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Microencapsulation process is used to develop natural pigments by using a spray
drying process. Betacyanins are red-violet natural pigment can be found in plant
sources. In this project, the betacyanins were obtained from red amaranth. The
optimization of spray drying process and types of encapsulating agents used are
important to obtain desired pigment values. The objectives of the research are to
investigate the effect of solvents on the yield and the colour properties of Amaranthus
gangeticus and Amaranthus blitum, to examine the physicochemical properties and
optimise spray drying conditions of maltodextrin-microencapsulated betacyanins as
influenced by the inlet temperature and the maltodextrin concentration, to investigate
the quality of B-cyclodextrin-encapsulated betacyanin pigment powder as influenced by
spray drying conditions: inlet temperature, feed concentration and feed flow rate, and to
investigate the drying parameters of spray-dried betacyanin pigment powder
encapsulated by maltodextrin and B-cyclodextrin as influenced by spray drying
conditions. Amaranth betacyanins are extracted from A. gangeticus and A. blitum by
using water, methanol and ethanol extraction methods. Betacyanin content, total
soluble solids and colour parameters are analyzed to assess extraction efficiency. A
Principal Component Analysis is used to establish the relationships between the
different analytical variables and to detect the most important factors of variability. The
extracts are then microencapsulated by using a spray drying process. A Response
Surface Methodology (RSM) was employed as a statistical analysis tool throughout the
research. A. gangeticus extract (152.5 mg/100 g fresh weight) contains about two and
half time more betacyanin with half of total soluble solids compared to A. blitum (62.1
mg/ 100 g of fresh weight). Water is the best as solvent for extracting betacyanin from

A. gangeticus and ethanol in case of A. blitum. Three principal components are found



among the seven analytical variables accounting 88% of total variability. The first
principal component mostly reflects the redness, whereas the second principal
component reflects the betacyanin content, total soluble solids and lightness. It is
suggested that A. gangeticus is selected as raw material and extracted by water
extraction method. The results for second objective show that betacyanin retention is
affected by inlet temperature whereas antioxidant activity is influenced by maltodextrin
concentration. Only the effect maltodextrin concentration is found to have a significant
effect on colour value. Particle densities and sizes are slightly affected by the process
conditions studied. For B-cyclodextrin was used as the encapsulating agent, the results
reveal that all the studied physicochemical properties of betacyanin pigment powder
are affected by the three spray drying operating conditions. The glass transition
temperature and storage studies are carried out to ensure the powder stability. Results
of drying parameters explain that the droplet size is influenced by inlet temperature for
both encapsulating agents and B-cyclodextrin concentration remarkably affects the
droplet size for B-cyclodextrin-encapsulated pigment. As a conclusion, using of f-
cyclodextrin as encapsulating agent exhibits preferable results compared to
maltodextrin. The research suggests that using of B-cyclodextrin as encapsulating agent
for spray drying of betacyanins with proposed optimized formulation by RSM (Inlet
temperature 190 <C, p-cyclodextrin concentration 13.89% and fee flow rate 9 ml/min)
has potential to be utilized in food industries. The studied B-cyclodextrin-encapsulated
betacyanin pigment can be applied to food system for future work.
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Proses pengkapsulan-mikro digunakan untuk membangunkan pigmen semula jadi
dengan menggunakan proses pengeringan semburan. Betacyanin yang berwarna merah-
ungu pigmen boleh didapati dalam sumber-sumber tumbuhan. Dalam projek ini,
betacyanin diperolehi daripada amaranth merah. Pengoptimuman proses semburan
pengeringan dan jenis pengkapsulan agen digunakan adalah penting untuk
mendapatkan hasil yang diingini. Objektif kajian ini adalah untuk mengkaji kesan
bahan pelarut terhadap hasil dan ciri-ciri warna kepada ekstrak Amaranthus gangeticus
dan Amaranthus blitum, mengkaji ciri-ciri fizikal-kimia dan mengoptimumkan keadaan
semburan pengeringan terhadap pengkapsulan-mikro betacyanin oleh maltodekstrin
yang telah dipengaruhi oleh faktor suhu dalaman dan kepekatan maltodekstrin,
mengkaji  kualiti serbuk pigmen betacyanin yang telah melaui proses
pengmikroenkapulan B-cyclodextrin dengan keadaan semburan pengeringan seperti
suhu kemasukan, kepekatan kemasukan dan kadar aliran kemasukan, dan mengkaji
parameter pengeringan terhadap serbuk pigmen vyang telah melalui proses
pengakpsulan maltodekstrin dan B-cyclodextrin oleh semburan pengeringan. Amaranth
betacyanin telah diekstrak daripada A. gangeticus dan A. blitum dengan menggunakan
tiga prosedur pengekstrakan yang berlainan iaitu; pengekstrakan dengan menggunakan
air, pengekstrakan dengan menggunakan methanol dan pengekstrakan dengan etanol.
Kandungan betacyanin, jumlah pepejal terlarut, parameter warna telah dianalisis bagi
mengkaji keberkesanan pengekstrakan. Analisis komponen yang utama digunakan
untuk mewujudkan dan menilai hubungan antara faktor pembolehubah yang berbeza-

beza serta mengesan faktor yang paling penting dalam pembolehubah. Ketiga-tiga
proses tersebut dijalankan oleh proses pengkapsulan-mikro oleh semburan pengeringan.
Response Surface Methodology (RSM), telah digunakan untuk mnganalisis data kajian.



Ekstak A. gangeticus (152.5 mg/100 g berat sayur) mempunyai separuh jumlah pepejal
terlarut dan mengandungi dua kali ganda setengah kandungan betacyanin berbanding
dengan A. Blitum (62.1 mg/100 g berat sayur). Air merupakan pelarut terbaik bagi
mengekstrak betacyanin daripada A. gangeticus manakala etanol adalah pelarut terbaik
bagi mengekstrak betacyanin daripada A. blitum. Tiga daripada tujuh pembolehubah
analitikal mempunyai 88% daripada jumlah kepelbagaian. Pembolehubah yang pertama
kebanyakanya mempengaruhi factor kemerahan, manakala pembolehubah yang kedua
mempengaruhi faktor-faktor berikut; kandungan betacyanin, jumlah pepejal terlarut
dan kecerahan. Adalah dicadangkan bahawa, A. gangeticus dipilih sebagai bahan
mentah dan diekstrak dengan menggunakan air. Kajian yang objektif kedua telah
menunjukkan, pengekalan betacyanin telah dipengaruhi oleh suhu dalaman dan
kepekatan maltodekstrin. Aktiviti antioksida juga telah dipengaruhi oleh kepekatan
maltodekstrin. Terdapat kesan ketara pada nilai perubahan warna hanya apabila
kepekatan maltodekstrin diubah. Di samping itu, ketumpatan dan saiz zarah sedikit
dipengaruhi oleh keadaan proses yang dikaji Keputusan menunjukkan semua ciri-ciri
fizikal-kimia serbuk dipengaruhi oleh tiga keadaan semburan pengeringan yang
menggunakan B-cyclodextrin untuk pengkapsulan-mikro. Peralihan kaca suhu dan
kajian pengyimpanan dijalankan untuk memastikan kestabilan serbuk. Keputusan
parameter pengeringan menerangkan saiz titisan dipengaruhi oleh suhu kemasukan
untuk kedua-dua ejen pengmikroenkapsulan dan kepekatan B-cyclodextrin memberi
kesan besar terhadap saiz titisan untuk pigmen pengmikroenkapsulan B-cyclodextrin.
Konklusinya, penggunaan f-cyclodextrin  sebagai ejen pengmikroenkapsulan
berbanding maltodekstrin menghasilkan keputusan yang lebih baik. Kajian ini
mencadangkan bahawa menggunakan daripada B-cyclodextrin sebagai pengkapsulan
agen untuk semburan pengeringan betacyanins dengan formulasi dioptimumkan oleh
RSM (suhu dalaman 190 <C, kepekatan B-cyclodextrin 13.89% dan kadar aliran
kemasukan 9 ml/min) mempunyai potensi untuk digunakan dalam industry makanan.
Betacyanin pigmen boleh digunakan dalam sistem makanan untuk kerja-kerja masa
depan.
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CHAPTER 1

INTRODUCTION

1.1 Food colourants

The appearance of food is one of the crucial factors for acceptability by consumers.
One of the attributes that contribute to the appearance of food is colour. For this reason,
food industries focus on the physical qualities of food. However, food processing will
affect the physical appearance of food by generally losing the colour compound. So
food colourants become important either as an additive to food for which the colour
has been lost during processing or to intensify the appearance of food.

Food colourants are simply classified into synthetic colourants and natural colourants.
Natural colour is defined as the colour extracted from plant or animal sources without
changing the pigments chemically. Nature-identical colour is defined as a colour
synthesized from chemical feedstocks such that it is structurally identical to the natural
pigments (Timberlake and Henry, 1986). Nowadays consumers prefer natural
colourants instead of synthetic colourants due to quality issues as well as health
concerns. Some certain synthetic colourants provoke intolerance and allergenic
reactions which are not acceptable to consumers (Wissgott and Bortlik, 1996). Natural
pigments from plant sources such as lycopene and anthocyanins exhibit antioxidant
activity that may protect against chronic diseases (Socaciu, 2008).

There are a wide range of plant pigments available in nature, such as green colours
from leafy vegetables which are contributed by a combination of chlorophyll and
carotenoids, and reddish-purple colours from fruits and vegetables produced by
anthocyanins and betacyanins. Other natural sources of colourants from plant pigments
include yellowish to reddish carotenoids from eggs, fish, fruits and vegetables,
lycopene from tomatoes, watermelons and pink grapefruit, and caramel colour
obtained by the caramelisation of sugar (Wissgott and Bortlik, 1996). The chemical
properties of natural pigments can alter the stability as well as produce physical
changes. Carotenoid is lost due to oxidation with exposure to light, heat, enzymes and
peroxides (Socaciu, 2008). The colour of anthocyanins changes due to the change of
pH. Red colour is characterised by anthocyanins when the pH is between 2.5 and 3.8.
With a pH higher than 6, the anthocyanins will present as a blue colour (Timberlake
and Henry, 1986).

Although natural colourants from plants are preferred, the stability of plant pigments
becomes a challenge. In general, they are sensitive to pH, heat, or light. The processing
of natural colourants such as spray drying can reduce the colour degradation by
transforming it into powder and thus prolong the shelf life.



1.2 Betacyanins

Betalains are one type of pigments found in 10 families of the order Caryophyllales as
well as family Amaranthaceae. As a water-soluble nitrogenous pigment it can be
structurally divided into two groups: yellow betaxanthins and red-violet betacyanins.
The basic structure of betacyanins and betaxanthins and their building block betalamic
acid are shown in Figure 1.1. Based on the chemical structures, betacyanins can be
further classified into four types which are betanin, amaranthin, bougainvillein and
gomphrenin (Cai et al., 2005). Some 50 betacyanins and 20 betaxanthins have been
identified to occur in nature (Francis, 1999).

R R R*
+/ “H
&/ T~cooH o T

Hooc™" “N” “cooH Hooc™ "N “CooH Hooc” N” “coow
Betacyanins Betalamic acid Betaxanthins

Figure 1.1. Basic structure of betacyanins, betalamic acid and
betaxanthins (adopted from Stintzing and Carle, 2004).

Betacyanins can be quantified using a spectrophotometry. Two absorption ranges are
displayed that include a UV-range from 270 nm to 280 nm as a result of the cyclo-
Dopa structure, and a visible range from 535nm to 538 nm (Stintzing and Carle, 2004).

Betacyanins have been widely used as food colourants in food industries. Previous
studies have shown that betacyanins exhibit antioxidant activity. Cai et al. (2005)
identified 19 different types of betalains from the family Amaranthaceae which
possesses high antioxidant activity. The glycosylation is decreased in betacyanins
while acylation increases the antioxidant potential (Stintzing and Carle, 2004). This is
an additional advantage for human health as antioxidants can reduce the risk of cancer,
cardiovascular diseases as well as other diseases that are associated with aging (Cai et
al., 2003). Red beet is also a source of betalains, but it is it restricted by its earthy smell
as well as considerable nitrate level (Herbach et al., 2007). Thus betalains from red
amaranth have an advantage in this area.

One of the issues for natural plant pigments is the stability as such plant pigments are
easily degraded by exposure to light, oxygen, high temperature causing decomposition,
water activity and enzymatic activities. However betalains are suitable to be applied in
a food system compared to anthocyanins. The hydrophilic betalains are stable between
pH 3 and 7 and this characteristic is applicable from low acid to neutral foods
(Stintzing and Carle, 2007). A pH below 2 or above 9 will cause the degradation of
betacyanins (Jackman and Smith, 1996).



1.3 Amaranthaceae

As mentioned earlier, betalains are plant pigments found in the family Amaranthaceae.
Amaranth has been cultivated since 5000 to 7000 years ago and it has been reported as
the main food of the ancient Aztecs (Lehmann, 1994). Now it can be found in certain
areas of Africa and Asia, Central and South America. The highest production of
amaranth is predominantly in China where it is utilised as feed for animals and food
(Cai et al., 2005). Over the recent 20 years, Amaranth has been widely cultivated due
to its high nutritional value as well as the ability to withstand critical conditions such as
drought or poor soil.

In Malaysia, five species of Amaranthus species have been identified which include
Amaranthus gangeticus (bayam merah), Amaranthus blitum (bayam itik), Amaranthus
paniculatus (bayam putih), Amaranthus viridis (bayam panjang) and Amaranthus
spinosus (bayam duri) (Amin et al., 2006). The species Amaranthus gangeticus is
shown in Figure 1.2. Nowadays the main source of betacyanins is obtained from red
beets (Cai et al., 2005). Amaranthus has become a topic of research interest as an
alternative source of betacyanins since it can be produced in high biomass levels and
can be cultivated in Malaysia. In addition, Amaranthus pigments are high in crude
extracts and protein content, which contribute considerable nutritional value to food
(Cai et al., 19983).

Figure 1.2. Amaranthus gangeticus



Amaranthus betacyanins have been identified as isoamranthine and amaranthine
(Piattelli et al., 1964; Cai et al., 1998b). Amaranthus betacyanins have been applied in
food systems such as bread and beverages in south-western United States, Mexico and
Argentina (Lehmann, 1990). Further, the Amaranthus pigments can be applied to low-
temperature food such as yoghurt, frozen fruit desserts and ice cream (Freund et al.,
1988). Cai and Corke (1999) used Amaranthus betayanins in beverage, ice cream and
jelly to compare with commercial colourants. The model foods using betacyanins have
a brighter colour than red radish anthocyanins.

1.4 Microencapsulation by spray drying

Microencapsulation in the context is defined as the process in which particles or liquid
droplets are coated with a thin film of an edible coating material (Fellows, 2009). In
food industries, spray drying can be normally used for microencapsulation. It involves
the combination of the ingredient that will be encapsulated and a coating material such
as dextrin, modified starch, celluloses, proteins or gums. In general there are a few
types of microencapsulated products which include flavourings, fats and oils,
bioactives and herbs, vitamins and minerals, and other food ingredients (Barobosa-
Canovas et al., 2005; Reineccius, 2005).

The microencapsulation process is done by evaporating the moisture from an aqueous
surface and the polymeric material will form a coating around the ingredient. For
water-soluble material such as aspartame this is encapsulated by either fluidised bed
coating or spray coating. In this case the particles are suspended in a heated airstream
which is in an upward moving direction. At this time atomisation of the coating
material occurs which dries on the particles to coat them properly (Fellows, 2009).
Spray drying is widely used as encapsulating tool as it produces a solid spherical
powder directly from the liquid phase and has a short drying time over other drying
technologies (Devahastin, 2011).

The criteria for coating materials are that they should be insoluble in the entrapped
ingredient to avoid reaction, should resist the temperature used in the encapsulation
process and must be soluble in food systems. Some general purposes of using
encapsulation are to mask the odour or taste of ingredients such as fish oils, to stabilise
volatile or heat sensitive ingredients, or ingredients which are susceptible to oxidation,
such as colours and flavourings, and to transform from a liquid phase to solid phase for
easy handling or storage stability (Fellows, 2009).

1.5 Problem statement and objectives

Artificial colourants applied in food industries contribute side effects which affect
certain people by allergic reaction (Wissgott and Bortlik, 1996). It is suggested that use
of natural colourants as food additives is much preferred over artificial sources.
Nowadays beet roots are the major source of betalains and have been commercialised
in food industries. The source of betalains from red amaranth has become of interest
over the few years. In addition, two types of Amaranthus species: A. gangeticus and A.
blitum have gained much attention due to the amount of betacyanin pigment they
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contain. The potential sources of betacyanin and methods of extraction become key
elements as they can directly affect the yield. The retention of the betacyanin extracted
from red amaranth should also be optimised to minimise the loss and thus to save cost.
In addition, the choice of encapsulating agents can be another crucial factor influencing
the retention. Hence the stability of betacyanin pigment compound is the main concern
if it is to be used as a natural food colourant (Stintzing and Carle, 2007). The
understanding of the drying behaviour of encapsulated betacyanin pigment from red
amaranth during spray drying should be studied. Research is needed in order to
overcome these problems stated above. Hence the objectives of this study are:
1. To evaluate the types of betacyanin extraction methods on the yield and the
colour properties of Amaranthus gangeticus and Amaranthus blitum.
2. To determine the physico-chemical properties and optimise spray drying
conditions of maltodextrin-microencapsulated Amaranthus gangeticus powder.
3. To measure the physic-chemical properties and optimise spray drying
conditions of P-cyclodextrin-microencapsulated Amaranthus gangeticus
extract and its stability.
4. To evaluate the drying parameters of microencapsulated betacyanin powder
by spray drying conditions.

1.6 Outline of the thesis

Chapter 1 introduces a basic understanding of the research area related to the study,
which includes a brief overview of food colourants, the microencapsulation process by
spray drying and types of encapsulating agents used. In addition, the raw material of
the research, red amaranth, is briefly presented. The natural pigment betacyanins which
form the main body of the study are introduced here. The problem statement and
objectives are clearly described at the end of the chapter along with an outline of the
thesis.

Chapter 2 provides a literature review of the research data that is related to the study.
It informs of the further improvement that the research work can make. The spray
drying technology and encapsulating agents are explained. The related research area,
including microencapsulation of anthocyanin, Amaranthus betacyanin, and the
antioxidant activity of the Amaranthus species are elaborated here.

Chapter 3 delivers a preliminary study on the selection of the Amaranthus species
from Amaranthus blitum and Amaranthus gangeticus. The extraction methods are
evaluated and chosen. Principal component analysis is used as a statistical tool in this
section. The next stage of the research is explained in the following chapter after the
raw material and extraction method are specified. The details of the raw materials,
chemicals used, analyses and methodology are described here.

Chapter 4 explains the microencapsulation process for the betacyanin pigment and the
spray drying process is modelled and optimised by response surface methodology as a
statistical method. The physicochemical properties of betacyanin powder are analysed.
Maltodextrin is used as an encapsulating agent in this section. There are two major
factors being studied: spray drying inlet temperature and maltodextrin concentration,
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which involves physicochemical analyses after spray drying: betacyanin retention,
redness of powder, antioxidant activity (expressed as ICsy), moisture content, water
activity, densities, particle size, colour properties and morphology. Optimisation and
model validation is conducted based on three important responses: betacyanin retention,
antioxidant activity and redness of powder, and finally the formulation is proposed.

Chapter 5 continues the extension work of Chapter 4. The main study is to model the
spray drying process of betacyanin powder using different encapsulating agent: B-
cyclodextrin with three factors studied: inlet temperature, p-cyclodextrin concentration
and feed flow rate. Analyses include betacyanin retention, antioxidant activity, redness
of powder, moisture content, hygroscopic moisture content, water activity, bulk density,
particle size and particle morphology. The storage studies are conducted for betacyanin
powder under different storage conditions. Optimisation and model validation are
carried out which emphasise on betacyanin retention, antioxidant activity and redness
of powder. The optimised formulation is proposed and the glass transition temperature
is determined for optimised betacyanin powder.

Chapter 6 validates the drying parameters of microencapsulated betacyanin powder
using established empirical models as affected by the factors studied: inlet temperature,
carrier concentration and feed flow rate with using two different encapsulating agents:
maltodextrin and B-cyclodextrin, based on the proposed formulations from Chapter 4
and Chapter 5 in Table 4.2 and Table 5.2, respectively. A few equations are proposed
to measure the drying rate, droplet size and drying time. The parameters are
experimentally determined, including feed moisture, surface tension, viscosity and
density of liquid.

Chapter 7 summarises the entire outcome of the research with general conclusions.
The optimised formulations of maltodextrin and [-cyclodextrin-encapsulated
betacyanin pigment powder are recommended. Future work for the study is suggested
in this chapter.
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