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ABSTRACT

Food fraud and adulteration are the global issues, currently. One critical issue is about
gelatine which comes from a variety of animal sources. Therefore, analytical method
for gelatine must be developed. The objectives of this study were to improve the
Maillard reaction, which produces flavour compounds in gelatine. A bovine gelatine-
xylose model was used for optimisation. Furthermore, this research also aimed to
evaluate the ability of E-tongue and E-nose in differentiating gelatine based on its
sources and to investigate volatile and non-volatile compounds of gelatine and the
Maillard reaction products (MRPs). There were five instruments employed in this
research. The first instrument used was Ultra-Violet spectroscopy to determine the
browning intensities of gelatine-xylose model's MRPs. The second was E-tongue,
which has 16 membrane lipid sensors, and the third was an E-nose with eight metal
oxide semiconductors gas sensors. Next, HPLC was used to analysis free amino acids
(FAA) as non-volatile chemicals. Lastly, a SPME-GC-MS used to evaluate the volatile
organic molecules. This investigation used gelatine standards from bovine, fish, and
porcine bought from Sigma Aldrich. MANOVA and ANOVA statistical tests using
SPSS software were carried out. Data were also analyzed using a chemometrics that
included Principal Component Analysis and Linear Discriminant Analysis. The initial
pH, reaction temperature, and heating time had a modest effect on the browning
intensity of MRPs and affected the development of brown colour of MRPs. With an
initial pH of 10.9, a temperature of 140 °C, and a heating time of 37.28 minutes, the
best reaction conditions were established. Additionally, the result showed that E-tongue
and E-nose, aided by the Maillard reaction paired with LDA, may be used to
differentiate gelatine based on the sources with a percentage of accuracy greater than
95%. Also, the differentiation attained for gelatine samples without Maillard process
had an accuracy ranging from 93% to 98%. Eleven amino acids detected for gelatine in
various level concentration namely arginine, lysine, isoleucine, leucine, tyrosine, valine,
glutamic acid, aspartic acid, threonine, serine, and alanine. Two undetected amino acids
in gelatine namely methionine and phenylalanine were detected in the MRPs samples.
The diversity of FAA in gelatine and the MRPs induces various E-tongue sensor
responses and influences overall sensory qualities. Furthermore, 67 volatile compounds
also detected in different concentration level. Among them, furfural, acetic acid,
nonanone, dimethyl disulphide, and decanone were considered as the important
volatiles in gelatine due to its abundance. In the Maillard reaction products, furfural, 1-
(2-furanylmethyl)-1H-pyrrole, 1-(2-furanyl)-ethanone, acetic acid, and 2,2'-bifuran
were predominant. Finally, heptanol, octanal, nonanal, nonanone, dimethyl disulphide,
and dimethyl trisulphide could be considered as important compounds due to its low
odour threshold value. They had a direct impact on the overall flavour of samples
assessed using E-nose sensors. All these findings indicate that the proposed extension
was successful in meeting the study’s objectives.

Keyword: halal authentication, gelatine-xylose, Maillard reaction, E-tongue, E-
nose, Principal Component Analysis, Linear Discriminant Analysis.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Food authentication and adulteration detection are huge concern in the food ecosystem,
not only for producers but also for consumers and government. Technological
advancement in food, pharmaceutical, and cosmetics industries has increased the
possibility of counterfeiting practices. Pig and pig derivatives such as pork, lard, and
gelatine are not only used as an additive but also as the main material in the manufacture
of food and pharmaceutical products. For this reason, the identification of pig

derivatives in food and pharmaceuticals is essential.

Currently, gelatine remains a major concern among consumers since its source
of origins is deemed unacceptable from the aspect of culture, health, and religion. A
report released by Transparency Market Research (TMR) stated that the global gelatine
market in 2011 had a production capacity of 348.9-kilo tons and is estimated to reach a
production capacity of 450.7-kilo tons by 2018. Another source reinforced that the
global gelatine market demand was 620.6-kilo tons in 2019 and is projected to expand
at a volume-based CAGR of 5.9% from 2020 to 2027. In contrast, halal gelatine in the
global market only less than 2% of the total gelatine production. Most of gelatine is
derived from porcine skin (80%), followed by bovine hide (15%) and porcine bone,
cattle bone, and fish (5%), respectively (Tongdeesoontorn & Rawdkuen, 2019).
Nowadays, many researchers have paid increasing attention on an alternative source of
gelatine, such as fish and poultry processing by-products (Abdullah et al., 2016;
Abedinia et al., 2017; Khiari et al., 2013; Monsur et al., 2014; Silva, Bandeira, & Pinto,
2014).

Gelatine is a pure protein and has a functional role in living organisms. In this
age, gelatine has been widely applied in foods, pharmaceuticals, neutraceuticals, and
cosmetics products. The classical food, photographic, cosmetic and pharmaceutical
application of gelatine is based mainly on its gel-forming and thickening properties
(Gomez-Guillen et al., 2011; Mariod & Adam, 2013). It has been used as an emulsifier,

foaming agents, colloid stabilizers, biodegradable film-forming materials, micro-



encapsulating agents, and the source of bioactive peptides (Chung, 2020; Gomez-
Guillen et al., 2011).

Species-specific detections of animal protein in food have been reported in
various techniques such as chromatography (Bargen et al., 2013), spectroscopy
(Mandrile et al., 2017; Rahmania et al., 2015), and also Polymerase Chain Reaction
(PCR) (Maryam et al., 2016; Rahmawati et al., 2016). With regards to gelatine
authentication, some techniques, such as electrophoretic, chromatography-based
techniques, spectroscopy techniques, Enzyme-Linked Immuno-Sorbent Assay
(ELISA), thermal analysis, chemical reaction, and PCR have been presented as well.
Chromatography-based technique offers a reliable tool for separation and quantitative
analysis, and thus, it is mostly employed for differentiation purposes. In addition, the
FTIR spectroscopy technique was reported as simple, rapid, and accurately effective in
differentiating gelatine sources, while PCR was deemed as an ideal technique to be used
for the detection of porcine DNA in gelatine due to the higher stability of DNA
compared to protein (Sepminarti et al., 2016). However, the existing methods are mostly
in need of modern-technology instruments, which requires high skill level to
successfully operate the technology, and high monetary cost. On this basis, it is pivotal
to develop an efficient and cheaper alternative method, such as array sensor systems
combined with artificial intelligence like electronic tongue (E-tongue) and electronic
nose (E-nose), which are deemed promising for this purpose.

Some reports find that UV-spectroscopy techniques have been successfully
applied in the differentiation of bovine and porcine gelatine (Tan et al., 2012; Hamid et
al., 2019). A chemical reaction, namely the Maillard reaction that was able to develop
the browning effect in gelatine, was also introduced as an authentication technique. The
differentiation of bovine and porcine gelatine was obtained by the different browning
intensities of the Maillard Reaction Products (MRPs) of gelatine after reaction by
reducing sugar. However, there was no report about other aspects of the gelatine-MRPs,
such as aroma and taste. Therefore, this study aimed to elaborate the possibility to use
gelatine-MRPs flavour and taste active component as indicators for differentiation of
gelatine sources and to establish the simple, rapid, and accurate method for
differentiation of gelatine based on the flavour and taste by using lab-made
potentiometric E-tongue and E-nose. Chemometric techniques provide an opportunity

for classifying or discriminating materials with respect to their similarities since these



techniques have the capability to extract distinctive properties from the complex data
generated from the instruments (Cebi et al., 2019). Additionally, several studies (Dong
et al., 2017; Hidayat et al., 2019; Nurjuliana et al., 2011) suggest that the application of
E-tongue and E-nose combined with chemometrics has great potential to solve

adulteration and authentication problems.

1.2 STATEMENT OF THE PROBLEM

The unclear information and labelling regarding gelatine source in the market has
increased consumers' concern over its halal authenticity. In concern with food safety,
an analytical laboratory approach needs to be done in order to know chemically additive
substances that the food product may contain. Currently, several methods have been
developed for halal authentication purposes in gelatine. Chromatography, spectroscopy,
DNA, and protein-based methods such as PCR and ELISA, respectively, are the most
commonly used methods due to their high success rate, accuracy and preciseness.
However, the disadvantages of these methods are that it tends to be time-consuming and
destructive, and thus requires high-skilled experts to perform the studies. Worse yet,
toxic chemicals are used for destruction and sample extraction (Cebi et al., 2019). These
challenges reveal a necessity to develop rapid, in-expensive, and effective techniques

to determine the sources of gelatine as raw and processed ingredients in food products.

On the other hand, artificial sensing techniques using portable E-nose and E-
tongue in conjunction with chemometrics was widely used as sensitive and fast
techniques for authentication and quality analysis of a wide range of food. Meat
differentiation based on the aroma profile was highlighted in some previous studies.
Furthermore, volatile compounds in meat and meat processed foods made from
different animals have been investigated by using solid-phase microextraction—gas
chromatography—mass spectrometry (SPME/GC-MS). Other studies also revealed
about amino acids and protein characterisation based on the taste profile. However, no
study has been done on gelatine differentiation, as well as based on the aroma and its

taste profiles. In addition, very limited literature addressed about flavour compounds of



gelatine. Therefore, research needs to be conducted to investigate the possibility of
gelatine authentication based on the flavour compounds.

1.3 PURPOSE OF THE STUDY

Chemical analysis using the Maillard reaction has been revealed to successfully
differentiate bovine and porcine gelatine based on the colour intensity of melanoidins.
However, no previous study has been reported about the flavour of gelatine-MRPs as
well as its aroma and taste. Thus, this study was conducted to investigate the
differentiation of gelatine based on the flavour compounds of gelatine and gelatine-
MRPs. This research sought to establish a rapid method for gelatine authentication
based on the flavour characteristics for a different source of origins by focusing on

porcine, bovine, and fish gelatine.

1.4 RESEARCH QUESTIONS

The research question in this study as follow:

1. What are the optimum conditions of Maillard reaction for gelatine-xylose
model for gelatine authentication?

2. How is the capability of potentiometric E-tongue in differentiation of
gelatine based on the sources?

3. How is the capability of E-nose in the differentiation of gelatine based on
the sources?

4. What are the volatile and non-volatile compounds in the gelatine-xylose
model MRPs which can be used as marker compounds in the differentiation

of gelatine?



1.5 RESEARCH OBJECTIVES

The present study aimed to achieve the following objectives:
1. to use the MRPs of gelatine-xylose model for gelatine authentication
2. to evaluate the capability of potentiometric E-tongue in the differentiation
of gelatine based on the sources of origin;
3. to evaluate the capability of E-nose in the differentiation of gelatine based
on the sources of origin; and
4. to verify the volatile and non-volatile compounds of MRPs from the

gelatine-xylose model as the marker compounds in authentication.

1.6 RESEARCH HYPOTHESIS

Key aroma compounds in food are present only in trace concentrations of 1ug/kg to
1mg/kg. Nevertheless, they contribute to the respective flavour because of their low
odour perception threshold. When a peptide/amino acid and sugar mixture is heated and
undergoes Maillard reaction to produce flavour compounds, amino acids contribute
differently toward an aroma and taste. The aroma profile can be investigated using E-

nose, while the taste profile using E-tongue.

Since the amino acid composition of gelatine varies with its origin, it is possible
that flavour compounds, when subjected to Maillard reaction, will vary. The differences
will be the key principle in halal authentication of gelatine in this study. The hypotheses
are as follows:

H1 pH, temperature, and heating time have a positive effect on the MRPs of the

gelatine-xylose model.

H2 E-tongue combined with chemometric tools could be applied to

differentiate gelatine and MRPs based on the origin sources.

H3 E-nose combined with chemometric tools could be applied to differentiate

gelatine and MRPs based on the origin sources.

H4 Different volatile and non-volatile compounds of MRPs from gelatine-

xylose models could be used as marker compounds for authentication.





