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Water is the most important parameter to determine the quality of Anchovy Sauce. The
changes of m.c in Anchovy Sauce also linked to physicochemical and microbiological
changes. Unfortunately to-date, a quick, reliable and accurate method to determine
moisture content m.c in Anchovy Sauce has not been reported in the literature.

This thesis presents an extensive investigation on the design of a microstrip sensor as a
new technique for determination of m.c in Anchovy Sauce in the microwave frequencies
from 2 GHz to 3 GHz. The relationships between the dielectric constant as well as loss
factor with frequency in Anchovy Sauce has been established. The dielectric constant of
the Anchovy Sauce increased almost linearly with increasing m.c. In contrast, the loss
factor decreased exponentially with increasing the frequency. The visualization of the
electric field distribution of a microstrip loaded with Anchovy Sauce of different
percentages of m.c was realized using COMSOL 3.5. It was found that the higher the
m.c, the higher will be the detachments of the electric field distribution.

The variation of transmission coefficients for different percentages of m.c were
measured in the microwave frequencies from 2 to 3 GHz. The results were analyzed and
compared to the calculated values using the Finite Element Method (FEM). This is the
first work using FEM to evaluate the transmission coefficients of a microstrip sensor
loaded with Anchovy Sauce. It was found that the comparison between the calculated
and measured magnitude of transmission coefficient of the lowest percentages of m.c
exhibit the lowest error and vice versa for the phase of transmission coefficient. The
sample with 17.3% of m.c recorded the lowest error of the magnitude of transmission
coefficient, while the mean erros of phase of transmission coefficient suggest that the
water has the lowest mean error followed by samples with highest percentage of m.c
(80.2%). This could be attributed to the inaccurate permittivity model employed by the
Agilent Probe.



The transmission coefficient of the sensor was found to be highly correlated to the
amount of m.c in the Anchovy Sauce for all frequencies except below 2.1 GHz due to
the bound water relaxation frequency. Calibration equations to predict the amount of m.c
from measured magnitude and phase of transmission coefficient have been established.
The calibration equation based on the magnitude of transmission coefficient at 2.55 GHz
was found to give the highest accuracy within 1.6% when compared to the actual m.c
obtained from the oven drying method.
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Air merupakan parameter terpenting untuk menentukan kualiti sos ikan bilis. Perubahan
kadungan lembapan dalam sos ikan bilis juga dikaitkan dengan perubahan fisiokimia
dan mikrobiologi. Malangnya sehingga kini, cara yang cepat, boleh dipercayai dan tepat
dalam menentukan kandungan lembapan sos ikan bilis masih belum dilaporkan.

Tesis ini mengandungi hasil penyelidikan yang ekstensif dalam pembentukan pengesan
mikrostrip sebagai salah satu teknik untuk menentukan kandungan lembapan sos ikan
bilis dalam frekuensi gelombang mikro dari 2 GHz hingga 3 GHz. Hubungan antara
pemalar dielektrik dengan faktor kehilangan frekuensi dalam sos ikan bilis juga turut
ditentukan. Pemalar dielektrik bagi sos ikan bilis bertambah secara linear apabila
kandungan lembapan bertambah. Sebaliknya, faktor kehilangan berkurang secara
eksponen apabila frekuensi bertambah. Taburan medan elektrik bagi mikrostrip dengan
sos ikan bilis yang berbeza kandungan lembapan dikaji dengan menggunakan COMSOL
3.5. Hasil kajian mendapati semakin tinggi kandungan lembapan, semakin tinggi
pemisahan taburan medan elektrik.

Variasi bagi pekali penghantaran untuk peratusan kandungan lembapan yang berbeza
diukur dalam gelombang mikro berfrekuensi dari 2 GHz hingga 3 GHz. Keputusan
dianalisa dan dibandingkan dengan pengiraan menggunakan Kaedah Unsur Terhingga
(FEM). Ini adalah kajian yang pertama menggunakan FEM untuk menilai pekali
penghantaran bagi mikrostrip bersama sos ikan bilis. Hasil perbandingan ini mendapati
kandungan lembapan dengan peratusan terendah mempamerkan ralat yang terendah dan
sebaliknya untuk fasa pekali penghantaran. Sampel dengan 17.3% kandungan lembapan
merekodkan ralat yang terendah bagi magnitud pekali penghantaran manakala purata
ralat bagi fasa pekali penghantaran menunjukkan air mempunyai purata ralat yang
terendah diikuti oleh sampel dengan peratusan kandungan lembapan yang tertinggi
(80.2%). Ini mungkin disebabkan oleh model ketulusan yang tidak tepat dalam Agilent
Probe.



Pekali penghantaran bagi pengesan didapati saling berhubung kait dengan jumlah
kandungan lembapan dalam sos ikan bilis untuk semua frekuensi kecuali frekuensi
kurang dari 2.1 GHz kerana kurangnya Kketerikatan air pada frekuensi tersebut.
Persamaan kalibrasi untuk meramalkan kandungan lembapan daripada pengukuran
magnitud dan fasa pekali penghantaran telah berjaya ditubuhkan. Persamaan kalibrasi
adalah berdasarkan pada magnitud pekali penghantaran pada 2.55 GHz memberi
ketepatan yang paling tinggi dlam 1.6% apabila dibandingkan dengan bacaan sebenar
kandungan lembapan yang didapati daripada kaedah pengeringan ketuhar.
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CHAPTER 1

INTRODUCTION

1.1 An Overview of Anchovy Sauce

In Malaysia, the Anchovy Sauce called Budu is locally made from Anchovy fish. The
process of making the Anchovy sauce was by conflating salt as well as fish in the range
of 1:2 and keeping for fermentation for approximately 140 to 200 days. It can be
considered that, the main key that plays an important role in the process of making the
Anchovy sauce is the ratio of salt. The various flavors of the Anchovy Sauce are
attributed to the effects of the different concentration of salt on the enzymatic and
activity microbial. It was found that the microorganisms during the process are basically
categorized as halophile (Abdullah et al., 1978). The halophilic is the microorganisms
that discovered while the Anchovy Sauce production under process. The feature of this
sauce is an obviously brown liquid which is the sequence of fish fermentation at high
salt content (Saisithi, 1994).

Furthermore, the microorganisms play significant function in degradation of protein and
flavor-aroma development. The Anchovy Sauce considered a matured measure ready to
be harvested as an oil film produced on its surface. In order to separate the liquid as
well as the dregs of the bone, the anchovy sauce is filtered by using the standard
filtration method. Afterwards, the Anchovy sauce will be under the process of caning as
well as packaging, and then will be distributed to the markets. Anchovy Sauce
considered very popular production in several countries but with different names such
as: ‘colombo-cure’ in India and Pakistan, ‘ishiru’ or ‘shottsuru’ in Japan, ‘aejeot’ in
Korea, ‘yeesu’ in China, ‘patis’ in Philippines, ‘ketjap-ikan’ in Indonesia ‘ngapi’ in
Burma and ‘nuoc mam’ in Vietnam.

The content of the Anchovy Sauce has many nutrients, which benefits the consumer.
Anchovy sauce considered a source of vitamin B such as: vitamin B1 (thiamin), B2
(riboflavin), niacin, pantothenic acid, vitamin B6 and vitamin B12 (cyanocobalamin).
The deficiency of vitamin B12 will lead to lack in the production of red blood cells.
Hence, vitamin B12 considered very important since the lack of this vitamin will cause
loss of weight, anemia perisiosa and stomach ache.

Another advantage that can be found in Anchovy Sauce is a magnificent ability to hunt
free radicals.  Therefore, it prevents degenerative illness such as: diabetes,
cardiovascular coroner, atherosclerosis and cancer in an earlier stage since the Anchovy
Sauce has Genistein and phytoestrogen, which prevent breast cancer. Also, it helps to
slow down the aging process as the components it has. Furthermore, it has been found
by some researcher that the anchovy sauce not only can decrease blood cholesterol, but
prevent cardiovascular diseases as well as hypertension also.



Moreover, as the Anchovy sauce has a dietary fibre sauce, it facilitates the process of the
digestion. Thus, the benefits, which caused by the nutritious component of Anchovy
sauce satisfies all body needs. Figure 1.1 shows the Anchovy sauce that utilized as a
sample for the measurement

Fiu rell:Anchvy sauce

The process of fish protein hydrolysis leads to Anchovy Sauce (fish sauce), with a
product of fermented fish at high salt concentration (Chaveesuk et al., 1994). For many
years, the fish fermentation has been considered a product in Southeast Asian. For the
purpose of achieving the simpler components of fish, high percentages as well as
fermentation are needed. The usual action of fermentation, especially in sub-region of
Southeast Asian, continues around three to nine months; therefore, the flesh of fish
might be dissolved or become a paste (Vilhelmasson, 1997). Fermented products, which
is considered aquatic (taking a place in water), prepared in a different ranges such as:
whole fish, fish sauces as well as pastes (Wheaton and Lawson, 1985).

To avoid rottenness of the fish, the processing and canning technology of fish
considered crucial demand; hence, the quality of fish obtained. There are several
differences of using the conventional and modern way to prepare Anchovy. In the
traditional way, the equipment, which is utilized, is simple. While in modern way, the
equipment is developed and the additions are more. Due to several factors such as the
habits of local people and availability of salt, techniques of different processing are
utilized in fish fermentation from a place to another.



1.2 Microwave Sensor

The developments of many types of microwave sensors for determining the moisture
content m.c in materials have been achieved. Microwave sensors utilize electromagnetic
fields and devices internally operating at frequencies starting from ~300 MHz up to the
terahertz range. Microwave sensors considered very applicable in several fields such as
environment, medicine, industry and in a large degree in agricultural industry to assess
the quality. In essence, the principles, functions and limitation play a significant role in
the selection and deployment of microwave sensor. Coaxial type, waveguide, horn
antenna and microstrip are the most popular microwave sensors as illustrated in Figure
1.2. Furthermore, bandwidth, ease and size of the fabrication, the capability of power
handling as well as the range of the frequency considered important factors in terms of
comparing between the transmission lines

.
----------------

microstrip
ransmssion —*
line

substrate

Figure 1.2: Examples of microwave sensors (Saunders and Aragon, 2007)



Microwave technique is one of many methods to determine moisture content of the
moist materials. The benefits of different sensors are tremendously dependent on the
particular applications as listed below (Nyfors and Vainikainen, 1989):

Vi.

Vil.

Due to the penetration of the microwaves to all materials except metals, the
surface and the volume of the material can be represented;

Contact to the object (material) is not necessary for microwaves; hence, the
possibility of implementing the on-line measurements from a distance is usually
achieve, where there is no interference to the industrial process;

In contrast to infrared method, microwave sensors are not sensitive to the
environmental conditions, for instance, dust and water vapour. Also, in contrast
to semiconductor sensors, it is insensitive to high temperatures;

At low frequencies such as capacitive and resistive sensors, the electrical
properties of materials are often controlled by the DC conductivity. In addition,
the DC conductivity is dependent heavily on the ion content as well as
temperature. However, the effect of DC conductivity vanishes at microwave
frequencies;

In contrast to radioactive ionizing radiation, the non-ionizing radiation
(microwaves) are considered safer at the power level that used in the
measurements;

In contrast to radioactive sensors, microwave sensors are fast;

The microwave techniques have been proven to be important in agricultural
especially for moisture content measurements of agricultural products. The
applications of microwave in agriculture have been reported in (Krazewski et
al., 1997; 1998; Khalid et al., 2006; Guo et al., 2007).



1.3 Problem Statement

Fresh Anchovy sauce consists of 60% to 75% moisture, 4% to 11 % lipid, 19% to 23%
protein, 1% to 2 % ash, and 1% to 3% carbohydrate (Kocatepe, 2011; Lopetcharat and
Park, 2002). Critical analyses suggested a reduction of 3% moisture in Anchovy sauce
within 5 days after fermentation and continued to decrease up to 60 days after
fermentation (Lopetcharat and Park, 2002). Changes in m.c were also linked to
physicochemical and microbiological changes especially on the salt and nitrogen content
as well as the acidity of the fish sauce. Unfortunately to date, the only method to
determine m.c in Anchovy sauce is based on the standard oven drying method.

In spite of its rich source of iron and salt content, the dielectric properties of Anchovy
Sauce have not been reported in the literature. The relationship between the dielectric
constant &', loss factor ¢"” and m.c is especially important. The &’ is the ability to store
energy under applied external electric field whilst the ¢ is the tendency to loose energy.
Most materials have ¢ lower than the ¢'. Thus it would be interesting to examine the
dielectric properties of a lossy material such as Anchovy Sauce having a high percentage
of m.c, salt and iron content. This project will use a microstrip sensor where the
transmission coefficient is very much affected when the sensor is loaded with a lossy
material. In addition to aforementioned, a pioneering work on the application of
microstrip sensor will be used to evaluate the amount of moisture content using
regression equation based on transmission coefficient. The measured results shall be
compared with the calculated values using FEM.

1.4 Research Objectives
The objectives of this study are:

1. To establish equations relating the dielectric constant and loss factor to the
amount of moisture content in Anchovy Sauce

2. To design, fabricate and test microstrip sensor for determination of moisture
content in Anchovy Sauce and to determine the most accurate calibration
equation to predict the amount of moisture content using the microstrip sensor

3. To compare the measured transmission coefficient with the theoretical values
and to visualize the electric field distribution of a microstrip sensor loaded with
Anchovy sauce using Finite Element Method (FEM)



1.5 Scope of Thesis

Chapter 2 begins with basic concepts of a microstrip, followed by literature review on
the various methods to calculate the impedance of the microstrip line. This is followed
with a brief critical description on microwave moisture measurement techniques.
Numerical techniques to calculate impedance of microstrip are also described. The basic
theory of the microstrip and finite element method are described in detail in Chapter 3. .
The fabrication and measurement procedure for the microstrip sensor and moisture
determination using oven drying method are described in Chapter 4. Also, the
implementation of finite element method using COMSOL software is also detailed in
Chapter 4. All the results related to the research objectives are presented and analyzed
in Chapter 5. Finally, Chapter6 summarized the main contributions and suggestions for
future work.
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