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ABSTRACT

Gelatin is an essential component in the food industry mainly originated from porcine
and bovine’s skin and bones. Due to religious and health concerns, alternative sources of
gelatin were explored, including fish skin. However, the current extraction method is time
consuming and the chemicals used bring adverse implications to the environment.
Besides, fish gelatin is known to have weaker properties as compared to the mammalian
gelatin. Chemical treatment is often used to overcome the problem. However the gelatin
extract usually has high chemical residues. As such, the High Pressure Processing (HPP)
is a novel, efficient and environmental friendly method for gelatin extraction due to
reduction in processing time and chemical waste while enhancing the gelatin properties
and increasing the gelatin yield. This research studied the performance of the HPP during
extraction process. First, HPP was applied either during pretreatment or during thermal
hydrolysis for four types of fishes, namely red tilapia (Oreochromis niloticus), black
tilapia (Oreochromis mossambicus), grouper (Epinephelus areolatus) and the threadfin
fish (Nemipterus tambuloides). Based on the yield of HPP during the pretreatment, red
tilapia skin produced the highest amount of extract, followed by grouper, black tilapia
and threadfin skin, with 32.1%, 30.1%, 21.75% and 15.75, respectively. In contrast, HPP
applied during the thermal hydrolysis produced an insignificant amount of gelatin extract.
Thus, red tilapia skin and HPP during pretreatment were chosen for optimization study
while parameters of pressure, the pressure holding time, ratio skin to acid and extraction
time were chosen as optimization parameters. Results from OFAT and FCCCD in RSM
suggested that the optimum parameters for gelatin extracted from red tilapia fish skin
pretreated with HPP are 250 MPa pressure, 10 min pressure holding time, 1:7.5 ratio solid
to acid and 12 hours extraction time, with maximum protein concentration (19.51 mg/ml)
and highest gelatin yield (320.4 mg/g). Later, characterization of the produced gelatin
were done. Gel strength and thermal stability of the HPP-treated gelatin have increased
significantly as compared to conventional gelatin, caused by the modification of the
gelatin structure during pressure treatment. On the other hand, the amount of amino acid
content declines when excessive pressure was applied because it damaged the protein
structure. Other gelatin’s properties display similar results with the conventional gelatin,
showing the optimum pressurization preserved the properties of the gelatin protein. For
kinetic modelling study, Power Law Model was selected as the best model with the 0.93
regression coefficient, 0.07 RMSD and 3.45% P. Lastly, the performance of the gelatin-
treated with HPP in the food product has been tested using Texture Profile Analysis
(TPA) vis-a-vis commercial fish gelatin. Six textural parameters i.e., hardness,
adhesiveness, gumminess, chewiness, cohesiveness and springiness were evaluated.
Results showed jelly prepared with HPP treated gelatin is preferred because the gummy
is more rigid, firm and adhesive. In conclusion, application of HPP in gelatin extraction
is effective in enhancing the production and properties of the fish gelatin. These findings
are very beneficial to the food industry, especially in the halal food production due to its
ability to increase the production and to enhance the properties of halal gelatin, which
may enable the HPP-gelatin to replace the use of mammalian gelatin in the industry.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

The integrity of halal products encompasses the whole supply chain, from farm to table,
which means the integrity of the ingredients, the process, handling and the product
distribution. Assurance the halal ingredient integrity is important since it is the first
measures of ensuring the halalness of a product. Malaysia is a leader in the world’s halal
industry (Muhammad, 2017). The country has knowledge and capabilities related to this
area and providing training and guidance to other nations regarding the halal and haram
issue. International Islamic University Malaysia (IIUM) also playing a role in offering
expertise and conducting researches concerning halal food (Jaswir & Ramli, 2018).
These activities are carried out by leveraging the expertise through collaboration with
various departments within UM, with the supervision of International Institute for
Halal Research and Training (INHART) and Department of Islamic Development
Malaysia (JAKIM). The expected outcomes from the association will strengthen the
credibility of halal products, services and systems which will further support Malaysia
as a global halal hub and governance.

Gelatin is an essential component in the industry nowadays. It is used widely in
the food industry (confections, low-fat spread, dairy, baked goods, meat products,
beverages) (Schrieber & Gareis, 2007), pharmaceutical and medical applications
(Chapman, 2014; Winfield, 2014) and cosmetics (face mask, shampoo) (Hattrem &

Draget, 2014). Nevertheless, issues related to religion and health has led researchers to



look for other alternatives to replace gelatin from pigs and unslaughtered bovine. It
leads to the discovery of the latest source of gelatin, which are fish skins, scales and
bones. However, disadvantages of gelatin from fish are it requires long production time
and has low quality compared to mammalian gelatin (Zhang et al., 2016). Since then,
numerous number of research has been done to overcome the shortcomings and to
improve the gelatin structure and its properties.

High Pressure Processing (HPP), also known as High Hydrostatic Pressure
Processing (HHP) or Ultra High-Pressure Processing (UHP), is a preservation method
of food processing where food is subjected to elevate pressures (up to 87,000 pounds
per square inch or approximately 6,000 atmospheres), with or without the addition of
heat, to alter the food attributes and/or to achieve microbial inactivation in order to
achieve consumer-desired qualities (Dumay et al, 2010). HPP is an emerging novel
technology and has gained tremendous popularity in the food industry in recent years.
Until recently, several food products and food ingredients prepared using HPP
technology has been commercialized such as milk, fruit jams and fruit juices, as well as
nano encapsulation of liposome products (Rao et al., 2014). However, application of
HPP as a new practice in isolating active components from raw material is increasing
(Huang et al., 2017). Recently, high pressure technique was introduced as a novel
method for gelatin extraction from fish skin. Literatures have shown that the gelatin
yield increased and the structure of the gelatin improved when HPP applied to the
process (da Silva et al., 2011; Gomez-Guillén et al., 2005; Nan et al., 2018).

In this project, gelatin was extracted from fish skin, assisted by HPP methods.

The effects of high pressure on the gelatin extract will be tested and analysed.



1.2 STATEMENTS OF THE PROBLEM

Production of the gelatin always facing halal issue due to its source. Generally, gelatin
has been obtained from mammalian skin and bones. Almost 400,000 metric tonnes of
collagen-gelatin protein were produced annually (Karim & Bhat, 2009) and the number
increases every year due to high demand. However, nearly 75% of the extract obtained
from non-halal source, such as pig and unslaughtered mammalians (Hu, 2012). This
raise a critical halal issue for 1.67 b Muslim population worldwide (Kenny, 2015) as
any food produced from pig and unslaughtered animals (except from marine source) are
haram to be consumed by Muslim (Al-Qardawi, 2007). Studies have shown that fish-
by-product can be an alternative source for gelatin and collagen extract (Thies, 2012)
because product from fish are free from any religious, ethical and health issues.
Nevertheless, the protein extracted from fish cover only 1% from the total amount of
the commercial gelatin produced globally (Gudipati, 2013). Thus more studies are
required to increase the production of gelatin from halal source.

Waste generated from the marine industry is increasing and creating an
environmental problem (Srikanya et al., 2017). Reports shown that 30% from 75% of
fish by-product consist of skin, scale and bone (Ehrlich, 2014). Prolonged discarded
fish wastes contributed to insufficient littering space, bad odour issue and flies and
maggots which can cause health problems if not controlled (Penven et al., 2013). Fish
is a good source of protein (Sadiq et al., 2018), yet the removals occur continuously and
contributed to human loss. Realizing the indefinite advantages of fish waste, scientist
and researcher began their work to utilize the cheap marine source into valuable
products (pharmaceuticals, food ingredients etc) (Kiew & Mat Don, 2012; Kumar et al.,

2018). One of the solution is to generate gelatin protein from fish skin waste.



Traditional acid-base extraction method has several disadvantages. The
conventional method is time-consuming (Kumar et al., 2017; Liging et al., 2012). At
least 24 hours are required to produce one batch of the fish protein. Besides, the gelatin
extracted from fish has weaker properties compared to gelatin produced from
mammalian, such as low gel strength and low melting point (Meng & Cloutier, 2014).
These problems limit the use of fish gelatin in the industry. Chemical treatment often
being used to enhance the properties of fish gelatin (Karim & Bhat, 2009;
Kittiphattanabawon et al., 2016; Ktari et al., 2014; Manjula et al., 2015; Niu et al., 2013;
Ratnasari et al., 2014; Tabarestani et al., 2014; Tabarestani et al., 2010; Yang & Shu,
2014; Zhang & Regenstein, 2017 ), but it is also possible to leave residues in the gelatin
extract (da Silva & Pinto, 2012). The need for new procedure that could reduce the
operation time while enhancing the fish gelatin properties is critical. Studies shown that
HPP can reduced more that 50 percent of processing time, increasing the gelatin yield
and enhancing the structure of the protein produced (Chang, Niu, Tang, & Wang, 2013;
da Silva & Pinto, 2012; Gomez-Guillén et al, 2005; Liging et al., 2012; Zhang et al.,
2016; Zhang, Ma, & Shi, 2011).

Despite being used widely in the food industry (Kadam et al., 2011), there are
limited numbers of works have done in extracting gelatin from fish skin assisted by high
pressure (Gomez-Guillén et al., 2005). It leave rooms for more study on extracting
protein from marine source assisted by HPP. Although developing countries such as
Japan, United Kingdom, Europe and France have used the HPP technique broadly as a
preservation tools, but less research has been done to study the effectiveness of HPP in
extracting gelatin, especially fish gelatin (Patterson et al., 2006). It limit its application
in the industry. Thus more research is needed regarding fish gelatin extraction assisted

by the HPP. HPP device which is used in this study is the first ever HPP equipment in



Malaysia. Screening for gelatin extraction from various types of marine source using
available HPP equipment is significant to determine which species of fish that will give

better yield.

1.3 RESEARCH OBJECTIVES

The main purpose of the study is to extract gelatin from fish skin using High Pressure

Processing (HPP) method for sustainable halal food products. The objectives were

specified into four parts, which were:

1. To screen various types of fish for gelatin extraction by HPP machine.

2. To optimize the process parameters (pressure, HPP-time, extraction time, ratio
of skin and acid) and to characterize the gelatin produced by the HPP method.

3. To evaluate the suitable kinetic models for extraction of gelatin assisted by HPP.

4. To examine the performance of the produced fish gelatin.



