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Abstract
Lycopene is one of the 600 carotenoids found in nature and can be easily
identified in tomatoes. Several epidemiological studies report that lycopene rich
diets have beneficial effects on human health, showing strong correlations
between the intake of carotenoids and a reduced risk of cancer, coronary and
cardiovascular diseases. The purpose of this study was to develop a simple and
effective method for solvent extraction of lycopene from tomato paste, and to
stabilise and encapsulate the lycopene in the form of sodium-alginate beads.

The Soxhlet method was used for the extraction of lycopene from commercially
available tomato paste. Several solvents were tested, and ethyl acetate was found
to be the best solvent for extraction, resulting in the separation of more lycopene
than other solvents.

Due to the presence of unsaturated bonds in its molecular structure, lycopene is
susceptible to oxidation and degrades easily when exposed to light and heat. In the
food processing field, microencapsulation techniques have been widely used to
protect food ingredients against deterioration, volatile losses, or interaction with
other ingredients and factors.

Lycopene was encapsulated in 4% alginate (4g/100 mL), 1% agar-agar and
chitosan. The stability of the resulting beads was tested under conditions to
simulate those in the human intestine. The lycopene beads showed good
survivability when exposed to the acidic conditions such as those in the gastric
environment (pH 2.0–3.0). The lycopene release rate was best at higher pH levels
(pH 6.6) such as in the intestine, which is where nutrient absorption occurs. The
release rate of chitosan-coated alginate-lycopene was found to be much faster at
body temperature (37°C) than at 24°C.

The experimental results show that Ca-alginate chitosan coated lycopene beads
have a potential application as pH/temperature-controlled drug release carriers in
the biomedical field.
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1 Chapter 1
Introduction
1.1 Lycopene
Tomatoes contain a wide variety of antioxidants including vitamin E, ascorbic
acid, carotenoids, flavonoids and phenolic compounds. The scientific name for the
tomato is Lycopersicon esculentum, so its major antioxidant has been named
lycopene. It is also one of the most abundant non-vitamin analogues present in
human blood from food consumption (Sathish et al., 2009).

Lycopene is one of about 600 naturally occurring carotenoids and is responsible
for the red colour in fruits (Cámara et al., 2013; Roh et al., 2013). Carotenoids are
natural antioxidants which protect the cells of the body from the harmful effects
of oxidation due to free radicals (Antioxidant, 2011). The lycopene molecule is a
40 carbon acyclic carotenoid, with a molecular mass of 536 Daltons. It consists of
only hydrogen and carbon atoms and is one of the carotenoids synthesized by
plants and photosynthetic microorganisms (Ishida et al., 2001; Periago et al.,
2004). Lycopene has 13 double bonds, of which 11 are conjugated, resulting in
excellent antioxidant properties. However, the unsaturated bonds in its molecular
structure make lycopene susceptible to oxidants, sensitive to light and heat.

The biochemistry of lycopene is unique as it has no pro-vitamin A activity, in
contrast to other carotenoids such as alpha-carotene and beta-carotene. Because of
its non-polarity, lycopene is lipophilic, insoluble in water, and can be dissolved
only in organic solvents and oils (Shi & Maguer, 2000).

The main source of lycopene is tomatoes because tomato products have high
concentrations of lycopene, but it is also present in gac, watermelon, apricots, red
grapes, pink grapefruit, pink guava, papaya, peaches, goji berry and cranberries.
It is the most abundant carotenoid in tomatoes (0.9 to 4.2 mg per 100 g), followed
by beta-carotene, gamma-carotene, phytoene and other minor carotenoids. The
human body cannot produce lycopene so it must be obtained from food sources
(Shi & Le Maguer, 2000).
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Tomato processing waste is an excellent source of lycopene, as most of the
lycopene is in the seeds and skin residues. Normally these are discarded as peel or
pomace (solid remains after extracting juice), or used for animal feed. As well as
being rich in lycopene, tomato seeds can also be used for producing edible oil or
as a protein source.

1.2 Lycopene and human health
Free radicals are by-products of the metabolic processes of the body. Free radicals
in the body react with other substances and can be potentially harmful if they
initiate, promote or progress a chronic disease. The most effective way of
combating free radicals is by including more antioxidant-rich foods in the diet.
The antioxidants will find and quench (neutralize) these damaging molecules, thus
preventing further or on-going harm. (Periago et al., 2004; Cámara et al., 2013;
Lycocard, 2013).

Several epidemiological studies report that lycopene-rich diets have beneficial
effects on human health (Borguini & Torres, 2009). The antioxidant activity of
lycopene can help protect against degenerative diseases by neutralizing free
radicals in the body, thus preventing DNA damage in the cells and improving cell
function. High levels of lycopene in the blood and fatty tissues are associated with
reduced risk of cancer, heart disease and macular degeneration (Wang & Chen,
2006). Lycopene can also improve the skin's ability to protect against harmful UV
rays. A study at Manchester and Newcastle universities showed that tomatoes can
protect against sunburn and keep the skin looking youthful (Food-info, 2013).

In nature, most lycopene exists in the all-trans form. However, both isomerization
and oxidation can occur when processing tomato products. The cis-isomers of
lycopene have higher biological activity, probably because cis-isomers are more
soluble in bile acid micelles. Several papers have demonstrated that the cisisomers of lycopene could be adsorbed into the body more easily and played a
more important role in biological function than all trans-lycopene. Lycopene in
human plasma is an isomeric mixture where 50% of the total lycopene is the cisisomers (Wang & Chen, 2006; Sathish et al., 2009; Food-info, 2013).
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1.3 Extraction methods
Several different methods have been used to extract lycopene such as supercritical
fluid extraction (SCFE) with CO2 and solvent extraction. Solvents for extracting
carotenoids, include ethyl acetate (100%) or different mixtures of solvents such as
ethanol/hexane (1:1), acetone/ethanol/hexane (1:1:2), ethyl acetate/hexane (1:1) or
acetone/hexane (1:1) (Barba et al., 2006b).

The solvents of choice, ethyl acetate and ethyl lactate, are non-toxic, approved as
additives by the U.S. Food and Drug Administration, biodegradable and have a
relatively high flash point (Strati & Oreopoulou, 2011). Recent studies describe a
lycopene extraction process based on supercritical CO2, which avoids using
harmful solvents. Over 60% of the lycopene in tomato waste was extracted with
this process (Periago et al., 2004).

Methods for the analysis and identification of carotenoids include UVspectrophotometry, colorimetric, thin layer chromatography (TLC) and HPLC
(high-pressure liquid chromatography). The HPLC analysis of carotenoids is
usually done with C18 or C30 reverse phase columns. A wide variety of organic
solvents can be used as the mobile phase, and the column can be operated under
isocratic or gradient elution conditions. The various compounds eluted can be
detected using UV–vis (wavelength 480 nm) or a photodiode array (Barba et al.,
2006b; Roh et al., 2013).

1.4 Microencapsulation
Microencapsulation techniques have been widely used to protect many labile
compounds including food ingredients against deterioration, volatile losses, or
interaction with other ingredients (Goula & Adamopoulos, 2012). In the food
industry, encapsulation has been applied for a variety of reasons. It is a useful tool
to improve delivery of bioactive molecules (e.g. antioxidants, minerals, vitamins,
lutein, fatty acids, lycopene) and living cells (e.g. probiotics) into foods.

In most cases, encapsulation refers to a technology where the bioactive
components are completely enveloped, covered and protected by a physical
barrier, without any protrusion of the bioactive components. It is also the
3

technology used for packaging solid or liquid materials in small capsules that
release their contents at controlled rates over prolonged periods and under specific
conditions. Particles released from these beads usually have diameters ranging
from a nanometre to a few millimetres.

A gel bead system based on natural polysaccharides, which has been widely
accepted as a safe and inert oral drug dosage form, is an effective matrix. Such a
polysaccharide gel bead system would both reduce the limitations associated with
using lycopene such as its instability and also allow the entrapped lycopene to be
released into the digestive tract in a controlled manner so lycopene can be more
efficiently absorbed by the human body (Kim et al., 2008).

Alginates, which are derived from seaweeds, have been extensively used for
micro-encapsulation because they are easy to prepare on a small-scale. The
encapsulation process using these materials is simple, mild and non-toxic.
Because alginate is biocompatible and biodegradable under normal physiological
conditions is pH-sensitive and relatively inexpensive, it is often selected as a
matrix for entrapping and delivering lycopene, drugs, and cells (Gouin, 2004;
Deng et al., 2010).

1.5 Aim of this research
The aim of this research is to investigate the extraction, identification, purification,
stability and applications of lycopene and its functional components from
tomatoes and tomato paste. The main focus will be on solvent extraction, followed
by methods of identification and purification. The analysis of pure lycopene will
be achieved by chromatographic methods such as HPLC, TLC silica plates and
column chromatography. The effects of temperature, pH and time on the release
of encapsulated lycopene will be investigated.

Sodium alginate, agar agar and calcium chloride will be used to produce
lycopene-immobilized alginate beads. A chitosan solution will then be added to
coat the lycopene-alginate beads, reducing lycopene release and increasing bead
stability. Stabilization of all-trans-lycopene from tomato by encapsulating it using
α-, β-, and γ-cyclodextrins (CDs) has been evaluated (Blanch et al., 2007).
4

Encapsulating lycopene extracted from tomato pulp waste has also been achieved
using gelatin and γ-poly-glutamic acid (γ-PGA, a biodegradable and nontoxic
polymer) as the carrier (Chiu et al., 2007).

The selected encapsulation process should not require complicated equipment and
able to done at ambient temperatures and pressures. Moreover, it should not use
toxic materials or produce any harmful by-products. The easiest way to
encapsulate lycopene within an alginate matrix is by using the dripping-gelation
method. Alginate-agar liquid droplets containing lycopene are extruded from an
orifice and allowed to fall into a gelling bath. The surface of the droplets will
solidify almost instantly when they contact the gelling bath e.g. calcium chloride
(CaCl2).

In this research, a novel pH temperature sensitive hydrogel bead composed of
calcium alginate (Ca-alginate) and poly-(D) glucosamine (chitosan) will be
prepared for use as the delivery system. The release of lycopene at different pH
values (using phosphate buffer solution) and temperatures will be determined.

1.6 Thesis structure
The first chapter introduce general information and background about lycopene.
The second chapter is a literature review with details about sources of lycopene,
structure and characterization, role of lycopene in the human body, health aspects,
bioavailability and functional uses. This chapter also describes the different
methods used for extracting and immobilizing lycopene for controlled release.

The third chapter describes the materials and methods used in this research,
including extraction and analysis methods and the methods for immobilization
and controlled release of lycopene using chitosan-coated alginate beads. In the
fourth chapter the results of the research are presented and discussed. The fifth
chapter presents the conclusions and outlines recommendations for future work.
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2 Chapter 2
Literature Review
Lycopene is an important biological compound and has received great interest in
the past decade because of its important role in preventing chronic diseases such
as atherosclerosis, skin cancer and prostate cancer (Helmenstine, 2014). It is an
antioxidant that displays higher efficiency than vitamin E and other kinds of
carotenoids. A well-balanced diet usually contains an adequate lycopene intake.
The recommended daily intake of lycopene is 70 to 75 milligrams, and consuming
some lycopene every day is beneficial to health (Basu & Imrhan, 2007).
Lycopene is a bright red carotenoid pigment, and gives the red coloration to fruits
such as tomatoes, red carrots, red bell peppers, watermelons, papayas and gac fruit.
It is naturally synthesized by plants. It is one of the pigments widely used by the
food industry as a food additive due to its strong colour and non-toxicity.
Lycopene is registered as E160d (Perkins-Veazie et al., 2001) and approved for
food use. It has many health benefits and is in increasing demand as a red colorant
and antioxidant agent. The importance of natural food additives has gained more
attention due to the increased use of natural rather than synthetic compounds in
food, cosmetics and pharmaceuticals (Ishida et al., 2001; Kong et al., 2010).
This chapter summarizes the literature on the sources, properties and uses of
lycopene in the food industry. It then goes on to examine the methods used to
extract lycopene from natural sources, and finishes with immobilization and
encapsulation techniques.

2.1 Sources of lycopene
Lycopene can be obtained from natural sources or synthesized chemically. It can
be obtained in supplement form, usually as tablets or capsules or in soft gel.
Sometimes other nutrients are added to the formulation for additional antioxidant
benefits.
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2.1.1 Chemical synthesis
Lycopene can be extracted from natural raw materials or chemically synthesized
by a series of reactions using synthetic reagents and chemical solvents
(Figure 2-1). The final product may often contain traces of chemical solvents,
impurities and reaction by-products, which could be toxic and therefore these
products cannot be included in food. This industrial process of synthetic lycopene
has a deleterious environmental impact due to the large amount of chemical
solvents used (EFSA, 2006; Lycopene, 2013).

Figure 2-1: Flow diagram for synthesising of lycopene (U.S. Food & Drug Administration,
2003).

Synthetic lycopene is highly concentrated with a purity of 90-95%. These
concentrations are used for soaps, creams and cosmetics but not for human
consumption. It has a low bioavailability and is very labile to oxygen (from the
atmosphere) and light (Lycopene, 2013).

2.1.2 Biological sources
Lycopene occurs naturally in plant (vegetable) sources such as tomatoes, and in
microbial sources and in cells that have been genetically engineered to accumulate
lycopene.
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2.1.2.1 Microbial sources
Microbial sources of lycopene offer an alternative natural product considering that
until very recently, the only known source of lycopene was tomatoes.
Genetic engineering has made it possible to enhance lycopene content in bacteria,
fungi and mammalian cells. Several patents disclose DNA modification and
methods for producing carotenoids in biological sources (Olempska-Beer, 2006).
It is desirable to obtain edible (suitable for consumption) lycopene from these
biological sources while eliminating the need to ingest the biological source.

Blakeslea trispora, a fungal plant pathogen, produces lycopene and is also the
microbe used for producing commercial β-carotene for dietary supplements and
food additives (Wikipedia: Blakeslea trispora, 2013). Lycopene from B. trispora
contains at least 90% all-trans-lycopene and minor quantities of 13-cis-lycopene
and β- and γ-carotene (Olempska-Beer, 2006). Lycopene-producing B. trispora
cells are produced by mating and co-fermentation of two non-pathogenic and nontoxigenic (plus and minus) strains. Lycopene is solvent extracted with isopropanol
and isobutyl acetate from the biomass and purified by filtration and crystallization.
Pure lycopene crystals are unstable when exposed to oxygen and light so the
lycopene is stored under nitrogen or other inert gases in light-proof containers.

The high concentration of lycopene in certain microorganisms indicates that
microbial sources are attractive alternatives for the industry (Table 2-1). The
Blakeslea group, particularly B. trispora, is of primary industrial interest as a
source of β-carotene. This organism is preferred in carotenoid production
processes because of the increased yield in cells due to the high amount of
biomass and because intracellular neutral lipids in the form of tri-acylglycerols
increase lycopene solubility (Mantzouridou & Tsimidou, 2008).
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Table 2-1: Maximum lycopene production form various microorganisms (Mantzouridou &
Tsimidou, 2008).

Microorganism
Blakeslea trispora

Lycopene (μg/g
biomass dry wt)

Reference

15,000

Swarthout, 1963; Ninet et al.,
1968

Escherichia coli

500

Sandmann et. al., 1999

Flavobacterium R1519

1000

McDermott et al, 1974;
Britton et al. 1977

Mycobacterium aurum

7000

Kerr et al., 2004

Mycobacterium marinum

80

Howes & Batra, 1970

Rhodotorula spp.

90

Squina & Mercadante, 2005

Streptomyces chrestomyceticus

580

Bianchi et al., 1969

Commercial lycopene preparations for food usage are formulated as suspensions
in edible oils or as water-dispersible powders and are stabilized with antioxidants.
The concentration of lycopene from B. trispora when used in certain foods and
beverages as a colorant ranges from 10 mg/kg to 50 mg/kg (Olempska-Beer,
2006).

Production of lycopene in the fungal cells is due either to chemical inhibition of
cyclization reactions leading to β-carotene production or to genetic regulation.
Special compounds commonly referred to as “bio-regulators”, “stimulants”,
“inducers”, or “inhibitors” are added to regulate lycopene formation. Low
concentrations of these chemicals enhance lycopene yield at the expense of βcarotene (Mantzouridou & Tsimidou, 2008).

There are published reports on microbial production strategies using Escherichia
coli as a host strain and some studies using yeasts. Early studies (Sandmann et al.,
1999) with E. coli as a host strain report lycopene levels of up to about 0.5 mg/g
dry weight of cells. The yield from Candida utilis, after extensive re-engineering
of the ergosterol pathway, was up to 7.8 mg (dry wt.) of lycopene/g (dry wt.)
(Shimada et al., 1998).
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More recently, a combination of rational systems, biological design and random
screening approaches gave lycopene levels of up to 18 mg/g (dry wt.) in E. coli
cultures (Wang et al., 2012).
2.1.2.2 Plant sources
Tomatoes have one of the highest known concentrations of natural lycopene and
most people get much of the lycopene in their diet from tomato products. Other
plants known to contain high concentrations of lycopene can also be utilized.
They include fruits such as Ruby Red or Red-blush grapefruit, watermelon, and
persimmons (Ausich & Sanders, 1999).

Research shows that lycopene is absorbed more efficiently by the body after it has
been processed into juice, sauce, paste, or ketchup (Helmenstine, 2014).
Processed tomato products have higher levels of lycopene than raw tomatoes,
where lycopene is enclosed in the cells and tissues of the fruit. One ripe tomato
contains 3.7 milligrams of lycopene whereas one cup of tomato soup contains
almost 25 milligrams of lycopene. The higher content is because the cooking
process breaks down the cell walls of the tomato, which makes the lycopene more
available due to the increase in surface area of molecules. This also makes it more
easily absorbed by the body.
Because lycopene is fat-soluble (as are vitamins, A, D, E, and β-carotene),
absorption into tissues is improved when oil is added to the diet (Helmenstine,
2014). Therefore, eating tomato products with oil (e.g. adding olive oil to tomato
salad) dramatically improves absorption and utilization of lycopene by the body
(Ausich & Sanders, 1999).

The lycopene content in tomatoes typically ranges from 70 to 130 mg/kg and
depends on the variety, geographic location, cultivation technique, climatic
conditions and ripeness of the tomato. The lycopene content increases as the fruit
ripens. Tomato sauce and ketchup contain lycopene at concentrations of 33 to 68
mg per 100 g, while raw tomatoes contain lycopene at concentrations of 3.1 mg
per 100 g (Rath, 2009).

Table 2-2 shows the amount of lycopene in different tomato products (Rao &
Agarwal, 1999). The enhancement during processing can be shown by lycopene
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content in fresh tomatoes being less than 50 µg/g dry matter whereas tomato
powder contains over 1000 µg/g dry matter.

Table 2-2: Lycopene content of common tomato-based foods (Rao & Agarwal, 1999).

Tomato products

Lycopene (µg/g dry matter)

Fresh tomatoes

8.8- 42.0

Cooked tomatoes

37.0

Tomato sauce

62.0

Tomato paste

54 – 1500

Tomato soup (condensed)

80

Tomato powder

1126.3-1264.9

Tomato juice

50 -116

Pizza sauce

127.1

Ketchup.

99 -134.4

Lycopene extracted from tomato is a dark-red viscous liquid, which is freely
soluble in ethyl acetate and n-hexane, partially soluble in ethanol and acetone, and
insoluble in water. A solution of lycopene in n-hexane has a maximum absorption
at approximately 472 nm (Rath, 2009). The all-trans configuration is the
predominant lycopene isomer in raw tomatoes but it changes to the cis isomer
during cooking, food processing and storage.

2.1.3 Tomatoes as a source of lycopene
The tomato fruit consists of skin, pericarp, and locular contents (Figure 2-2). The
epidermal layer has a heavily cutinised outer surface and the skin consists of four
or five layers of cells under a thin cuticle. The locular cavities are filled with jellylike parenchyma cells that surround the seeds (Science, n.d.). The chemical
composition of the tomato fruit depends on its genetics, ripeness and the
conditions under which it was cultivated.
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Figure 2-2: Main anatomical features of mature tomato (Science, n.d.).

Tomatoes and tomato products are rich in antioxidant compounds and are
considered an important source of carotenoids, in particular lycopene, ascorbic
acid and phenolic compounds (Table 2-3) (Borguini & Torres, 2009).

Table 2-3: Tomato composition given in USDA* Food Composition Data, value per 100 g
(Borguini & Torres, 2009).

Nutrient

Value

Nutrient

Value

Water (%)

95

Potassium (mg)

237

Protein (g)

0.88

Sodium (mg)

51

Total lipid (fat)(g)

0.20

Zn, Cu, Mg (mg)

0.10 - 100

Carbohydrate (g)

3.92

Vitamin C, total ascorbic
acid (mg)

12.7

Fibre total dietary (g)

1.20

Thiamine (mg)

0.037

Calcium (mg)

10

Niacin (mg)

0.594

Iron (mg)

0.27

β-carotene (μg)

449

Magnesium (mg)

11

α-carotene (μg)

101

Phosphorus (mg)

24

Lycopene (µg)

2573

*USDA: United States Department of Agriculture

Because tomato skins were found to give the highest yield of lycopene, it has been
reported that tomato processing residues, including skins, are ideal for extracting
large amounts of lycopene. Tomato peels, usually eliminated during tomato
processing, are a valuable source of carotenoids. Tomato paste enriched in tomato
peels (ETP) contained 48 mg lycopene (58% more than classically made tomato
paste CTP) and 1.75 mg β-carotene (99% more than CTP) per 100 g of paste.
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Enrichment of tomato paste with tomato peel is an interesting option for
increasing lycopene and β-carotene intakes (Reboul et al., 2005).
Discarded tomato skins from the production of tomato juice have been found to be
the best source for lycopene extraction. The lycopene concentration in the nonblanched tomato peels was 62.92 mg/100 g, whereas it was 134 mg/100 g in the
blanched tomato peels (Figure 2-3) (Urbonaviciene et al., 2012).

Figure 2-3: Content of β-carotene and lycopene in the blanched and non- blanched peels and
flesh (Urbonaviciene et al., 2012).

Lycopene extract from tomatoes is used as a food/dietary supplement in products
where the presence of lycopene provides specific properties (e.g. antioxidant or
other claimed health benefits). Consumption of tomatoes is reported to have
enormous health benefits including reducing cholesterol, improving vision,
maintaining the gut, lowering hypertension, alleviating diabetes and preventing
urinary tract infections and gallstones (Abano et al., 2012). Regular consumption
of tomatoes and tomato products has been correlated with reduced susceptibility
to various types of cancers and cardiovascular diseases. This positive effect is
attributed to antioxidants, in particular, carotenoids (lycopene and β-carotene) and
phenolic compounds (Borguini & Torres, 2009).
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2.2 Physical and chemical properties of lycopene
The physical properties of lycopene are summarised in Table 2-4
Table 2-4: Properties of lycopene (Shi & Maguer, 2000).

Molecular formula

C40H56

Molecular weight

536.89 Da

Melting point

172–175˚C

Crystal form

Long red needles from a mixture of carbon
disulphide and ethanol

Powder form

Dark reddish-brown

Solubility

Soluble in chloroform, hexane, benzene, carbon
disulphide, acetone, petroleum ether
Insoluble in water, ethanol, methanol

Sensitivity

Light, oxygen, high temperature, acids

Chemistry of lycopene
Lycopene is an unsaturated acyclic hydrocarbon (Figure 2-4) with the chemical
formula C40H56. Common names include Ψ,Ψ-carotene, all-trans-carotene, and
(all-E)-lycopene. It has 13 double bonds, of which 11 are conjugated (EFSA,
2006). The chemical name for lycopene is 2,6,10,14,19,23,27,31-octamethyl2,6,8,10, 12,14,16,18,20,22,24,26,30- dotriacontatridecaene (Olempska-Beer,
2006).

Figure 2-4: Molecular structure of lycopene (Organic Herb Inc, 2012).

Lycopene occurs in the all-trans and various cis configurations. In some literature
sources, all-trans-lycopene is referred to as all-E-lycopene and cis isomers are
referred to as Z-isomers. Lycopene found in human plasma is a mixture of
approximately 50% Z-lycopene and 50% all-E-lycopene (Olempska-Beer, 2006).
Naturally- occurring lycopene consists predominantly of all-trans-lycopene. The
cis form of lycopene is more bioavailable and is less likely to precipitate and form
crystals, which affect solubility (Kun et al., 2006). For example, lycopene present
in red tomato fruits typically contains 94-96 % of all-trans-lycopene (Schierle et
al., 1997).
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2.3 Measuring lycopene
Various analytical methods have been developed to measure and analysis of
lycopene content in food and biological samples. These include ultraviolet-visible
(UV-VIS) spectrophotometry (Davis et al. 2003), liquid chromatography (LC),
thin layer chromatography (TLC) and high-performance liquid chromatography
(HPLC) (Xu et al. 2006; Ishida and Chapman 2004; Lee and Chen 2002).
Many other methods high-speed counter current chromatography (Baldermann et
al., 2008), fibre optic visible reflectance spectroscopy (Choudhary et al., 2009)
and infrared spectroscopy (De Nardo et al. 2009) are also developed. However,
they consume too much time (usually >20 min) and solvent in order to achieve
separation of the all-E-lycopene with its Z isomers.
UV-VIS spectrophotometry is more convenient, faster and less expensive than
HPLC analysis and large numbers of samples can be processed in a relatively
short time. However, UV-VIS spectrophotometry cannot detect very small
quantities of lycopene (less than 1 µg) whereas HPLC can detect quantities as
small as 1 ng

(Hyman et al., 2004). Although HPLC analysis allows accurate

quantification of pigments and separation of isomers, it is laborious and a high
level of skill is required to produce consistent results (Hyman et al., 2004).

2.4 Biological activity of lycopene
The potential health benefits of lycopene in the diet (Figure 2-5) on various
conditions are due to lycopene having the following attributes:


antioxidant function



enhancement of cellular gap junction communication



induction of phase II enzymes by activation of the antioxidant response
element (ARE) transcription system



suppression of insulin-like growth factor-1-stimulated cell proliferation by
induced insulin-like growth factor binding proteins



anti-angiogenesis and inhibition of cell proliferation associated with
malignant tumors



induction of apoptosis (Mein et al., 2008).
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Figure 2-5: Biological functions of lycopene (Mein et al., 2008).

2.5 Role of lycopene in the human body
Lycopene accounts for 50% of the carotenoids found in human serum, with
particularly high concentrations in the prostate gland, adrenal glands, skin, liver
and kidneys. Absorption of lycopene from processed tomato products such as
tomato paste is higher than from raw tomatoes. Because lycopene is a
hydrocarbon, it can be directly absorbed in the gut. Absorption is enhanced in the
presence of oils and surfactant, which disperse the lycopene. Unlike other
carotenoids, lycopene cannot be converted into vitamin A (Borguini & Torres,
2009).
Lycopene consumption has been associated with many health benefits
(Figure 2-6), including decreased risk of cancer and neurodegenerative diseases. It
is also beneficial in reducing urinary tract symptoms (BPH benign prostatic
hyperplasia, enlargement of the prostate) and cardiovascular risk associated with
type 2 diabetes (Ranveer et al., 2013). An increased lycopene status in the body
may regulate gene function, improve inter-cell communication, modulate
hormone and immune response and regulate metabolism, thus lowering the risk of
chronic disease (Agarwal & Rao, 2000).
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Figure 2-6: Role of lycopene in the body (Agarwal & Rao, 2000).

The major health benefits of lycopene include:
 Antioxidant activity
Lycopene is one of the most potent antioxidants. Its singlet-oxygen-quenching
ability is twice that of β-carotene and ten times higher than that of α-tocopherol
(Agarwal & Rao, 2000). As an antioxidant, it traps reactive oxygen species,
increasing the overall antioxidant potential and reducing the oxidative damage
to lipids (lipoproteins, membrane lipids), proteins (important enzymes) and
DNA (genetic material), thereby lowering oxidative stress. This reduced
oxidative stress leads to reduced risk of cancer and cardiovascular heart disease.
As lycopene levels in the blood increase, the levels of oxidized lipoproteins,
proteins and DNA compounds decrease. A recently study showed lycopene
antioxidant activity improved sperm quality (Rao, 2013).
 Reducing prostate cancer
Studies show that taking high doses of lycopene can slow the progression of
prostate cancer. The estimated intake of lycopene from various tomato
products was inversely proportional to the risk of prostate cancer, a result not
observed for any other carotenoid. Consuming ten or more servings of tomato
products per week reduced the risk by almost 35%. The protective effects were
highest for more advanced or aggressive prostate cancer (Agarwal & Rao,
2000).
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 Inhibiting cancer cells
Lycopene has a protective effect against stomach, colon, lung and skin cancers.
Free radicals in the body can damage DNA and proteins in the cells and tissues,
resulting in inflammation which may lead to cancer. Hence, the antioxidant
properties of lycopene in eliminating free radicals may reduce the risk of
cancer (Hussain et al., 2003). Research in breast, lung and endometrial cancers
has shown that lycopene is even more effective than the other bright vegetable
carotenoids α- and β-carotene in delaying the cell cycle progression from one
growth phase to the next, thus inhibiting growth of tumour cells. Lycopene
also plays a role in modulating intercellular communication by regulating
irregular pathways that may be associated with cancer (Singh & Goyal, 2008).

Multiple studies have investigated whether intake of tomatoes or tomato-based
products helps prevent digestive tract cancers, including oral, pharyngeal,
oesophageal, gastric, colon, and rectal cancer. People with a higher intake of
lycopene have been shown to have a reduced risk of developing cervical and
breast cancer (Lycopene, 2012).
 Reducing blindness
Age-related macular degeneration (ARMD) is the most common form of
blindness in elderly people in the Western world. Lycopene is the only micronutrient whose serum level is shown to be inversely related to the risk of
ARMD. Lycopene also helps reduce the incidence of cancers and
cardiovascular diseases which play a role in eye health (Lycopene, 2012).
 Reducing atherosclerosis and heart disease
Lycopene may be helpful in people with high cholesterol, atherosclerosis or
coronary heart disease, possibly due to its antioxidant properties. Lycopene
prevents oxidation of low density lipoprotein (LDL) cholesterol and reduces
the risk of arteries becoming thickened and blocked. Most published studies in
this area used tomato juice as a treatment. Drinking two to three 8-oz (200 mL)
glasses of a processed tomato juice would provide more than the 40 mg
lycopene per day recommended for reducing LDL cholesterol (Lycopene,
2012).
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 Reducing osteoporosis
Epidemiological data indicates, lycopene prevents osteoporosis in postmenopausal women. This is a new and exciting finding and could stimulate
serious dietary considerations for all people seeking to protect against this
disease (Rao, 2013).
 Preventing skin damage
Lycopene can reduce inflammation and help to protect the skin from damage
resulting from UV sun exposure. It is a common ingredient in anti-aging
creams and lotions but because it degrades easily, containers must be properly
sealed between uses (Rao, 2013).

2.6 Functional uses of lycopene in food
Because of lycopene benefits, there is a growing interest in using lycopene as a
value-added or functional ingredient in food products. Lycopene extract from
tomatoes can be used as a nutritional supplement in several food categories such
as baked goods, breakfast cereals, dairy products including frozen dairy desserts,
dairy product analogues, spreads, bottled water, carbonated beverages, fruit and
vegetable juices, soybean beverages, candy, soups, salad dressings, and other
foods and beverages. Lycopene is a natural food colouring, thus eliminating the
adverse effects of artificial food colorants. It provides colour shades ranging from
yellow to red (Choksi & Joshi, 2007).

The levels of tomato extract expressed as lycopene levels, added to food depend
on the intended function and may vary from 2 mg/L in bottled water to 130 mg/kg
in ready to-eat cereals. Food and beverage products are formulated to provide
about 2 mg lycopene per serving (Rath, 2009).

There are initiatives by food scientists to recycle lycopene-rich by-products as
food ingredients. Fortifying dry fermented sausage with lycopene can be achieved
by adding dried tomato peel to the meat mixture during sausage production (Altan
et al., 2008). Extrusion processing allows barley-tomato pomace blends to be
formulated into snacks (Altan et al., 2008).
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Research shows that heat processing converts lycopene in tomatoes to a form the
body can absorb more easily. One study showed that lycopene is absorbed 2.5
times better from tomato paste than from fresh tomatoes (Borguini & Torres,
2009).

The main concerns in using lycopene extracted from tomatoes and tomato
products are solubility and stability. Lycopene is insoluble in water but soluble in
toxic organic solvents such as benzene, chloroform and methylene chloride. It
decomposes easily with time. Carotenoids are susceptible to degradation due to
high temperatures, oxidation and UV light, which further limit their application in
the food industry (Varona et al., 2013).

Lycopene stability depends on the particular food to has been added to, on the
production process and the storage conditions (Abano et al., 2012). It is also very
unstable in crystal form regardless of concentration so storing the crystalline form
is not recommended (Kun et al., 2006).

When used as a food colorant, lycopene is stable in food stored at appropriate
conditions such as storage at 4°C. (Abano et al., 2012) reported that lycopene
extract is stable for up to 37 months.

2.7 Lycopene bioavailability
Carotenoids are strongly bound to intracellular macromolecules in many foods
and absorption may therefore be limited unless carotenoids are released from the
food matrix. Processing tomatoes increases the lycopene content because the heat
used in concentrating the juice or pulp makes lycopene more bioavailable.

Food processing breaks down cell walls and releases the lycopene from the fruit
matrix (Su et al., 2002). Cooking and crushing tomatoes (as in the canning
process) and serving in oil-rich dishes (such as pasta sauce or pizza) greatly
increases assimilation from the digestive tract into the bloodstream. Lycopene in
tomato paste is four times more bioavailable than in fresh tomatoes (Lycocard,
2013). The physical disruption of cell structure in processed tomato products
(tomato juice) and hence increased lycopene bioavailability compared with fresh
tomatoes is shown in Figure 2-7 (Lycocard, 2013).
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Figure 2-7: The physical disruption of the cell structure in processed tomato products
(tomato juice, above right) compared to fresh tomatoes (left) (Lycocard, 2013).

Chopping and pureeing, which reduces the physical size of the food particles, also
enhances lycopene bioavailability (Hadley et al., 2002). Mechanical treatment
with heat helps release lycopene from the tomato matrix due to thermal
weakening and disruption of lycopene–protein complexes, rupturing of cell walls,
and dispersion of crystalline carotenoid aggregates (Kun et al., 2006).

2.8 Extracting lycopene
There is an increasing trend using food processing by-products as a source of
functional food components. The literature generally agrees that lycopene is stable
in tomato matrices during mild thermal treatments but during intense processing
conditions or when lycopene is dissolved in oil or organic solvents, degradation
and isomerization might occur rapidly (Colle et al., 2010).

There are several different types of methods for extracting lycopene.
 Solvent extraction
Conventional spectrophotometric and HPLC assays for quantifing lycopene from
plant tissue use organic solvents to extract the compound. Although the method is
reliable, it is laborious, cumbersome and requires the use and disposal of organic
solvents (Colle et al., 2010). If the organic solvent used to extract the lycopene is
toxic, then residual traces will make the extract unsuitable for human consumption
(Zuknik, et al., 2012).
Extraction with organic solvents is a well-established method in the food industry.
As most tomato carotenoids are lipid- (fat) soluble, common organic solvents such
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as dichloromethane, hexane, ethanol, acetone, ethyl acetate, petroleum ether, and
mixtures of polar or nonpolar solvents in different ratios such as acetonechloroform (1:2) and hexane-acetone-ethanol (2:1:1) have been tested for
carotenoid extraction (Barba et al., 2006a). The amount of lycopene extracted
using hexane/acetone or hexane/ethanol is higher than when using methanol,
dichloromethane or chloroform (Barba et al., 2006a).

Food and Drug Administration have classified solvents into three categories:


Class 1 solvents are highly toxic and harmful to the environment, and
should not be used in the food industry. Examples include benzene and
carbon tetra-chloride.



Class 2 solvents are mildly toxic, and although they can be used under
specific conditions in the pharmaceutical and food industries, there are
strict limitations. Examples include hexane, methanol and chloroform.



Class 3 solvents are acceptable in small residual percentages, and are used
in the food and pharmaceutical industries. Examples include acetone,
ethanol, ethyl acetate, propanol and propyl acetate (Ishida & Chapman,
2009).

 Hydrostatic pressure processing
High hydrostatic pressure processing (HPP) without heating can increase the yield
of lycopene from tomato paste waste. Xi (2006) reported that the lycopene yield
from high pressure treatment of tomato paste waste was much higher than from
solvent extraction, with more lycopene extracted in 1 min using HPP than was
extracted in 30 min using solvent extraction.
Kong et al. (2010) produced high purity lycopene from tomato by-products
through pressurized extraction in equipment called “Extractor Naviglio”. This
extraction method use tap water with minimal organic solvent. The by-products
can be used as livestock feed (Kong et al., 2010).
 Enzymatic treatment
Using cellulase and pectinase enzymes increase yields of lycopene from tomato
waste substantially. Using the optimal enzyme concentration and process time
increased lycopene yield to twenty times then that achieved by using other
methods (Kong et al., 2010).
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 Supercritical fluid extraction (SCFE) with CO2
The literature suggests that supercritical fluid extraction (SCFE) of lycopene with
carbon dioxide (CO2) gives the best results (Choksi & Joshi, 2007). Many
researchers have investigated SCFE for extracting lycopene from various byproducts. Liquid CO2 is used as the solvent, and can be pressurized or heated to
the desired processing conditions. The matrix is packed into the extractor cell.
After extraction, the extract is precipitated through a control valve (Tzia &
Liadakis, 2003).

Supercritical CO2 is an ideal solvent for extracting food components because it is
non-toxic, non-flammable, safe, and inexpensive. Because lycopene is generally
sensitive to light, heat, oxygen and acids, lycopene extracted from tomatoes by
SCFE with CO2 isomerizes and decomposes less than other methods. However,
CO2 lacks polarity and the ability to form specific solvent-solute interactions.

Adding a small amount of polar solvent such as water, ethanol, methylene
chloride or hexane can greatly enhance the solvent power of CO2. Solubility
studies done over 50–80 °C and a 200–400 bars showed that these are suitable
operating conditions for carotenoid extraction (Shi et al., 2009).

The solvent extraction procedure has been used to extract lycopene from tomato
skins. Maximum lycopene yield from tomato skin was achieved by using response
surface methodology (Vagi et al., 2007). The extraction yields and the amounts of
lycopene depend on the experimental conditions. The product obtained by
supercritical CO2 extraction at 460 bar and 80°C contained the highest
concentration of carotenoids with 90% of lycopene (Vagi et al., 2007).


Ultrasonic extraction

Lycopene extraction has also been done by ultrasonic assisted extraction (UAE)
with response surface methodology (RSM). Sonication was found to enhance the
efficiency of relative lycopene yield (enhancement of 26% extraction yield of
lycopene in six replications in 40-min at 40°C and 70% v/w in the presence of
ultrasound), lower the extraction temperature and shorten the total extraction time.
This method enhanced the extraction yield of trans-lycopene by 75.93% compared
to conventional extraction methods, and also minimised the degradation and
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isomerisation of lycopene (Eh & Teoh, 2012b). Conventional methods of
extraction require longer extraction times, higher extraction temperatures and a
higher solvent to sample ratio for increased efficiency of extraction. Therefore,
compared to the improved UAE of lycopene, conventional methods are more
time-consuming and less efficient in terms of energy and solvent consumption.
 Soxhlet extraction
Soxhlet extraction is a simple and inexpensive method suitable for extracting a
compound of low solubility from a solid mixture, and can extract more sample
mass than most other extraction methods. This method, described by Soxhlet in
1879, is the most commonly used example of a semi-continuous method applied
to extraction of lipids from foods. Oil and fat from solid material are extracted by
repeated washing (percolation) with an organic solvent, usually hexane or
petroleum ether, under reflux in a special glassware apparatus. The apparatus
consists of a glass condenser, a cellulose extraction thimble with the sample, and a
boiling flask containing the heated solvent. Solvent vapours are refluxed in the
condenser and repeatedly wash over the solid sample to extract the desired
compound into the flask with the solvent. Because the heat applied to the boiling
flask keeps the system at a relatively high temperature, no filtration is required
after extraction and the solvent can be reused.

However, the Soxhlet method is time-consuming compared with other methods,
because the solvent needs to be heated to its boiling point before the compound
can be extracted from the sample. This extended exposure to heat can result in
thermal decomposition of thermo-labile target species. A conventional Soxhlet
apparatus provides no agitation, which would help expedite the process. Large
amounts of extract (solvent) are used for the evaporation-concentration process. If
it is not recycled and reused, this can be wasteful. It is costly to dispose of
extractant so it does not pose a threat to the environment (de Castro & PriegoCapote, 2010).
The Soxhlet method was selected for this research because of the low cost,
multiple extractions with recycled solvent, controlled temperature and
condensation conditions, and the system operates under vacuum. Recycling the
solvent minimises the amount of solvent required. These features make the
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Soxhlet extraction method most suitable for extracting lycopene from tomato
paste in controlled laboratory conditions.

2.9 Immobilization
Immobilization technology involves trapping a material (solid, liquid or gas)
within a semi-permeable and biodegradable matrix (Anal & Singh, 2007). The
material being immobilized can vary from whole organisms or microbe cells to
solutions of labile materials such as lycopene or drugs. The matrix is generally
sourced from polymeric materials such as alginate and chitosan. The carrier
selection is determined by the biological material being immobilized and
environmental conditions.

When the material is held within the semi-permeable matrix, the effects of
external factors such as pH, temperature fluctuations and light etc. are greatly
reduced (Anwar et al., 2009). Immobilization provides a solution to many of the
problems associated with bioprocess technology and drug delivery. Another
advantage is the cost effectiveness of downstream processing - immobilized cells
are easier to separate and can be recycled.

2.9.1 Current methods for immobilization
Conventional methods to prepare lycopene microcapsules are spray-drying (Shu
et al., 2006), microwave-assisted, supercritical fluid extraction method (Blanch et
al., 2007) and ultrasonic emulsification (Guo et al., 2014).

Spray drying is a popular way to encapsulate raw material. Shu et al. (2006)
prepared lycopene microcapsules by spray drying using a wall system consisting
of gelatine and sucrose. But lycopene showed some isomerization and the storage
stability of products was poor at room temperature.

Blanch et al. (2007) prepared lycopene microcapsules by a supercritical fluid
extraction method using α-β- and γ-cyclodextrins (CDs) as wall materials. The use
of supercritical fluids in food products avoids using large amounts of organic
solvents, but the costs of equipment and operation are high and the technological
parameters need further research.
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Ultrasonic emulsification is a better alternative with lower energy consumption
and using less surfactant. It is gaining more interest in many industrial fields
compared to other mechanical processes. Although ultrasonic waves are used
mostly for liquid stirring and mixing, researchers have focused on also using this
technique to prepare lycopene microcapsules. To enhance the storage stability of
lycopene ultrasonic emulsification technics optimized by response surface
methodology (RSM) experiment (Guo et al., 2014).

2.10 Controlled release of lycopene
Lycopene is easily degradable but can be immobilized within gels. Gels are
polymeric three-dimensional networks that swell on contact with water but do not
dissolve. Their water absorption property enables gels to be used for food
additives, and for immobilization and controlled release of active compounds.
Gels have been used extensively as controlled release matrices in the food,
medicine, agronomy and cosmetic industries. Most studies have been done on gels
made from polymers. Gel-able native or tailored polysaccharides, which are
generally non-toxic and highly biocompatible, are receiving increasing attention
(Hernandez-Espinoza et al., 2012).

Polysaccharide gels can be used as matrices for controlled release of functional
components. Some polysaccharide networks can protect entrapped molecules
while passing through the stomach and then release the molecules in the small
intestine and colon during gel degradation. Studies using polysaccharide gels as
controlled release matrices usually involve chitosan, alginate, starch derivatives
and modified dextran (Hennink & van Nostrum, 2002; Hernandez-Espinoza et al.,
2012).
Encapsulation is used to entrap functional components in a carrier and protect
against oxidation, isomerization, and degradation during storage. This method is
also used to control the release of functional components into the body so the
unstable constituents remain intact in the stomach and then release in the intestine
over a range of physiological pH values (Figure 2-8).
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Figure 2-8 Characteristics of gastrointestinal (GI) tract showing the pH at the different parts
(Cook et al., 2012).

pH = 2-3

pH =6-7

Figure 2-9 Release of lycopene in GI tract (intestine) (Cook et al., 2012).

The release of encapsulated lycopene is affected by pH (Figure 2-9). There is no
release in the acid environment of pH levels (2.0 to 3.5) the stomach and rapid
release at the higher pH conditions (5.5 to 7.0) the intestine (Cook et al., 2012).
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2.11 Immobilization systems
Several gels and gelling agents are currently used to immobilize lycopene.

2.11.1 Hydrogels
Polymeric hydrogels are extremely hydrophilic and can undergo significant
swelling when exposed to biological fluids. If the polymer matrix contains an
entrapped drug, the particles are liberated when the matrix swells due to changes
in pH and temperature. The release rate depends on the diffusion of biological
fluids into the matrix (Lui et al., 2011).

Hydrogel matrices are often used for controlled release of bioactive molecules, in
particular pharmaceutical proteins, and for encapsulating living cells. For these
applications, the gels often need to be able to degrade under specific physiological
conditions (Hennink & van Nostrum, 2002).
 Arabinoxylan gels
Arabinoxylan gels are non-starch polysaccharides present in the cell walls of
cereal endosperms. They are one of the main components of soluble and insoluble
dietary fibres and have various health benefits. Arabinoxylans gels with different
rheological and lycopene transport properties can be obtained by modifying the
polysaccharide concentration from 3 to 4% (w/v). Lycopene slowly diffuses from
arabinoxylan gels, indicating that these gels could be carriers for lycopene
delivery to specific sites after network degradation. The possibility of modulating
lycopene release from arabinoxylan gels makes these biomaterials potential
candidates for the controlled delivery of biomolecules (Hernandez-Espinoza et al.,
2012).
 Agar-agar
Agar-agar is extracted from the cell membrane some species of red algae. It
comprises a mixture of agarose and agar-pectin. It used as an ingredient in
desserts.
 Alginate gels
Alginate is a polysaccharide with mannuronic and glucuronic acid residues and
can be cross-linked by calcium ions at room temperature and physiological pH
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levels. Therefore alginate gels are frequently used as a matrix for the
encapsulation of cells and drugs. (Hennink & van Nostrum, 2002).

Alginate beads have been used extensively in microencapsulation because they
are extremely easy to prepare on a lab-scale, the process is very mild, it can be
conducted in sterile environments and virtually any ingredient can be
encapsulated, whether it is hydrophobic, hydrophilic or sensitive to temperature.
Commercially-available alginates have been used in the food and pharmaceutical
industries as thickening, emulsifying and film forming agents for many years.
Sodium alginate (NaC6H7O6) also known as ‘algin’ (sodium salt of alginic acid),
is a natural gelling agent extracted from the cell walls of some brown seaweed
species. The process involves drying the seaweed, followed by cleaning, boiling,
gelling and pulverizing the extract to produce sodium alginate in the form of a
light yellow powder. When dissolved in liquids, sodium alginate acts as a
thickener, creating a viscous fluid. When sodium alginate is added drop wise to a
calcium chloride solution, it forms gel-like beads (Goh et al., 2012).

Structure of alginate beads
Alginate has two building blocks, α-L-guluronic acid (G) and β-D-mannuronic
acid (M) residues. These may have up to three different polymer configurations,
held together by glycosidic linkages in randomised order (Figure 2-10) (Goh et al.,
2012). In the presence of divalent cations (Ca2+ or Mg 2+), alginate forms covalent
bonds that produce a rigid gel formation. Surface polymerization occurs
instantaneously. During prolonged exposure, divalent ions permeate through the
matrix to solidify the structure. The randomised order of the different
configurations provides a porous structure and is an ideal encapsulation method
for reactions with high oxygen requirements (Anal & Singh, 2007; Goh et al.,
2012).
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Figure 2-10 Components of alginates: G–G, M–M and M–G blocks linkage (Goh et al., 2012).

Hydration of alginic acid produces a high-viscosity ‘‘acid gel’’ due to
intermolecular binding. After gelation, the water molecules are physically
entrapped inside the alginate matrix, but are still free to migrate. This is of great
importance in many applications such as alginate gels for cell immobilization and
encapsulation (Lahaye & Rochas, 1991; Tønnesen & Karlsen, 2002).

Alginates with a high guluronic acid (G) content produce stronger gels than
alginates rich in mannuronate (M) due to the binding with the Ca+2 ion
(Figure 2-11). The G residues exhibit a stronger aﬃnity for divalent ions than the
M residues (Tønnesen & Karlsen, 2002; Anal & Singh, 2007).

Figure 2-11 Probable binding mode between the calcium ion (Tønnesen & Karlsen, 2002).
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Dietary effects of sodium alginate in humans
A study by Anderson et al. (1991) showed that ingesting sodium alginate had no
significant effect on plasma biochemistry parameters, urinalysis parameters, blood
glucose and plasma insulin concentrations. None of the volunteers in the study
reported any allergic responses. The trial showed that ingesting sodium alginate at
a high level for 23 days caused no abnormal effects. Enzymatic and other
indicators of adverse toxicological effects remained unchanged (Anderson et al.,
1991).

Optimisation of alginate bead formation
The performance of the alginate bead depends on sodium alginate concentration,
calcium chloride (CaCl2) concentration, cell density and particle diameter (Anal &
Singh, 2007). A low alginate concentration gives a weak matrix and allows
leakage of essential metabolites. On the other hand, a high sodium alginate
concentration may decrease the mass and oxygen transfer. Research has shown
that sodium alginate concentrations of 2% - 4% are suitable for most types of
bioconversions (Anal & Singh, 2007; Anwar et al., 2009).

Blandino et al. (1999), investigated the effect of CaCl2 concentration on beads
structure and showed that using CaCl2 concentrations greater than 0.3 M resulted
in thicker membrane formation and subsequently reduced mass transfer. The
CaCl2 concentration used by other studies is typically between 0.1 M - 0.3 M
(Blandino et al., 1999; Anwar et al., 2009).

The commonly-used encapsulation technique is based on dripping-gelation by
ionotropic gelation and involves extruding a liquid through a nozzle (Figure 2-12)
and allowing the droplet to harden in a suitable solution such as CaCl2.
Solidification of the droplet surface starts within milliseconds, where Ca2+ ions
react with the negatively-charged polymer chains to form a three-dimensional
rigid structure (Vemmer & Patel, 2013).
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Figure 2-12: Encapsulation based on dripping, ionic gelation production of beads and cross
linking (Vemmer & Patel, 2013).

Droplet size (diameter) is an important factor as it affects mass transfer rate.
Fick’s law of diffusion shows that mass transfer rate decreases when thickness of
a barrier increases (Seader & Henley, 2006). Therefore, droplet size needs to
allow mass transfer at a suitable rate for release of the immobilized material.
Calcium alginate (C12H14CaO12) is formed when the sodium salt in sodium
alginate is replaced with calcium. Calcium alginate gel beads are formed by
calcium-induced ionotropic gelation of alginate (Kim et al., 2008). Entrapment
within insoluble calcium alginate gel is recognized as a rapid, nontoxic,
inexpensive and versatile method for immobilising and encapsulating cells and
labile compounds (Anwar et al., 2009).

2.11.2 Chitosan gels
Chitosan is a biodegradable, natural polymer commonly used for cell
immobilization. It is a copolymer of glucosamine and N-acetyl-glucosamine
(Figure 2-13). The free amino groups allow chitosan to chelate with metal ions
(Sinha et al., 2004). Chitosan is a linear polysaccharide composed of randomly
distributed β-(1-4)-linked D-glucosamine and N-acetyl-D-glucosamine units
(Figure 2-14). It is obtained by deacetylation of chitin (Bhattarai et al., 2010).
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Figure 2-13: Structural configuration of chitosan (Cook et al., 2012)

Figure 2-14: Chemical structure of chitosan (Bhattarai et al., 2010)

Chitosan-based hydrogels are obtained by crosslinking the polymer with glycerolphosphate disodium salt. In the presence of this salt, chitosan solutions remain
liquid below room temperature but quickly gel when heated. The temperature for
the sol–gel transition decreases with increased deacetylation (Hennink & van
Nostrum, 2002; Bhattarai et al., 2010). Applications of chitosan include
flocculating agent, clarifying substance, thickening substance, coating material,
wound-healing factor agent, and antimicrobial agent (García et al., 2014).

Table 2-5: Characteristics of chitosan (García et al., 2014).

Parameters

Percentage (dry basis)

Total solids

98.9

Insoluble material

0.99

Amino groups

7.5

Deacetylation degree

80

Due to its porous and non-toxic properties, chitosan is commonly used in the
pharmaceutical industry for drug delivery (Croisier & Jérôme, 2013).
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Because alginate beads are delicate and prone to shear damage and swelling,
research on drug delivery has led to incorporating chitosan with the alginate to
increase physical strength of the bead (Figure 2-15). When chitosan coats the
surface of the bead, it forms cross links on the surface and within the bead,
increasing the tensile strength while still maintaining porosity (Hari et al., 1996;
Kim et al., 2008; Bowman et al., 2011).

Na-alginate with
Lycopene

Figure 2-15: Ionic polymer coating of alginate beads with chitosan (Vemmer & Patel, 2013).

2.12 Drug-release
Several parameters determine drug release behaviour from alginate-chitosan
microspheres (beads). These include concentration and molecular weight of the
chitosan, effect of additives, pore size, density of cross linking (greater crosslinking decreases release rate) and diffusion of the compound from the bead to the
external environment. Release rate decreases with increasing molecular weight of
chitosan (Sinha et al., 2004).
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(A)

(B)

Figure 2-16: Effect of pH value and temperature on drug release from alginate beads with
indomethacin. (A) pH at 37°C, and (B) temperatures at pH 7.4 PBS (Deng et al., 2010)

Deng et al. (2010) investigated the effect of temperatures and pH on the swelling
and drug-release behaviour of alginate-chitosan beads in phosphate buffer
solutions (PBS). The pH values were simulated to gastric pH = 2.1 and intestinal
fluids pH = 7.4 in the human body. A known amount of beads was immersed in a
specific volume of the PBS and a UV-VIS scanning spectrophotometer used to
measure absorbance and hence indicates the amount of the drug that had diffused
from the beads (Lee et al., 1997).
Release drug indomethacin from alginate-chitosan beads affected by pH and
temperature, with a remarkable dependence on pH at 37°C. In pH 2.1 PBS, the
drug was released from the beads as an initial burst (about 10%), after which there
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was almost no change (Deng et al., 2010) while release of the drug in pH 7.4 PBS
continued steadily over time (Figure 2-16A).
The effect of temperature on drug-release from beads at pH 7.4 PBS showed
release rate at 37°C was much higher than at 24°C (Figure 2-16B) (Deng et al.,
2010).

2.13 Objectives of this research
Today many nutritional supplements are available as capsules or gel-caps which
release the active ingredients in a controlled manner. The aim of the present study
is to develop a food-grade lycopene formulation for controlled release in humans.

The main focus of this research is to extract, purify, encapsulate and then
determine the stability and release of the immobilized lycopene. Commercial
tomato paste will be used as the starting material because it has high lycopene
content.

The main method used for extracting lycopene will be Soxhlet extraction, using
different solvents including petroleum ether, acetone, hexane, dichloromethane,
ethyl acetate and ethanol. Solvents affect both extraction rate and efficiency, and
trials will be done to identify the best solvent for lycopene extraction.

This will be followed by purification and analysis of lycopene in the extracts. The
lycopene will be determined by TLC and HPLC. This will include identification
of the optimal mobile phase for HPLC analysis.

The next objective is to immobilize the extracted lycopene and produce stable
lycopene beads. This will be done by using sodium alginate, agar agar and
calcium chloride to produce lycopene-immobilized alginate beads. To make the
beads more robust they will be coated with chitosan solution, to limit lycopene
degradation and improve stability.

Lastly, the release of lycopene from the manufactured beads will be determined at
two pH values. The effects of temperature on the amount of lycopene released
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will also be investigated. Release of lycopene in different parts of the
gastrointestinal (GI) tract will be simulated using various pH levels and
temperatures.

The extraction, storage, handling, and analysis of lycopene must be carried out
under controlled environmental conditions to minimize losses through oxidation
or isomerization.

The following flow diagram is a summary of the proposed research:
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3 Chapter 3
Materials and Methods
To isolate lycopene (ψ,ψ-carotene) from tomato paste (Lycopersicon esculentum),
conventional solvent extraction was performed on tomato paste. Soxhlet
extractions were also conducted to determine the amount of lycopene in freezedried tomato paste powder. This chapter summarizes the materials and methods
used in this research. The experimental work was divided into the following
sections:
•

Selecting solvents and extracting lycopene

•

Isolating and analysing the extracted lycopene

•

Immobilizing the lycopene

•

Encapsulating the lycopene and then evaluating release

A commercially available canned tomato paste (Leggo, Australia) was purchased
from the local supermarket was used. The label indicates it is 99% concentrated
tomato with no artificial colours, flavours or preservatives and has lycopene
content was 48 mg / 100 g.

3.1 Selecting Solvents
The solvent used for extracting lycopene should have the following characteristics:
•

Low cost.

•

Low toxicity and considered safe for food use (GRAS).

•

High affinity for extracting the target compound. This will depend on
factors such as interfacial tension and viscosity.

•

Stable during the extraction process.

•

Low detrimental effect on the environment.

•

Low flammability (for safety).

The following solvents or mixture of solvents were used to identify the best
solvent for extracting lycopene from tomato paste. All solvents were analytical
grade and purchased from Ajax Finechem Pty Ltd, New Zealand.
•

n-Hexane 95% (C6H14) - flammable liquid, analytical grade
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•

Dichloromethane (CH2Cl2) - toxic, harmful by inhalation

•

Ethyl acetate (CH3COOC2H5) - flammable liquid

•

Petroleum ether (BP 40-60°C) - flammable liquid, irritating to skin

•

n-Hexane + ethyl acetate (1:1 by volume)

•

Ethanol + ethyl acetate (1:1 by volume)

•

n-Hexane + acetone + ethanol (2:1:1 by volume)

•

n-Hexane + ethanol (4:3 by volume)

3.2 Extracting lycopene
Conventional solvent extraction was done using wet tomato paste. After opening
the original packing and during analysis the sample was protected from heat, light
and moisture uptake.

Extraction of lycopene and β-carotene from tomato paste

3.2.1

100 ml of solvent (1:1 acetone: petroleum ether) was added to 15 g (wet weight)
samples of tomato paste in conical flasks and mixed using a glass rod. Petroleum
ether with a low boiling point was used as it is
non-polar and can dissolve most of the carotenoid
residue.

The flasks were placed in a shaking water bath for
20-min at 35°C and 10 mL of distilled water was
added. The samples were transferred to centrifuge
tubes and centrifuged for 10-min at 4000 rpm.
The

samples

separated

into

two

layers

(Figure 3-1), which were removed using a pipette.

To analyse the extracted lycopene from the
tomato paste samples thin layer chromatography
were used.

Figure 3-1: Centrifuged sample
showing organic and aqueous
layers

A second trial was also carried out with a tri-mixture of 50:25:25 (v/v/v) hexane:
acetone: ethanol to extract lycopene and other carotenoids (β-carotenoids) from
the tomato paste. 100 ml of tri-mixture solvent was added to 15 g (wet weight)
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samples of tomato paste in conical flasks and mixed with a stirrer for 20-min at
35°C. Then stand for 10-min in a cooling water bath, the solution was separated
into two layers.

Separating funnel was used to separate these layers. Upper organic layer was used
to separate β-carotene and lycopene. Upper organic layer contains lycopene and βcarotene. The carotenoid mixture was applied to the silica column. Column
chromatography is a two phase system, the stationary phase is a column of
adsorbent and the mobile phase is a liquid eluent. The adsorbents, silica gel (the
same ones used in TLC) were used. 20 g of silica gel mix with petroleum ether,
swirl until obtained homogenous slurry. Then added silica mixture using a funnel
into the burette to make a silica column.

The carotenoid mixture of sample (upper organic layer) was applied to the top of
the column in a narrow band using petroleum ether to wash down the sides of the
column. The eluent flows down through the column by gravity action. Petroleum
ether with a low boiling point and dichloromethane was used to pass through the
column to separate the β-carotene and lycopene (Figure 3-2).

Figure 3-2: Column chromatography to separate β-carotene and lycopene

After petroleum ether were passed through the column (the carotenoids remain in
a narrow band at the top of the column), the solvent was changed to 10:90 ratio
dichloromethane: petroleum ether. The solvent is then switched to a 50:50 mixture
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of dichloromethane: petroleum ether to speed up the elution of the lycopene band,
which is collected in separate beaker. To confirm the lycopene and β-carotene the
separated fraction samples run on thin layer chromatography.

3.3

Batch extraction

Batch solvent extraction was done, 5g wet tomato paste samples mixed with 10mL of ethyl acetate and other samples were prepared separately with solvents
dichloromethane, n-Hexane, petroleum ether and tri-mixture of (2:1:1, v/v/v) nHexane: acetone: ethanol. Then extracted lycopene was analysed with TLC and
HPLC.

3.4 Soxhlet extraction
For this research, the Soxhlet extraction method was used to extract lycopene
from dry tomato paste powder. The tomato paste sample was dried, ground into
small particles and placed in a porous cellulose thimble for Soxhlet extraction.
The flask with the solvent was heated, evaporated into the condenser, and
condensed to a liquid, which trickled into the extraction chamber containing the
sample.

3.4.1 Preparation of samples
Samples (approximately 25 g) were frozen by pouring liquid nitrogen on the
tomato paste (Figure 3-3). The frozen samples were placed in a Labconco freeze
dryer system (Figure 3-4) and then vacuum dried for 24 hours. After drying, each
sample was ground to a powder using a mortar and pestle.
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Figure 3-3: Pouring liquid nitrogen on tomato paste

Lycopene was extracted from dried samples by Soxhlet (solvent) extraction. To
extract lycopene, duplicate, accurately weighed samples of dried tomato paste
powder (approx. 5 g) were placed in cellulose extraction thimbles (Figure 3-4)
(Whatman International Ltd., internal diameter 33 mm × external length 100 mm)
and covered with glass wool. The thimbles were placed in the Soxhlet extraction
unit (Figure 3-5) and extracted for 20 hours with 150 mL of one of the eight
solvents.

Figure 3-4: Labconco freeze drier system and tomato paste powder before extraction
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Figure 3-5 Set up of Soxhlet apparatus

Boiling chips were added to each solvent-filled boiling flask and the hot plate
under each flask controlled to the boiling point of each solvent (Table 3-1).

Table 3-1: Boiling point of solvents used

Solvent

Boiling Point

n-Hexane

68°C

Ethyl acetate

77°C

Ethanol

78°C

Petroleum ether

40°C

Dichloromethane

40°C

Once the solvent was boiling at a steady rate, each boiling flask was covered with
aluminium foil (Figure 3-6) to minimise heat loss.
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Extractions were done in the dark to minimise lycopene degradation and run for
20 hours to allow several refluxes (Appendix 1).

Figure 3-6: Soxhlet extraction with different solvents

The amount of solvent remaining in each boiling flask was measured to determine
how much solvent evaporated during the extraction process. A known volume
(approximately 2 ml) of the concentrate solvents were removed by pipette for
lycopene analysis.

The remaining solvent was then evaporated in a vacuum rotating evaporator
(Buchi Rotavapor R-124, Figure 3-7). An allowance was made for the sample that
had been removed for lycopene determination. The dried concentrate containing
the extracted lycopene was weighed.
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Buchi
Rotavapor

Extracted
solvent

Figure 3-7: Buchi Rotavapor for evaporating solvent from the lycopene concentrate

3.5 Identification of lycopene
Lycopene in each sample was determined by thin layer chromatography (TLC)
and high performance liquid chromatography (HPLC).

3.5.1 Thin layer chromatography (TLC)
TLC Silica gel 60 F254 Aluminium plates were used for isolating and purifying
extracted lycopene (carotenoids) for further study, including preliminary
screening of extracts and comparison of samples with standards. Silica is used
which is most commonly adsorbent for TLC of carotenoids. Silica plates (silica
layers coated onto aluminium foil, easily cut into pieces of the desired size with
scissors without damaging the layer) were used as adsorbent for the stationary
phase.

To confirm purity of the extracted lycopene, TLC (Britton, 2008) was conducted
with slight modifications. The TLC silica gel 60 F254 aluminium sheets (20×20 cm)
were activated at 110˚C for 30 minutes and used as a stationary phase to
determine the lycopene in each lycopene-extracted solvent. Two solvents were
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used as the mobile phase on the TLC plates toluene-hexane (1:19 v/v) and 80:20
(v/v) of petroleum ether (low boiling point 60-90˚C) and acetone mixture.

20 µL of the extract was applied with a pipette as a spot on the TLC plate
(Figure 3-8), and the plate was placed in the mobile phase, which rising up by
capillary action. Carotenoids are unstable and sensitive to oxygen, light, heat and
acids. Therefore all TLC procedures were carried out as rapidly as possible as the
carotenoid zones faded rapidly due to oxidative breakdown. During TLC, the
developing chamber was covered with foil paper (black paper or cloth could also
be used) or kept in a dark cupboard, because carotenoids are sensitive to light.

Figure 3-8: TLC silica plate with drop of lycopene extract

The TLC results were photographed and documented, and the retention factor (Rf)
(Appendix 1) for lycopene was calculated by the following formula:

Retention factor (Rf) = distance travelled by the compound
distance travelled by the solvent front

A trial was also done in which a column for purifying the lycopene was packed
with silica to separate the lycopene from other tomato paste pigments.

3.5.2 High performance liquid chromatography (HPLC)
The extracted solution of lycopene samples were analysed in an HPLC system
consisting of a Waters 515 HPLC pump, Waters 996 photodiode array detector
(PDA- UV/VIS detector) and Rheodyne 7725i manual sample injector with a 20µL sample loop (Figure 3-9). The system was controlled with Waters EmpowerTM
2 Chromatography software.
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Figure 3-9: HPLC system for lycopene solution analysis.

The non-polar C-18 analytical chromatographic column “A Discovery BIO Wide
Pore” C18 column, 25cm×4.6mm, 5µM particle size (Supelco Analytical HPLC
Products) was used as the stationary phase for separating and determining nonpolar hydrophobic lycopene molecules. The analysis was performed isocratically
at a flow rate of 1mL min-1 at 22ºC.

A Waters in-line Degasser AF was connected to degas the mobile phase. The
solvent mobile phase in a reservoir was pumped at a specified flow rate. A high
pressure pump was used to inject the sample into the continuously flowing mobile
phase and run into the HPLC column. The flow diagram of the HPLC is as shown
in Figure 3-10.
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Figure 3-10: A flow diagram of HPLC

Selecting the mobile phase for HPLC
To identify the optimum mobile phase composition, two different solvents were
used: 42:42:16 (v/v/v) acetonitrile: methanol: dichloromethane and 3:1 (v/v)
acetonitrile: dichloromethane. The optimum composition was based on the
chromatographic response factor.

Characterization of the lycopene extract was performed in isocratic mode. The
sample injection volume (20 µl in the loop) was injected for 15 minutes into the
mobile phase flowing at 1.0 mL/min. The lycopene was detected at a wavelength
of 480 nm. The column was controlled at 22˚C (room temperature) and 450-500
psi during analysis. Experiments were done at room temperature in the absence of
direct sunlight.

3.6 Analysis of extracted lycopene
Lycopene was analysed using high performance liquid chromatography (HPLC)
(C-18 analytical column was used) and ultraviolet-visible spectrophotometry
(UV-Vis).

Preparation of standard samples for calibration
Appropriate dilutions of standard solution were prepared for analyses the
extracted lycopene and all standards calibration done in duplicate.
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A stock solution of commercially available pure lycopene (Sigma Aldrich) was
prepared by dissolving 2 mg of lycopene in 10 mL dichloromethane (DCM) to
give a 0.2 mg/mL (200 µg/ mL) (Figure 3-11) and then stock solution was diluted
with dichloromethane to give 0 (blank), 1, 2.5, 5, 7.5, 10 and 20 µg/mL
(Table 3-2). Duplicates aliquots of the standards and lycopene extracts samples
were analysed by UV-Vis (480 nm) and HPLC.

As the conjugated-double-bond in carotenoids are unstable to light, oxygen, heat,
acid, and alkaline conditions, particular attention must be paid when preparing
and storing the sample and standard preparations. Standard stock solutions of
lycopene in DCM were wrapped in aluminium foil and stored in the freezer at
20˚C. All analysis was done in duplicate and in the absence of direct sunlight.

Table 3-2: Dilution of stock solution

Figure 3-11: stock
solution

Concentration
µg/mL

Stock solution
(SS) ml

Dichloromethane
(DCM) ml

20

1

9

10

0.5

9.5

7.5

0.325

9.675

5

0.250

9.750

2.5

0.125

9.875

1

0.05

9.950

0

0
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3.6.1 HPLC and UV-Vis analysis
A 20-μL aliquot of each dilution was injected into the HPLC column and data and
chromatograms were collected using the chromatograph software. Quantitative
analysis was based on peak area measurements. A calibration graph was prepared
from the results. The linearity of calibration the curves (peak area vs.
concentration) was checked over the lycopene concentration range of about 10500 µg/ mL.
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3.7 Immobilizing the lycopene
To immobilizing the lycopene as gel beads, the lycopene extract was mixed
(dissolved) with sodium alginate solution. One hundred and fifty millilitre of
sodium alginate solution 4% w/v (4 g sodium alginate in 100 mL) was prepared
with distilled water and the solution was gently mixed to obtain homogeneity and
eradicate air bubbles that may trapped in the beads. When this has been
accomplished, the alginate solution was added to the lycopene extract in a 1:1 (v/v)
ratio to obtain a final alginate concentration of 2% (w/v).

The solution was stirred with a magnetic stir for 20-30 min until the lycopene was
emulsified and appeared creamy. Another aggregating enhancing polymer, agaragar, was then added to enhanced alginate composition. This involves adding a
1% w/v agar solution (1 g agar-agar powder in 100 mL distilled water at 80°C) to
form a 1:1:1 (v/v/v) lycopene-alginate-agar mixture.

Tests to form beads were done using a syringe with an 18-gauge hypodermic
needle. A Gilson’s Minipuls ® 3 peristaltic pump (Figure 3-12), designed for
transferring fluids with a high level of speed control and at a low pulsation level,
was used to add drops of lycopene-alginate-agar mixture into 0.2M calcium
chloride (CaCl2) solution at room temperature (20°C). Different sized capillary
tubes (2-4 mm) were used to produce different sized beads. The diameters of the
beads were measured with a scale.

Magnetic stirrers were used in the gelling solution to prevent the beads sticking
together. Beads were left in the CaCl2 solution for 30 min to harden. They were
then separated by filtration and washed with deionized water.
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Magnetic stirrer

Peristaltic pump

Figure 3-12: Gilson’s MINIPULS peristaltic pump for making beads.

3.8 Encapsulating lycopene and evaluating release
Low molecular weight chitosan (Sigma-Aldrich) was used to make a 0.4% w/v
chitosan solution (4 g chitosan in 100 mL 0.4% glacial acetic acid). The pH of the
chitosan solution was 4.12.
The lycopene-alginate beads were immersed in 30 ml chitosan solution for 40
minutes to form chitosan-coated alginate beads. A scanning microscope with
Nikon digital sight camera was used to determine the size of lycopene beads. The
camera had a progressive resolution of 640×480, acq resolution of 2560 ×1920
(fine) and 24 bit capture depth with magnification lens. The software Image-pro
plus 6.3 supports with Nikon digital camera was used to examine morphology of
the beads under 6.4 and 16 times magnification.
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To determine the effect of pH and temperature on lycopene release, lycopene
beads were re-suspended in phosphate buffer solution (PBS) with different pH
values.

3.8.1 Controlled release of lycopene in the encapsulated beads
Preparing phosphate buffer solutions (PBS)
Buffer solutions with different pH values were prepared by mixing 0.2M
disodium hydrogen phosphate and 0.1M citric acid solutions (Table 3-3).
The disodium hydrogen phosphate solution was prepared by dissolving 14.2 g
disodium hydrogen phosphate (Na2HPO4) in 500 mL deionized water, and the
citric acid solution was prepared by dissolving 14.5 g citric acid in 500 mL
deionized water. The pH of the solution was measured with a digital pH meter
model Cyberscan 100 pH (Eutech Instruments, Singapore).

Table 3-3: Preparing buffer solutions with different pH values

pH of buffer

Citric acid solution
(0.1 M) (ml)

2.23

99

Disodium hydrogen
phosphate solution
(0.2 M) (ml)
1

3.16

70

30

4.5

45

55

6.6

18

82

To evaluate the effect of pH and temperature on lycopene release, 1 g of
lycopene-alginate beads were immersed in 9 ml of phosphate buffer at pH 2.23
(pH in the stomach), 3.1, 4.5, and 6.6 (pH in the intestine) at 22°C (room
temperature) and 37°C (body temperature). The beads were kept suspended by
using magnetic stirrers (120 rpm). Mainly at two pH 2.2 (in stomach) and 6.6 (in
intestine) results were recorded.

The lycopene contents in the liquid were measured at 10-minute intervals using a
UV-Visible spectrophotometer (UV-1700 pharma Spec- Shimadzu) at 480 nm.
Measurements of lycopene release at pH 2.2, 3.16, 4.5 were taken for 60 minutes
(average gastric emptying time) and twice at pH 6.8 over 2 hour period the
(average time food remains in the intestine). Tests were done in duplicates.
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4 Chapter 4
Results and Discussion
This chapter discusses trials for investigating methods for extracting and
immobilizing lycopene from commercially available tomato paste. Once the
optimum solvent for extraction and the mobile phase for HPLC had been
determined, extracted lycopene was immobilized in chitosan coated alginate beads
and its release measured.

4.1 Extraction and isolation of lycopene
4.1.1 Preliminary trials
A trial was done with solvents to extract lycopene from commercial brand tomato
paste. Lycopene was extracted using a 1:1 (v/v) petroleum ether and acetone
mixture. When distilled water (10 mL) was added and the solution centrifuged, it
separated into an upper organic layer containing the lycopene and a lower aqueous
water layer (Figure 4-1). The presence of lycopene in the upper layer was
confirmed by thin layer chromatography.

(a)

(b)
Upper organic
layer contains
Lycopene

Lower aqueous
layer contains water
and acetone

Figure 4-1: (a) Extraction with petroleum ether: acetone. (b) Layers after centrifuging upper
organic, middle aquous layer and bottom is tomato pulp

The second trial was done using a method developed by Motilva et al. (2014) to
extract lycopene and other carotenoids from tomato paste using a tri-mixture of
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50:25:25 (v/v/v) hexane: acetone: ethanol. The tomato paste became light in
colour after a 20-min, single step stirred extraction, indicating that the carotenoids
had been extracted. The solution was separated into two layers in a separating
funnel (Figure 4-2). The upper layer contained lycopene and carotenoids (βcarotene) which were further separated using a silica column (Figure 4-3) and thin
layer chromatography.

Upper organic
layer contains
Lycopene

Lower aqueous
layer

Figure 4-2: Separating two layers in separating funnel

Lycopene

β- Carotene

Figure 4-3: Lycopene and β-Carotene separated by silica column chromatography. On the
left is the silica column packed in a burette.
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The colour of lycopene and β-carotene are due to the double bonds in their
structure (lycopene has more double bonds than β-carotene). The β-carotene was
separated as a distinct yellow band from the reddish-orange lycopene. The βcarotene (non-polar) was not as strongly bound to the silica and eluted before the
lycopene. Lycopene gives a red-orange band and due to its high degree of
unsaturation,

eluted

after

yellowish

β-carotene

pigments.

Thin-layer

chromatography using silica gel plates confirmed the fractions were lycopene and
β-carotene.

The lighter colour of the tomato paste after extraction (Figure 4-4) indicates that
the tri-mixture 50:25:25 (v/v/v) hexane: acetone: ethanol gives better extraction
than 1:1 (v/v) petroleum ether / acetone mixture.

(a)

(b)

Figure 4-4: (a) Solvent phases after extraction with the tri-mixture (right) and petroleum
ether: acetone (left) (b) After extraction pulp become lighter with the tri-mixture (right side)
than petroleum ether: acetone (left)

Thin layer chromatography silica gel plates were used to isolate and purify
extracted lycopene and β-carotene and compare the samples with standards
lycopene. Silica is the most commonly used adsorbent for TLC of carotenoids.
The β-carotene dicyclic (upper spot), γ-carotene (monocyclic) the middle spot and
lycopene (acyclic) lower spot (Figure 4-5) appeared on the TLC plate. Separated
carotenes can easily be distinguished by their characteristic colour. Because of its
strong colour, lycopene is easily detected on TLC.
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Figure 4-5: TLC of lycopene and carotenoids. TLC plates were developed with toluene:
hexane (1:19, v/v). (a) Standard lycopene (Sigma). (b) Tri-mixture extract. (c) Separated
lyopene and (d) carotenoids from silica column chromatography.

The eluate containing lycopene was evaporated at room temperature in the fume
hood to produce a dry lycopene extract (Figure 4-6).

Figure 4-6: Lycopene extracted from tri-mixture extract

4.1.2 Determining Optimum Wavelength by UV/Vis
The UV-Vis absorption of lycopene extracted from the tri-mixture and a standard
lycopene (Sigma New Zealand) was measured in the range 250 to 600 nm. The
UV-Vis spectra of the lycopene standard had the same maximum absorption
peaks at 455, 480, and 513 nm reported by Seifi et al., (2013). Unfortunatelly, this
spectra could not be printed so published data is given (Figure 4-7).
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Figure 4-7: UV-Vis absorption spectra (250 to 600 nm) of 10μg/mL lycopene in
dichloromethane (Seifi et al., 2013)

Kun et al. (2006) also used UV-Vis to identify lycopene extracted from tomato
paste using 2:1:1 hexane, ethanol, and acetone. The optical density of the hexane
extract was measured at 480 nm.

4.1.3 Calibration of lycopene with UV-Vis
A calibration for lycopene was also done by UV-Vis spectra. The absorbance of
lycopene standard (Sigma) was linear in the concentration range 1-10 µg/mL
(Figure 4-8) and could be represented by the following equation:
R2 = 0.9993

Absorbance = 0.047 lycopene µg/mL +0.03

When the calibration curve extended to 20 µg/ mL, the relationship was also
linear (Figure 4-8). However the accuracy (as indicated by the R2 value) decreased
by 10%.
Absorbance = 0.054 lycopene µg/mL

R2 = 0.994

Therefore sample should be diluted to ensure the lycopene concentration is in the
range of 1-10 µg/ mL.

A calibration for lycopene was also done by HPLC using the mobile phase 3:1
acetonitrile: dichloromethane. Absorbance of lycopene standard (Sigma) was
linear in the range of 1-10 µg/mL (Figure 4-9). The peak area is measured by
absorbance at 480 nm and represented by the following:
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Figure 4-8: UV-Vis at 480nm Calibration curve for lycopene standard dissolved in
dichloromethane

Peak Area

(a)

(b)

Figure 4-9: Calibration cure for lycopene by HPLC

Peak area = 361079

R2 = 0.999

When the calibration was extended to the concentration to 20 µg/ mL, the
relationship was also linear (Figure 4-9). However the accuracy (as indicated by
the R2 value) decreased by 2%.
Peak area = 832318

R2 = 0.994

Y=41660×20 -25415

Y (a) =807785

Y= 36590×10- 7536

Y (b) =358364
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a/b = 2%

The spectrophotometric method could be used for routine analysis of lycopene, as
it is more convenient, faster and less expensive than HPLC analysis and large
numbers of samples can be processed in a relatively short time. The disadvantage
of UV-Vis is that it cannot distinguish between trans and cis-isomers of lycopene.
HPLC methods are reliable, can indicate the presence of contaminants, but they
are also laborious and require use and disposal of organic solvents.

4.2 Batch solvent extraction
Batch extractions were done with five different solvents or solvent mixtures: ethyl
acetate; dichloromethane; n-Hexane; petroleum ether; and tri-mixture of 2:1:1
(v/v/v) n-Hexane, acetone and ethanol.

Lycopene content of the extracted solvent samples were measured by thin layer
chromatography and HPLC.

4.2.1 Thin layer chromatography (TLC)
Two different solvent combinations were used for the mobile phase for thin layer
chromatography: 1:19 (v/v) toluene-hexane; and 8:2 (v/v) petroleum ether (bp 6090°C) and acetone were used at room temperature for 20-min.

Lycopene when using a 1:19 (v/v) toluene-hexane mobile phase appears as a
reddish orange band and the β-carotene fraction has a light yellowish band
(Figure 4-10). When 8:2 (v/v) petroleum ether/acetone was used as the mobile
phase, lycopene appeared as orange-yellow spot.

The crude carotenoid fraction gave a reddish orange spot (Rf = 0.34) and a yellow
(Rf = 0.56) spot on TLC silica plates when using a mobile phase toluene-hexane.

Lycopene is an acyclic compound. These compounds tend to crystallize on TLC
plates, resulting in poor resolution. Including toluene or dichloromethane in the
mobile phase keeps these compounds in solution without affecting the
chromatographic separation.
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Figure 4-10: TLC of extracted lycopene, TLC silica gel plates were developed with,
petroleum ether: acetone (80:20) and toluene: hexane (1:19, v/v) showing the presence of
lycopene (1) tri-mixture (2)petroleum ether(3) dichloromethane (4) ethyl acetate (EA) (5)
hexane (6) standard lycopene , (L) lycopene and (C ) carotene

Thin layer chromatography analysis is cheaper than HPLC and multiple samples
can be analysed simultaneously on the same plate under the same conditions.
However, it is less accurate than HPLC, and only indicates the presence of
lycopene, rather than the amount.

4.2.2 High performance liquid chromatography (HPLC) of lycopene
The structure and composition of the carotenoids influence their separation by
HPLC, allowing qualitative and quantitative analysis. A photodiode array detector
records the absorption spectrum of each component in the chromatogram.

HPLC analyses were done using a C18 column on standard lycopene and samples
obtained by extraction from tomato paste with different combinations of solvents.
Two different combinations of mobile phases for HPLC were initially used:
42:42:16(v/v/v) acetonitrile, methanol and dichloromethane; and 3:1 (v/v)
acetonitrile and dichloromethane.

The UV-Vis spectra for lycopene gave a

maximum adsorption at 472 and 480 nm, which is the same as reported by Davis
et al. (2003) and Roh et al. (2013).
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The chromatogram of the standard lycopene shows the standard lycopene peak
occurs at 7.5 minutes (Figure 4-11) using a mobile phase of 3:1 acetonitrile:
dichloromethane.

AU

0.30

Lycopene

0.20

0.10

0.00
0.00

2.00

4.00

6.00

8.00

10.00

12.00

Minutes

Figure 4-11: Chromatograph of standard lycopene in ethyl acetate, concentration 500 µg/mL
with a mobile phase 3:1 acetonitrile: dichloromethane

4.2.2.1 HPLC calibration
For HPLC calibration, a mobile phase of 3:1 (v/v) acetonitrile: dichloromethane
was used, and dilutions prepared from a stock solution of 500 µg/ml lycopene
(Sigma) dissolved in ethyl acetate.

Calibration of the standard lycopene (Sigma Aldrich) was linear for 100-500
µg/mL (Figure 4-12) and can be expressed as
Peak area=13451x lycopene µg/mL R2 =0.9918

Figure 4-12: HPLC C18 calibration curve for lycopene standards dissolved in ethyl acetate.
Running buffer was acetonitrile and dichloromethane
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4.2.2.2 HPLC results from batch lycopene extractions
Lycopene in the tomato paste was identified by comparing the retention times of
pigment in the extraction mixture with the standard lycopene (Sigma Products)
(Figure 4-11). Each peak represents a distinct component present in the sample.
Lycopene

Ethyl acetate

Figure 4-13: HPLC chromatogram of extract with ethyl acetate, HPLC condition were
mobile phase: 3:1 (v/v) acetonitrile/dichloromethane at flow rate 1 mL/min; detection at 480
nm.

The first peak in the chromatograph obtained from the ethyl acetate extraction
(Figure 4-13) is ethyl acetate. The lycopene peak was sharp and clearly defined.
No other compounds or contaminants were detected. This chromatogram was
similar to the chromatogram for the lycopene standard (Figure 4-11)

For the chromatogram for the dichloromethane, the first peak is dichloromethane
and lycopene peak was irregular, (Figure 4-14) indicating the presence of cisisomers and other carotenoid compounds.

Lycopene
dcm

Carotenoids

Figure 4-14: Chromatogram when tomato paste was extracted with dichloromethane (dcm).

Extracted lycopene using petroleum ether shows only a small amount of lycopene
and other carotenoids. The first peak was petroleum ether and the second peak
includes all carotenoids including a small peak for lycopene (Figure 4-15).
Lycopene was eluted after the α- and β-carotenes.
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Petroleum ether
Carotenoids
Lycopene

Figure 4-15: Chromatogram when tomato paste was extracted with petroleum ether

The chromatograph when lycopene was extracted from tomato paste with nHexane (Figure 4-16) has a broad lycopene peak which has a shoulder and can be
resolved as two peaks.
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Figure 4-16: Chromatogram when tomato paste was extracted with n-Hexane

Lycopene extracted with a tri-mixture of 2:1:1 n-hexane, acetone, ethanol showed
a large broad peak for lycopene (Figure 4-17) indicating that mixture of all-translycopene, minor amounts of cis-isomers and other carotenoids including βcarotene had been extracted.

Hexane/acetone/ ethanol

AU

0.40

Lycopene
Carotenoids

0.20
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Figure 4-17: Chromatogram when tomato paste extracted with tri-mixture of 2:1:1n-Hexane:
acetone: ethanol
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The HPLC retention time for lycopene for all extractions was 7.6-7.8 min. The
retention times and peak areas for all solvents used for extracting carotenoids
from tomato paste were reproducible (Table 4-1). Run times were short at 12
minutes and preparation was simple.

Table 4-1: Retention time and peak area of lycopene in extracted solvents in HPLC

Solvents
Ethyl acetate

Retention time
(minutes)
7.6

Peak area
14483517

Tri-mixture

7.8

11035836

Dichloromethane

7.6

8681867

n-Hexane

7.6

8120308

Petroleum ether

7.6

1565527

The extraction yields for lycopene using different solvents are shown in Table 4-2.
The colour of the solvent extract from tomato paste varied from light yellow to
dark red. The yields were calculated by dividing measured lycopene by the
reported lycopene content for the tomato paste supplied (48 mg per 100 g wet
paste or 480 µg/ g).

Table 4-2: Batch solvent extraction results for 5 g tomato paste in 10 ml of solvent. Yield
calculated based on labelled lycopene concentration of 480 µg/ g

Solvent

Peak Area
(A)

Lycopene
conc.
(ug/ml)

Lycopene
total mass
(ug)

(peak A /Y)

(conc. × V)

Extracted
conc (ug/g

% Yield

wet tomato
paste

mass / wt.

Ethyl acetate

14483517

1076.76

10767.61

2153.52

408.65

Dichloromethane

8681867

645.44

6454.44

1290.89

268.93

Petroleum ether

1565527

116.39

1163.87

232.77

48.49

6631793

493.03

4930.33

986.07

205.43

8120308

603.70

6036.95

1207.39

251.54

Hexane/acetone/
ethanol (2:1:1)
n-Hexane
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The best extraction was from ethyl acetate at 2153 µg/g tomato paste which was
4.5 times greater than the stated concentration. In checking with the supplier, they
also included tomato skin in the tomato paste, which has a lycopene concentration
of up to 1200 µg/g. Rao and Agarwal (1999) report lycopene concentrations in
tomato paste of up to 1500 µg/g. The higher yield could be because the C18
column did not resolve the lycopene from the other carotenoids in the extract, but
the appearance of a shoulder or tail on the peak would have been expected, but
was not observed for the ethyl acetate extract. Dichloromethane, hexane: acetone:
ethanol, and n-hexane all gave similar results of 200 to 268 µg/g tomato paste,
while petroleum ether gave very low extraction. From these results, it was
concluded that ethyl acetate was the best solvent to use, and was used as the
selected solvent for further extraction and immobilization of lycopene.

4.3 Soxhlet extraction
The extract from Soxhlet extraction of lycopene from tomato paste powder with
ethyl acetate was reddish and a yellowish extract when petroleum ether was used
(Figure 4-18). This indicated that ethyl acetate extracted all carotenoids including
lycopene, but petroleum ether was less efficient.

Figure 4-18: Soxhlet extraction of lycopene from tomato paste with
ethyl acetate (left) and petroleum ether (right)
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Ethyl acetate (CH3-COO-CH2-CH3) is a colorless liquid with a characteristic sweet
smell. It is synthesized mainly via the classic Fischer esterification reaction of
ethanol and acetic acid. Because of its low toxicity, it is used in pharmaceutical
preparations, food additives and fragrances. Its boiling point is 77°C and it is
miscible with water and ethanol. It has been approved for use in food products by
the U.S. Food and Drug Administration and biodegrades completely into CO2 and
water (Ishida & Chapman, 2009).

After extraction the tomato paste powder had a lighter colour due to the removal
of the carotenoids (Figure 4-19)

B

A

a

b

Figure 4-19: Tomato paste powder in petri-dish (A) and cellulose thimbles (a) before (A a)
and after (B b) extraction with ethyl acetate.

4.3.1 Analysing and identifying extracted lycopene
The extracted solvents were evaporated in a Rotavapor evaporator. When the
extracted material became a thick concentrate, it was transferred to a petri dish
and left in a fume hood at room temperature, until the extract was completely dry.
The colour of the extract was different and dependent on the solvents
(Figure 4-20).
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The results show that ethyl acetate is an excellent solvent for extracting of trans–
and cis-isomers of lycopene and β-carotene. It has low toxicity compared to the
other organic solvents.

Petroleum ether

Petroleum ether

Hexane + ethanol

Hexane + ethanol

Hexane + ethyl acetate

Hexane + ethyl acetate

Figure 4-20: Extracted lycopene solution from tomato paste before (left) and after the
solvent evaporation (right)

Extracted material resulting from extraction using n-Hexane and dichloromethane
became completely dry using a Rotavapor evaporator, without being transferred to
petri dishes (Figure 4-21).
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Figure 4-21: Extracted lycopene from tomato paste using n-Hexane and dichloromethane

The HPLC chromatogram of the product after Soxhlet extraction with ethyl
acetate had a sharp peak for lycopene (Figure 4-22) using a mobile phase of
42/42/16 (v/v/v) acetonitrile: methanol: dichloromethane. Lycopene appears to
have eluted earlier (retention time 5.7) than when a mobile phase of 3:1
acetonitrile: dichloromethane was used for the lycopene standard (which had a
retention time of 7.6 minutes).
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Figure 4-22: Chromatograph of Soxhlet extract of lycopene from tomato paste in ethyl
acetate using a mobile phase: 42/42/16 (v/v/v) acetonitrile/methanol/dichloromethane

Chromatogram for ethyl acetate extracts of tomato paste powder along with
retention times are shown in Figure 4-23.
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Figure 4-23: Chromatograph of lycopene in ethyl acetate showing integration and retention
times (mobile phase of 42/42/16 (v/v/v) acetonitrile/methanol/dichloromethane)
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Comparing the area of the lycopene peak with standard compounds, lycopene
recovery was highest for ethyl acetate. Yields from the Soxhlet extraction are
shown in Table 4-3.

Table 4-3: Soxhlet solvent extraction results for 5 g tomato paste powder in 150 ml of solvent.
Yield calculated based on labelled lycopene concentration of 480 µg/ g
Extracted

Mass
Volume of
Concentration
concentration
solvent Peak area
lycopene
Yield %
(ml) after
(µg /ml)
(µg/g wet
(mg)
extraction
tomato paste)

Solvent

n-Hexane

100

9842522

223.11

22.31

880.00

183

Dichloromethane

120

8784720

199.13

23.90

949.17

197

Ethyl Acetate

104

14754163

334.44

34.78

1391.10

289

Petroleum ether
Ethyl Acetate:
Hexane(1:1)
Ethyl Acetate:
Ethanol 1:1)
Hexane: Acetone: Ethanol
(2:1:1)
Hexane: ethanol (4:3)

100

4442094

100.69

10.07

397.41

82

110

4580452

103.83

11.42

453.25

94

120

10148578

230.04

27.61

1103.81

229

120

9891179

224.21

26.91

1075.13

223

110

8742460

198.17

21.80

858.42

178

All other solvents and solvent mixtures n-Hexane, dichloromethane, petroleum
ether, (1:1) ethyl acetate: n-Hexane, (1:1) ethyl acetate: hexane, (2:1:1) n-hexane:
acetone: ethanol and (4:3) n-Hexane: ethanol resulted in peak integration as other
compounds and carotenoids were also extracted (Figure 4-24 and Figure 4-25).
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Figure 4-24: Chromatogram of Soxhlet extract of tomato paste powder with
dichloromethane (mobile phase of 42/42/16 (v/v/v) acetonitrile/methanol/dichloromethane)

69

AU

0.20

0.10

0.00
2.00

4.00

6.00

8.00

10.00

12.00

Minutes

Figure 4-25: Chromatogram of Soxhlet extract of tomato paste powder with n-Hexane
mobile phase of 3:1 Acetonitrile: dichloromethane)

4.4 Discussion
The extracted concentration of lycopene was greater than that stated on the label
on the tomato paste. It is possible that the lycopene and other carotenoids in the
tomato paste became more bioavailable due to prolonged heating during Soxhlet
extraction, or that the C18 column and conditions used were not able to resolve
the lycopene from the other carotenoids.

In other research, a C30 reversed phase column was used to separate the two
lycopene peaks, as a cis isomer peak followed by the all-trans peak (Clinton et al.
(1996) (Figure 4-26). The data in that research shows a predominance of the cisisomers and the possibility that multiple geometric isomers of lycopene were
extracted. Therefore C30 columns would be more effective in the separation of
isomer mixtures of lycopene and carotenoids.

Figure 4-26: Chromatograms illustrating cis and trans isomers of lycopene in fresh tomato &
tomato soup, HPLC used a C 30 reversed phase column (Clinton et al., 1996).
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Lycopene exists as different isomers such as 15-cis-, 13-cis-, 9-cis-, and all-translycopene. The predominant isomer is all-trans in fresh tomato (Figure 4-27), but is
isomerized from trans to the cis-form by heat, light and some chemical reactions
(Clinton et al., 1996). The concentration of the all-trans isomer decreases under
heat used when manufacturing tomato paste, and the concentration of cis-isomer
first increases (due to isomerization of trans-isomer to the cis-form) but then
decreases after two hours.

All-trans lycopene
Cis-isomer

Figure 4-27: The proportion of cis & trans lycopene in tomato
products (Clinton et al., 1996).

Published research showed that all-trans lycopene accounts for 79 to 91% and cis
lycopene isomers for 9 to 21% of total lycopene in tomatoes, tomato paste, and
tomato soup (Clinton et al., 1996; Yeum et al., 1996). The distribution of trans
and cis-isomers of lycopene depends on the solvent and the process temperatures
(Figure 4-28 and Figure 4-29).
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Figure 4-28: HPLC separation of carotenoids using a C30 reverse phase column (Clinton et
al., 1996)

Figure 4-29: C30 RP-HPLC column chromatograph of tomato extract using isocratic mobile
phases of methanol/MTBE/ethyl acetate (30:60:10, v/v/v) at 501 nm with flow rate of 1.2
mL/min (Eh & Teoh, 2012a)

Barba et al. (2006a) used a µBondapack C18 column for HPLC analysis of a
carotenoid standard solution and tomato extract using hexane/acetone/ethanol for
extraction. The resulting chromatographs are shown in Figure 4-30 and
Figure 4-31 (Barba et al., 2006a). The C18 column (300 mm × 2 mm, 10 µm pore
size) was used with a µBondapack C18 pre-column (20 mm × 3.9 mm, 10 µm
pore size). The mobile phase was methanol/ACN 90:10 (v/v) + Tri-ethylamine
(TEA) 9 µM, and the flow rate was 0.9 ml/min. At a column temperature of 30°C
and detection wavelength of 475 nm, reliable results were obtained. The peaks of
lycopene and β-carotene in the standard solution were found to be 5.18 and 6.03
(retention time) respectively, while those in the tomato extract were 5.18 and 6.18
respectively (Barba et al., 2006a).
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Figure 4-30: µBondapack C18 column chromatogram of carotenoid standard solution
(Barba et al., 2006a).

Figure 4-31: C18 column chromatograph of tomato extract (Barba et al., 2006a).

A pre-column as described by Barba et al. (2006) was not used in this research.
The analysis was performed isocratically at a flow rate of 1mL min-1 at 22ºC. The
lower operating temperature, as well as using a different mobile phase (42:42:16
acetonitrile: methanol: dichloromethane), would also contribute to differences in
the results (Figure 4-32 and Figure 4-33).
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Figure 4-32: Standard lycopene stock solution in DCM with mobile phase 42:42:16 (v/v/v)
Acetonitrile: methanol: dichloromethane
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Figure 4-33: Standard lycopene in DCM with integration, mobile phase consisting of
42:42:16 Acetonitrile: methanol: dichloromethane.

4.5 Encapsulation
When extracted lycopene was mixed with 4% sodium alginate solution it was not
completely dissolved and a separate solvent layer formed, because the organic
solvents were immiscible in the alginate. This was partly expected as alginate is a
polysaccharide dissolved in a polar solution, while the ethyl acetate is only
soluble in water up to 8.3 g per 100 ml. A 1% agar-agar solution was added to the
alginate solution, which enabled the solvent solution to mix with the alginate and
make the lycopene-alginate-agar mixture.

To identify the optimum sodium alginate concentration for immobilization,
sodium alginate with varying concentration ranging from 1-4% was used to
acquire beads with greater stability. The beads were prepared using 0.2 M CaCl2
solutions as describe earlier in chapter 4. With the 1 and 2% alginate solutions, the
beads were not properly formed and they were dissolving in the CaCl2 solution.
This was because there was insufficient alginate to form strong cross links to
produce a stable gel. Beads of sufficient strength were formed when a 4% sodium
alginate concentration was used giving more stiffness and shape to the beads.

The beads were coated with chitosan to improve their stability in acidic pH.
Because alginate is an anionic polymer with carboxyl end groups, it forms strong
complexes with poly-cations such as chitosan, resulting in a stronger more stable
bead.
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4.5.1 Bead analysis
A scanning microscope (Image-pro plus 6.3 supports with Nikon digital camera)
was used to examine morphology of the beads at 6.4 and 16 times magnification
lens (Figure 4-34). The Image-Pro plus 6.3 programs was connected with the
camera so that results could be observed and saved.

The chitosan/alginate-agar beads were spherical with a smooth texture size of 2-4
mm (Figure 4-35).

Figure 4-34: Lycopene alginate-agar-chitosan beads under magnification.

Figure 4-35: Chitosan coated lycopene alginate-agar beads

4.6 Evaluation of lycopene release
The release of lycopene from the beads was evaluated to determine the effect of
the chitosan coating, sodium alginate concentration, pH levels and temperature.
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4.6.1 Effect of chitosan coating
Beads with and without chitosan coating were kept in containers under the same
conditions. After a few days, it was observed that the beads without the chitosan
coating decreased in size and elasticity indicating they were drying out, while the
beads with the chitosan coating did not shrink and maintained their soft texture.
The chitosan coating protected the contents of the bead against drying. This is
because a chitosan-alginate complex is water insoluble. From other research, the
properties of chitosan-alginate films vary when prepared with chitosan of different
molecular weights. Films prepared with low-molecular-weight chitosan (Mv 1.30
× 105) were twice as thin, transparent, and 55% less permeable to water vapour
than films prepared with high-molecular-weight chitosan (Mv 10 × 105). It was
inferred the low-molecular weight chitosan reacted more completely with the
sodium alginate (Mv 1.04 × 105) than chitosan of higher molecular weight (Yan et
al., 2001; Sinha et al., 2004; Struszczyk, 2004).

4.6.2 Effect of pH and temperatures
After beads had been immersed in a buffer solution, lycopene release was
determined by measuring absorbance of the solution at 10 min intervals. 1 gm of
lycopene alginate–agar beads (containing 182.1 µg per g of beads) was used in 9
ml of buffer solution.

Release of lycopene from uncoated beads at pH 6.83 (the pH in the intestine) was
most rapid for the first 20 minutes. Release rate was greater at 37°C than at 25°C
(Figure 4-36 and Figure 4-37). By 60 minutes, almost same amount of lycopene
had been released regardless of temperature. This was because alginate is a
polysaccharide and is susceptible to degradation and dissolving at elevated
temperatures.
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Figure 4-36: Effect of temperature on release from 4mm alginate-beads without chitosan
coating, at pH 6.83

Effect of pH (pH 4.4 and pH 3.3) on lycopene release from 3mm lycopenealginate beads without chitosan coating at 25°C is shown in Figure 4-37. The
release is slower at pH 3.3 at 25°C.

Figure 4-37: Effect of pH (pH 4.4 and pH 3.3) on release from 3mm lycopene-alginate beads
without chitosan coating at 25°C

Lycopene release was more efficient at a pH of 6.60 (intestinal pH) at 37°C (body
temperature) whereas very little was released at pH 2.36 (as in the stomach) at
25°C (room temperature) (Figure 4-38).
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Figure 4-38: Graph of release of lycopene in different pH (2.36 and 6.60) and temperature
25ᵒC and 37ᵒC

Beads kept at the lower pH and temperature was still intact after one hour whereas
beads kept at the higher pH (in intestine) and temperature was dissolved after 1hour (Figure 4-39).

1g beads in PBS Not
dissolved at pH 2.36
temp.25°C after 1 hour

Completely dissolved
at pH 6.6 temp.37°C
after 1 hour

Figure 4-39: Comparison of lycopene release from alginate-chitosan coated lycopene beads
at pH 2.36, 25°C and pH 6.60, 37°C

Lycopene release was tested at pH 2.23 and pH 6.83 at 25°C and 37°C. The
results shows release was greater at 37°C than 25°C for both pH levels
(Figure 4-40 and Figure 4-41).
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Figure 4-40: Lycopene-alginate-chitosan coated beads release at pH 2.23 and different
temperature

Temp. = 37ᵒC

Temp. = 25ᵒC

Figure 4-41: Lycopene-alginate-chitosan coated beads release at pH 6.83 and different
temperatures

Lycopene release from chitosan-coated beads at 37°C was higher at pH 6.60 than
at pH 2.36. Chitosan-coated alginate beads reduced the diffusion rate of the
encapsulated substance and had maximum stability and lycopene retention under
the simulated gastrointestinal pH 6.60 of 37°C (Figure 4-42).
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Figure 4-42: Lycopene release from coated and uncoated chitosan beads at 37°C and 25°C

Alginate–chitosan complexes can be useful in oral drug delivery systems because
alginate alone dissolves at high pH such as in the intestine, and shrinks at lower
pH levels (as in the stomach). Chitosan is insoluble at higher pH levels and
dissolves when the pH is lower. Therefore a chitosan coating enables the alginate
to pass through the acidic stomach and reach the intestine before its contents are
released (Takka & Gürel, 2010).
When mixed, the carboxyl residues of alginate and the amino groups of chitosan
ionically interact to form the polyelectrolyte complex. Complexes of chitosan
with alginate reduce porosity of alginate beads and decrease leakage of the
encapsulated drugs. The alginate beads without a chitosan coating shrank after a
few days, whereas beads with a chitosan coating did not change. The breakdown
of chitosan at low pH levels is prevented by the alginate network because alginate
is insoluble under low pH conditions, as it was also mentioned by George &
Abraham (2006).
A variety of synthetic and natural polymers has been studied as drug carriers, have
capitalized on the many hydrophobic and hydrophilic components and the
polymer–polymer, polymer–drug, polymer–solvent, or polymer–physiological
medium interactions that can occur. While there are almost limitless combinations
of materials to explore, engineers are restricted by material biocompatibility, toxic
by-products and manufacturing cost.

Lycopene extracted from tomato paste,

incapsulated in alginate/agar and chitosan, represents a simple and easy method of
controlled lycopene delivery that is non-toxic.
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5 Chapter 5
Conclusions and Recommendations
5.1 Isolation of lycopene
Conventional solvent extraction methods were used to extract lycopene from
tomato paste. Soxhlet extraction was the selected method for this research because
it requires less solvent and shorter extraction times than other methods. And it is
suitable for the extraction of lycopene from tomato paste.

Different solvents were tested. Ethyl acetate had the best extraction and efficiency.
The HPLC chromatogram had a sharp peak for lycopene, indicating no other
components or contaminants were present. Other organic solvents extracted other
compounds as well as lycopene. Ethyl acetate is favoured because of its low cost,
low toxicity, and agreeable odour.

Analysis of extracted samples by thin layer chromatography showed the presence
of lycopene as well as α and β-carotenoids. HPLC was done to determine the
concentration and purity of extracted lycopene. The optimal mobile phase for
HPLC analysis was found to be 3:1 (v/v) acetonitrile: dichloromethane. It gave a
good chromatographic response and efficient separation of lycopene within a
short retention time.

A non-polar C18 chromatographic column was used as the stationary phase, but
the resulting chromatograph did not have separate peaks for cis and trans isomers
of lycopene, and carotenoids. Lycopene extracted from tomato paste was greater
than that stated on the label, possibly because the lycopene in the tomato paste
became more bioavailable due to heating during Soxhlet extraction. Results
obtained indicated that lycopene content was greater than 1500 µg/g dry matter
(as it mention in litrature review table 2-2). Urbonaviciene et al. (2012) reported
the concentration of lycopene in blanched tomato skin as 135 mg/100 g (1350
µg/g), whereas the label on the tomato paste claimed lycopene 48 mg/100 g.

81

5.2 Encapsulation of lycopene
A pH and temperature-sensitive hydrogel bead of Ca-alginate and chitosan was
prepared as a carrier for lycopene delivery. Sodium alginate, agar, calcium
chloride and chitosan were used in the preparation. The dissolving behaviour of
the beads indicated they were sensitive to the external pH and temperature.

The chitosan-coated lycopene-alginate beads were more stable than alginate
immobilized lycopene without chitosan. Lycopene release from the beads was
affected by pH and temperature. The release rate was much faster at higher pH
levels (such as in the intestine) than at lower pH levels (such as in the stomach).
Release was also faster at 37°C (normal human body temperature) than that at
24°C (room temperature).

Alginate shrinks at low pH levels (such as the gastric environment) and the
encapsulated drugs are not released. In gastric fluids, the hydrated sodiumalginate is converted into a porous, insoluble alginic acid layer. Once the beads
pass into the higher pH of the intestinal tract, the alginic acid layer is converted to
a soluble viscous layer. This pH dependent behaviour of alginate can be exploited
to customize the release profiles of lycopene-containing beads. Having an intact
matrix and lycopene being diffused out through the pores will be a suitable
approach for lycopene delivery. The possible dissolution of alginate at higher pH
levels is prevented by the chitosan coating which is stable at higher pH ranges.

These results indicate that Ca-alginate chitosan coated beads possess potential
applications in drug delivery systems controlled by pH and temperature. The
entrapment of lycopene in polymeric networks could be a viable way to reduce
lycopene oxidation.
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5.3 Recommendations
Tomato peels, usually eliminated during tomato processing as by-product, are a
valuable source of carotenoids. Wastes from processing tomato products contain
the carotenoid rich skins and the seeds, and are available in large quantities.
Extracting lycopene from tomato processing wastes is economical and these byproducts could become a cheap source or lycopene, carotenoids and/or natural oils
for formulating new nutraceuticals, pharmaceuticals, and cosmetic products.

More research is needed to improve current methods of extraction and
encapsulation of lycopene. Extraction could be improved by using renewable
feedstock such as tomato peels and processing waste, thus reducing the amount of
waste generated. Safer solvents such as ethyl lactate, which is biodegradable,
should be used for the extraction.

Improved HPLC analysis of lycopene and alpha and beta carotenoids could be
carried out using a C30 column. Unlike the C18 column used in this research, the
C30 column can successfully separate the cis and trans isomers of lycopene, and
therefore enable more efficient isolation. Clinton et al. (1996) reported it is
possible to separate 12 to 13 geometric lycopene isomers with the C30 column.

In this research encapsulation of lycopene for controlled drug release was
achieved with lycopene-calcium-alginate beads coated with chitosan. The
lycopene was stabilised and protected from oxidation. Controlled release of
lycopene from these beads was optimal in the pH and temperature conditions of
the human intestine. More research is needed to investigate the large-scale
production of such beads for the pharmaceutical industry.
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Appendix
1. Definitions
Reflux:
A reflux has been defined as the point where enough solvent has collected in the
Soxhlet cylinder to be siphoned back into the boiling flask. The extraction
chamber is designed so that when the solvent surrounding the sample exceeds a
certain level it overflows and trickles back down into the boiling flask.

Retention factor
The measures how far a compound (spot) has moved up in a silica
chromatography plate under known conditions and can be use a quick
identification method.

2. Calibration of lycopene
Mobile phase: Acetonitrile + dichloromethane (3:1)
Stock solution of lycopene: 2.5 mg lycopene in 5 ml of ethyl acetate = 500 µg/ml
Stock solution conc. = 500µg/ml
Lycopene (Sigma) powder

= 2.5mg

Density

= 1 g/ml

Ethyl acetate solvent

= 5 mL

Total volume

= 5mL
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3. HPLC Chromatograph for lycopene standards
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Figure A 1: HPLC chromatogram of blank ethyl acetate
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Figure A 2: Chromatogram of standard lycopene in ethyl acetate, concentration 100 µg/mL
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Figure A 3: Chromatograph of standard lycopene in ethyl acetate, concentration 200 µg/mL
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300 µg/mL stock solution of lycopene in Ethyl acetate
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Figure A 4: Chromatograph of standard lycopene in ethyl acetate, concentration 300 µg/mL
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Figure A 5: Chromatograph of standard lycopene in ethyl acetate, concentration 400 µg/mL
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Figure A 6: Chromatograph of standard lycopene in ethyl acetate, concentration 500 µg/mL
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4. Batch solvent extraction
Mobile phase: 3:1 (v/v) Acetonitrile:dichloromethane (acn:dcm)
Solvent extraction of 5g tomato paste with 10 ml Dichloromethane (DCM)
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Figure A 7: Chromatogram when tomato paste was extracted with dichloromethane
(acn:dcm)
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Figure A 8: Chromatogram when tomato paste was extracted with ethyl acetate (acn:dcm)

Retention Time

Area

Height

7.616

14443517

1560355

7.650

5.473

4.349

0.05

8.827

0.10

3.236

AU

0.15

6.861

3.669

Petroleum ether: 5g Tomato paste in 10 ml petroleum ether.

0.00
1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00

Minutes

Figure A 9: Chromatogram when tomato paste was extracted with petroleum ether
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Trimixture of Hexane +Acetone +Ethanol (2:1:1)
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Figure A 10: Chromatogram when tomato paste was extracted with tri-mixture (acn:dcm)
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Figure A 11: Chromatogram when tomato paste was extracted with hexane (acn:dcm)
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Figure A 12: Chromatogram when tomato paste was extracted with ethyl acetate+ ethanol
(acn:dcm)
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5. Gilson’s Minipuls Description
The Minipuls pump can be used for application:


Transferring solutions, emulsions, suspensions, and gases at up to 200°C.



Pumping liquids through chromatographic systems against a back pressure
of up to 0.5 MPa (72.5 psi)



Continuously sampling the components of a production process



Formation of gradients (concentration, pH, etc.).

The Minipuls peristaltic pump manual control by front panel operation.
Speed Control Module
A general view of a Minipuls 3 (before the head is installed) indicates (Figure
A13)
The front panel has a keypad and a display
1. Slower: Decrease the pump speed
2. Faster: Increase the pump speed
3. Rabbit Set speed to 48 rpm for priming
4. Forwards: Start the pump clockwise
5. Backwards: Start the pump counter-clockwise
6. Stop: To stop the pump

Figure A 13: Minipuls 3 (before the head is installed)

Standard flow rates (1, 2, 4, or 8 channels): 0.3 µL/min–30 mL/min at a
maximum pressure of 0.5 MPa.
High flow rates (2 or 4 channels): 1 mL/min–220 mL/min at a maximum
pressure of 0.3 MPa
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