002% 42 39
Flesh-50%  0.0053+0.0003%  0.0047+0.0002*°  96.30.6**  0.00060+0.00003%  0.00049+0.00003% 1.9 1.7
Flesh-30%  0.008+0.0038% 0.008+0.003% 89.6=1.6""  0.0009+0.0003%*  0.0009+0.00035> 2.8 2.8
Flesh-0% 0.009 +0.002" 0.009+0.002*° 83.4+0.6*  0.0011+0.0002% 0.0011+0.0002" 3.2 3.2
Peel-95% 0.389+0.029* 0.365+0.103* 21.3+0.4% 0.183+0.014% 0.17140.05142 79.6 74.6
Peel-70% 0.118+0.0034° 0.121+0.003%° 34.6+1.5%° 0.034+0.002" 0.035+0.0024° 24.1 24.7
Peel-50% 0.057+0.003%° 0.054+0.003%¢ 47742182 0.012+0.0014¢ 0.011+0.001% 11.7 11.0
Peel-30% 0.018+0.0017¢ 0.015+0.001™ 48.5+2.6%  0.0037+0.0002*¢  0.0031+0.0001*¢ 3.7 3.1
Peel-0% 0.01140.001%¢ 0.009+0.001* 45.0+1.0%  0.0024+0.0003* 0.0020+0.0002¢ 2.3 1.8

For each type, different letters (a-c) within columns represent significant difference at p < 0.05, using Bonferroni test. For
each percentage of ethanol, different uppercase letters (A-B) within columns represent significant difference at p < 0.05.
Means within a column followed by the same letter are not significantly different at P < 0.05. Data are expressed as
average of triplicate measurements with standard deviation.

Statistical analysis shows that a significant difference exists between the amount of total
carotenoid extracted from peel and flesh with different ratios of ethanol:water (95%, 70%,
50% and 30%). As shown in table 5.22, the amount of total carotenoid as B-carotene and
lutein decreased rapidly with decreasing ethanol concentration. For example, the amount of
lutein extracted from peel decreased from 0.389 mg/g to 0.011 mg/g when the percentage
of ethanol in the solvent decreased from 95% to 0%. Maximum and minimum extraction
of carotenoids from peel and flesh, were obtaind by ethanol 95% and water, respectively. In
other words, the ratio of ethanol:water equal to 95:5 is the ratio that allows optimal
extraction of carotenoid. The highest amount of extraction yield for flesh and peel were
obtained with ethanol 50% and 30%, respectively. Although the extraction yield increased
with decreasing the percentage of ethanol, the amount of carotenoids and consequently the

efficiency of ethanol for carotenoid extraction reduced. It shows that with reducing the

percentage of ethanol, other components such as polyphenol were extracted.
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Table 5.23 shows the amount of different types of carotenoids which were extracted from

peel and flesh by using different ratios of ethanol:water as solvent extraction.

Table 5.23: Concentration of lutein, B-carotene, B-cryptoxanthin, Xanthophylles, 9-Cis-p-Carotene and 13-

Cis-[-carotene in peel and flesh extracted with different ratios of ethanol:water and determined by HPLC.

; ; Total
N, [P-carotene F ; Lutein Xanthophylles gl A4t carotenoid in
ame P cryptoxanthin (mge) () p-Carotene P-carotene dry powder
(mg/g) (mg/g) (mg/g) (mg/g)
Peel-95% 0.07+0.01 0.006+0.002 0.08+0.02 0.024+0.002 0.015+0.001 ND 0.20+0.02
Peel-70% 0.005+0.001  0.005+0.001 0.07+0.01 0.02+0.01 ND ND 0.10+0.01
Peel-50% 0.01 ND ND ND ND ND 0.01
Peel-30% 0.003+0.001 ND ND ND ND ND 0.003+0.001
Peel-0% ND ND ND ND ND ND ND
Flesh-95% 0.1 0.009+0.002  0.0019+0.0001 ND 0.05+0.04 0.0023£0.0004  0.16+0.04
Flesh-70% 0.002 ND 0.0020+0.0004 ND ND ND 0.004:+0.0004
Flesh-50% ND ND ND ND ND ND ND
Flesh-30% ND ND ND ND ND ND ND
Flesh-0% ND ND ND ND ND ND ND

ND: Not detected.

The carotenoids which were extracted by different ratios of ethanol:water from peel and
flesh, were identified and measured by HPLC using a Csp column. The profiles of

carotenoids in flesh and peel are shown in Figures 5.9 and 5.10, respectively.

The results obtained by HPLC show that the solubility of carotenoids is decreased by
increasing the concentration of water. As shown in table 5.23, no carotenoid is detected in
ethanol 30% and water. The amount of total carotenoid detected by HPLC is almost half of
that detected by spectrophotometer. Since the dry matter obtained after evaporation of the
extract, did not dissolve well in Methanol:MTBE of 80:20.
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It can be concluded that ethanol 95% is the best solvent for extraction of carotenoid from
peel and flesh, as indicated in tables 5.22 and 5.23. This may be due to a change in the
solvent polarity due to addition of ethanol. As mentioned before in chapter 2, most of the
carotenoids are lipophilic and insoluble in water (Rodriguez-Amaya, 2001). Takahashi et

al. (2006) also found that water is not effective for the extraction of B-carotene.

5.6. Ethanolic extraction of carotenoids:

Table 5.24 shows the concentration of total carotenoids, extraction yield and percentage of
carotenoids in dry matter for peel and flesh. The probability (p) of 0.0003 (using F test)
indicates that there is a significant difference between the amount of lutein extracted from
the peel and flesh, while this difference for B-carotene is not significant (p = 0.0653). Peel
has a higher concentration of carotenoids, as lutein and B-carotene, than flesh, however the

extraction yield of flesh is more than that of peel (p = 0.0001).

Table 5.24. Concentration of Lutein and -carotene in the flesh and peel of cantaloupe by using ethanol 95%

as extraction solvent, determined by spectrophotometer.

Total Yotal
carotenoid as s " A %
Nomme lutein in dry ~ caroten m-‘{ as - Extraction yield % '
powder carotene in dry (% W/W) LuteininDM  Feorotenein
powder (mg/g) bM
(mg/g)
Flesh 0.19+0.01 0.21+0.04 495424 0.038+0.003 0.04+0.01
Peel 0.39+0.03 0.37£0.10 21.3+0.4 0.18+0.01 0.17+0.05
P-value 0.0003 0.0653 0.0001 < 0.0001 0.012

The P-value within columns was used to verify the presence or absence of significant difference between the TC
content and extraction yield in peel and flesh, using F test.

Table 5.25 shows the concentration of total carotenoids extracted from peel and flesh by
THF and ethanol 95%. Using the optimum extraction parameters such as time, temperature
and ethanol:water ratio, the efficiency of ethanol for extraction of carotenoids as lutein was
increased to 79.6% for peel and 67.9% for flesh. The p-values of 0.1098 and 0.1752 (using
F test) respectively show that there is no significant difference between the amount of total
carotenoid as lutein and B-carotene extracted by ethanol and that obtained by THF in the
peel. The p-values of 0.0540 and 0.1218 respectively show that there is no significant

difference between the amount of total carotenoid as lutein and P-carotene extracted by
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ethanol and that obtained by THF in flesh. The p-value of 0.0653 indicates that there is no
significant difference between the amount of total carotenoid as -carotene extracted by
ethanol from the peel and flesh. The p-value of 0.0003 (a=0.01) shows that there is a
significant difference between the amount of total carotenoid as lutein extracted by ethanol

from the peel and flesh.

Table 5.25. Comparison of the concentration of total carotenoid in flesh and peel, extracted by THF and

ethanol 95%, determined by spectrophotometer.

Total : Total carotenoid as
sivagenold i Total carotenoid as Bodratens in & Efficien
lutein in dry powder arofene in &1y Efficiency >
dry powder, powder (fresh), of ethanol
Name (fresh), extracted by of ethanol
extracted by ethanol 95% extracted by ethanol for Intein Jor
THF 95% o P-carotene
(mg/g) P (%)
(mg/g) (mg/g)
Peel 0.49+0.08 0.39+0.03 (0.04) 0.37+0.10 (0.04) 79.6 75.5
Flesh 0.28+0.06 0.19+0.01 (0.02) 0.21+0.04 (0.02) 67.9 75.0
P value 0.0225 0.0003 0.0653

The P-value within columns was used to verify the presence or absence of significant difference between the TC content
in peel and flesh, using F test.

Table 5.26 shows the concentration of different types of carotenoid in peel and flesh,
extracted by ethanol 95% and determined by HPLC using a C3y column. To compare the
results with those obtained by THF, the results of table 5.5 are represented again in this
table. Five components were present which were separated and identified by comparing
retention times and UV/visible absorbtion spectra with commercial standard (B-carotene).
The identified carotenoids were B-carotene, lutein, 9-Cis-B-carotene, xanthophilles and a-
carotene. The major carotenoids were identified as B-carotene and Lutein. The comparison
between the HPLC results of the carotenoids extracted from peel and flesh indicates that the
highest level of -carotene was detected in flesh (0.20 mg/g compared to 0.12 mg/g). On
the contrary, the highest level of lutein was detected in the peel (0.12 mg/g compared to
0.004 mg/g). As indicated in table 5.26, 85.7% and 55.6% of B-Carotene, 57.1% and 80%
of lutein could be extracted by ethanol 95% from peel and flesh, respectively. In general,
73.3% and 53.7% of total carotenoid could be extracted by ethanol 95% from peel and

flesh, respectively.
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Table 5.26. Concentration of Lutein, B-carotene, a-Carotene, Xanthophylles and 9-Cis-B-Carotene in flesh

and peel, extracted by ethanol 95% and THF, determined by HPLC.

e ——— Carotenoid in Carotenoid in Carotenoid in
d dry powder of  Efficiency  dry powder of  dry powder of  Efficiency
ry powder of
! peel, extracted  of ethanol  flesh, extracted  flesh, extracted of ethanol
Carotenoid peel, extracted
by ethanol 95% by THF Sfor peel by ethanol 95% by THF Sor flesh
0, 0,

(mg/g) (mg/g) (%) (mg/g) (mg/g) (%)
B-Carotene 0.12+0.01 0.14 £ 0.01 85.7 0.20 + 0.04 0.36+0.03 55.6
o-Carotene 0.017 £ 0.002 0.009 £ 0.001 188.9 0.010 + 0.002 0.004 +0.001 250
Lutein 0.12+0.02 0.21 £0.03 57.1 0.004 + 0.001 0.005 £ 0.002 80
Xanthophylles 0.05+0.01 0.07 +£0.01 714 0.002 £0.001 0.004 £ 0.002 50
9-Cis-p-Carotene 0.022 +0.002 0.020 + 0.003 110 0.008 £ 0.003 0.009+ 0.002 88.9
13-Cis-p-carotene ND ND ND ND 0.017 £ 0.002 ND
p-crypthoxanthin ND ND ND ND 0.0013+0.0004 ND
Unknown 1 ND ND ND ND 0.006 + 0.002 ND
Unknown 2 ND ND ND ND 0.005 + 0,001 ND
Unknown 3 ND ND ND ND 0.003 £ 0.001 ND
Total 0.33+£0.02 0.45+0.03 733 0.22+0.04 0.41+0.03 53.7
P-value 0.0185 0.1533

ND: not detected.
The P-value within columns was used to verify the presence or absence of significant difference between the TC content

obtained by ethanol and THF, using F test.
The carotenoids extracted from peel and flesh by ethanol 95% were identified and
measured by HPLC using a C;p column. The profiles of carotenoids in peel and flesh are

shown in Figures 5.11.a and 5.11.b, respectively.

Table 5.27 shows the concentration of total polyphenol, extraction yield and
polyphenol/dry matter in peel and flesh in the solution obtained after extraction. According
to this table, the amount of polyphenol for the peel was higher than those for flesh. The p-
values of 0.0001 show that the difference between the amount of polyphenol and extraction
yield for the peel and flesh is significant. Extraction yield for flesh is significantly more

than those for peel.
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Figure 5.11. HPLC profile of carotenoids in a) peel and b) flesh extracts separated on a C;o column.

Table 5.27. Concentration of polyphenol in flesh and peel, determined by spectrophotometer.

Polyphenol . o .
in dry Polyphenolin  Eyiraction yield Pol /;'wna ! iﬁ;ﬁ:{;ﬂ?f
powder  extract(mg/) (% W/W) in DM polyphenol
(mg/g)
Flesh 0.80+0.03 40.25+5.46 49.5+2.4 0.16+0.01 51.6
Peel 2.23+0.16  111.43x19.19 21.3+0.4 1.05+0.09 59.5
P- value 0.0001 0.0035 <0.0001 <0.0001

The P-value within columns was used to verify the presence or absence of significant difference between the
polyphenols content in peel and flesh, using F test.
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Table 5.28 shows the amount of total carotenoids which were remained in the residue and

could not be extracted by ethanol 95%. The remained carotenoids were extracted by THF
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and determined by spectrophotometer. A low amount of carotenoid is remained in the
residue. The p-value of 0.5664 shows that the difference between the remained carotenoid

in the peel and flesh is not significant.

Table 5.28. Concentration of carotenoids in the residue of flesh and peel, determined by spectrophotometer.

Total Lutein in dry P-carotene in
carotenoid in powder, dry powder, sig 3 o
Name dry powder, extracted by extracted by i:;’;in;::;;;) eft::i:'e d

extracted by ethanol 95% ethanol 95%

THF (mg/g) (mg/g) (mg/g)
Peel 0.49+0.08 0.39+0.03 0.37+0.10 0.04+0.01 8.2
Flesh 0.28+0.06 0.19+0.01 0.210.04 0.05£0.01 17.9
P- value 0.0225 0.0003 0.0653 0.5664

The P-value within columns was used to verify the presence or absence of significant difference between the TC
content in peel and flesh, using F test.

The carotenoids which were remained in the residue of peel and flesh, were identified and
measured by HPLC using a C3g column. Table 5.29 shows the amount of different types of
remained carotenoids. The p-value of 0.0001 reveals that the amount of B-carotene in the

residue of flesh is significantly higher than that of peel.

Table 5.29. Concentration of individual carotenoids in the residue of flesh and peel,

extracted by THF and determined by HPLC.

Carotenoid in dry Carotenoid in dry
; powder of peel powder of flesh P- value
Carotenoid () fogie}
B-Carotene 0.0020 + 0.0004 0.088 + 0.003 0.0001
a-Carotene 0.011 £ 0.001 ND
Lutein 0.016 + 0.003 ND
Xanthophylles 0.004 + 0.001 ND
9-Cis-B-Carotene 0.013 £ 0.002 0.002 £ 0.001 0.0142
Total 0.046 + 0.004 0.090 + 0.003 0.0142

ND: Not detected.
The P-value within columns was used to verify the presence or absence of significant
difference between the individual carotenoids in peel and flesh, using F test.

The profiles of the remained carotenoids are shown in Figures 5.12.a and 5.12.b,

respectively.
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Figure 5.12. HPLC profile of carotenoids in the residue of a) peel and b) flesh separated on a Cso column.

According to the results of table 5.28 and their comparison with the results of table 5.4,
which were obtained by THF, it can be concluded that the majority of the carotenoids could
be extracted by ethanol 95%. In fact, 75% of B-carotene and 67.9% of lutein in flesh and
75.5% of B-carotene and 79.6% of lutein in peel were extracted after optimizing the

parameters of extraction and using ethanol 95% as solvent.
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5.7. Determination of the concentration of total carotenoid and total polyphenol in the

whole cantaloupe

Table 5.30 shows the amount of total carotenoid in whole cantaloupe. Total carotenoid in
whole cantaloupe, extracted by THF, is 0.30 mg/g of dry powder (0.03 mg/g FW). The sum
of total carotenoid as B-carotene in the peel and flesh, extracted by ethanol 95%, is 0.19

mg/g of dry powder (0.02 mg/g FW).

Table 5.30. Concentration of total carotenoid in whole cantaloupe.

Total Total Total Total Total Total
carotenoid  carotenoid in carotenoid as  carotenoid as  carotenoid as  €9rotenoid @3
ind Preck-matior luteinindry  P-carotene in lutein in P-carotene in
Name - d:':_ extranied s ? powder, dry powder,  fresh matter, Jresh matter,
exl:rac ced b THF Y extractedby  extractedby  extracted by ~ extracted by
THF (mgh g)y (mee) ethanol 95%  ethanol 95%  ethanol 95%  ethanol 95%
¥ ¥ (mg/g) (mg/g) (mg/g) (mg/g)
Peel 0.09 0.01 0.07 0.07 0.01 0.01
Flesh 0.16 0.02 0.11 0.12 0.01 0.01
Seed 0.05 0.01 ND ND ND ND
Sum 0.30 0.04 0.18 0.19 0.02 0.02

ND: Not determined.

Table 5.31 shows the amount of total polyphenol in whole cantaloupe. Polyphenol content
in whole cantaloupe, extracted by double extraction using methanol and acetone, is 1.46
mg/g of dry powder (0.21 mg/g FW). The sum of polyphenol in peel and flesh, extracted by
ethanol 95%, is 0.87 mg/g of dry powder (0.10 mg/g FW).

Table 5.31. Concentration of polyphenol in whole cantaloupe.

Polyphenol indry  Polyphenol in Polyphenol in Polyphenol in
powder, fresh matter, dry powder, fresh rfmtter,
Name determined by determined by determined by determined f’y
double extraction  double extraction ethanol 95% ethanol 95%
(mg/g) (mg/g) (mg/g) (mg/g)
Peel 0.29 0.08 0.42 0.05
Flesh 0.88 0.11 0.45 0.06
Seed 0.30 0.03 ND ND
Sum 1.46 0.21 0.87 0.10

ND: Not determined
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5.8. Extraction of proanthocyanidins from peel, flesh and seed of cantaloupe

Table 5.32 shows the concentration of proanthocyanidins in seed, peel and flesh of
cantaloupe. Statistical analysis (LSD test) shows that there is a significant difference
between the amount of proanthocyanidins in the seed, peel and flesh. Proanthocyanidins
content in the peel is significantly more than that of seed and flesh respectively. Li et al.
(2006) also indicated that the proanthocyanidins content in skin was higher than in pulp
extract of pomegranate. It can be due to accumulation of phenolic compounds in the
epidermal tissue of plants to protect against ultraviolet radiation and to resist against

pathogens and predators (Dixon and Paiva, 1995).

Table 5.32. % proanthocyanidin in seed, peel and flesh of cantaloupe.

Name Proanthocyanidin (mg/g)
Seed 0.79+0.35°
Peal 1.40+0.14 *
Flesh 0.18+0.03 ¢

Different letters within columns represent significant difference at p < 0.05,

using LSD test. Data are expressed as average of triplicate measurements

with standard deviation.
5.9. Semi-industrial extraction of carotenoids with ethanol
Table 5.33 shows the amount of polyphenol and carotenoids in the presence or absence of
enzymes (Kleryme and Viscozyme). According to the results indicated in this table and
LSD test, the amount of polyphenols and carotenoids in the presence of Viscozyme is
higher than those in the presence of Kleryme and in the control specimen, respectively.
Extraction yield with ethanol was lower in the presence of Viscosyme. Because higher

amounts of polyphenol, sugar and pectin have been separated by Viscozyme and brought

into the water. Therefore a lower extraction yield for ethanolic extraction was obtained.



109

Table 5.33. Concentration of polyphenol and carotenoid in the presence or absence of enzymes.

Polyphenol Total Extraction % polvphenol

Solvant Enzyme (mg/g dry Carotenoid yield G %TC in DM
powder) (TC) (W/W %) i B

Water  Control 1.42+0.02° ND 74.143.6" 0.19+0.01° ND
Water Viscozyme  1.99+0.05" ND 85.4+0.2° 0.23+0.01° ND
Water Kleryme 1.460.09° ND 73.17#4.7°  0.207+0.004" ND
Ethanol  Control 0.50+0.06°  0.14+0.01° 36.9+4.4° 0.1440.04°  0.04+0.01*
Ethanol ~ Viscozyme  0.36+0.08°  0.17+0.01° 31.745.4° 0.1140.03°  0.06+0.01*

Ethanol  Kleryme 0.3940.05°  0.15+0.03° 36.0£5.4° 0.102+0.002°  0.04+0.01%
ND: Not determined

Different letters within columns represent significant difference at p < 0.05, using LSD test. Means within a column
followed by the same letter are not significantly different at P < 0.05. Data are expressed as average of triplicate
measurements with standard deviation.

Table 5.34 shows the concentration of total carotenoid, after 30 min, 1 h and 2 h of
ethanolic extraction. This table indicates that the amount of TC (0.16 mg/g) is higher for
extraction at 50°C after 2 hours. This result is in agreement with the results of laboratory
extraction presented in table 5.30, in which, the sum of carotenoids in the peel and flesh is

0.19 mg/g of dry powder.

Table 5.34. Concentration of total carotenoids, after different times of ethanolic extraction.

Ethanolic extraction

Time Total carotenoid (mg/g of dry powder) Polyphenol (mg/g of dry powder)
30 min 0.13 ND
lh 0.15 ND
2h 0.16 0.43

ND: Not determined.

After extraction, ethanol was evaporated and a resin was formed. When ethanol was
evaporated, the carotenoids were insoluble in the remained water and were sticked around
the balloon as a resin. After drying the water in spray dryer, a powder was formed. Total
carotenoid and polyphenol in the resin and powder were determined. According to the results
in table 3.35, the powder obtained by spray dryer in pilot scale is not a good source of
carotenoid and polyphenols but the resin obtained after evaporation of ethanol could be a
rich source of carotenoids and chlorophylls (9.39 mg/g). The resin was dried using two
methods to determine the carotenoid content in dry mass and to verify the influence of drying
method on degradation of carotenoids. None of the methods resulted in a completely dried

resin. Total carotenoid in dried resin (11.11 mg/g and 11.33 mg/g) was very close to that
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found after direct analysis of resin (11.62 mg/g) indicating that degradation of carotenoids

was not considerable. The resin was lipophile and was dissolved easily in the canola oil. It

can be concluded that, instead of a powder rich in carotenoid, it is possible to produce a resin

which is a good source of carotenoid and can be offered as dissolved in oil. In contrast to the

powder, the juice of cantaloupe was a good source of polyphenols.

Table 3.35. Concentration of polyphenol and carotenoid in different steps of semi-industrial procedure.

Total carotenoid Poylyphenol

(mg/g) (mg/g)
Analysis of solution (resint+water) ND 0.22+0.01
Direct analysis of resin without drying / based on dry mass 9.39/11.62 ND
Analysis of resin after drying in oven at 45 °C 11.11 ND
Analysis of resin after freeze drying 11.33 ND
Analysis of powder after spray drying 0.10+0.001 0.50+0.02
Analysis of juice of cantaloupe after freeze drying 0.001 1.3940.15

ND: Not determined

Althouth viniferin and conidendrin were present in the powder obtained in laboratory scale
extraction, their presence in the powder obtained from the juice of cantaloupe in pilot scale

was not identified. It can be due to the different extraction method used in the pilot scale.
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5.10. Conclusion

Lypophilic solvents are generally used to extract carotenoids and may remain in the
extracted product. This research aimed to extract carotenoids and polyphenols from peel
and flesh of cantaloupe using ethanol with limited health concerns. The efficiency of
ethanol can be improved using optimum extraction conditions including time, temperature
and ethanol:water ratio. Extraction conditions of 2 h/50°C and 2 h/30°C were found to be
the optimum extraction conditions for flesh and peel, respectively. B-carotene and lutein
were the major carotenoids extracted using ethanol 95%, but in the case of polyphenol,
ethanol was not as efficient as water. Using ethanol 95% as solvent for the extraction of
carotenoids may result in lower toxicity compared to other solvents used for carotenoid
extraction and may reduce the toxic residues that would be derived from strong solvents

such as acetone.

B-carotene and lutein were the major carotenoids found in peel and flesh of cantaloupe.
Results of this study show that the amount of lutein was higher in the peel while the major
carotenoid in flesh was B-carotene. Many different types of polyphenols as flavonoids,
hydroxybenzoic and hydroxylcinnamic acids were found in cantaloupe. Overall, the
amount of total polyphenols exceeded that of total carotenoids in peel and flesh of
cantaloupe. High carotenoid, polyphenol and proanthocyanidin contents were observed in
the peel as compared to the flesh. The results of the present study suggest that peel extracts
can be potentially considered as new sources of natural antioxidants as carotenoids and
polyphenols for food and nutraceutical products. In fact, phytochemicals that contribute to
health are abundant in cantaloupe peel which is a by-product of cantaloupe juice

processing. If the peels are not processed, they become waste.

In pilot scale extraction, a resin rich of carotenoids and chlorophylls was obtained after
evaporation of ethanol. In contrast, the powder obtained after spray drying was not a good
source of carotenoid and polyphenols. The resin was easily dissolved in vegetable oil and
can be used as nutritional additive which may have the potential to reduce the risk of

disease as cancer, cardiovascular, cataract and macular degenerescence.
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Appendix I

Concentration of lutein and B-carotene in flesh for different extraction times

and temperatures.

. Efficien
. .. [P-carotene in Efficiency oﬁthang
Time Lutein in dry of ethanol
Reniperatare (min.)  powder (mg/g) dry powder Jfor lutein Jor f-
(mg/g) (%) carotene
(%)
0 0.088+0.008° 0.094+0.008" 31.10 33.22
30 0.106+0.006° 0.114+0.007" 37.46 40.28
- 60 0.11340.007*  0.122+0.008" 39.93 43.11
120 0.11840.006®  0.127+0.006 41.70 4488
180 0.12140.006®  0.131+0.006 42.76 46.29
360 0.126:+0.008" 0.136+0.008* 44,52 48.06
0 0.088+0.008°  0.094+0.008° 31.10 33.22
30 0.116+0.002° 0.127+0.001° 40.99 4488
30°C 60 0.129+0.002°  0.139+0.002" 45.58 49.12
120 0.136+0.007™  0.147+0.007* 48.06 51.94
180 0.141+0.008" 0.151+0.009° 49.82 53.36
360 0.146+0.006" 0.157+0.006 51.59 55.48
0 0.088+0.008°  0.094+0.008° 31.10 33.22
30 0.12640.003¢ 0.135+0.003° 4452 47.70
40°C 60 0.13340.006°  0.144+0.007 47.00 50.88
120 0.151+0.004°  0.163+0.005% 53.36 57.60
180 0.156+0.009"  0.168+0.010° 55.12 59.36
360 0.170+0.007" 0.181+0.008° 60.07 63.96
0 0.088+0.008* 0.094+0.008° 31.10 3302
30 0.148+0.009°  0.159+0.010° 52.30 56.18
50°C 60 0.159+0.007°  0.171+0.008% 56.18 60.42
120 0.176+0.007* 0.187+0.008" 62.19 66.08
180 0.175+0.014* 0.186+0.015" 61.84 65.72
360 0.169+0.024™  0.180+0.026™ 59.72 63.60

For each temperature, different letters within columns represent significant difference at p < 0.05, using
Bonferroni test. Means within a column followed by the same letter are not significantly different at P < 0.05.
Data are expressed as average of triplicate measurements with standard deviation.
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Concentration of lutein and B-carotene in peel for different extraction times and

temperatures.

Total Total " Efficien

; carotenoid as carotenoid as HfJiciency ofﬂc.:lha.n‘z;,jr
Temperature Tu.ne lutein in dry [f-carotene in of ethan-a d Jor -

(min.) Jor lutein
powder dry powder (%) carotene
(mg/g) (mg/g) 0 (%)

0 0.33240.006°  0.301+0.006" 67.89 61.55
30 0.379+0.016°  0.346+0.011° 77.51 70.76
25°C 60 0.399+0.016°  0.359+0.015° 81.60 73.42
120 0.38440.025"  0.345+0.022° 78.53 70.55
180 0.40740.011*  0.365+0.007° 83.23 74.64
360 0.39240.014°  0.352+0.014° 80.16 71.98
0 0.332+0.006°  0.301+0.006° 67.89 61.55
30 0.429+0.003*  0.387+0.003° 87.73 79.14
30°C 60 0.439+0.007*  0.398+0.006™ 89.78 81.39
120 0.458+0.005°  0.415+0.003" 93.66 84.87
180 0.454+0.009°  0.412+0.008" 92.84 84.25
360 0.457+0.018°  0.414+0.016" 93.46 84.66
0 0.332+0.006°  0.301+0.006° 67.89 61.55
30 0.435+0.005"  0.392+0.005° 88.96 80.16
40°C 60 0.454+0.008°  0.413+0.007° 92.84 84.46
120 0.453+0.002°  0.412+0.001% 92.64 84.25
180 0.45140.014*  0.411+0.015® 92.23 84.05
360 0.423+0.015*  0.388+0.013* 86.50 79.35
0 0.332+0.006°  0.301+0.006° 67.89 61.55
30 0.430+0.005*  0.391+0.004° 87.94 79.96
p— 60 0.43340.004*  0.394+0.003° 88.55 80.57
120 0.435+0.013*  0.400+0.010° 88.96 81.80
180 0.425+0.019°  0.393+0.017° 86.91 80.37
360 0.408+0.006°  0.375+0.005" 83.44 76.69

For each temperature, different letters within columns represent significant difference at p < 0.05, using
Bonferroni test. Means within a column followed by the same letter are not significantly different at P < 0.05.
Data are expressed as average of triplicate measurements with standard deviation.
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Appendix IT

Repeated measure analysis of variance for B-carotene according to type and
temperature

The Univariate procedure

0.67132948

0.81934698
-0.4273193
96.0001154

1.93564704
96.0001154

0.06827892

0.971046

0.079628
0.140764
0.835676

Effect = type*Temperature Method = Step down Bonferroni (P<.05) Set=1

Flesh 50 _ 0.1630 0.004011 A
Flesh 40 B 0.1476 0.004011 AB
Flesh 30 0.1359 0.004011 BC

Flesh 25 0.1208 0.004011 C




Effect = type*Temperature Method = Step down Bonferroni (P<.05) Set=2

Peel 30 _ 0.3879 | 0.004011 A
Peel 40 - 0.3863 | 0.004011 A
Peel 50 B 0.3758 | 0.004011 A
Peel 25 -~ 0.3447 | 0.004011 B

Effect = type*temps Method = Step down Bonferroni (P<.05) Set=1

0.003659 A
Flesh B 180 0.1590 | 0.003189 A
Flesh - 120 0.1560 | 0.002954 A
Flesh _ 60 0.1438 | 0.002573 B
Flesh - 30 0.1341 | 0.001754 C
Flesh -~ 0 0.09446 | 0.002061 D

Peel B 180 0.3953 | 0.003189 A
Peel B 120 0.3930 | 0.002954 A
Peel B 60 0.3907 | 0.002573

Peel B 360 0.3824 | 0.003659 BC
Peel B 30 0.3793 | 0.001754 @
Peel -~ 0 0.3013 | 0.002061 D
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Repeated measure analysis of variance for lutein according to type and temperature
Square root transformation

The Univariate procedure
Variable. Scaled Resid (Scaled Residual

0.8193505
-0.3088851
96.0009395

0.67133524
0.9944343
96.0009395
0.06827921

0.973035

1.099981

Effect = type*Temperature Method = Step down Bonferroni (P<.05) Set=1

Flesh 50 _ -1.9090 | 0.02277 A
Flesh 40 _ -2.0081 0.02277 B
Flesh 30 _ -2.0870 | 0.02277 B
Flesh 25 -2.1969 | 0.02277 C




Effect = type*Temperature Method = Step down Bonferroni (P<.05) Set=2

Peel 30 _ -0.8540 | 0.02277 A
Peel 40 - -0.8625 | 0.02277 A
Peel 50 B -0.8948 | 0.02277 AB
Peel 25 -0.9639 | 0.02277 B

Effect = type*temps Method = Step down Bonferroni (P<.05) Set=1

0.01741 A
Flesh B 180 -1.9198 | 0.01455 AB
Flesh B 120 -1.9408 | 0.01194 B
Flesh B 60 -2.0217 | 0.01093 C
Flesh B 30 -2.0957 | 0.01008 D
Flesh 0 -2.4358 | 0.01747 E

Effect = type*temps Method =

0.01455

Step down Bonferroni (P<.05) Set=2

A
Peel - 120 -0.8409 0.01194 A
_ 60 -0.8422 0.01093 A
_ 360 -0.8690 | 0.01741 AB
- 30 -0.8733 0.01008 B
0 -1.1015 0.01747 C
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