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ABSTRACT

Gelatin is one of the popular biopolymers used for food and pharmaceutical
applications, given its capability to dissolve in aqueous environments and to form
nanoparticles that enable the encapsulation of various active agents into stable
products. On the other hand, coupled with these capabilities and recognition by the US
Food and Drug Administration (FDA) authority, as Generally Recognized as Safe
(GRAS) material, it has attracted growing interest and attention from researchers to
produce gelatin nanoparticles toward encapsulating various food and pharmaceutical
molecules. However, even though gelatin can be produced from mammalian and fish,
it is quite challenging since all sources of gelatin nanoparticles in the market originate
from mammalian gelatin, which is either bovine or porcine. Although the use of such
gelatin as highlighted by Muslims, Jews, and other religious backgrounds is an issue.
Furthermore, there are no publications regarding gelatin nanoparticles from fish
gelatin published at this stage, which further adds to this problem. Therefore, this
study aims to prepare and characterize fish gelatin nanoparticles (FGNPs) and FGNPs
encapsulated with an active agent. Fish gelatin was first extracted from Tilapia fish
skin employing a two-step desolvation method in producing FGNPs. The initial first
desolvation step was optimized to obtain consistent high molecular weight at the
gelatin concentration, temperature, centrifugation speed, and centrifugation time of
9%, 45 °C, 12000 xg, and 5 min, respectively. As an outcome from this work, a new
method to produce significant FGNP properties consistently was created based on this
step. A second desolvation step adopting the two-step desolvation method was also
optimized in which significant factors were screened using Plackett-Burman
experimental design, determining that the pH, acetone percentage, and glutaraldehyde
volume were the significant factors. These factors were then optimized using factorial
design, indicating that FGNPs with a size of 198.46 + 6.1 nm were produced using
pH, acetone concentration, and a glutaraldehyde volume of 2.45, 16%, and 400 pl,
respectively. Indeed, increasing pH and acetone concentration led to an increase in the
size of particles, whereas increasing the volume of glutaraldehyde decreased the size
of FGNPs. Accordingly, this work makes a valuable contribution by developing an
optimized production process, thereby demonstrating the potential for the future
application of FGNPs. This study has also shown that fish gelatin could be used as an
alternative for mammalian gelatin for producing nanoparticles. Here, the production
process of drug-loaded FGNPs was optimized in which the significant factors were
screened using factorial design for encapsulation efficiency. The drug amount was
also found to have a significant effect, whereas pH, acetone percentage, and the
glutaraldehyde amount with stirring time was not significant concerning the
encapsulation efficiency of drug-loaded FGNPs. Notably, increasing the drug amount
increased encapsulation of drug-loaded FGNPs in which an encapsulation efficiency
of 39%, was observed. The physicochemical characterization of the optimum
formulation, as suggested, was also examined using a Scanning electron microscope
(SEM), transmission electron microscopy (TEM), and atomic force microscopy
(AFM) showing FGNPs having a smooth surface. Fourier-transform infrared
diffraction (FTIR) revealed the presence of the drug in tailored FGNPs, and Powder
X-ray diffraction (XRD) analysis highlighted the formation of amorphously dispersed
systems having a slightly faster release profile of drug-loaded FGNPs with a biphasic



release profile. The release mechanism followed non-fickian diffusion, meaning that
the release of the drug from FGNPs was governed by diffusion and erosion of the
matrix.
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CHAPTER ONE
INTRODUCTION

1.1 RESEARCH BACKGROUND

The use of fishery waste such as fish skin as the source of gelatin has been associated
with many advantages. In particular, one of its potentials lies in the properties of
biodegradability and low toxicity, thus representing itself as a good raw material
(Elgadir et al., 2013; Ismail & Abdullah, 2016). More importantly, its sourcing and
collection from fishery wastes are easy; for example, Malaysia’s frozen tilapia fillet
exports to the European Union were increased by 13% in 2014, followed by Indonesia
and Vietnam (Fish, 2015).

Gelatin is a polymer material produced from hydrolyzed collagen, which is
extracted mostly from bovine bone, pigskin, and fish skin. Previous studies have thus
far been limited towards the use of mammalian gelatin for the production of gelatin
nanoparticles and drug encapsulation. For examples, bovine gelatin has been
incorporated to encapsulate metformin in treating bone defects (Shahrezaee et al.,
2018), while studies on porcine gelatin have been conducted for anti-microbial (Kirar,
Thakur et al., 2018) and anti-tubercular licorice extract encapsulation (Viswanathan et
al., 2018). However, no report has been released till date regarding the production of
gelatin nanoparticles made of fish gelatin.

It should be noted that the usage of materials of mammalian origin in drugs
and food products is limited due to religious and ethical reasons. Beyond the
forbidden consumption of porcine gelatin among Jewish and Muslim groups

(Sadowska etal., 2003), the emergence of Bovine Spongiform Encephalopathy (BSE)



in Europe decade ago has raised several questions concerning the use of pig gelatin for
relevant applications (Pang et al., 2017). Under such circumstances, materials of fish
origin serve as an alternative for producing gelatin nanoparticles. Furthermore, fish-
based gelatin is rarely employed to produce gelatin nanoparticles, wherein it is geared
for the production of gelatin film (Hosseini et al., 2016), and nanofibre (Kwak et al.,
2017) till date. As such, it is advisable to carry out experimentation for the purpose of
gelatin nanoparticles manufacturing from fish gelatin and further optimize the
production process.

In general, several methods have been employed for gelatin nanoparticle
production, such as emulsion (E. J. Lee & Lim, 2017), coarcevation (Patra et al.,
2016), self-assembly (Z. Li & Gu, 2011), and desolvation (Carvalho et al., 2018).
Among these approaches, the desolvation method has been found to offer small
particle sizes and narrow size distribution (Sahoo et al., 2015). The production of this
material is typically dependent on the factors chosen, wherein their selection is guided
by the gelatin characteristics itself, which are also dictated by the resources (Ingvild J.
Haug et al., 2004). Therefore, one can expect differences between gelatin made from
mammalian and fish sources accordingly. For example, gelatin is specifically
characterized by its triple helical structure. Moreover, its proline and hydroxyproline
contents differ accordingly; mammalian sources account for 30%, while warm-water
fishes such as tilapia and Nile perch log 22-25% (Muyonga et al., 2004). As a result of
these differences, fish-based gelatin generates a lower gel modulus and melting
temperature in comparison with its mammalian counterpart. Thus, the conditions
required for fish gelatin nanoparticle production may vary to that of mammalian

gelatin nanoparticle.



Accordingly, the current research aims to investigate the use of fish gelatin
extracted from local fish waste (i.e. fish skin) as the main source for nanoparticle
production. To this end, the two-step desolvation method is adopted and the optimized
factor is selected accordingly. The process includes a look into drug encapsulation
using fish gelatin nanoparticles, following which statistical methods are employed to
determine the optimum processing conditions for both fish gelatin nanoparticles and
drug-loaded fish gelatin nanoparticles. Then, the characteristics of both nanoparticle

types are analyzed.

1.2 PROBLEM STATEMENT AND SIGNIFICANCE OF STUDY

In general, the currently employed raw materials for gelatin production are primarily
sourced from mammalian skins and bones, which are either bovine or porcine in
nature. According to different ethical, religious, and health reasons, the use of such
gelatin in various food and non-food products are some of the main issues highlighted
by Muslims, Jews, vegetarians, and people of other religious backgrounds. Hence, the
demand for fish gelatin is now on the increase, which is further supplemented by
aquaculture being identified as a means for increasing fish production in Malaysia and
the huge resources invested for tilapia production. In this regard, fish skin is a major
and expansive by-product of the domestic fish-processing industry that has
systemically caused wastage and pollution, which may thus provide the sought-after
source of gelatin. Furthermore, fish gelatin offers the advantages of cheap cost and
easy availability. However, no report has been presented regarding the production of
gelatin nanoparticles made from tilapia fish skin thus far. Hence, this effort is highly
significant due to the sustainable raw material that is readily accessible and towards

fortifying the Halal industry in Malaysia.



The two-step desolvation method offers a straightforward process and
produces nanoparticles of the desired size (Geh et al., 2016; S.A. Khan & Schneider,
2013). Therefore, it is chosen for the production of fish gelatin nanoparticles in this
study, wherein the first step of desolvation allows the removal of low molecular
weight gelatin. This will allow the remaining high molecular weight gelatin to form
dense and small-sized particles after cross-linking occurs (Azarmi et al., 2006; Sahoo
et al., 2015). However, the experimental session is done in batch to batch dependent
on each other, which will result in high molecular weight content heterogeneities after
cleaving off the low molecular weight given the gelatin’s tendency nanoparticles to
form un-uniformly. Collectively, these findings indicate that designing improved

methods for a consistently high molecular weight gelatin obtainment is sorely needed.

Furthermore, fish and mammalian gelatin both typically have the same
characteristics. However, the content of imino acid in fish gelatin is less compared to
mammalian gelatin, which results in its lower gelling and melting temperatures
(Ingvild J. Haug et al., 2004; Muyonga et al., 2004). Moreover, previous works of
relation have only focused on optimizing the process production for the second step of
the two-step desolvation method in mammalian gelatin nanoparticle manufacturing.
Hence, this reflects the present need for research efforts emphasizing an optimized

process of fish gelatin nanoparticle production.

Besides, it is known that a successful nanoparticle system should possess a
high loading capacity to reduce the amount of carrier required for administrative
purposes. The benefits of fish gelatin usage for gelatin nanoparticle production by
using an optimized process is undeniable. The material is associated with perks such

as reduced waste from frozen fillet production, increased economic value of waste



