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ABSTRACT 

Purple sweet potato anthocyanin is a potential natural food colorant with health 

beneficial bioactive compound. Encapsulation of bioactive compound by microwave 

drying technology could assist in limiting the loss in food. In this study, the process of 

microwave drying of purple sweet potato extract (PSPE) was studied. Response 

surface methodology (RSM) was used to optimise the microwave drying power (330 

to 770 W), drying time (215 to 375 s) and maltodextrin concentration (5 to 35 %) for 

the process of microwave drying of PSPE. The optimised condition obtained with 

desirability 0.915 was at microwave power 550 W, drying time 298 s and maltodextrin 

concentration 19.42 %. Validation of optimum process parameter microwave purple 

sweet potato (MD-PSPE) resulted in an actual value of antioxidant capacity (DPPH), 

monomeric anthocyanin content (MAC), and moisture content of 79.92 ± 0.8 %, 

498.09 ± 5.18 mg/L and 4.56 ± 0.06 % respectively. The errors obtained were between 

6.12 – 8.50 % lower than expected value. The stability of MD-PSPE during 10 weeks 

of storage was evaluated and the stability followed first-order kinetic reaction. After 

10 weeks of storage at temperature 26 ± 2 °C, the anthocyanin content of MD-PSPE 

successfully retain 95% of MAC compared to 65 % MAC retention in the non-

encapsulated PSPE. Additionally, the stability of MD-PSPE applied in aqueous system 

towards thermal process (70 to 90 °C) and storage at temperature (26 ± 2 °C) was 

evaluated. Anthocyanin degradation towards thermal processing and storage was 

following first-order kinetic reaction. Throughout heating, MAC of MD-PSPE in 

aqueous system showed a higher stability at 70 °C with half-life 𝑡1/2  14.4 weeks. MD-

PSPE in aqueous system (pH 2.0 to 6.0) during storage (26 ± 2 °C) had been 

successfully retained more than 50 % of MAC. MD-PSPE in aqueous was most stable 

at pH 3.0-4.0 with half-life 𝑡1/2 20.1 to 21.1 weeks. Hence, MD-PSPE produced is 

suitable for the application into low pH beverages system.  
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ABSTRAK 

Antosianin daripada keledek ungu adalah pewarna makanan semula jadi 

berpotensi yang mempunyai sebatian bioaktif yang bermanfaat kepada kesihatan. 

Pengkapsulan sebatian bioaktif oleh teknologi pengeringan gelombang mikro dapat 

membantu mengurangkan kerosakan kepada kualiti makanan. Dalam kajian ini, proses 

pengeringan ekstrak keledek ungu (PSPE) menggunakan teknologi gelombang mikro 

telah dikaji. Metodologi tindak balas permukaan (RSM) telah digunakan untuk 

mengoptimumkan kuasa pengeringan gelombang mikro (330 hingga 770 W), masa 

pengeringan (215 hingga 375 s) dan kepekatan maltodekstrin (5 hingga 35 %) bagi 

pengeringan gelombang mikro PSPE. Keadaan pengeringan proses optimum dengan 

kebolehinginan 0.915 diperolehi pada kuasa gelombang mikro pada 550 W, masa 

pengeringan selama 298 s dan kepekatan maltodekstrin sebanyak 19.42 %. Pengesahan 

parameter proses optimum gelombang mikro keledek ungu (MD-PSPE), memberikan 

nilai sebenar keupayaan antioksidan (DPPH), kandungan antosianin monomerik 

(MAC) dan kandungan lembapan masing-masing sebanyak 79.92 ± 0.8 %, 498.09 ± 

5.18 mg/L dan 4.56 ± 0.06 %. Ralat diperolehi sekitar 6.12 hingga 8.50 % adalah lebih 

rendah daripada nilai yang dijangkakan. Kestabilan MD-PSPE ketika dalam 

penyimpanan 10 minggu dinilai dan didapati kestabilan MD-PSPE mengikuti tindak 

balas kinetik tertib pertama. Selepas penyimpanan selama 10 minggu pada suhu 26 ± 

2 °C, kandungan antosianin MD-PSPE menunjukkan pengekalan sebanyak 95% MAC 

berbanding dengan pengekalan 65% MAC pada PSPE tanpa pengkapsulan. Kestabilan 

MD-PSPE dalam sistem berair terhadap proses terma (70 hingga 90 °C) dan 

penyimpanan pada suhu (26 ± 2 °C) juga dinilai. Degradasi antosianin terhadap 

pemprosesan terma dan penyimpanan telah mengikut tindak balas kinetik tertib 

pertama. Sepanjang pemanasan, MAC MD-PSPE dalam air menunjukkan kestabilan 

yang lebih tinggi pada 70 °C dengan nilai separuh hayat 𝑡1/2 14.4 minggu. Penggunaan 

MD-PSPE di dalam sistem berair (pH 2.0 hingga 6.0) menunjukkan lebih 50% MAC 

berjaya dikekalkan selepas penyimpanan pada suhu (26 ± 2°C). MD-PSPE di dalam 

sistem berair lebih stabil pada pH 3.0 - 4.0 dengan nilai separuh hayat, 𝑡1/2 20.1 hingga 

21.1 minggu. Oleh itu, MD-PSPE dihasilkan adalah sesuai untuk aplikasi terhadap 

minuman dengan pH rendah. 
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CHAPTER 1  

 

 

INTRODUCTION 

1.1 Introduction 

Food colorant has been used in food for centuries. The synthetic colourant is a 

chemical synthesis, replicates molecular structure to become identical to the naturally 

derived colouring. Considering instability of natural food colorant (NFC) due to light, 

temperature, pH and storage condition, synthetic colorant becomes preferable to 

improve the colour of the food and transform it into an attractive and appetising food 

or beverages. Nonetheless, research has been done and summaries that the synthetic 

colours and additives contribute to the detrimental effects to the human health 

(Amchova, et al., 2015).  

NFC generally defines as sources from substance that occur in nature. It is 

derived from agricultural, biological, or mineral sources. Independently, NFC does not 

have the same colour intensity as a synthetic, and some are less economical on a dosage 

basis. However, research and study nowadays can reduce this performance gap. 

Furthermore, there are advantages in using natural colour. The use of natural colorant 

in food has attracted interest in terms of the potential health benefits offered, such as 

the presence of antioxidant carried along during the processing. Moreover, foods using 

NFC may boost human health by offering nutrients, which contribute preventing 

diseases such as inflammation, neuronal diseases, diabetes and many other diseases 

(Yousuf et al., 2015). 

NFC from plant pigmnet can be categories into four main groups including 

carotenoids; yellow-orange-red (E169, E161, E164), anthocyanin; red-blue-purple 

(E163), chlorophyllin; green (E140, E141) and betanin; red (E162) (Rodriguez-amaya, 

2015). Anthocyanin as NFC can be found in a large number of plants such as 

pomegranate (Robert et al. 2010), Roselle (Duangmal, et al.,2008; Idham, et al., 2012), 
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grape (Song et al., 2013), dragon fruit (Zaidel et al., 2015)., black carrot (Ersus and 

Yurdagel 2007; Zozio, et al., 2011) and many others. The rich anthocyanin content is 

shown by the intensity of its purple colour (Ahmed, et al., 2010).  

The effects of processing (e.g. extraction, evaporation, drying, pasteurisation, 

sterilisation), food quality stability, application NFC into food or beverage model 

system and its health benefit has been actively studied by researcher’s worldwide. 

Most studies revealed that the greatest stability challenges in handling NFC for a new 

product development are pH, temperature, light, distribution or storage, interaction 

with other components, and solubility. NFC can be created in both a liquid and powder 

form. The application of encapsulation technologies of anthocyanin from fruits and 

plants showed to be efficiently alleviate the pigments degradation (Ahmed, et al., 

2010; Robert et al., 2010b; Zaidel et al., 2014). Technologies of encapsulation, 

including spray drying, freeze drying, co-crystallization (Fang and Bhandari, 2010) 

hot air drying, microwave drying (Peng et al. 2013) have been widely discussed. 

Microwave encapsulation technology has been discovered due to its faster 

cooking rates. Venkatesh and Raghavan, (2004) mentioned that short microwave 

drying time resulting an improvement of product quality. This is promising as a food 

dehydration technology. 

A suitable encapsulant supports recent encapsulation technologies. The 

addition of suitable encapsulant with appropriate ratio towards the core has proved to 

be the effective solution to increase the stability of biological component as well ease 

the technological issues. It will also produce better physical and chemical properties 

of food ingredients. 

1.2 Problem Statement 

The antioxidant in fruits or plant is a promising health benefit to the body. In 

food processing, encapsulation method with short drying time is one of the ways to 

prevent antioxidant losses. Microwave drying technology is highly potent in 
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improving heating efficiency and limiting the food quality loss. Ling et al., (2015) 

mentioned food processing using microwave could be a novel thermal processing 

technique. Microwave as an electro-heating method could replace the conventional 

heating in producing a better food quality (Pereira et al., 2008). Currently, there is lack 

of information and research of encapsulation technology using microwave as drying 

technology for anthocyanin as bioactive compound. Hence, the process parameter and 

formulation using microwave drying can be studied. The effects of the process 

variables on food product physicochemical properties will be further investigated. The 

proper selection of process variables and wall material was expected to lead to an 

efficient drying process and maintain food quality and stability. 

Researchers have studied on anthocyanin stability with various techniques of 

processing. Nowadays, food industries were using the most economical way of 

producing natural colorant by using wall material as an encapsulant in spray drying 

technology (Cai and Corke 2000). Encapsulation is a technique to protect bioactive 

compound in food from undesirable effect such as pH, light, and temperature that 

promote to the degradation of food quality (Akhavan et al., 2016). Encapsulating 

agents known as carbohydrate for example polysaccharides (starch, maltodextrins, and 

chitosan) are effective in encapsulating bioactive compound of food (Liu et al., 2015). 

According to Zuhaili Idham et al., (2012), gum, maltodextrin and starches as 

encapsulant is specifically suitable for anthocyanin encapsulation. This due to the 

hydrophilic colorants are compatible with a water- based gel formulation. Cai et al., 

(2019) mentioned that starch as wall material is low cost and effectively improve the 

stability of core materials towards heat. However, the effects were highly depending 

on the combination of starch and gum. Maltodextrin has capability of protecting the 

core material from oxidation besides a water-soluble material. Comes with various 

dextrose equivalent, maltodextrin was famously used as an encapsulation agent. 

Ahmed, et al. (2009) studied on the maltodextrin concentration on quality properties 

of purple sweet potato (PSP). Researcher found that additional of maltodextrin can 

improve the stability of phenolic and anthocyanin content during the processing (spray 

drying) of PSP. 
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Anthocyanins are flavonoid that categorised as an antioxidant compound. 

Interestingly, anthocyanin appeared with excellent colour properties can be used as a 

natural food colorant. Substituting synthetic colorant with anthocyanin as natural 

colorant could attract the consumers since it offers many health benefits. To complete 

these demands, the stability of anthocyanin and its suitability into the food system 

could be further studied and investigated. 

Anthocyanin is one of the most popular natural colorants used in the food 

industry. The water-soluble characteristic of anthocyanin was responsible for wide 

range of colour (orange, red, blue and purple). Purple sweet potato (PSP) is a source 

of high content of anthocyanin pigments with its potential health benefits. Its offer a 

high intensity purple colour. Current studies on anthocyanin PSP are focussed on PSP 

extract, PSP flour, and its stability  (Cai et al. 2016; Li et al. 2014; Liu et al. 2013; 

Peng et al. 2013). Hence, in this study, processing of purple sweet potato extract 

(PSPE) encapsulation has been planned. Furthermore, its application into the food 

system will be further studied. 

1.3 Objective 

The specific objectives of this study are; 

1. To determine and optimize formulation and microwave drying process 

parameter in achieving the desirable characteristic of PSPE powder. 

2. To characterise MD-PSPE stability in terms of monomeric anthocyanin content 

(MAC) and colour after storing at room temperature and its stability in the 

application into the aqueous system. 

 



 

5 

 

1.4 Scopes 

The scope of this research includes; 

(a) Correlation between maltodextrin concentration (20 to 30%) and drying power 

(330 – 550 W) at drying time 315 sin producing microwave-dried PSPE (MD-

PSPE). Moisture content, water activity, chromatic properties and monomeric 

anthocyanin content (MAC) of MD-PSPE were studied. 

(b) Correlation between maltodextrin concentration (15 to 35%) and drying (275 

– 345 s) at drying power 550 W in producing microwave-dried PSPE (MD-

PSPE). Moisture content, water activity, chromatic properties and monomeric 

anthocyanin content (MAC) of MD-PSPE were  

(c) Optimisation of the process variables, drying time (215, to 375s), drying power 

(330, to 770 W), maltodextrin concentration (5 to 35%) using response surface 

methodology (RSM, central composite design). Moisture content, monomeric 

anthocyanin content (MAC) and antioxidant capacity (DPPH) of microwave 

dried PSPE will be studied. 

(d) Evaluation of the optimum powder characterisation compared to high and low 

maltodextrin concentration. Water activity, hygroscopicity, density, 

flowability, colour characteristic will be studied. 

(e) Study on the MD-PSPE stability during storage at temperature 26±2°C for 10 

weeks in terms of MAC retention (%) and kinetic degradation. Total colour 

difference (TCD) will be included in this study. 

(f) Study on the thermal stability of MD-PSPE in application in the aqueous 

system (temperature: 70°C, 80°C and 90°C, time: 30min, 45 min and 60 min). 

The retention (%) of MAC and its kinetic degradation were studied and TCD 

were evaluated. 

(g) Storage stability study of MD-PSPE for application in the aqueous system (pH 

2 to 6 buffer, temperature: 26±2°C, time: 10 weeks). The retention (%) of MAC 

and its kinetic degradation were studied and TCD were evaluated. 
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