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Food hydrocolloids, i.e., hydrolyzed methylcellulose, with thermal gelation
properties, are widely used as batter mixtures to coat the fried food prior to the
frying process. Properties of hydrocolloids able to satisfy population’s food
demand by introducing health-benefits food in conjunction with public health
concerns worldwide such as obesity. To study the coating mechanism's
advantages, the hydrolyzed Methylcellulose (MC) that, possessed with thermal-
reversible properties, was coated onto a potato substrate and investigated along
the frying process. Different MC concentration samples between 0.5-2.0 w/v%
were subjected to ultrasound treatment (UT) at 20 W to improve the prepared
batter mixtures' rheological behaviour and physiochemical properties of fried
food. Application of UT to methylcellulose (UTMC) clearly showed a phase
transition from fluid- to gel-like between 20 °C and 65 °C with the increase in the
oscillation frequency and temperature ramp test. UTMC method also showed
lower sol-gel transition occurrence than non-UTMC at 25 °C and 30 °C
respectively, within the linear viscoelastic region. When the MC concentrations
were varied, the most effective concentration for coating purposes was noticed
to occur at 1.0 (w/v%) UTMC, whereby the water retention and oil uptake was
reduced to 39.3% and 56.9 %, respectively, as compared to 1.0 w/v% non-UTMC
formulation. The batter-coated fried food also showed a significant decrease in
the acrylamide concentration. The amount of acrylamide in 1.0 w/v% MC was
reduced from 156.40+7.44 ng/g to 64.8 £5.05 ng/g in 1.0 w/v% UTMC. In
conclusion, this work's findings provide further insights into the influence of
hydrocolloids as an effective layer to improve the quality of the fried products.
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Hidrokoloid makanan seperti metilselulose yang dihydrolisiskan sentiasa
digunakan sebagai adunan dalam makan goreng semasa proses menggoreng.
Sifat hidrokoloid dapat memenuhi permintaan makanan semasa dengan
memperkenalkan makanan yang berkhasiat bagi menjamin kesihatan bersama
yang disebabkan masalah kegemukan di seluruh dunia makin serius.
Metiselulose (MC) yang dihidrolisiskan mempunyai ciri-ciri termal terbalik
diselidiki dan dicirikan apabila disalutkan pada permukaan ubi kentang semasa
proses menggoreng dapat mengkaji kebaikan mekanisme salutan. Sampel-
sampel kepekatan MC yang berbeza antara 0.5-2.0 w/v% yang tertakluk kepada
rawatan ultrasonik (UT) pada 20 W dapat meningkatkan tingkah rheologi adunan
yang disediakan dan sifat fisiokimia dalam makanan goreng. Penggunaan UT
atas methylcellulose (UTMC) dengan jelas menunjukkan peralihan fasa dari
cecair ke gel antara 20 ° C dan 65 ° C dengan peningkatan frekuensi pengayun
dan ujian ramp suhu. Apabila kepekatan MC berubah, kepekatan yang paling
berkesan sebagai salutan dapat diperhatikan pada 1.0 w/v% UTMC di mana
jumlah pengekalan air dan pengambilan minyak mengurangkan kira-kira 39.3 %
and 56.9 %, berbanding 1.0 w/v% formulasi MC yang tidak dirawatan dengan
ultrasonik. Sampel ubi kentang goreng yang disalut menunjukkan penurunan
yang ketara dalam jumlah akrilamida dan bertambah baik apabila rawatan
ultrasonik dirawat pada salutan. Jumlah akrilamida dalam 1.0 w/v% MC yang
tidak dirawat dengan ultrasonik mengurang dari 156.40 + 7.44 ng g-1 ke 64.8 +
5.05 ng g-1 dikesan dalam 1.0 (w / v%) UTMC. Secara konklusi, penemuan
dalam kajian ini boleh digunakan untuk memberikan gambaran lanjut mengenai
pengaruh hidrokoloid sebagai salutan sepanjang proses menggoreng dan
membantu pemahaman yang lebih baik mengenai proses penyalut yang
berkesan dan untuk meningkatkan kualiti makanan bergoreng.
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CHAPTER 1

INTRODUCTION

1.1 Overview

Hydrocolloids are the most widely investigated biopolymer in the edible coating
field to improve coating performance, especially in food and beverage products,
i.e., sauces, gelled desserts, cakes, and soft drinks (Saha & Bhattacharya,
2010). Typically, they functioned as a thickening, gelling, emulsifying, and
stabilization agent, i.e., for controlling ice and sugar crystal growth. The addition
of food hydrocolloids as dry ingredients is a practical way of improving barrier
properties, yield, and strength (Meyer et al., 2006).

Methylcellulose (MC), hydroxypropyl cellulose (HPC), and hydroxypropyl
methylcellulose (HPMC) are types of cellulose derivative hydrocolloids that are
commonly used in the food and beverage field. They are water-soluble polymer
with good film-forming properties and coupled with the hydrophilic functional
group. It is reported that the gel formation process of the hydrocolloids such as
HPC, HPMC, and MC demonstrated the viscoelastic behavior as the elastic and
viscous were combined and dependently on the temperature that caused the
changes in the polymer deformation rate (Picout and Ross-Murphy, 2003).

In the deep-frying process, one of the main concern is high absorption of oil
available in food which might affected the consumer’s health. For example, oil
content of French fries increases from 0.2 to 14 % while oil content available in
potato chip may reach up to 40 % (Garcia, 2004). Alternatively, researchers
found that hydrocolloids was significantly reduce the oil uptake when used in the
coating as batter mixtures. According to Daraei Garmakhany et al. (2014),
different hydrocolloid properties behave differently in terms of the fried product's
mass and heat transfer. During the frying process, heat and mass transfer occur
simultaneously by two mechanisms where heat is initially transferred from the oll
to the surface of the product through free convection and from the surface to the
interior via conduction (Safari et al., 2018; van Koerten et al., 2017). There are
numerous empirical and mathematical models in the literature related to the heat
and mass transfer during the food frying process (B. E. Farkas et al., 1996; B.E.
Farkas et al., 1996).

Thermal properties possess by some cellulose derivatives were found to be an
effective surface coating for reducing oil uptake in fried products (Albert and
Mittal, 2002). For instance, MC can increase the viscosity with temperature and
formed weak viscoelastic gel when the temperature rises above 52 °C (Saha and
Bhattacharya, 2010). An increasing number of works that related to the MC



application were reported in the cereal product (Albert and Mittal, 2002), puri
(Parimala and Sudha, 2012), akara (Hasheminya et al., 2019), and others.

Besides that, high amount of acrylamide (AA) available in fried potato which was
considered a “potential" carcinogen in humans become attention for
consumption. Many of the causes of acrylamide formation are presented by
previous researchers.

Zhang et al. (2005) reviewed the acrylamide formation mechanisms to announce
that the asparagine pathway was mainly responsible for acrylamide formation in
cooked foods at high temperatures after condensated with reducing sugars or
carbonyl source, the main intermediate product, and molecular rearrangement
products. Recently, hydrocolloids have attracted increasing attention due to their
potential to mitigate acrylamide and oil uptake in frying foods (Fang et al., 2016;
Medeiros Vinci et al., 2012; Zeng et al., 2010). According to Kurek et al. (2017),
hydrocolloid coating could interfere with the molecular interactions during
acrylamide formation and subsequently reduce acrylamide content in deep fat
frying products. Pectin, alginic acid, and xanthan gum inhibited up to 50% of the
acrylamide model system (Achaerandio and Benedetti, 2017).

Applying ultrasound to hydrocolloid mixture seems desirable for the degradation
of hydrocolloid dispersions when applied on food, a promising alternative to
presently used degradation techniques (Tiwari et al., 2010). In general, the
ultrasonic wave reduced the microcrystalline cellulose's degree of
polymerization by disrupting the interchain-hydrogen bond between hydrogen
and oxygen during the process (Li et al., 2018).

During the process, the hydrogen bond network is strongly disturbed at the
interface; between the water and extended hydrophobic surface. The condition
formed an interfacial region with depleted water density where the OH stretch
range of water molecules organized at interfaces (Cheng et al., 2010; Simonsen
et al., 2004). The ultrasound treatment (UT) to the hydrocolloid mixtures has
become significant as the process enhances the rheology properties of
hydrocolloid mixtures such as optimizing viscosity, enhancing the gel-structures,
and improving structural stability (Tiwari et al., 2010). Although studies of
gelation mechanisms provide enormous information that is very useful for
applying hydrocolloids in food products, the study in this work is limited only to
the application of batter-coating processing. It is relevant to improve the batter-
coated fried product along the frying process.

This study emphasized the batter mixtures' properties correlated to the oil uptake
minimization and acrylamide formation of potatoes substrate (French fries) along
the deep-fat frying process.



1.2 Problem Statement

Food is known as a pillar industry that is closely related to people's life. Along
with the promotion of life quality and accelerated pace of life, food demands are
going through transmission from quantity and nutrition to pleasure and health-
benefits, and customized food products targeting specific populations with
desired functionalities are becoming increasingly important. However, the
worldwide prevalence of obesity has nearly doubled in the last two decades, and
obesity is currently among the most significant public health concerns worldwide.
Recently, the UK Food Standards Agency (FSA) has announced the risk of
cancer associated with cooking potatoes and other starchy foods at high
temperatures due to acrylamide formation, contributing to the nervous system
and reproductive disease. One of the bold reformulation strategies proposed is
to directly control the human digestion and absorption system of lipids by
manipulating a food product's physiochemical and structural attributes for daily
consumption. Interestingly, the application of hydrocolloids, i.e., MC, as food
coating, was found to have advantages in terms of controllable heat transfer onto
the food matrix along with the frying condition. Hydrophobic saccharides
available in hydrocolloids created a potential layer for surface minimization,
which will minimize acrylamide formation at high-temperature process food.
Therefore, this study was important to determine the correlation between fried
food and the hydrocolloids coating mechanism of a fried substrate.

1.3 Specific Objective

The objectives of this study were:

1. To characterize the rheology properties of ultrasonic treatment (UT)
methylcellulose.

2. To investigate the effect of batter-coated methylcellulose potato substrate
on oil uptake, with the ultrasonic treatment.

3. To study the effect of the ultrasonic treatment in minimizing the acrylamide
formation of the fried potato substrate.

1.4 Scope of Study

In this study, the experiment was focus on two parts; the properties of
Methylcellulose (MC) with ultrasound treatment (UT) and the effects of the UTMC
on the potato substrate during and/or post frying process was demonstrated. The
study was performed in depth by studying the rheology properties of UTMC. The
methylcellulose solutions with and without ultrasound treatment was analysed in
term of the thermal reversible gelation at varies temperature and frequency with
different concentration. Application of methylcellulose with ultrasound treatment
as coating on potatoes was performed. Potato strips were coated with
ultrasonicated methylcellulose solutions and undergo deep-fat frying at 180°C+5
°C. The physical properties (moisture content, oil content, acrylamide content,



colour and texture) of coated fried potato was measured to study the effect of
treatment in producing more healthier fried potato strips.

1.5 Framework of the thesis

The thesis is organized into five chapters in the following way. Chapter 1
introduces the thesis, and Chapter 2 contains the literature review of the work,
including an overview of hydrocolloids, ultrasound treatment, deep fat frying
process, and acrylamide formation. In Chapter 3, the methodology of this
research is discussed. The experimental results and statistical analysis are
shown and discussed in Chapter 4. This includes an investigation of MC
solutions' rheology properties, an investigation of pre-treatments influence on
fried potato's physical properties, and an evaluation influence of pre-treatment
using mathematical modelling. Finally, the overall conclusion and
recommendation of this study are given in Chapter 5.
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