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Musa acuminata Colla (Cavendish) is one of the most abundant bananas in Malaysia that
is highly exported and considered vital commercial crops in the region. The rejected
bananas comprise about 20% of unripe that are collected as agricultural residues during
the sorting process. These agricultural residues cannot be imported due to the multiple
quality requirements such as shape abnormality and prematureness of size, which do not
meet the commercial standards. As a result, these agricultural residues may create
detrimental environmental issues in the long term if there are no alternative solutions.
Banana peel is the primary residue corresponding to 40% of the fruit weight with a broad
natural antioxidant such as polyphenols. The recovery of these compounds will be
valuable to the food industry. This study aimed to turn unripe Cavendish peel into
beneficial nutraceutical powders containing antioxidant-rich tannin. The present study
began with the characterization of the physicochemical analyses, solvent selection for
high extracted tannin content from the unripe and ripe peels and evaluated the thin-layer
drying characteristic for unripe material. Next, the response surface methodology (RSM)
was designed to optimize ultrasound-assisted extraction (UAE) process parameters for
extracted tannin content by water as a solvent. The spray drying was used to optimize
the operating parameters at different levels to encapsulate powder containing bioactive
compounds and performed good properties. The potential bioactive compounds from the
optimum water extract and spray-dried powder were quantified by HPLC analysis.

The results showed that the total phenolic, tannin and flavonoid content from unripe
Cavendish peel water extract was significantly higher (p < 0.05) than other solvents.
Besides, a 40 °C drying condition was the best environment to dry the unripe peel as the
extracted tannin content was significantly higher (p < 0.05) to be recovered than 50°C,
60°C and 70°C. The UAE parameters were affected the yield recovery, total tannin and
flavonoid content also antioxidant activities (DPPH and ABTS) significantly (p < 0.05).
The optimum UAE extraction condition was at 60 °C, an extraction time of 30.0 min, a



25.0 min for a pre-incubation time and a 5.03% solvent concentration as the recovery
yield was 14.9% and 119.2 mg TAE/g sample of tannin content. It also contained a 29.0
mg RE/g sample of flavonoid, scavenging activities at 80.8% and 84.7% for DPPH and
ABTS assays. Next, adding 7.09% maltodextrin concentration at 160 °C of inlet air
temperature resulted in an optimum spray drying condition for unripe Cavendish peel
powder. The response variables of powder recovery, moisture content, hygroscopicity,
solubility, flowabilities (CI and HR), tannin and flavonoid content also antioxidant
activities were fitted to the polynomial model significantly with a high coefficient of
determination (R?> 0.70) and insignificant lack of fitness (p > 0.05), thus give the best
characteristics in the encapsulated powder. The unripe Cavendish peel powder showed
good characteristics and appearance as a powder-formed with 1.89% moisture content,
30.81 mg water/100 g dry solid hygroscopicity, 55.60% solubility, 0.53 gcm™ bulk
density, 49.81% ClI, 1.97 of HR flowability, 26.66 mg TAE/g powder of tannin content,
0.20 mg RE/g powder of flavonoid content, 78.99% DPPH and 72.17% ABTS of
antioxidant activities. The HPLC quantification revealed tannic acid was detected as a
lead compound with the highest quantity in both optimum conditions with 1551.210 +
4.90 pg/g sample and 409.542 + 4.31ug/g sample, respectively. It could be seen that the
amount of tannic acid was quite remarkable in the HPLC profile. Therefore, the optimum
UAE extraction and spray-dried processes were successfully obtained for antioxidant-
rich powder production from the unripe Cavendish peel. This product is a potential
polyphenol source, especially the tannin content as a potent natural antioxidant with a
stable formulation of spray-dried powder with strong reconstitution, lower water activity
and is ideal for storage and used in the food industry for its antioxidants benefits.
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Musa acuminata Colla (Cavendish) adalah salah satu jenis pisang yang paling banyak
dieksport di Malaysia dan dianggap sebagai salah satu tanaman komersil utama di negara
ini. Terdapat kira-kira 20% jumlah buah pisang yang belum masak daripada keseluruhan
buah yang dipetik dan telah dibuang sebagai sisa pertanian disebabkan ianya gagal
memenuhi dan menepati keperluan kualiti piawai ketika proses pengasingan seperti saiz
buah yang tidak sekata, terlalu kecil ataupun tidak sesuai untuk dikomersilkan sebelum
aktiviti import. Seterusnya, kulit pisang meliputi 40% daripada jumlah berat buah pisang
keseluruhan dan mengandungi pelbagai antioksidan semulajadi seperti polifenol.
Pemulihan sebatian ini akan memberi manfaat bagi industri makanan. Pisang yang
dibuang akan menjadi isu persekitaran jika tiada penyelesaian alternatif. Tujuan kajian
ini adalah untuk mengubah kulit pisang Cavendish belum masak menjadi serbuk
nutraseutikal berharga yang mengandungi antioksidan seperti tanin. Objektif pertama
kajian ini adalah untuk mencirikan analisis fizikokimia, tingkah laku pengeringan dan
memilih pelarut terbaik bagi pengekstrakan tanin secara perbandingan antara kulit pisang
yang masak dan belum masak. Seterusnya, kaedah permukaan tindakbalas (RSM)
direkabentuk untuk mengoptimumkan proses pengekstrakan berbantu ultrabunyi (UAE)
untuk kandungan tanin dengan menggunakan air sebagai pelarut pada tahap parameter
yang berlainan. Selanjutnya, teknik semburan pengeringan digunakan untuk
mengoptimumkan parameter operasi bagi menghasilkan bahan serbuk bioaktif yang
terkapsulasi dengan ciri yang baik melalui perubahan suhu salur udara masuk (°C) dan
kepekatan maltodekstrin (%) pada tahap yang berbeza-beza. Kedua sebatian bioaktif
pada keadaan optimum tersebut iaitu ekstrak kasar dan serbuk semburan kering
dikuantifikasi melalui analisis HPLC.

Hasil kajian menunjukkan jumlah kandungan fenolik, tanin dan flavonoid dari kulit
pisang yang belum masak diekstrak dengan menggunakan air adalah ketara lebih tinggi
(p < 0.05) berbanding dengan pelarut lain. Selain daripada itu, suhu pengeringan pada
40 °C merupakan keadaan suhu yang terbaik bagi proses pendedahan dan pengeringan



kulit pisang Cavendish yang belum masak disebabkan jumlah kandungan tanin yang
dilindugi adalah ketara lebih tinggi (p < 0.05) berbading suhu pengeringan 50 °C,
60 °C and 70 °C. Faktor pengekstrakan UAE mempengaruhi pemulihan hasil ekstrak,
jumlah kandungan tanin dan flavonoid serta aktiviti antioksidan. Keadaan optimum
pengekstrakan diperoleh adalah pada suhu 60 °C selama 30.0 minit pengekstrakan, 25.0
minit masa pra-inkubasi dan 5.03% kepekatan pepejal ke pelarut yang memberikan
14.9% hasil pemulihan ekstrak dan 119.2 mg TAE/g sampel jumlah kandungan tanin. la
juga mengandungi 29.0 mg RE/g sampel flavonoid dan aktiviti pemuliharaan radikal
adalah 80.8% DPPH dan 84.7% ABTS. Penambahan 7.09% kepekatan maltodextrin
pada suhu udara masuk 160 °C oleh penyembur kering memberikan ciri yang optimum
kepada ekstrak kasar kulit pisang Cavendish belum masak. Pemboleh ubah gerak balas
seperti hasil pemulihan serbuk, kandungan kelembapan, higroskopisiti, kelarutan,
kebolehupayaan aliran (Cl dan HR), kandungan jumlah tanin dan flavonoid serta aktiviti
antioksidan yang signifikan berbeza disesuaikan ke dalam model polinomial dengan
penentuan pekali keberkesanan yang tinggi (R?> 0.70) dan ujian kekurangan dengan
nilai tidak ketara (p > 0.05), seterusnya memberikan ciri terbaik penghasilan serbuk
terkapsulasi. Serbuk sembur kering daripada ekstrak menunjukkan ciri terbaik sebagai
serbuk dengan 1.89% kelembapan, 30.81 mg air/100 g pepejal kering higroskopisiti,
55.60% kelarutan, 0.53 gcm ketumpatan pukal, kadar aliran Cl pada 49.81%, 1.97
nisbah Hausner, 26.66 mg TAE/g serbuk jumlah kandungan tanin, 0.20 mg RE/g serbuk
jumlah kandungan flavonoid, aktiviti antioksidan 78.99% DPPH dan 72.17% aktiviti
ABTS. Kuantifikasi HPLC menunjukkan asid tanin sebagai sebatian utama dengan
kuantiti tertinggi diperolehi daripada keadaan optimum kedua-duanya dengan nilai
masing —masing pada 1551.210 + 4.90 dan 409.542 + 4.31 pug TAE/g sampel. Asid tanin
mudah dikenal pasti dalam profil analisi HPLC. Oleh itu, keadaan optimum bagi UAE
dan pengeringan semburan telah berjaya menghasilkan produk serbuk yang kaya
antioksidan daripada kulit pisang Cavendish yang belum masak. lanya adalah sebagai
sumber polifenol yang berpotensi, terutamanya kandungan tanin yang menjadi sumber
antioksidan semulajadi beserta formulasi stabil berbentuk serbuk sembur kering dengan
penggabungan yang kuat, rendah aktiviti air dan ideal bagi penyimpanan dan digunakan
secara meluas dalam industri makanan dengan kebaikan antioksidan.
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CHAPTER 1

INTRODUCTION

1.1 Research Background

Musa acuminata Colla (banana) is one of the most important crops globally in over 130
countries. In 2018, a total of 115 million tons of bananas were produced mainly in Asia
(54%) and America (26%) (FAOSTAT, 2018). An estimated 128 million tons of bananas
are grown annually in 150 countries (FAOSTAT, 2018). Banana is grown for domestic
and export markets, listed as one of the 15 priority fruits for commercial cultivation in
Malaysia (Ministry of Agriculture, 1998). Malaysia is one of the global producers with
a total export of around 25 thousand tons USD’s value as one of the leading commercial
crops with leftover fruits production from banana plantations (FAOSTAT, 2018). This
situation is similar to Brazilian plantation, with an overall 40% loss due to agricultural
failure and most of the product types are intended for consumption (lzidoro et al., 2011).

Banana plants contribute to few agricultural residues such as peel, leaves, pseudostem,
bracts and rejected fruits. The peel is a primary residue that accounts for about 38% of
the total fruit weight and regards as a low-value waste in annual production (Gonzélez-
Montelongo et al., 2010). Musa acuminata Colla is one of the most abundant bananas in
Malaysia and the Cavendish cultivar is a widespread international trade due to its high
demand exported to various countries. The primary feature of the Cavendish cultivar is
the peel, which remains green until the ripening stage and does not undergo any self-
ripening process. Therefore, the external ethylene gas is required during the de-greening
process of bananas to turn into yellow color before the post-ripening transport begins.
This condition enhances its market value as the high-quality grade of Cavendish makes
it appropriate for export purposes because it has a longer shelf life than other cultivars.
During the fruit sorting process, banana fruit that fails to meet the quality standards for
commercialization will be rejected up to 20% and about 10 to 13% of total banana
production in proportion to be discarded (Guerrero et al., 2016). As the production of M.
acuminata Colla (Cavendish) increases due to export and local consumption, the rate of
fruit rejection also increases rapidly. The rejected banana fruit as an organic waste could
cause severe environmental problems. Since banana fruit contains high nutritional and
functional properties, it can be transformed into a valuable product. The issues related
can be reduced by utilizing the unripe peel from the discarded fruit and converting these
agricultural residues into rich-polyphenol products of materials.

Extraction is the first step that must be carried out to obtain the essential ingredients
before being transformed and applied in the food industry. There is a great deal of
research interest in isolating and targeting the bioactive compounds from the peel as a
material to be applied in the food system since more than 40 phenolic compounds are
responsible for high antioxidant activity (Vu et al., 2018). These natural components are
strongly influenced by several factors such as genetic variables, geographical production
region, growing conditions, fruit maturity, post-harvest handling and processing (Vu et



al., 2018). Different phenolic compounds in the banana peel will interrupt oxidizable
substrate chain reactions and decrease degenerative diseases. The previous study
mentioned that the unripe Cavendish peel is an excellent source of tannin and high
antioxidant activity with various potential functional properties (Ishak et al., 2020).
These agricultural residues are an incredible source of natural antioxidants since the
interest in incorporating nutraceuticals into the food is expanding. Thus, functional foods
or nutraceutical products composed of these antioxidants can be manufactured and
applied to the food system.

Water is considered an effective ‘green’ solvent in extracting phenolic compounds from
the banana peel (Someya et al., 2002). However, water is insufficient to maximize the
extraction process and lots of conventional and non-conventional extraction techniques
have been applied in other studies. A non-conventional method such as ultrasound-
assisted extraction (UAE) consumed less extraction time with high efficiency. It could
be scaled up for industrial application than microwave-assisted extraction and other
conventional methods (Vazquez et al., 2014). The optimized extract from UAE may have
better benefits than the conventional way. However, the extract form can be oxidized and
exposed to the oxidative environment, making it susceptible to contamination and
spoilage by microorganisms. An additional process is required to encapsulate the
antioxidant capacity and maintain the shelf life from the unripe Cavendish peel.

The encapsulation technique through spray drying is a reliable method to address these
challenges since it enables and improves the retention of nutrients. It allows the release
of bioactive materials, preserved the stability of compounds during processing and
storage, prevented undesirable interactions with the food matrix, slowed down the
degradation process, reduced the bad taste or smell, maintained the functionality and
increased its bioavailability (Madene et al., 2006). The astringency of polyphenols such
as tannin complex attributes to unpleasant compounds and would limit its food products
applications. The concern to cover this unpleasant and astringent taste as well as restore
the formation of the unstable water extract, the encapsulation system will produce a
stable product with low astringency sensation. This technique also facilitates the
handling process and allows adequate concentration or uniform dispersion to be added.
The process starts with distributing extract droplets inside the chamber, which come in
contact with the hot air and form the powder. A previous study was successfully
encapsulated the anthocyanin content by spray drying with the binding agent of
maltodextrin (Ersus & Yurdagel, 2007). It is vital to identify the optimum spray drying
conditions as various compounds have different significant processing parameters.

Despite this, the response surface methodology (RSM) is a powerful tool to determine
extraction and encapsulation conditions at an optimum level of plant materials. The
effects of multiple variables and their interactions are helpful to be assessed (Bas &
Boyaci, 2007). The RSM is more efficient than designing an orthogonal test or the single
variable method because it requires fewer experimental studies to assess the impact of
multiple interacting factors and optimize a process (Lee et al., 2000). The central
composite design (CCD) is one of the design methods from RSM that has been employed
in many studies to evaluate factors that affect the efficiency of the spray drying process.
It also allows a deeper understanding of the interaction of each factor.
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Therefore, the main objective of this study was to utilize the agricultural residues,
particularly the unripe Cavendish peel, into desired powder with good properties that are
rich in antioxidant properties. This work will promote these residues as sustainable
sources and boost Malaysia's economic value, especially in the food industry. The waste
products potentially enhance the nutritional consumption among people by
implementing natural antioxidants with an environmentally friendly process. The
selection of appropriate solvent extraction, the thin-layer drying characteristic of peel
and the optimization process of both extraction and encapsulation methods by the RSM
were determined in the present work. The RSM of spray drying was optimized the
processing parameters of the extracted tannin powder to produce as rich in antioxidants
with good properties from unripe Cavendish peel. The optimum parameters for both
technologies of UAE and spray drying were crucial to obtain the desired powder. In a
further application, the recovery of tannin content and antioxidants from unripe
Cavendish peel is worth it. However, to the best of our knowledge, the optimization
process of polyphenol encapsulation, particularly tannin-water extract from the unripe
Cavendish peel, is still very limited.

1.2 Problem Statement

Creating products that turn waste materials into valuable ingredients seems requisite and
needs to be prioritized. As stated above, the export and local consumption of Cavendish
banana is rising and becoming the largest fruit crop with high export value. However,
the plantation area faces several challenges as the fruit rejection increases up to 20% due
to failure in the sorting process. Cavendish bananas are harvested during the unripe stage
for export purposes and incorporated into the discarded fruit due to agricultural residues
or waste. The fruits that did not meet the standard quality for commercialization, such as
abnormal shape, prematureness size and those with damaged or spoiled areas, will cause
microbial contamination of the bunch and be rejected. This situation causes the
underutilization of agricultural residues and eventually leads to severe environmental
problems. When decomposed, these residues may produce noxious gases such as
hydrogen sulfide and ammonia, posing a severe environmental hazard (llori et al., 2007).
There are limitations in the plantation level, especially in establishing a proper collecting
facility for the banana to be sorted according to their quality, stored and a handling
system to prevent the loss of rejected banana fruits with damaged areas (Padam et al.,
2014). Without a proper agricultural waste management practice, enormous amounts of
valuable untapped commaodities are lost and caused severe ecological damage. Another
challenge is to overcome the problem related to the long-term storage of banana residues.
Banana residues are highly biodegradable due to their richness in organic matter and high
moisture content, leading to material instability and being degraded easily by exposure
to microbes. It affects all the supply chain elements such as collection and storage, pre-
processing, handling and transportation. The release of the pungent odor and fungi
production also leads to the loss of dry matter and hygiene problems (Jaap & Sjaak,
2008). Besides, open burning activity for banana waste is still practiced in certain areas,
contributing to serious environmental issues. The piling up of banana waste in
plantations is also a disfigurement that ultimately obstructs farmers in their process of
harvesting fruits (Padam et al., 2014). Therefore, drying the residue is an important step,
but applying the optimal supply system should balance the banana residues' cost against
removing the moisture and pre-processing the material.



Some attempts have been to solve these problems by converting banana residues into
valuable ingredients. For instance, the rejected banana would likely be used in starch
production or as a low-cost banana flour ingredient made from the pulp (Zhang et al.,
2005). Several uses of discarded bananas peel have been disclosed in animal feedstock
production through microbial fermentation to minimize the production cost, but their
high-water content required additional processing that significantly reduces the
nutritional densities (Hong et al., 2004; Padam et al., 2014). A recent study trend is to
convert the residues into energy by the combustion process, but it is not suitable for the
direct combustion method because the peel had low density and high moisture content.
Thus, energy production is deficient in its energy density and such an application is still
at the research and development stages, so the commercial production has still not been
completed (Padam et al., 2014).

The peel contains high nutritional ingredients and functional properties, such as
polyphenol, which can be reuse into multiple valuable products especially in the food
industry. It is an alternative source of natural antioxidants to replace the synthetic
antioxidant that impacts health. People nowadays consider consuming natural
preservatives or food supplements for their health benefits. However, despite their
functional properties, the composition and activity of antioxidants are hampered due to
the degradation triggered by extreme conditions and leading to a change in its natural
morphology that limits its availability in the extract (Verma et al., 2014; Aguiar et al.,
2016). It is not stable as a final product for long-term storage. The development of this
phytochemical on the mainstream market is hindered and inherited from their
susceptibility to high temperature, atmosphere and processing stress due to its instability
behavior and restricted shelf life. Likewise, unsaturated polyphenol bonds of the extract
caused deterioration when exposed to oxidants, light, heat, pH, volatility and contact
with other compounds when applied in the food (Aguiar et al., 2016). Also, the
unpleasant and astringent sensation of the tannin extract with the formation of unstable
water content could increase the manufacturing cost in terms of product handling and
packaging. It consumed more storage capacity and makes it prone to microorganism
contamination and spoilage due to environmental sensitivity than the dried powder.

Shifting towards utilizing agricultural waste of banana residue is also perceived as an
environmentally friendly approach to reduce the problems. There is a continuous need
to create and invent new products with a value-added application from alternative
bioresources and minimal recycling costs for developing a sustainable cavillation
(Padam et al., 2014). A gradual improvement of the current technology to utilize the
alternative resources in many industries cater to the needs of the growing world
population. The enormous agricultural residues are an excellent source of precious
materials for the industry by recycling the agricultural waste. Hence, research is needed
to investigate the potential benefits of unripe banana peel as it is a rich source of tannin
content and antioxidants.

Alternatively, it should be protected through the encapsulation process by spray drying
before applying in the industry as the chemical damage can reduce its nutritional content.
Thus, encapsulation based on a drying mechanism is required and more convenient for
the storage, handling of powdery materials and preserve the antioxidant content. The
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study of optimizing the tannin extraction and encapsulation process by spray drying from
the crude extract of the unripe Cavendish peel is scarce. The effective technique to
maintain the recovery and stability of the bioactive compounds should be investigated.
The powders have many advantages and economic potentials over their liquid
counterparts, such as reduced volume, weight and packaging, more accessible
transportation and longer shelf life. Its physical state is stable and generally used in many
foods and pharmaceutical products like flavors and colors. The production of antioxidant
powder was established from the Cavendish peel with green technology of water extract
to expand the application and facilitate the handling and packaging of the powder. The
present study was applicable because it could overcome these problems with optimum
process conditions and low energy consumption cost from both extraction and
encapsulation processes, as shown in Appendix D1.

1.3 Objectives of Research

The objectives of this study are:

1. To characterize the physicochemical properties, select the best solvent for
extraction and evaluate the thin-layer drying characteristic from Musa
acuminata Colla (Cavendish) banana peel.

2. To optimize the ultrasound-assisted extraction (UAE) parameters for
extracted unripe Musa acuminata Colla (Cavendish) peel containing high
tannin and antioxidant activities using response surface methodology
(RSM).

3. To optimize and evaluate the efficiency of the spray-dried encapsulation
process of unripe Musa acuminata Colla (Cavendish) peel powder using
RSM.

1.4 Scope of Research

This study provides information on the physical, mechanical, chromatic, and chemical
properties of two different ripening stages from Cavendish banana peels. The solvent
extraction for both peels contributed to the effect of solvents with different polarities on
the antioxidant extract, reflecting the best solvent that gives a high value of antioxidant
content from the extraction process. The drying behavior of a thin-layer of banana peel
was also characterized in this study with different temperature exposure by having
different effects on the drying characteristic. Next, this study focuses on optimizing the
process parameters for high tannin extract from unripe Cavendish peel as material from
agricultural residues. Before the optimization process, a preliminary evaluation was
studied, including comparing decoction and ultrasound extraction methods and the
difference in pulse intensity used in ultrasound extraction. These data would help to
design the optimization process of the experiment. The optimization process for
ultrasound-assisted extraction (UAE) involved understanding variables toward the
responses to produce an optimum condition. Different levels of each parameter,
including temperature (15.00 - 75.00 °C), extraction time (1.50 - 39.50 min), pre-
incubation time (2.50 - 32.50 min) and solid to solvent concentration (2.05 - 12.65%)
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that had an impact contribution on the antioxidant extract. Then, the optimum extract
was further analyzed for its encapsulation process.

The research continues with optimizing the spray drying process to achieve good
properties of encapsulated powder with antioxidant properties. In this study, the powder
was tested for its powder analysis and antioxidant assay involving the yield, moisture
content, hygroscopicity, solubility, flowability, antioxidant content and activities. The
encapsulated unripe Cavendish peel powder could be used as an innovation to enrich the
functional characteristics and improve food preservation. The powder had several
advantages over the liquid extract as it had strong reconstitution, lower water activity
and ideal storage due to the usage of maltodextrin as drying aids which play a beneficial
role as a carrier or encapsulating agent. Both optimum extract and powder were analyzed
for quantification through HPLC. The comprehensive study revealed that the processing
parameters of extraction and encapsulation from unripe Cavendish peel could emphasize
the possibility of entire exploitation of the peel part as agricultural residues rich in
antioxidant compounds and potentially used as functional food ingredients. It is vital to
reduce the emission of solid waste and loss of valuable untapped residues and generate
high-value-added foods or nutraceutical products for potential applications.

15 Thesis Structure

This thesis contains five chapters. In Chapter 1, the overall research is briefly introduced
along with the research objectives and problem statements. In Chapter 2, there is a
comprehensive literature review on current knowledge about unripe banana peel Musa
acuminata Colla (Cavendish), tannin, antioxidants, extraction ultrasound (UAE),
encapsulation and spray drying process. The overall experimental design framework is
explained in Chapter 3. The goals of the research will be described in the results and
discussions in Chapters 4. Firstly, the physicochemical analysis, solvent extraction and
drying behavior of Cavendish peels will be characterized. The second objective is to
optimize the UAE method for unripe Cavendish peel based on the high extracted tannin
content with antioxidant activities. The third objective is to investigate the effects of the
maltodextrin concentration and the inlet air temperature at different levels on the
properties, antioxidant content of the powder and quantification analysis by the HPLC.
Finally, the conclusions and some recommendations will be mentioned in Chapter 5. The
appendix and references that are used throughout the study will be included in the
background of the thesis.

To conclude this chapter, a general introduction of this research study was discussed
briefly. This chapter gives an introduction background of overall research, problem
statements based on the previous findings which come out with the idea of problems
solving, the objective that needs to be achieved at the end of the study and each objective
reflected the scope of research and finally the overview of the thesis structure. This
chapter contributes to the general idea of the introduction. The theory of knowledge
related to the problems and objectives of the study will be explained in detail in the next
chapter.
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