
UNIVERSITI PUTRA MALAYSIA 

IMPACT OF HURDLE METHODS ON THE NUTRITIONAL 
COMPOSITION, 5-HMF AND MICROSTRUCTURES OF OXIDIZED 

ORANGE SWEET POTATO (VITATO TM) STARCH  

IZZATI NAJIHAH YUSLEE 

lp 
FK 2021 13



IMPACT OF HURDLE METHODS ON THE NUTRITIONAL COMPOSITION, 

5-HMF AND MICROSTRUCTURES OF OXIDIZED ORANGE SWEET

POTATO (VITATO™) STARCH 

IZZATI NAJIHAH BINTI YUSLEE 

192493 

PROJECT REPORT SUBMITTED IN PARTIALLY FULFD..,LMENT OF THE 

REQUIREMENTS FOR THE DEGREE OF BACHELOR OF ENGINEERING 

PROCESS AND FOOD WITH HONOURS 

DEPARTMENT OF PROCESS AND FOOD ENGINEERING 

FACULTY OF ENGINEERING 

UNIVERSITI POTRA MALAYSIA 

2021 

@
 C

OPYRIG
HT U

PM



ACKNOWLEDGEMENT 

First and foremost, Alhamdulillah, all praises to Allah and His blessing for the 

completion of this thesis. 

This final year project would have never been accomplished without guidance from my 

beloved supervisor, Dr. Nor Nadiah Abdul Karim Shah. Thank you for being so helpful, 

thoughtful, dedicated, and knowledgeable throughout the process, which boosted my 

motivation to finish my thesis. I am truly grateful for being under Dr. Nor Nadiah Abdul 

Karim Shah's supervision. 

I would also like to thank my examiners, Prof. Ir. Dr. Yus Aniza Yusof and Prof. Mad ya 

Dr. Norashikin Abdul Aziz for their encouragement and insightful comment on my final 

year project. I would also like to give special thanks to Dr. Intan Syafinaz Mohamed Amin 

Tawakkal for her thoughtfulness and generosity. My sincere thanks also to Pn. Siti Ha jar 

Zakaria, assistant engineer at our laboratory for her assistance during my laboratory work 

for this final year project. 

I owe a deep sense of gratitude to my fellow friends especially to Aida, Syafiqah, Putri, 

Hafizi, Ain Kamal, Najwa, Laila, Ain Fitriah, Juelaikah and Jannah for all the help, 

support, and encouragement during the completion of this thesis. Last but not least, I am 

extremely thankful to my family that always motivated me to strive upwards and chase 

my dream to be an engineer, In Shaa Allah. 

III 

@
 C

OPYRIG
HT U

PM



ABSTRACT 

Orange sweet potato, VitAto ™ is known for its high content of (3-carotene, vitamin C, 

dietary fiber content and low glycemic index. However, industrial utilization is extremely 

limited where orange sweet potato is not commonly used in advanced technologies to 

produce starch, flour and powder. Thus, the main objective of this study is to investigate 

the effects of maceration mediums (sodium metabisulfite and distilled water) and hurdle 

processing treatments (ultrasound and ozone) on vitamin A, E and C content, 5-

Hydroxymethylfurfural (HMF), microstructures, starch yield, and color of oxidized 

orange sweet potato starch. Starch oxidation via ultrasound (24W, 20kHz, 30 mins and 

40% amplitude) and ozonation {l ppm for 4 hours) treatments are proposed. Comparison 

study between sodium metabisulfite and distilled water were chosen as maceration 

medium to lower the risk of health effects from the chemical. The result revealed that the 

ozonation degraded vitamin A content while ultrasound degraded vitamin E content. 

Meanwhile, the ultrasound and ozonation increased vitamin C content. The presence of 

heat generated from ultrasound increased the content of 5-HMF through the Maillard 

reaction. However, sodium metabisulfite was shown to have preserved the carotene 

content and produced lower content of 5-HMF. Besides, ultrasound disrupted the starch 

granule and enhanced the starch yield of oxidized orange sweet potato starch. The relation 

between vitamin A and 5-HMF with lightness of color were inversely proportional where 

when the lightness increased, the content of vitamin A and 5-HMF decreased. Finally, 

the optimum method to produce oxidized orange sweet potato starch in this study was 

obtained from the combined treatment of ultrasound and ozone with sodium metabisulfite 

as a maceration medium. 
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ABSTRAK 

Ubi keledek oren, VitAto TM terkenal dengan kandungan P-karoten, vitamin C, serat nutrisi 

clan index glisemik yang rendah. Walau bagaimanapun, penggunaan industri sangat terhad 

di mana ubi keledek jarang digunakan dalam teknologi canggih untuk menghasilkan kanji, 

tepung clan serbuk. Oleh itu, objektif kajian ini adalah untuk mengkaji kesan pelbagai 

medium maserasi (natrium metabisulfit clan air suling) dan rawatan pemprosesan 

rintangan (ultrasound clan ozon) pada kandungan vitamin A, E clan C, 5-

Hydroxymethylfurfural (HMF), struktur mikro, basil kanji, dan warna kanji ubi keledek 

oren teroksida. Pengoksidaan kanji melalui ultrasound (24W, 20kHz, 30 min dan amplitud 

40%) dan rawatan ozon (1 ppm selama 4 jam) dicadangkan. Kajian perbandingan antara 

natrium metabisulfit clan air suling dipilih sebagai medium maserasi untuk menurunkan 

risiko kesan kesihatan dari bahan kimia tersebut. Hasil kajian menunjukkan bahawa ozon 

menurunkan kandungan vitamin A sementara ultrasound menurunkan kandungan vitamin 

E. Sementara itu, ultrasound clan ozon meningkatkan kandungan vitamin C. Kehadiran

haba yang dihasilkan dari ultrasound meningkatkan kandungan 5-HMF melalui reaksi 

Maillard. Waiau bagaimanapun, natrium metabisulfit terbukti dapat mengekalkan 

kandungan karoten dan menghasilkan kandungan 5-HMF yang lebih rendah. Seterunya, 

ultrasound mengganggu butiran kanji clan meningkatkan basil kaji ubi keledek oren 

teroksida. Hubungan antara vitamin A dan 5-HMF dengan kecerahan adalah berkadar 

songsang bermaksud apabila keceraban meningkat, vitamin A dan 5-HMF menurun. 

Justeru itu, kaedah optimum untuk mengbasilkan kanji ubi keledek oren teroksida dalam 

kajian ini diperoleb daripada rawatan gabungan ultrasound dan ozon dengan natrium 

metabisulfit sebagai medium maserasi. 
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(2066 mg/100 g), vitamin C (1.33 mg/100 g), dietary fiber content (2.49 g/100 g) and has 

a low glycemic index of 54 (Mahmood et al., 2007). Since sweet potato is gluten-free, a 

person with gluten intolerance or celiac disease can consume sweet potato (Watson, 2020). 

To a large extent, the excellent properties of VitAto ™ should be fully utilized in the local 

food industry. 

Over the years, starch is widely used in the food industry as a thickening agent, food 

additive and snack as it has the capability to retain the nutritional value of the raw 

materials, available in abundance, low cost and consumable. As stated by Gina (2017), 

the shelf-life of raw sweet potato which is 3 to 5 weeks at room temperature while the 

starch has an extended period of shelf-life up to one year at temperature range of 12-l 5°C 

with 85-90% relative humidity (Issah et al., 2017). For this reason, starch has been 

extensively used in both food and non-food application by the industry. Truong and 

Ramesh (2010) stated that sweet potato puree and powders might be the major 

components in processed foods, providing the functionality necessary. Starch is 

commonly used in the processing food industry to produce natural and healthy products 

such as baby puree, baked products, desserts, bread, and biscuits (Amy, 2020). Based on 

Sweet Potatoes Market - Forecast (2021 - 2026) by analyst of lndustryARC, sweet 

potatoes market size was around $42.0 billion to $43.5 billion in 2018 and the compound 

annual growth rate (CAGR) is expected to be 1.1 % to 1.6% during the forecast period of 

2019-2025. The market growth is driven mainly by the high demand for natural and 

balanced food ingredients. Hence, starch is a suitable replacement for synthetic 

ingredients added in food to enhance the color, flavor and sweetness of the product. 
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bioaccessibility of beta-carotene supported by previous studies of (Wei et al., 2017; 

Dhuique et al., 2018; Kourouma et al., 2019; Kolawole et al., 2020). Thus, in order to 

produce high quality oxidized sweet potato starch that fulfills industrial purposes, the 

optimal processing treatments need to be investigated. 

The use of advanced technologies for starch modification such as ultrasound and gaseous 

ozone are relatively minimal. There have been few studies on starch and flour which have 

been researched by (Laszlo et al., 2008; Brodowska et al., 2018; Pandiselvam et al., 2019; 

Lima et al., 2021a; Lima et al., 2021b). Based on previous researches, gaseous ozone 

treatment improves the rheological, thermal and structural properties of samples, extends 

the shelf life of products, eliminates undesirable odors and eliminates the presence of 

microorganisms in food. On the other hand, ultrasound applied to food have higher yields, 

shorter processing periods, excellent quality characteristics, and reduced microbial 

populations (Zhu, 2015). However, ultrasound generates heat during the treatment. A 

study by Castenmiller ( 1998) showed that presence of heat disrupts the plant cell walls 

leading to the release of fat-soluble compounds also known as carotenoid content from 

the protein complexes. This significantly will reduce the amount of nutrients in the sweet 

potato. 

Lastly, to the best of our knowledge, there are limited studies on the impact of ultrasound 

and ozone treatment on the nutritional composition of sweet potato have been published 

which means the effects of these treatments has yet to be studied. 
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1.4.2 Contribution of Thesis 

This study contributes to the field of food engineering by proposing the use of hurdle 

methods to produce oxidized starch. Compared to the conventional method, which took a 

day to produce starch, hurdle methods reduced the duration to only 8 hours. Other than 

excellent physicochemical qualities, this study revealed public concern on food safety by 

looking at the effect of hurdle methods on the nutritional properties, food contaminants, 

and color of oxidized orange sweet potato starch. 

1.4.3 Thesis Structure 

The introduction chapter (Chapter 1) introduced the overview of the topic being studied. 

The main aspects are background information, problem statements, and objectives of the 

thesis. Next, the literature review (Chapter 2) showed previous research on the topics and 

presented them in a structured manner. Here, the gaps between the research are known. 

The methodology (Chapter 3) revealed the method used in this study to obtain the result 

analysis of the experiment. After that, the result (Chapter 4) is to analyzes the result 

analysis data and justifies the results. In this chapter, graphs, figures and tables are 

provided to visualize the results. Finally, the conclusion chapter (Chapter 5) includes a 

summarized analysis and recommendations for future research. 
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The VitAto TM variety is the popular varieties of sweet potato used in Malaysia due to its 

outstanding properties and widespread purposes. Table 2.3 shows several studies on 

VitAto TM variety. 

Table 2.3 Several studies on VitAto TM variety. 

Information 

The VitAtoTM has highest protein 

(5.7%), dietary fiber (14.8%), 

energy of 399.6 kcal/l00g. 

Studies 

Physicochemical and 

flowability characteristics of 

a new variety of Malaysian 

sweet potato, VitAto TM

Flour 

References 

(Mohd Hanim et al., 

2014) 

The VitAto TM is rich in beta V arieti ubi keledek barn (Mahmood et al., 2007) 

carotene (2066 mg/100 g) and (The variety of new sweet 

vitamin C (1.33 mg/100 g), dietary potato) 

fiber content (2.49 g/100 g) and 

has low glycemic index of 54. 

The findings indicated that Proximate composition of (Zulkifli et al., 2020) 

VitAto ™ exhibited the highest Malaysian local sweet 

starch (16.95% - 17.17%) and potatoes 

crude protein (0.86% - 1.15%) 

contents in all parts as compared to 

Anggun I, Anggun 2, Anggun 3

and White. 

The skin contained the highest 

crude protein, crude fat, ash and 

crude fiber among all the parts. 
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2.1.2 Market Analysis of Sweet Potato 

With a global yearly production of approximately 133 million tonnes, sweet potato is the 

world's seventh most significant food crop, following wheat, rice, maize, potato, barley, 

and cassava (Ali et al., 2017). To add, Asia is the largest sweet potato producing region 

with 125 million tons of annual production (Arogundade et al., 2012). Besides, sweet 

potato production increased from 2.516 million metric tonnes in 2006 to 3.4 million metric 

tonnes in 2007, with China accounting for over 90% of global sweet potato production at 

117 million tonnes per year (Srinivas, 2006). According to an IndustryARC analyst's 

business intelligence study, Asia-Pacific (AP AC) controls 80-83 percent of sweet potato 

market share and expected to grow in the forecast period of 2019-2025. Furthermore, in 

Malaysia, sweet potato production increase from 2010 to 2019 (Figure 2.1). These 

increased were due to improve of technological inputs, international and national initiative 

in researching and potential of sweet potato in starch industry. 
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Figure 2.1 Graph of sweet potato production through 1970-2019 in Malaysia *source 

fromKnoema 
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2.2.2 Modified Starch 

Starch will be less functional if it is in its native conditions despite of its sources and 

origins. This is supported by a previous research, which found a number of drawbacks of 

native starch, such as sensitive to pH, poor starch paste clarity, high retrogradation, low 

syneresis, and decomposition (Bismark et al., 2018). In addition, Hu et al. (2013) stated 

that native starch cannot be utilized in food preparation due to several adverse �atural 

properties, such as low gelatinization point and instability. 

To meet the needs of industrial manufacturing, many techniques such as chemical, 

biological, and physical changes have been used in the past (Figure 2.3). Based on 

research, modified starch had been proven to improve viscosity, shelf life, textures, 

solubility, appearance, and emulsification of food products (Falade & Ayetigbo, 2015). 

Three most common function of modified starch in food industry work as agent of gelling, 

stabilising and thickening (Pietrzyk et al., 2018). 

( Starch modific.ition 

I I 

f Chemical 1 [ Physical 1 r En2)'ffl;tlk: 

I I I I 

Degradation Sul»lilution Cross-linking Prcgd;ttlni7..1lion DcgraJ.llion 

I Estcrification Acid 
f.stcrificatlon Roll-dr)'lng 

hydrolysis 

Oxid.11lon Elhcrification Spr.iy 

Dulrinlz.ition Therm.ti 

Figure 2.3 Starch modification techniques *source from (Lewicka et al., 2015) 
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2.3 Ultrasound Treatment on Oxidized Starch 

In recent years, physical modification method has been paid a lot of attentions. Ultrasound 

is one of physical modification method that is unique and offers a wide range of 

applications in the production of modified starch. It is called physical modification 

because of electrical energy is used to power transducers (ceramic materials), which 

transform the energy into mechanical vibrations and create high-intensity ultrasound 

(Kentish and Feng, 2014). According to a recent study, ultrasound is gaining popularity 

due to its several advantages such as cheap cost, high efficiency, and eco-friendliness 

because free from chemicals usage (Li et al., 2018). 

Ultrasound is composed of mechanical sound waves that develop from oscillation of 

molecular movements in a propagation medium. The ultrasonic waves are classified into 

two categories which are low intensity and high intensity. The low intensity involved in 

the noninvasive analysis such as ultrasonography used in medical diagnosis (Mulet et al., 

2002). In contrast, the high intensity wave can modify physicochemical properties of food 

and disrupt the crystalline area in starch granules (Ortega, 2012). 

Ultrasound can generate cavitation and mechanical action in liquid. Cavitation is the 

fundamental mechanism of ultrasound that allows chemical reactions to occur. According 

to Wang et al. (2020), ultrasound means the mechanical waves with a frequency exceeding 

16 kHz, which can be transformed to "micro-jets", ''high shearing force and turbulence'' 

and "high pressure" through the cavitation effect, causing the molecular degradation and 

inherently structural transformations of starch granules. Therefore, the cavitation effect of 

ultrasound can produce three kinds of mechanical forces, including local ultra-high 
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Based on Figure 2.5, the treatment can cause visible cracks and pores on the granule 

surface that may increase in swelling power and solubility of starch granules due to 

increase in surface area of starch (Zheng et al., 2013). Table 2.5 showed several studies of 

ultrasound treatment on sweet potato starch. Mainly, the ultrasound treatment is purposed 

to enhance the quality of oxidized starch, safety of the products and sustain the shelf-life 

of the product. Furthermore, ultrasonic treatment has grown more interesting to both 

researchers and users as a physical modification technique since it offers numerous 

advantages in terms of green processing and manufacturing, environmental friendliness, 

effectiveness, and energy savings (Zhu et al., 2015). 

a. rutiv.: ,urch h. �51..tlz ultr.L"mic ln:.umcnl

c. 801..11.r. ultru. ... ini.: U,:Jtrm:nt 1.L �51..11.r. KOL.I I, ultrol..'4>11ic �JU1i.:r.1 

Figure 2.5 SEM photos ( 4000x) of starch samples treated by different frequency 
ultrasound for 60 min *source from (Zheng et al., 2013) 
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2.5 Combined Treatment of Ultrasound and Ozone 

The majority of study has focused on the effects of ozonation and ultrasonication 

performed separately (Castanha et al., 2017; Lee et al., 2017; Vanier et al., 2017; Zhu, 

2015). Ozone is desirably in modifying starches from various sources such as com, 

cassava, wheat, potato and rice. Whereas the ultrasound treatment improves the starch 

structure that enhance ozone activity (Castanha et al., 2019). Moreover, both ozonation 

and ultrasound operate without the need of heat energy, resulting in energy savings. In the 

starch processing industry, the approach of combining ultrasound and ozonation might be 

a viable alternative to traditional methods. Table 2. 7 showed several studies of combining 

ozone and ultrasound treatment on starch. The starch industry may benefit from the 

combination of ozonation and ultrasound because it lowers operational costs, reduces 

environmental hazards, and leaves no residue on the final products (lbanoglu et al., 2018). 

However, the combined effect of ultrasound and aqueous ozonation processes has only 

been studied in a few raw materials such as wheat, potato and maize. 
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Table 2. 7 Several studies of combined ozonation and ultrasound treatment on 
starch 

Findings Studies References 

The combined treatment ozonation Comparison of the Effects of 
and ultrasound generated the most Ozone, UV and Combined (Lasz16 et al., 
significant colour change, resulted Ozone/UV Treatment on the 2008) 
the flour gradually becomes paler. Color and Microbial Counts of 

Wheat Flour 
The combined treatment resulted 
in a significant reduction in 
bacteria count. 

Ultrasonication before ozonation 
resulted decrease in onset 
gelatinization temperature and 
enthalpy of gelatinization. 

The flow properties changed to 
have time-dependent, non-
Newtonian behavior when 
ultrasonication was combined with 
ozonation. 

Improved starch properties such 
clarity and binding properties as 
ozonated and ultrasonicated 
starches exhibit lower viscosity at 
high solid content. 

Effects of Ultrasonication and 
Aqueous Ozonation on 
Gelatinization and Flow 
Properties of Potato Starch 

(lbanoglu et al., 
2018) 

When a combination of treatments Combining ozone 
was applied, paste clarity was ultrasound technologies 
significantly improved, especially modify maize starch 

and (Castanha et al., 
to 2019) 

when the ultrasound was used 
before the ozone treatment, 
demonstrating the hypothesis that 
the ultrasound modified the starch 
structure which enhancing ozone 
activity. 
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2.7 Summary 

Sweet potato can be rice substitute as it contains high protein, dietary fiber, minerals, and 

vitamins that are necessary for food consumption. Sweet potato available in abundance 

and highly requested for starch industry. Starch has long been used commercially as main 

ingredient by variety of industries, including food industries, paper industries and textile 

industries. Native starch has several drawbacks which are sensitive to pH, poor starch 

paste clarity, high retrogradation, low syneresis, and decomposition. Therefore, native 

starch undergo modification to satisfy industrial needs such as low viscosity, longer shelf 

life, improved textures and appearance and higher solubility of starch. Oxidized starch is 

one of the modifications of starch that involved with chemical and addition of oxygen. 

The ultrasound treatment is believed to enhance the quality of oxidized starch, as well as 

the product's safety and shelf life. While ozonation is environmentally friendly technology 

that leaving no harmful residue in treated food product. Thus, combined treatment of 

ultrasound and ozone may benefit the production of starch by lowering the operational 

costs, reduces environmental hazards, and enhanced food safety and quality of the 

oxidized starch. 
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3.3 Design of Experiment

One Factor At A Time (OFAT} method was used in this study to single out the significant

factor that will produce oxidized starch with the highest yield and qualitative
characteristics. Table 3.1 summarized method to produce oxidative starch.

Table 3.1 Method for each sample
- -· - ----------

Sample
-·-- --------

Method
Control 
(control)

Maceration (Sodium Metabisulfite) + Oven dried 2 hours
- -·---·- - --- · - - -- -- - -- . - --- --- -- ·-· - --- --

suo Maceration (Sodium Metabisulfite) + Ultrasound 30 mins + Ozone 4
hours + Oven dried 2 hours

---- ·- --t- -- - - - -

SO • Maceration (Sodium Metabisulfite) + Ozone 4 hours+ Oven dried 2
; hours
I 

1--DUO ----,M�"c�r�tioii(.riistill�dWat�r)+ Ultrasoood 30- m� + o��ie 4 ·hours·+ :
I 

' 
I· Oven dried 2 hours I

i- DU Maceration (Distilled water)+ Ultrasound 30 mins + Oven dried 2 I
I hours
L---··---- -----------
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3.4 Preparation of Oxidized Orange Sweet Potato Starch 

3.4.1 Control Sample 

The sweet potato (VitAto™) were peeled, washed properly and free from mud, infestation 

and injuries. They were cut into dices. 2400 g of sweet potato dices were weighted by 

using METTLER TOLEDO Weighing Balances (ABT 120-4NM, Germany) and poured 

into a blender (MX-900M, Malaysia). Then, filled a 500ml beaker with 0.0IM sodium 

metabisulfite (Na2S2Os), pH=4.5 and pour into a blender (MX-900M, Malaysia) that filled 

with sweet potato dices. The mixture was blend until homogenized at low speed in a 

blender (MX-900M, Malaysia). Then, heated on a hotplate (MSH-20D, Korea) for 10 

minutes. Next, the mixture was incubated (WIS-20R, Korea) at 40°C for 2 hours. After 

that, the slurry was sieved through filtering cloth for 3 times and washed with distilled 

water. The suspension was stood for 15 minutes for starch sedimentation and then 

centrifuged (1401, Germany) at 9000 rpm for 3 minutes. The white starch was collected 

and dried in the Memmert oven ( 100-800, Germany) at 50°C for 2 hours. Finally, the dried 

starch was ground into powder and stored at 25°C in a glass bottle. 
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3.4.2 Combined Treatment of Ultrasound and Ozone with Sodium Metabisulfite as 

a Maceration Medium (SUO) 

The sweet potato (VitAto ™) were peeled, washed properly and free from mud, infestation 

and injuries. They were cut into dices. 2400 g of sweet potato dices were weighted by 

using METTLER TOLEDO Weighing Balances (ABT 120-4NM, Germany) and poured 

into a blender (MX-900M, Malaysia). Then, filled a 500ml beaker with 0.0lM sodium 

metabisulfite (Na2S2Os), pH=4.5 and pour into a blender (MX-900M, Malaysia) that filled 

with sweet potato dices. The mixture was blend until homogenized at low speed in a 

blender (MX-900M, Malaysia). Then, heated on a hotplate (MSH-20D, Korea) for 10 

minutes. A piezoelectric apparatus equipped with a VCX probe system was used for 

ultrasound treatment. The probe with vibrating titanium tip of 19 mm diameter was 

attached to the transducer, and it was immersed in a sluny that was irradiated with an 

ultrasonic wave directly from the horn tip. The ultrasound treatment on the starch was 

derived from (HerCeg et al., 2010) which its application time was 30 minutes at 100W of 

power and 40% amplitude at frequency of 20 kHz. Next, the mixture was incubated (WIS-

20R, Korea) at 40°C for 2 hours. After that, the slurry was sieved through filtering cloth 

for 3 times and washed with distilled water. The suspension was stood for 15 minutes for 

starch sedimentation and then centrifuged (1401, Germany) at 9000 rpm for 3 minutes. 

The white starch was collected and undergo ozonation (GL-3189, China) for 4 hours 

(Pudjihastuti et al., 2018) before being dried in the Memmert oven (100-800, Germany) 

at 50°C for 2 hours. Finally, the dried starch was ground into powder and stored at 25°C 

in a glass bottle. 
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3.4.3 Ozone with Sodium Metabisulfite as a Maceration Medium (SO) 

The sweet potato (VitAto ™) were peeled, washed properly and free from mud, infestation 

and injuries. They were cut into dices. 2400 g of sweet potato dices were weighted by 

using METTLER TOLEDO Weighing Balances (ABT 120-4NM, Germany) and poured 

into a blender (MX-900M, Malaysia). Then, filled a 500ml beaker with 0.0lM sodium 

metabisulfite (Na2S2Os), pH=4.5 and pour into a blender (MX-900M, Malaysia) that filled 

with sweet potato dices. The mixture was blend until homogenized at low speed in a 

blender (MX-900M, Malaysia). Then, heated on a hotplate (MSH-20D, Korea) for 10 

minutes. Next, the mixture was incubated (WIS-20R, Korea) at 40°C for 2 hours. After 

that, the slurry was sieved through filtering cloth for 3 times and washed with distilled 

water. The suspension was stood for 15 minutes for starch sedimentation and then 

centrifuged (1401, Germany) at 9000 rpm for 3 minutes. The white starch was collected 

and undergo ozonation (GL-3189, China) for 4 hours (Pudjihastuti et al., 2018) before 

being dried in the Memmert oven ( I 00-800, Germany) at 50°C for 2 hours. Finally, the 

dried starch was ground into powder and stored at 25°C in a glass bottle. 
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3.4.4 Combined Treatment of Ultrasound and Ozone with Distilled Water as a 

Maceration Medium (DUO) 

The sweet potato (VitAto™) were peeled, washed properly and free from mud, infestation 

and injuries. They were cut into dices. 2400 g of sweet potato dices were weighted by 

using METTLER TOLEDO Weighing Balances (ABT 120-4NM, Germany) and poured 

into a blender (MX-900M, Malaysia). Then, filled a 500ml beaker with distilled water 

pour into a blender (MX-900M, Malaysia) that filled with sweet potato dices. The mixture 

was blend until homogenized at low speed in a blender (MX-900M, Malaysia). Then, 

heated on a hotplate (MSH-20D, Korea) for 10 minutes. A piezoelectric apparatus 

equipped with a VCX probe system was used for ultrasound treatment. The probe with 

vibrating titanium tip of 19 mm diameter was attached to the transducer, and it was 

immersed in a slurry that was irradiated with an ultrasonic wave directly from the horn 

tip. The ultrasound treatment on the starch was derived from (HerCeg et al., 2010) which 

its application time was 30 minutes at 100W of power and 40% amplitude at frequency of 

20 kHz. Next, the mixture was incubated (WIS-20R, Korea) at 40°C for 2 hours. After 

that, the slurry was sieved through filtering cloth for 3 times and washed with distilled 

water. The suspension was stood for 15 minutes for starch sedimentation and then 

centrifuged (1401, Germany) at 9000 rpm for 3 minutes. The white starch was collected 

and undergo ozonation (GL-3189, China) for 4 hours (Pudjihastuti et al., 2018) before 

being dried in the Memmert oven (100-800, Germany) at 50°C for 2 hours. Finally, the 

dried starch was ground into powder and stored at 25°C in a glass bottle. 
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3.4.5 Ultrasound with Distilled Water as a Maceration Medium (DU) 

The sweet potato (VitAto ™) were peeled, washed properly and free from mud, infestation 

and injuries. They were cut into dices. 2400 g of sweet potato dices were weighted by 

using METTLER TOLEDO Weighing Balances (ABT 120-4NM, Germany) and poured 

into a blender (MX-900M, Malaysia). Then, filled a 500ml beaker with distilled water and 

pour into a blender (MX-900M, Malaysia) that filled with sweet potato dices. The mixture 

was blend until homogenized at low speed in a blender (MX-900M, Malaysia). Then, 

heated on a hotplate (MSH-20D, Korea) for 10 minutes. A piezoelectric apparatus 

equipped with a VCX probe system was used for ultrasound treatment. The probe with 

vibrating titanium tip of 19 mm diameter was attached to the transducer, and it was 

immersed in a slurry that was irradiated with an ultrasonic wave directly from the horn 

tip. The ultrasound treatment on the starch was derived from (HerCeg et al., 2010) which 

its application time was 30 minutes at I00W of power and 40% amplitude at frequency of 

20 kHz. Next, the mixture was incubated (WIS-20R, Korea) at 40°C for 2 hours. After 

that, the slurry was sieved through filtering cloth for 3 times and washed with distilled 

water. The suspension was stood for 15 minutes for starch sedimentation and then 

centrifuged (1401, Germany) at 9000 rpm for 3 minutes. The white starch was collected 

and dried in the Memmert oven ( 100-800, Germany) at 50°C for 2 hours. Finally, the dried 

starch was ground into powder and stored at 25°C in a glass bottle. 
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3.5 Nutritional Composition 

3.5.1 Vitamin A 

Vitamin A was determined by AOAC 20th edition. 960.45 

A 1.25g of premix was weighed twice. In a I 00 ml beaker, the material was dissolved in 

60-80ml of distilled hot water (80°C). A watch glass was placed on top of each beaker.

The solution was incubated in a water bath at 50-60°C for 15 minutes (WIS-20R, Korea). 

The solution was then transferred to a volumetric flask with a capacity of 100 mL. The 

beaker was rinsed with distilled water and the washings were transferred to the volumetric 

flask, mixed thoroughly, and distilled water was added to make up to 100 mL. 

Next, diluted and extracted vitamin A from the premix solution. 2 mL of the solution was 

transferred to a 20 mL tube, along with 8 mL of 2-propanol (to achieve a 2: 10 dilution). 

In a Vortex mixer, the ingredients were mixed. Then, into 20 mL tubes, 1 mL of the 

previous step's solution was added, along with 9 mL of 2-propanol (to create a 1:10 

dilution). Mixed using a Vortex mixer for 5 seconds. Transferred in duplicate 3 mL of the 

solution from previous step and placed in a 20 mL tube. 3 mL 0.1-N hydrochloric acid 

and 4 mL hexane were added to the mixture. Mixed in a Vortex mixer for 30 seconds. 

Spectrophotometer adjusted to zero with hexane. Then, transferred the organic phase, 

using a Pasteur pipette to a 1 cm light path spectrophotometer cuvette and read the 

absorbance at 326 run. 
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Each sample ( 1 g) was weighed into a 10-mL volumetric flask and filled up to volume 

with hexane. In an ultracentrifuge container, 200 litres of water were combined with 940 

litres of methanol and 60 litres of internal standard (300 g/ml stock solution). It was 

centrifuged (1401, Germany) at 4000 ipm for 5 minutes. Tocopherol analysis was carried 

out by RP-HPLC (Agilent 1100 HPLC series, USA) using the method of Gimeno et al. 

(2000) with major modifications to column temperature, flow rate and dilution factor. 20 

litres of each prepared sample were injected into the HPLC as previously stated, following 

the chromatographic processes. 

3.6 5-Hydroxymethylfurfural (HMF) 

The absorbance A of the prepared standard solution is measured usmg a UV 

spectrophotometer at 285 nm in 1 cm quartz cells with water in the blank cell, according 

to Homogenized Methods of The International Honey Commission 1.5.1 / HPLC. The 

concentration of the standard solutions can be calculated from the literature values for 

molar absorptivity, e = 16830 or absorptivity, ai% = 133.57 where A is the absorbance 

of the standard solution. 10 g of prepared sample were weighed and pour into 50 ml 

beaker. 25 ml of water was used to dissolve the sample and transferred to 50 ml of 

volumetric flask. Then, diluted with 50 ml of water. The sample filtered through a 0.45 

µm membrane filter to provide solution for chromatography. The 5-HMF content of the 

sample is calculated by comparing the corresponding peak areas of the sample and those 

of the standard solutions, considering the dilution. There is a linear relationship between 

the concentration and the area of the HMF peak. Results are expressed in mg/kg. 
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3. 7 Yield and Color of Starch 

The weight of dried starch based on fresh root weight was used to calculate the percent 

yield of the extracted starch by using Eq.3-1. 

yield (0/4) =
weight �fd1·ied starch

X lOO
fresh root weight of sweet potato 

Eq. 3-1 

The color values in CIELAB system (L *, a*, b*, �E and hue angle) were determined by 

spectrophotometer (HunterLab UltraScan® PRO D65/10 Hunter Associates Laboratory 

Inc., Virginia, USA). The device was adjusted with white and black tiles as reference. The 

values of color were expressed as lightness, L*, is a measure of total solar spectrum 

reflectance relative to a pure white surface where it varies from I 00 for perfect white to 

zero for black. a* is a measure of the degree of red-green where redness when positive 

and greenness when negative. b* is a measure of yellow-blue where yellowness when 

positive and blueness when negative. 

Hue angle were calculated by using Eq.3-2 Hue angle able to determine the color such as 

orange, yellow, red, etc. Color differences between the treated samples and the control 

samples (�E) were calculated on the basis of the CIEL*, a* and b* values via Eq.3-3. 

Where, 

Aa = a* - a0

Ab= b* - bo 

Hue angle= tan-1 (b* /a*) 

AE = ✓ (AL)2 + (Aa)2 + (Ab)2
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L* - L0, a* - a0, and b* - b0 are the differences calculated between treated sample 

(SUO, SO, DUO and DU) and the control sample (Control) from the average coordinates. 

Measurements were performed 3 times and the results were then averaged. 

3.8 Starch Granule Morphology 

The morphology of the starch granules was examined usmg a scanmng electron 

microscope (Shidmadzu,SSX-550). A small quantity of each sample was spread directly 

onto the stub surface and dried for 1 h in an Memmert oven (100-800, Germany) at 32°C. 

Subsequently, all the samples will be gold-coated and examined under a 15kV 

acceleration voltage and 5000x magnifications in the scanning electron microscope (Klein 

et al., 2014). 
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3.9 Summary 

Sweet potato (VitAto ™) was prepared and 5 type of methods were proposed to produce 

oxidized orange sweet potato starch. Control sample was prepared by macerated in sodium 

metabisulfite. Sample that undergo combined treatment of ultrasound and ozone with 

sodium metabisulfite as a maceration medium denoted as SUO. Sample that undergo 

ozone with sodium metabisulfite as a maceration medium denoted as SO. Sample that 

undergo combined treatment of ultrasound and ozone with distilled water as a maceration 

medium denoted as DUO. Lastly, sample that undergo ultrasound with distilled water as 

a maceration medium denoted as DU. Next, the content of vitamin A was determined by 

following method suggested by AOAC 20th edition. 960.45. The content of vitamin C was 

determined by titration method introduced by (Eitenmiller et al., 1998). The content of 

vitamin E was determined by using HPLC according to Gimeno et al. (2000). The content 

of 5-HMF was determined by using HPLC according to Homogenized Methods of The 

International Honey Commission 1.5 .1. The color of oxidized orange sweet potato starch 

was examined by using spectrophotometer while the starch granule morphology was 

examined by using a scanning electron microscope. The starch yield and color values such 

as color difference {6E) and hue angle was calculated according to Eq.3-1, Eq.3-2 and 

Eq.3-3, respectively. 
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starch yield obtained for this study. To add, starch exposure during cutting process could 

also contribute to the loss of starch yield. According to Allonsy (2018), more starch was 

loss from sliced potato compared to whole peeled potato due to the greater surface area 

exposed on sliced potato. Hence, further studies should consider using whole peeled sweet 

potato during the preparation to increase the starch yield. 
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Figure 4.1 Starch yield of oxidized orange sweet potato starch with different 
methods 
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4.2 Color of Oxidized Orange Sweet Potato Starch 

The CIE Lab color system was used to determine the color of the starch, where the L * 

value describes the lightness which correlates with pigments in sweet potato flesh, a* is 

the degree of redness while b* is the degree of yellowness, which correlates the carotenoid 

content of the starch specifically beta-carotene. 

Based on Figure 4.2, the results revealed that starch from SO had the highest lightness 

which was 82.06, followed by Control sample, SUO, DU and DUO which were 80.05, 

78.87, 77.94 and 68.11, respectively. A study by Laszlo et al. (2008) reported that ozone 

treatment combined with UV treatment led to a whiter product. This is because ozone is a 

powerful bleaching agent that produced oxygen and nascent oxygen. This nascent oxygen 

bleaches the carotenoid pigments permanently. However, despite being treated with 

ozone, DUO showed the opposite outcome which was darker oxidized starch. This might 

be due to the development of light brown pigments happened in the presence of 5-HMF 

produced by the Maillard reaction (Pourmohammadi et al., 2019). 
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4.3 Vitamin A (Beta-carotene) 

Vitamin A in sweet potato is directly associated with the carotenoid content specifically 

beta-carotene. Carotenoids are pigments in plant, which responsible for orange-colored 

pigments for sweet potato. Therefore, beta-carotene and vitamin A can be related as the 

higher the amount of beta-carotene, the higher the amount of vitamin A in sweet potato. 

Based on Figure 4.4, the result obtained for control sample was 77.7 mg/l00g. However, 

result after treatments decreased where 14.17 mg/l00g, 6.34 mg/l00g, 15.4 mg/l00g for 

SUO, DUO, and DU, respectively. The degradation of vitamin A is due to ozonation 

process. According to Pandiselvam et al. (2019), ozone has bleaching agent that caused 

discoloration in food. The bleaching affected the carotenoid pigment in sweet potato, thus 

correlated with the loss of vitamin A. 

Next, SUO and DUO were compared to determine the effect of different maceration 

medium. Both samples undergo the same method which were ultrasound and ozone, but 

different in maceration where SUO macerated in sodium metabisulfite while DUO 

macerated in distilled water. From Figure 4.4, sodium metabisulfite macerated for SUO 

was able to retain higher vitamin A than DUO which was in distilled water. This can be 

shown on Figure 4.4 where the amount of vitamin A in SUO was 14.17 mg/l00g higher 

than vitamin A in DUO was 6.34 mg/l00g. According to Andri Kumoro and Jefri Hidayat 

(2018), sodium metabisulfite improved the nutrition and functional properties of durian 

seed flour by inhibit enzymatic browning. Therefore, sodium metabisulfite was able to 

preserve the carotenoid content as well as the orange pigment that serves as a precursor to 

vitamin A. 
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4.6 5-Hydroxymethylfurfural (HMF)

Based on Figure 4. 7, Control, SUO and SO which were macerated into sodium 

metabisulfite showed low content of 5-HMF compared to DUO and DU which were 

macerated into distilled water. The content of 5-HMF in sodiwn metabisulfite below 1.0 

mg/Kg which were 0. 76 mg/Kg, 0.82 mg/Kg, and 0.36 mg/Kg for samples control, SUO 

and SO, respectively. On the other hand, formation of 5-HMF in maceration medium of 

distilled water above 1.0 mg/Kg were DUO for 1.11 mg/Kg and DU for 1.21 mg/Kg. This 

showed that, the use of sodiwn metabisulfite reduce the content of 5-HMF in oxidized 

orange sweet potato starch. This is because sodium metabisulfite reduced the pH value 

that caused low activity for Maillard Reaction. Cortez et al. (2008) stated that sodium 

metabisulfite used for processed apple was able to inhibit enzymatic and non-enzymatic 

browning. Moreover, a study by Nascimento et al. (2020) claimed that sodium 

metabisulfite able to control browning and prolonged the shelf life of potatoes for 8 

months. This clearly showed the good effect of using sodiwn metabisulfite as a maceration 

medium. 

Next, SUO and SO were compared to determine the effect of ultrasound to the oxidized 

orange sweet potato starch. Based on Figure 4.7, the content of 5-HMF in SUO which 

undergo ultrasound and ozone macerated in sodium metabisulfite was higher compared to 

SO which undergo ozone macerated in sodiwn metabisulfite. This is because ultrasound 

generates heat during the process. Presence of heat increase the chance for development 

of 5-HMF through Maillard reaction. Therefore, sample SUO, DUO and DU that undergo 

ultrasound had a higher content of 5-HMF compared to a method that undergo ozone only 

(SO). In addition, a study by Cavka et al. (2015) revealed that the formation of 5-HMF 
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decreased by using ozonation. This can be demonstrated by SO that only been treated by 

ozone showed the lowest content of 5-HMF which was 0.36 mg/Kg. Thus, ozonation and 

sodium metabisulfite as a maceration medium were able to reduce the content of 5-HMF 

in oxidized orange sweet potato starch. 
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Figure 4.7 Formation of 5-HMF of oxidized orange sweet potato with different 
maceration medium and methods 
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4. 7 Relation between Vitamin A and 5-HMF with color (L-value) 

Figure 4.8 showed relation between Vitamin A and Lightness. The interaction between 

vitamin A and lightness was inversely proportional where vitamin A decreased when 

lightness increased. This is because higher lightness indicates low amount of carotenoid 

pigments which responsible for orange-colored sweet potato. The ozonation that has 

bleaching effect removed the carotenoid pigments and the product become whiter. 

Furthermore, the reduction of carotenoid pigments related to the vitamin A content. 

According to Ping Che et al. (2016), beta-carotene degrades due to oxidative degradation 

induced by ozonation. Therefore, ozonation gave a significant effect on the loss of vitamin 

A. Besides, ultrasound also enhances the loss of carotenoid pigments when beta-carotene

degraded because sensitive to high temperature. 
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Figure 4.8 Relation between Vitamin A content with color (L-value) 
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Next, Figure 4.9 demonstrated relation between 5-HMF and Lightness. The relationship 

between 5-HMF content and lightness was inversely proportional where 5-HMF content 

decreased when lightness increased. The ultrasound which produced heat due to cavitation 

effect influence the development of 5-HMF. The 5-HMF developed when reducing sugar 

in sweet potatoes such as fructose and glucose react with protein and acid with presence 

of heat. Therefore, the reaction produced brown pigment on the oxidized starch through 

Maillard reaction during the process. However, sodium metabisulfite able to inhibit the 

Maillard reaction and reduce the formation of 5-HMF in oxidized orange sweet potato 

starch. Despite the fact that ultrasound induced the formation of 5-HMF, ozonation and 

sodium metabisulfite as a maceration medium were able to decrease the chances for 5-

HMF to develop in oxidized orange sweet potato starch. 
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Figure 4.9 Relation between 5-HMF content with color (L-value) 
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4.8 Starch Granule Morphology 

Scanning electronic microscopy (SEM) showed morphology of oxidized sweet potato 

starch. Table 4.3 showed the result of oxidized orange sweet potato starch after treatments 

applied on them. Control sample presented irregular shape with relatively smooth surface 

and contained no pores and cracks, as expected for native sweet potato starch. The result 

agre_ed with the previous report described by (Wang et al. , 2020). 

Overall, the findings revealed that all samples had same outcomes where the surface was 

smooth, free of fissures and cracks. This might be due to the low parameters used during 

the process. A study by Wang et al. (2004) and Wang et al. (2009) also showed the same 

result where no damage on the starch granule for ultrasound frequency of20 kHz at 750W, 

suggesting that ultrasound treatment affecting only the non-covalent bonding between the 

starch and protein. As reported by Castanha et al. (2019), insufficient parameters such as 

frequency, power, temperature and time taken during the ultrasound treatment may not 

alter the starch granules' morphology. On the other hand, ultrasound treatment can cause 

alteration in amorphous region and crystalline region (Zheng et al., 2013). Hence, further 

study on the effect of ultrasound treatment power, frequency, temperature and time taken 

on amorphous region and crystalline region need to be investigated. 

In contrast with the result of granule's surface, the size of granule for SUO, DUO and DU 

smaller than Control and SO. This showed that ultrasound treatments disrupted the starch 

granule during the process. As reported by Lu et al. (2018), Yang et al. (2019), and Falsafi 

et al. (2019), free radicals released during ultrasound treatment may potentially aid in the 
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breakdown of starch structure. Based on Table 4.3, DU had many small starch granules 

indicates more shear force that can break the starch chain. 

Next, SUO which macerated in sodium metabisulfite and DUO which macerated in 

distilled water were compared to determine the effect of maceration based on the same 

applied treatment which were combined treatment of ultrasound and ozone. Based on 

Table 4.3, DUO which macerated in distilled water had high amount of small starch 

granules compared to SUO which macerated in sodium metabisulfite. This is because 

starch granules were expanded and collapsed freely in distilled water resulting in higher 

starch granule breaking. 
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DUO 

Maceration (Distilled Water)+ 

Ultrasound 30 mins + Ozone 4 hours+ 

Oven dried 2 hours 

DU 

Maceration (Distilled water) + 

Ultrasound 30 mins + Oven dried 2 

hours 
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4.9 Optimization 

The purpose of optimization is to find a suitable set of conditions that helps to determine 

the best method for this study. Design expert was used to determine the optimum 

conditions to produced oxidized orange sweet potato starch. Based on Table 4.4, the data 

was duplicate for each sample of oxidized sweet potato starch. 

Table 4.4 Design Expert Software duplicate data and responses 

Std Run Method Vitamin A Vitamin C Vitamin E 5-HMF

(mg/l00g) (mg/l00g) (mg/l00g) (mg/Kg) 

1 1 Control 77.7 3.91 0.13 0.76 

9 2 DUO 6.34 4.88 0 1.11 

2 3 suo 14.17 4.4 0.06 0.82 

8 4 so 0 4.89 0 0.36 

5 5 DU 15.4 4.4 0.07 1.21 

10 6 DU 14.99 4.4 0.07 1.2 

4 7 DUO 6.32 4.88 0 1.09 

3 8 so 0 4.89 0 0.35 

7 9 suo 14.18 4.39 0.06 0.8 

6 10 Control 77 3.91 0.12 0.78 

Figure 4.10 presented Vitamin A, Vitamin C, Vitamin E and 5-HMF as responses to 

determine the optimum conditions to produce the highest yield of oxidized orange sweet 

potato starch. The blue circle represents the optimum condition for each response. The 

maximum value of nutritional composition which was Vitamin A, Vitamin E and Vitamin 

C and minimum value of 5-HMF were the conditions to produce optimum oxidized orange 
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sweet potato starch where vitamin A for 14.175 mg/l00g, vitamin C for 4.395 mg/I00g, 
vitamin E for 0.06 mg/l00g and 5-HMF for 0.81 mg/kg. 

r····7·····
�
·······

:
······"

J 
1 2 3 4 5 

Tr-eatments 

A:Treatment "'" B 

3.91 4.89 

Vit.amin C = 4.395 

0.35 1.21 

HMF a 0.81 

0 77.7 

Vitamin A• 14.175 

0 0.13 

Vitamin E = 0.06 

Desirability = 0.373 

Solution 1 out of 3 

Figure 4.10 Optimization of oxidized orange sweet potato starch 

In this study, SUO showed the most optimum condition to produce the highest yield of 
oxidized starch with a desirability of 0.373. SUO was treated with maceration medium of 
sodium metabisulfite (0.001M) undergo ultrasound treatment for 30 minutes, power of 
24W, frequency of 20kHz with amplitude of 40% and ozonation for 1 ppm for 4 hours. 
Therefore, further study should achieve these optimum conditions in order to produce the 
best oxidized orange sweet potato starch. 
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5.1 Conclusion 

CHAPTERS 

CONCLUSION AND RECOMMENDATIONS 

In conclusion, oxidized sweet potato starch was successfully developed using ultrasound 

treatment and gaseous ozone. The maceration medium of sodium metabisulfite and 

distilled water was found to influence the content of vitamin A, 5-HMF content and color. 

Samples macerated with sodium metabisulfite were able to retain the carotenoid pigment 

and reduced formation of 5-HMF. In addition to that, the hurdle treatments of ultrasound 

and ozone had significant impact to the content of vitamin A, E, C, 5-HMF, 

microstructure, .starch yield and color of oxidized orange sweet potato starch. The result 

also revealed ozonation had no significant effect to the degradation of vitamin E and starch 

yield obtained. Furthermore, the starch granule was found to have fissures in sample 

macerated in distilled water and ultrasound was observed to affect the microstructure of 

oxidized orange sweet potato starch. In this study, SUO was the most optimum treatment 

to produce the highest yield of oxidized starch by using sodium metabisulfite as a 

maceration medium, combined with the treatment of ultrasound and ozone to further 

oxidize the starch. The amount of 5-HNIF found and sodium metabisulfite used in this 

study are safe for consumption as the amount presence are not exceeding the general 

standard limit which are 40 mg/Kg and 200 mg/Kg, respectively. The characteristics of 
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oxidized orange sweet potato starch produced can be further utilized in the manufacture 

of noodles and thickening agents. It is with high hopes that the outcomes of this study will 

provide practical insights for manufacture oxidized orange sweet potato starch optimally 

in order to lessen the cost and energy usage and further perusing the local production and 

lessening the dependency on imported starch. 

5.2 Recommendations 

Further study should be done to determine the optimum parameters such as temperature, 

concentration of ozone treatment and ultrasound on the factors that influence the 

degradation content of vitamin A and vitamin E. Addition of tocopherol acetate for further 

study could increase the vitamin E content. Besides, the suitable equipment of ozonation 

and ultrasound need to be considered for better homogenization during the treatment. 

Apart from that, further study on the effect of hurdle processing treatment such as 

ultrasound and ozone should be utilized in food technology to produce high quality of 

food that have high nutritional composition as well as excellent physicochemical and 

functional properties. 
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