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July 2020
Chair : Rabiha Binti Sulaiman, PhD
Faculty : Food Science and Technology

Fresh cantaloupe is highly perishable and has a short shelf life. Therefore,
drying is used to presene the quality of cantaloupe fruit in the form of powder
that is stable over a longer storage period. The objectives of this research were
() to evaluate the effect of Arabic gum concentration on the foam properties,
drying curve and physicochemical properties of foam mat dried cantaloupe
powder, (i) to ewvaluate the effect of Arabic gum concentration on
physicochemical properties of spray dried cantaloupe powder, (iii) to determine
the storage stability of foam mat dried and spray dried cantaloupe powder at
room temperature (25 + 2 °C, 50-70% RH) and accelerated condition (38 + 2
°C, 90 £ 2% RH) and (iv) to determine the rheological properties of cake icing
incorporated with foam mat dried and spray dried cantaloupe powder.
Cantaloupe puree (with pulp) was foam mat dried (FMD) using Arabic gum
(AG) at different concentrations (0-15%) in cabinet dryer at 55 °C with 3 mm
foam thickness. The results showed that cantaloupe pulp with 10% AG gave
better foam properties. Page model fitted well the drying curve of FMD of
cantaloupe. FMD cantaloupe powder with 10% AG showed better flowability
and lower moisture content, hygroscopicity and cohesiveness. For spray
drying, cantaloupe juice (without pulp) was dried with AG concentrations (0-
15%) at inlet temperature at 170 °C and outlet temperature at 90 °C. Spray
dried (SD) cantaloupe powder produced with 10% AG exhibited the best quality
in terms of moisture content, hygroscopicity, hue, water solubility index and
total carotenoid content. Therefore, FMD and SD cantaloupe powders with
10% AG were chosen for storage study and application in cake icing. After 6
months of storage, FMD and SD cantaloupe powders were safe to be
consumed as the total plate count, yeast and mould and Bacillus cereus had
less than 4.40 and 3.38 log CFU/mI, respectively. The degradation of
carotenoid content of cantaloupe powders followed first order reaction. A
rheological test was done on the cake icing incorporated with 10% AG of FMD



and SD cantaloupe powder in the temperature range of 15 to 35 °C. Cake icing
incorporated with cantaloupe powders fitted the Power law model and the flow
behaviour index (n) of the icings were between 0.104 and 0.156 showed no
significant difference (p > 0.05) with the control sample. The icing incorporated
with FMD and SD cantaloupe powder showed higher b* value compared to the
control sample. FMD and SD cantaloupe powder can be used as a natural
colourant and are suitable for confectionery products such as cake icing. The
data in this study is useful in food product development and the use of AG
could provide more information in foam mat drying using AG as carrier agent.
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Tembikai wangi adalah sumber karotenoid, fenolik, flavonoid, karbohidrat dan
mineral yang sangat baik. Tembikai wangi yang segar sangat mudah rosak dan
mempunyai jangka hayat yang pendek. Oleh itu, pengeringan digunakan untuk
mengekalkan kualiti buah tembikai wangi dalam bentuk serbuk yang stabil
dalam tempoh penyimpanan yang lebih lama. Tujuan kajian ini adalah (i) untuk
mengenalpasti kesan kepekatan gam arabik terhadap sifat buih, lengkungan
pengeringan dan sifat fizikokimia dari serbuk tembikai wangi yang dibuih
kering, (i) untuk mengenalpasti kesan kepekatan gam arabik terhadap sifat
fizikokimia dari serbuk tembikai wangi yang disembur kering, (iii) untuk
menentukan kestabilan penyimpanan serbuk tembikai wangi yang dibuih dan
disembur kering pada suhu bilik (25 = 2 °C, 50-70% RH) dan keadaan
dipercepat (38 + 2 °C, 90 £ 2% RH) dan (iv) untuk mengkaji sifat reologi aising
kek yang dicampur dengan serbuk tembikai wangi yang dibuih dan disembur
kering. Puri tembikai wangi (dengan pulpa) dibuih kering dengan pelbagai
kepekatan gam arabik (GA) (0-15%) dalam pengeringan kabinet di bawah suhu
55 °C dan ketebalan buih pada 3 mm. Keputusan menunjukkan bahawa pulpa
tembikai wangi dengan 10% GA menunjukkan sifat buih yang lebih baik. Model
Page didapati sesuai untuk lengkungan pengeringan buih buah tembikai wangi.
Serbuk tembikai wangi yang dibuih kering yang dihasilkan dengan 10% GA
menunjukkan pengaliran yang baik dan kandungan kelembapan, penyerapan
air dan kohesif yang lebih rendah. Bagi pengeringan semburan, jus tembikai
wangi (tanpa pulpa) dikeringkan dengan kepekatan GA (0-15%) di bawah suhu
udara masuk pada 170°C dan suhu udara keluar pada 90 °C. Dalam
pengeringan semburan, serbuk tembikai wangi yang dihasilkan dengan 10%
GA mempunyai kualiti yang terbaik dari segi kandungan kelembapan,
penyerapan air, warna, kelarutan air dan jumlah kandungan karotenoid. Oleh
itu, serbuk tembikai wangi yang dibuih dan disembur kering dengan 10% GA
dipilih untuk kajian yang seterusnya dalam penyimpanan dan aising kek.



Selepas 6 bulan penyimpanan, serbuk tembikai wangi yang dibuih dan
disembur kering adalah selamat digunakan kerana jumlah bilangan plat, yis
dan Bacillus cereus mempunyai kurang daripada 4.40 dan 3.38 log CFU/ml,
masing-masing. Degradasi kandungan karotenoid pada serbuk tembikai wangi
mengikut jenis reaksi terbitan pertama. Ujian reologi bagi aising kek yang
dicampurkan dengan 10% GA serbuk tembikai wangi yang dibuih dan
disembur kering dijalankan pada suhu 15 hingga 35 °C. Aising yang
dicampurkan dengan serbuk tembikai wangi mempamerkan kelakuan reologi
mengikut Power law dan indeks kelakuan aliran (n) bagi aising adalah antara
0.104 dan 0.156 menunjukan tiada perbezaan yang signifikan (p > 0.05)
dengan sample kawalan. Aising yang dicampurkan dengan serbuk tembikai
wangi yang dibuih dan disembur kering menunjukkan b* yang lebih tinggi
berbanding dengan sample kawalan. Serbuk tembikai yang dibuih dan
disembur kering boleh digunakan untuk pewarna yang semula jadi dan sesuai
untuk produk gula-gula seperti icing kek. Data dalam kajian in berguna dalam
pengembangan produk makanan dan penggunaan GA dapat memberikan lebih
banyak maklumat dalam pengeringan dibuih kering menggunakan GA sebagai
agen pembawa.
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CHAPTER 1

INTRODUCTION

1.1 Research background

Cantaloupe (Cucumis melo L. reticulatus cv. Glamour), is also known as
rockmelon or muskmelon, a member of the Cucurbitaceae family. Cantaloupe
is a round melon with a network of intertwining vines at the outside and
contains succulent, sweet, fragrant yellow-orange colour flesh inside. There are
sewveral major pigments found in cantaloupe such as carotene and lutein, and
few minor pigments such as cryptoxanthin, phytoene, violaxanthin, and
zeaxanthin. Cantaloupe produces yellow-orange flesh due to the presence of
carotenoids which are the most abundant natural pigments in fruits and
vegetables. Carotenoid is a group of phytochemicals that plays a vital role as
antioxidant in human which can prevent or repair cells and tissues from
oxidative damages and diminish risk for different kinds of cancer,
cardiovascular or ophthalmological illness (Stahl & Sies, 2003). Carotenoids
intakes are associated with the reduction of breast cancer risk. Cantaloupe is
also an excellent source of vitamin C, B-carotene, folic acid, dietary fiber and
potassium, which provides many potential health benefits to the consumers
(Aune et al., 2012).

Cantaloupe is available year-round in Malaysia. Department of Agriculture
(DOA) reported that the cantaloupe production was increased from 3515.1
metric ton to an average of 4452.2 metric ton from 2014 to 2017 (DOA, 2017).
Cantaloupe has a high commercial value and is much accepted by the
consumer because of its special taste and high nutritional characteristic.
Howevwer, the fruit is highly perishable and its postharvest shelf life is limited to
about 2 weeks. During the seasonal period, large amounts of cantaloupe fruits
were produced and led to quality degradation such as excessive softening and
flavor deterioration. Moreower, the presence of high amounts of water and
sugar in cantaloupe fruit susceptible to spoilage by yeasts, moulds and bacteria
(Tournas et al., 2006). In order to overcome these problems, drying is one of
the processes can be used to presene the product, inhibit or slow down
microbial growth and product degradation in order to prolong its product shelf
life (Hardy & Jideani, 2017). Fruit powder is easier to carry and store as it cuts
down the volume and the shelf life of the fruit powder is longer. Fruit powder is
usually used as ready to drink fruit powder and consumed straightly as
revitalizing drink after dissolving in water. It can also use as an ingredient in
bewverage, soup, jelly, pudding, cake, and ice cream.

There are few drying techniques that are available to produce fruit powders
such as conwective drying, freeze drying, spray drying, foam mat drying,
microwave drying and vacuum drying. Howewer, Karam et al. (2016) reported



that every type of drying technique has its strengths and weaknesses. The
physicochemical properties of the fruit powder are varied according to the
drying techniques and conditions. Among the different drying techniques, the
most frequent and widely used by the industry is spray drying (Phisut, 2012);
as it provides rapid drying through continuous operation. However, the high
temperature (can be more than 200 °C) used in spray drying might cause
oxidative degradation to the thermal sensitive compounds (Anwar & Kunz,
2011; Shishir & Chen, 2017). In addition, spray drying of fruit juice is not easy
due to the existence of low molecular weight sugar and organic acid contents in
the fruit juice. During drying, the low molecular weight of sugar and organic
acid will remain as syrup or stick on the drier chamber wall. Thus, appropriate
setting of drying parameters such as inlet temperature, outlet temperature, feed
flow rate, air drying speed and types of carrier agent and its concentration are
important to produce high quality of spray dried powder (Chegini et al., 2008).
To ease the process, high molecular weight of substances, for instance,
maltodextrin, Arabic gum, tapioca starch and whey protein are utilized as
carrier agents in spray drying of fruit juice to increase the glass transition
temperature and reduce the stickiness of the powder (Darniadi et al., 2018;
Yousefi et al., 2011). Thus, a less hygroscopic and excellent flowability powder
can be produced. Besides, Arabic gum has high solubility and low viscosity
properties that speeds up the spray drying process (Tonon et al., 2011).

Hardy and Jideani (2017) rewvealed that the drying of fruit pulp in foam mat
drying is the simplest, cheapest and conwvenient technique to produce fruit
powder. There are three simple steps in foam mat drying: (i) adding foaming
agent or stabilizer to the feed solution followed by a whipping process to
produce stable foam, (ii) drying the thin layer foamed liquid, and (iii) grinding
the dried flakes to get fine powder (Raharitsifa & Ratti, 2010; Shaari et al.,
2018). When comparing to the non-foamed sample in similar sort of dryer and
conditions, the advantages of utilization of foam mat drying are lower
dehydration temperature and shorter dehydration period (Widyastuti & Srianta,
2011). Foamina agents commonly used in foam mat drying are protein, qum
and various emulsifiers. Stable foam is important to enable a high speed of
drying and produce desirable characteristic of dry product, for example good
rehvdration properties and high retention of wlatiles compounds (Wilson et al.,
2012).

Cantaloupe fruit was chosen in this study as the cantaloupe producer from
Jeram and Kuala Selangor approached us and requested for cantaloupe-based
product which can have longer shelf life. Since there is lack of information on
the effect of carrier agent concentration on qualitative and quantitative
indicators of foam mat dried and spray dried cantaloupe powder, storage
stability of the cantaloupe powder and rheological properties of its food
application such as in cake icing. Research on the effect of Arabic gum
concentration and drying methods on physicochemical properties of cantaloupe
powder contributes a nutritious and accessible cantaloupe fruit powder to all
society.



1.2 Problem statement

Cantaloupe fruit is seasonal fruit with short shelf life. During harvest time, a
large amount of cantaloupe is produced, and consequently quality degradation
of the fruit has happened. To dewelop a long shelf stable cantaloupe product,
drying method is one of the greatest choices in post-hanest technology.
Howewer, cantaloupe fruit has high sugar content and low glass transition
temperature and it also contains heat sensitive bioactive compounds which are
not stable for thermal processing. Among various drying treatments, foam mat
drying is one of the most suitable methods to dehydrate any heat sensitive and
sticky products as foam mat drying can be carried out at lower temperature and
shorter time compared to conventional hot air drying method. Spray drying is
also used to produce heat sensitive product as its drying time is very short (~5
s). Moreover, choosing a suitable Arabic gum concentration is crucial in foam
mat drying and spray drying since it can affect the owverall final quality of the
fruit powder. In addition, there is lack of previous study on (i) the effect of
Arabic gum concentration on cantaloupe powder using foam mat drying
methods, (ii) the effect of storage condition on the cantaloupe powder and (jii)
the food application of cantaloupe powder in confectionery. Therefore, in this
study, cantaloupe powder could help in dewveloping a healthy and indulgent
confectionery product such as cake icing to all society especially dessert lover.



1.3 Objectives

The research aims to produce high quality cantaloupe powder using foam mat
drying and spray drying methods with suitable concentration of Arabic gum. To
achieve the aim, sewveral objectives were stated as follows:

a) To evaluate the drying cune, foam properties and physicochemical
properties of foam mat dried cantaloupe powder produced using
different concentration of Arabic gum

b) To evaluate the physicochemical properties of spray dried cantaloupe
powder produced using different concentrations of Arabic gum

c) To determine the effect of storage conditions on physicochemical
properties and microbiological analyses of foam mat dried and spray
dried cantaloupe powders

d) To evaluate the effect of temperature on the rheological properties of
cake icing incorporated with foam mat dried and spray dried
cantaloupe powders

1.4 Scope and limitation of research

This study was conducted to produce foam mat dried and spray dried
cantaloupe powders using four various Arabic gum concentrations.
Understanding the physicochemical properties and microbiological analyses of
cantaloupe powder on storage condition is important for food engineer to
calculate the shelf life of the product and aids the food producer and
consumers to choose the suitable conditions for storage. The originality of this
study is lack of previous study have been done on (i) foam mat drying using
various Arabic gum concentration as drying aid, (ii) storage stability of foam
mat dried and spray dried cantaloupe powder and (iii) application of cantaloupe
powder on cake icing. The limitation of this study is the finding from this
research is specific for the selected drying methods and conditions for Cucumis
melo L. reticulatus cv. Glamour fruit.
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