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ABSTRACT

Protein-based films prepared from red tilapia washed and unwashed
mince solubilized at pH 3 and 11 were characterized and monitored for discoloration
during storage. Tensile strength (TS) of films from washed mince was greater than
that of films prepared from unwashed mince for both pH used (P < 0.05). TS of films
prepared at pH 3 was higher than that of films prepared at pH 11 for both washed and
unwashed mince (P < 0.05). Film from washed mince with pH 3 showed the highest
TS, while that from unwashed mince with pH 11 had the lowest TS with the highest
elongation at break (EAB) (P < 0.05). Films from washed mince had the lower value
of thiobarbituric acid reactive substances (TBARS) than did those from unwashed
counterpart, regardless of pH used. Nevertheless, TBARS was much higher in films
prepared at acidic pH, compared with those prepared at alkaline pH. During storage of
20 days at room temperature (28-32°C), films became yellowish as evidenced by the
increases in b* and AE*-values. Films prepared at pH 11 showed the higher b* and
AE*-values than did those prepared at pH 3, especialy for those from unwashed
mince. However, films prepared from washed mince at pH 3 showed higher b* and
AE*-values than did those prepared at pH 11 (P < 0.05). Films generaly had the
increase in TS but the decreases in water vapor permeability (WVP), film solubility
and protein solubility after 20 days of storage (P < 0.05).

Films prepared from unwashed mince at both pH 3 and 11 and stored
under atmospheric containing 100% N, had the lowest TBARS value with the
concomitant lowest b* and AE*-values during the storage of 20 days at room
temperature (P < 0.05), when compared with other films kept in air and 100% O
atmosphere. Films prepared at pH 3 and incorporated with antioxidants (Trolox and
catechin) at all levels (100, 200 and 400 ppm) had the lowest TBARS value, b* and
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AE*-values during storage, indicating the retardation of lipid oxidation and yellow
discoloration in films. Nevertheless, films prepared at pH 11 had no difference in
TBARS vaues, in comparison with control film, regardless of antioxidant
inorporation. Coincidentally, the increases in b* and AE*-values were observed in
those films.

Films from fish protein isolate (FPI) prepared by prior washing
followed by alkaline solubilization process (ASP) from red tilapia muscle were
characterized, in comparison with films from washed mince (P < 0.05). Films from
FPI had higher tensile strength (TS) and elongation at break (EAB) than did those
from washed mince for both pH (3 and 11) used for film preparation (P < 0.05). Film
from FPI prepared at pH 3 showed the highest TS, while that from washed mince
prepared at pH 11 had the lowest TS (P < 0.05). Nevertheless, films from FPI had
lower WV P than those from washed mince for both pH used (P < 0.05). At the same
pH used for film preparation (3 or 11), films from FPI showed the lower TBARS
values than did those from washed mince (P < 0.05). Nevertheless, films from both
FPI and washed mince had the higher TBARS values when pH 3 was used for film
preparation, compared with pH 11 (P < 0.05). Among al films, those from FPI
prepared at pH 3 had the highest transparency and no yellow discoloration was
observed during the storage of 20 days at room temperature, in comparison with other
films (P < 0.05). Conversely, film from washed mince prepared at pH 3 had the
higher increase in b*-value and AE*-vaue than other films.

Films from FPI of red tilapia muscle prepared at pH 3 and incorporated
with 100 ppm Trolox (FPIT film) were characterized in comparison with film
prepared from unwashed mince (UWM) during storage of 40 days at room
temperature. FPIT film had higher tensile strength (TS) and elongation at break
(EAB) but lower water vapor permeability (WVP) than UWM film (P < 0.05). During
the storage, FPIT film had much lower TBARS value than UWM film (P < 0.05).
Furthermore, FPIT was more transparent and had no yellow discoloration, as
evidenced by no change in b* and AE*-values, during the storage of 40 days. Both
UWM and FPIT films were stabilized mainly by hydrogen bond, hydrophobic
interaction, disulfide bond and non-disulfide covalent bond. FTIR spectra indicated
that FPIT film contained the lower amount of lipids with the lower amplitude of
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amide B band, compared with UWM film. Higher degradation temperature (Td) was
observed in FPIT film, indicating a greater protein-protein interaction in film matrix.
FPIT film had smoother surface and cross-section than UWM film. After 40 days of
storage, both films had the increase in TS and Td but lower EAB, WVP and protein
solubility. Thus, film from FPI with lowered lipid and prooxidant contents and
incorporated with antioxidant had the improved mechanical and physical properties
without yellow discoloration. When FPIT films were used to cover dried fish powder,
lower TBARS and PV vaues were observed but moisture and yellowness were
higher, compared to those covered with PE and PP films. Therefore, FPIT film can be
used as biodegradable film for effective retardation of lipid oxidation of food products
without its yellow discoloration.
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CHAPTER 1

INTRODUCTION AND REVIEW OF LITERATURE

1.1Introduction

Biopolymer edible films and coatings have increglsirattracted the
attention, mainly owing to the large variety of Apgtions. Biodegradability is one of
the greatest benefits of edible films and coatialgsg with edibility (Debeauforét
al., 1998). Many functions of edible films and coatingre similar to those of
synthetic packaging films; however edible film arwhting materials can be chosen
according to specific food applications, the typésood products, and the major
mechanisms of quality deterioration (Guilbert, 20@2terseret al., 1999). Edible
films and coatings can readily improve the physstegngth of food products, reduce
particle clustering, and improve visual and tactiémtures on product surfaces
(Cisneros-Zevallogt al., 1997; Cucet al., 1995). It can also protect food products
from moisture migration, microbial growth on therfage, light-induced chemical
changes, oxidation of nutrients etc. (Kester andnEma, 1986). Most commonly,
edible films and coatings function as barriers agfapils, gases or vapors, and as
carriers of active substances, such as antioxidantgnicrobials, colors and flavors
(Guilbert and Gontard, 1995; Kester and Fennem8&6;18rochta and De Mulder-
Johnston, 1997; Millegt al., 1998).

The main film-forming materials are biopolymessich as proteins,
polysaccharides, lipids and resins. They can bd akme or in combinations (Cuw
al., 1995; Gennadiodt al., 1994b; Krochtat al., 1994). Proteins are commonly used
as film-forming materials but understanding of {wecise physical and chemical
mechanisms of protein interactions continues tdvev(li and Lee, 1996; Pommet
al., 2005; Redlet al., 1999). Fish muscle is the main source of mydfdriand
sarcoplasmic protein for biopolymeric film formatigArtharnet al., 2007; Banerjee,
2006; Chinabharlet al., 2007; Iwataet al., 2000; Shikuet al., 2003). It has been
known that plasticized protein based-films have dyoaygen, carbon dioxide and
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lipid barrier properties but their predominantlydngphilic nature results in poor
water vapor permeability characteristics (Gennadibsal., 1994b; Lacroix and
Cooksey, 2005). However, the protein-based filmgmfrfish muscle become
yellowish when stored for a long, particularly f8nfrom dark fleshed fish (Arthamet
al., 2009; Benjakulet al., 2008; Cuqget al., 1996a). Yellow color of myofibrillar
protein-based film was mainly caused by Maillardcateon (Artharnet al., 2009;
Benjakulet al., 2008). Lipid oxidation may play a role in yellaliscoloration of fish
muscle protein film by providing the carbonyl grauipvolved in Maillard reaction.
Carbonyl compounds such as aldehydes or ketoneshwiere lipid oxidation
products, were possibly associated with protein tii@ Maillard reaction. Such a
discoloration directly limits the application ofsh muscle protein-based film. The
appropriate development of fish muscle protein-baBbn possessing the good
mechanical and physical properties without the oyelldiscoloration should be
promising to obtain the biopolymeric film, which rcaeplace non-biodegradble
synthetic counterpart. The information gained carapplicable for lowering yellow
discoloration of fish muscle protein based filmfions from other origins. Therefore,

the better utilization of fish protein-based filmncbe achieved.



1.2 Review of literature

1.2.1 Biodegradable film

Biodegradable film and coating have been receivesl ihcreasing
attention owing to their biocompatibility and aliative packaging to synthetic
polymers or plastics. Almost food packagings amegally made from plastics, which
are non-biodegradable synthetic polymers and hdwe negative impact on
environment (Kester and Fennema, 1986; Krochtaleniulder-Johnston, 1997).

Biodegradable or compostable packaging is prefertdb recyclable
packaging because recyclable packaging, thougherbethan non-recyclable
packaging, still requires external energy to bevigled to bring about the recycling
process. Nevertheless, biodegradable or compostaikaging is difficult to be
recycled (Cucet al., 1995; Guilbert and Gontard, 1995; Guilbert, 20@yer the last
decade, there has been a widespread interestnis fhade from renewable and
natural polymers which can degrade naturally andemapidly than petroleum-based
plastics. Among all biopolymers, proteins have bpaid increasing attention as a
potential material for biodegradable films and oot

Biopolymeric materials used for biodegradable filoe be divided
into 4 categories: biopolymer hydrocoilloids (pioge and polysaccarides), lipids,
resins and composites (Krochdiaal., 1994). Physical and chemical characteristics of
the biopolymers greatly influence the propertiesre$ulting films and coatings
(Sothornvit and Krochta, 2000). In general, plasés are required to increase the
flexibility of film by lowering the extension betwe polymers. Films can be

incorporated with other additive for different pages (Table 1).



Table 1. Materials used for edible films and coatings.

Functional compositionsMaterials

Film-forming materials Proteins: myofibrillar protein, whey protein, casaivheat

Plasticizers

Functional additives

Other additives

gluten, soy protein, collagen, gelatin, corn zeny
protein, pea protein, rice bran, sunflower, cotémts
protein, peanut protein, serum albumin, keratimcipe

plasma protein.

Polysaccharides: starch, modified starch, modified
cellulose (CMC, MC, HPC, HPMC), alginate, carragaen

pectin, pullulan, chitosan, gellan gum, xanthan gum

Lipids: waxes (beeswax, paraffin, carnauba waxdehiha
wax, rice bran wax), resins (shellac, terpene),

acetoglycerides.

Glycerin, propylene glycol, sorbitol, sucrose, pattylene

glycol, corn syrup, water.

Antioxidants, antimicrobials, nutrients, nutraceats,

pharmaceuticals, flavors, colors.

Emulsifiers (lecithin, Tweens, Spans), lipid emaoits
(edible waxes, fatty acids), cross-linkers (aldehyd

phenolic compounds).

*CMC, carboxy methylcellulose; MC, methylcellulod¢C, hydroxypropyl
cellulose; HPMC, hydroxypropyl methylcellulose.
Source: Adapted from Haut al. (2005)



1.2.1.1 Proteins as film forming material

Proteins are thermoplastic heteropolymers contgi@d amino acids.
They are macromolecules with specific amino acguseaces and there are limitless
number of sequential arrangements with a wide rafgateractions and chemical
reactions (Pommett al., 2003; Stevens, 1999). All structures of protetas be
easily modified by heat, pressure, irradiation, hagdcal treatment, acids, alkalines,
metal ions, salts, chemical hydrolysis, enzymagatment and chemical cross-linking
(Han et al., 2005; Krochta, 2002). Proteins are commonly uasdfilm-forming
materials. The most distinctive characteristicspafteins compared to other film-
forming materials are conformational denaturatiagiectrostatic charges and
amphiphilic nature. Many factors can affect the foomation, charge density and
hydrophilic-hydrophobic balance of proteins, thgrebfluencing the physical and
mechanical properties of prepared films and coating addition, properties of
protein based-films depend on various factors aghhe source of protein, pH of
protein solution, plasticizers film thickness, pregtion conditions, formation process
and additives incorporated into the film formindudmns (Benjakulet al., 2008; Cuq
et al., 1996b; Park and Chinnan, 1995; Sole@ahl., 2005). Protein used as film-
forming materials are derived from both animal ghant sources, such as animal

tissues, milks, eggs, grains and oilseeds (Kro&@@az).

1.2.1.1.1 Myofibrillar protein

Fish proteins including myofibrillar protein andrsaplasmic proteins
have been used as film-forming materials (Chindbbial., 2007; lwataet al., 2000;
Shikuet al., 2003). Myofibrillar proteins are salt soluble fns, comprising 54% of
total protein. Generally, acid or alkaline solutaliion is required for preparation of
film forming-solution. Films prepared from myofibar proteins are flexible and semi
transparent and their mechanical properties aeeealtwith pH used for solubilization
(Chinabharket al., 2007; Hamaguclet al., 2007; Shikwet al., 2003). The removal of
undesirable components and increasing concentratfomyofibrillar proteins by

washing could improve the properties of films (Anthet al., 2007).



1.2.1.1.2 Soy protein

Soy protein has been used for preparation of biadizdple films. Soy
proteins are composed of a mixture of albumins glatbulins, 90% of which are
storage proteins with globular structure. The B&dnglycinin) and 11S (glycinin)
globulins are the major proteins in soy proteinn@élla, 1979; Kumaet al., 2002).
Globulins are protein fractions in which the sultsirdre associated via hydrophobic
and hydrogen-bonding (Thanh and Shibasaki, 197&mperature (over 70 °C),
pressure and alkaline condition (pHLO) have been used to unfold globular structure.
Those factors affect the formation of new intrad amter-molecular bonding, such as
hydrogen bonds or electrostatic or hydrophobicradion of protein in film matrix
(Fukushima, 1969; Hermansson, 1978; Thanh and Skkhal976). Soy protein films
have received considerable attention due to thaelkent film forming abilities, low
cost and barrier properties against oxygen permeabiut they have poor mechanical

properties and heat sealability, compared to syiatpelymer (Rhimet al., 2006).

1.2.1.1.3 Corn Zein

Zein is the alcohol-soluble protein found in cormdesperm, and it is
the by-product of the corn wet milling industry.nas a molecular weight of 18-45
kDa. Zein is a relatively hydrophobic and thermoplastiaterial; this hydrophobicity
is related to its high content of non-polar amiala as leucine, alanine and proline
(Shukla and Cheryan, 2001). The packaging films enfxdm an alcohol-soluble
protein like corn zein have relatively high barr@operties, compared to films from
other proteins. Although it has excellent film fong and gas barrier properties, the
classical brittleness and flexibility problems @ifrz film is a great limitation for their

use as a free standing film and as a coating naa{@ncan and Yemenicioglu, 2011).

1.2.1.1.4 Wheat gluten

Wheat gluten is composed of the water-insolubléapno and glutelin
protein fractions known as gliadin and glutenirspectively. The molecular weight of
gliadin is in the range of 20-50 kDa, while glutemias an average molecular weight
of 250 kDa (Kokiniet al., 1994; Krochta and De Mulder-Johnston, 1997). Whea
gluten contains more than 75% protein. Wheat pnoféim show very efficient



oxygen barrier in comparison with some non-protedible coatings and plastic
packaging materials. Wheat gluten films are usuplgpared by solution casting
method using water and/or ethanol as cosolvent palyols as plasticizers
(Gennadio%t al., 1994a).

1.2.1.1.5 Milk protein

In general, milk protein can be divided into whaptpin and casein.
Whey protein comprises 20% of the milk proteird as the protein that remains
soluble after casein has been precipitated at @ Whey proteins include B-
lactoglobulin (MW= 18 kDa),a-lactalbumin (MW= 14 kDa), bovine serum albumin
(MW = 66 kDa), immunoglobulins, and proteose-peptondey proteins are
globular and heat labile in nature (Krochta and Nb@der-Johnston, 1997). Whey
protein films are transparent and flexible. Theysgass films with good oxygen,
aroma and oil barrier properties (McHugh and Kracht994a). However, whey
protein film exhibits relatively poor tensile prafies and exhibits a poor moisture
barrier property (Krochtet al., 1994).

Casein represents 80% of total milk protein andssts ofa, 3 andk-
casein with molecular weights between 19 and 25. K& low cysteine levels in
casein result in little disulfide cross-linking aad open random-coil structure. The
high proline content results in better emulsifyprgperties compared to whey protein
(Khwaldiaet al., 2004). Casein has also been used for film fornagerial because
its inexpensive, readily available, non-toxic amghty stable (Abu Dialet al., 2007).

It has been reported that casein film exhibitechhignsile strength. Moreovep:
casein films are expected to have lower water va@ymeability than other milk
protein films becausp-casein is the most hydrophobic protein in milk flgh and
Krochta, 1994b).

1.2.1.1.6 Gelatin

Gelatin obtained by partial degradation of colladgexs gained more
attention as a new material for edible films (Jangpnraket al., 2006). Hydrolysis of
collagen produces gelatin with molecular weights1fr3 to 200 kDa depending on

the raw material used and the extraction conditifiecroix and Cooksey, 2005).



Gelatin edible films, with high puncture strenditw puncture deformation and high
water vapor permeability, prepared from bovine gwicine skin were reported
(Sobral et al., 2001). Fish skin gelatin can be used as film fognmaterial, but
properties of film vary depending on the sourcegefatin, plasticizer and other
factors. Mechanical properties of film from browmse red snapper skin gelatin were
higher than those of bigeye snapper skin gelalim &t any protein and plasticizer
concentrations tested (Jongjareonrek al., 2006). Nevertheless, heat activated
metallo- and/or serine-proteinases/collagenases wessent in fish skin gelatin and
decreased the mechanical properties of gelatinviimthe hydrolysis of the peptide or
protein chain, particularly during preparation pres (Jongjareonra& al., 2006).
The incorporation of herb extracts into gelatinmfifrom cuttlefish skin effectively
improve the mechanical properties and water baprieperty of film, particularly the
oxidized form of those extracts (Hogeteal., 2011b).

1.2.1.1.7 Egg white

Egg white is a complex protein system made up cfolution of
globular proteins containing ovomucin (Woodward,9@p Ovalbumin, which
constitutes more than half of egg white proteinwmight, is the only fraction that
contains free sulfhydryl (SH) groups. Other praseirsuch as ovotransferrin,
ovomucoid and lyzozyme contain disulfide (S-S) (Mine, 1995). Preparation of
egg white protein films involves denaturation ofeghite protein in aqueous solution
by alkaline solubilization or heat treatment (Getinaet al., 1996). At alkaline pH
and heating treatment, protein chains further uhmd disulfide bonds in protein
molecules are reduced to SH groups, thereby faiirlg dispersion of the protein. It
has been suggested that, during the gelation agohgdisteps, SH groups are
converted to inter- and intramolecular S-S covateoss-links through oxidation and
sulfhydryl-disulfide interchange reactions (Genmadit al., 1996; Mine, 1992). The
disulfide bonds are considered important in filmmnfation for proteins containing
cysteine and/or cystine amino acids (Gennaeétoal., 1994b; Okamoto, 1978). Di
Pierroet al. (2007) reported chitosan—ovalbumin film preparediapsglutaminase-
mediated cross-linking exhibited low degree of $wegland solubility at wide range

of pH and also improved mechanical and water vapater properties.



1.2.1.2 Polysaccharides as film forming material
Polysaccharides including starch, non-starch canbrattes, gums and

fibers can be used as film forming material (Guilp&986; Guilbert, 2002). The
sequence of polysaccharides is simple compared rugeips. However, the
conformation of polysaccharide structures is masenglicated and unpredictable.
Most carbohydrates are neutral, while some gumsnasstly negatively charged.
Although this electrostatic neutrality of carbohgtdis may not affect significantly the
properties of formed films and coatings, the ocence of relatively large numbers of
hydroxyl groups or other hydrophilic moieties iretbtructure indicate that hydrogen
bonds may play significant roles in film formati@md characteristics (Hagt al.,
2005).

1.2.1.3 Lipids as film forming material

Lipids and resins are also used as film-formingemals, but they are
not polymers and, evidently, "biopolymers" is a moer for them. Nevertheless,
they are edible, biodegradable and cohesive biagrakte Most lipids and edible
resins are soft-solids at room temperature andeggssharacteristic phase transition
temperatures. They can be fabricated to any shgpma&ting and molding systems
after heat treatment, causing reversible phassitiams between fluid, soft-solid and
crystalline solid. Because of their hydrophobicunet films or coatings made from
lipid film-forming materials have very high watezsistance and low surface energy
(Hanet al., 2005). Lipids can be combined with other film#fong materials, such as
proteins or polysaccharides, as emulsion partictesiulti-layer coatings in order to
increase the resistance to water penetration (Gemset al., 1997; Perez-Gago and
Krochta, 2002).

1.2.1.4 Composite film forming materials
Biopolymer composites can modify film propertieslameate desirable
film structures for specific applications. Similer multi-layered composite plastic
films, biopolymer films can be produced as multiptenposite layers, such as protein
coatings (or film layers) on polysaccharide filmgyr lipid layers on

protein/polysaccharide films. This multi-layeredimfi structure optimizes the
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characteristics of the final film. Composite filroan also be created by mixing two or
more biopolymers, yielding one homogeneous filmetagDebeauforiet al., 1998;
Were et al., 1999; Yildirim and Hettiarachchy, 1997). Variob®polymers can be
mixed together to form a film with unique propestithat combine the most desirable
attributes of each component (Wtal., 2002).

1.2.1.5 Plasticizers

Plasticizers are required for edible films and s, especially for
polysaccharides and proteins. Those films are dftédtle and stiff due to extensive
interactions between polymer molecules (KrochtaP220 Plasticizers are low
molecular weight agents incorporated into the pagm film-forming materials,
which decrease the glass transition temperaturthefpolymers. They are able to
position themselves between polymer molecules anihterfere with the polymer-
polymer interaction to increase flexibility and pessability (Guilbert and Gontard,
1995; Krochta, 2002). Plasticizers increase the frelume of polymer structures or
the molecular mobility of polymer molecules (Sotgt and Krochta, 2000). These
properties imply that the plasticizers decreaser#ti® of crystalline region to the
amorphous region and lower the glass transitiorpezaiure (Guilberet al., 1997;
Krochta, 2002). The addition of plasticizers affenbt only the elastic modulus and
other mechanical properties, but also the resistaricedible films and coatings to
permeation of vapors and gases (Sothornvit and Hapc2000; Sothornvit and
Krochta, 2001). Most plasticizers are very hydréiphand hygroscopic. Therefore,
they can attract water molecules and form a largdrddynamic plasticizer-water
complex. For protein and polysaccharide edible djliplasticizers disrupt inter- and
intra-molecular hydrogen bonds, increase the distdretween polymer molecules,
and reduce the proportion of crystalline to amorgheegion (Krochta, 2002). Water
molecules in the films function as plasticizers. tévais actually a very good
plasticizer, but it can easily be lost by dehydratat a low relative humidity (Guilbert
and Gontard, 1995). Therefore, the addition of agtilic chemical plasticizers to
films can reduce water loss through dehydratiocreiase the amount of bound water,

and maintain a high water activity.
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There are two main types of plasticizers (Sothdrmrid Krochta,
2000; Sothornvit and Krochta, 2001):

1. Agents capable of forming many hydrogen bonklss tinteracting
with polymers by interrupting polymer-polymer bongiand maintaining the farther
distance between polymer chains.

2. Agents capable of interacting with large amouwitsvater to retain
more water molecules, thus resulting in higher moogs content and larger
hydrodynamic radius.

Owing to the hydrophilic nature of water, biopolyim@nd plasticizers,
and due to the abundantly existing hydrogen bomd¢heir structures, it is very
difficult to separate these two mechanisms. Sothband Krochta (2001) suggested
that several factors affect plasticizing efficienaly plasticizers, including size and
shape of plasticizer molecules, number of oxygemmatand their spatial distance
within the structure of the plasticizers and wdigrding capacity. Besides the effect
of hydrogen bonding, repulsive forces between muéesc of the same charge or
between polar and non-polar polymers can increasealistance between polymers,
thus achieving the function of plasticization irethase of charged polymeric film
structures. Therefore, compared to neutral polyfilers (e.g. starch films), the
flexibility of charged polymer films (e.g. soy pem, carboxymethyl cellulose or
alginate films) may be affected more significartily altering pH and salt addition at
the same water activity level. Four theories haeenbproposed to explain the
mechanism of the plasticizer effect (di Gioia andilert, 1999; Sears and Darby,
1982 ; Sothornvit and Krochta, 2005) shown as fedlo

1. Lubricity theory — a plasticizer is consideresl @ lubricant to
facilitate the movements of the macromolecules eaeh other.

2. Gel theory — a plasticizer disrupts the polyrpefymer interactions
including hydrogen-bonds and van der Waals anctifonces.

3. Free volume theory — a plasticizer may deprieesgtass transition
temperature by increasing polymer free volume andility of polymeric chains. The
fundamental concept underlying these theoriesasadlplasticizer can interpose itself

between the polymer chains and decrease the fhadémg the chains together.
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4. Coiled spring theory — plasticizing effects frahe point of review

of tangled macromolecules.

1.2.1.6 Additives

Edible films and coatings can carry various actagents, such as
emulsifiers, antioxidants, antimicrobials, nutraggals, flavors and colorants, thus
enhancing food quality and safety, up to the levieére the additives do not interfere
with physical and mechanical properties of fiimsal@vin et al., 1995; Baldwinet
al., 1997; Guilberet al., 1996; Han, 2002; Han, 2003; Howard and Gonz&e81;
Kester and Fennema, 1986). Because of the varioemmical characteristics of these
active additives, film composition should be magtifito keep a homogeneous film
structure when heterogeneous additives are incatgarinto the film-forming
materials (Debeaufortet al., 1998). Emulsifiers are surface active agents of
amphiphilic nature and are able to reduce the serf@nsion of the water-lipid
interface or the water-air surface. Emulsifiersessential for the formation of protein
or polysaccharide films containing lipid emulsioargcles. They also modify surface
energy to control the adhesion and wettability kg film surface (Krochta, 2002).
Although many biopolymers possess certain levelsmilsifying capacity, it is
necessary to incorporate emulsifiers into film-fargh solutions to produce lipid-
emulsion films. In the case of protein films, sorfien-forming proteins have
sufficient emulsifying capacity due to their amgtilf structure.

Antioxidants and antimicrobial agents can be inoaafed into film-
forming solutions to achieve active packaging aatocw functions (Han, 2002; Han,
2003). They provide additional active functionghe edible film and coating system
to protect food products from oxidation and micedkspoilage, resulting in quality
improvement and safety enhancement. When nutrae¢utind pharmaceutical
substances are incorporated into edible films aadigs, the system can be used for
drug delivery purposes (Han, 2003). Incorporatasidts and colorants can improve
the taste and the visual perception of qualitypeetively. Direct surface application
of active substances by spraying or dipping ismghly effective because the active
substances can react with food components, evapanatdiffuse into the food,

thereby showing reduced antimicrobial activity. Asresult, large antimicrobial
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concentrations are required (Han and Floros, 1@@&ttaraet al., 2000; Quintavalla
and Vicini, 2002). Instead, the incorporation oftiaicrobial agents to packaging
materials slows down their release and helps kgdpgh concentrations of the active
compounds on the product surface for extended gewd time. The incorporation of
partially purified lysozyme from hen egg white byegipitation of non-enzyme
protein into zein film showed antimicrobial effedn Bacillus subtilis and
Lactobacillus plantarm (Mecitoglu et al., 2006). The grape seed extract, nisin and
EDTA incorporated soy protein edible film is effeet to variable degrees in
inhibiting the growth ol.. monocytogenes, E. coli andS. typhimurium (Sivaroobaret

al., 2008).

To improve the film properties, several methodshshlending with
other biopolymers (Prodpragt al., 2007) or chemical such glyoxal, caffeic acid,
feruric acid or tannin acid (Casbal., 2007; Hernandez-Munaat al., 2004; Nuthong
et al.,, 2009b) and enzymatic modifications such as tdateginases have been
developed (Chambi and Grosso, 2006; De CarvalhoGmedso, 2004; Di Pierret
al., 2007). However, synthetic protein cross-linkingeats can be associated with
possible toxicity. Thus, the use of cross-linkirgeats from natural source has been
investigated to improve the mechanical propertieprotein films (Nuthonget al.,
2009a). The improved properties of these materalsfirm that chemical and
enzymatic approach could beuseful tool for preparing edible film for foodatng

and pharmaceutical applications.

1.2.2 Functions and advantages of edible films

1.2.2.1 Edibility and biodegradability
The most beneficial characteristics of edible filarsd coatings are
their edibility and inherent biodegradability (Qaektet al., 1996; Krochta, 2002). To
maintain edibility, all film components (i.e. bidgmers, plasticizers and other
additives) should be food-grade ingredients and paticess facilities should be
acceptable for food processing (Guilbeirél., 1996). With regard to biodegradability,

all components should be biodegradable and envieotally safe. Human toxicity
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and environmental safety should be evaluated biydatal analytical protocols by
authorized agencies (Habal., 2005).

Table 2. Properties of some protein films and synthetisfita.*

Properties Inferior Poor Good Excellent
Tensile strength**
(MPa) <1 1-10 10-100 >100
PPC: Gly FMP : Gly WPI : Gly OPP

PPP : Gly CZ:Gly WDC

WPI : Sor Gelatin : Gly PET

EWP : Gly FPI : Gly PE

SPI: Gly FMP : PVA : Gly

CZ:PEG PP

WC : Gly PS

WPI:BW:Gly PVC
SPI: FA: Gly LDPE
Pea protein : Gly HDPE

PE
OPP
PVDC
Elongation **
(%) <1 1-10 10-100 >100
PS WPI:BW:Gly WPI:Gly CZ: Gly
Gelatin : Gly WPI : Sor WC : Gly
FMP : Gly SPIl: FA: Gly
FPI : Gly HAPS : Gly
EWP : Gly LDPE
EWP : PEG HDPE
SPI : Gly PPP: Gly
CZ:PEG FMP : PVA:
Pea protein : Gly Gly
OPP
PET
PE
PVC

(Continued)
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Properties Inferior Poor Good Excellent
Oxygen permeability
(cm® um m?d*kPa®)  >1000 1000- 100 100-10 <10
LDPE Shellac CZ:Gly WG : Gly
Beeswax WPI : Gly SPI: Gly
Most waxes EWP : Gly WPI : Sor
HDPE PE EVOH
PP PVDC
Water vapor
permeability >10 10-1 1-0.1 <01
(g mm m?d* kPab) PPP : Gly WPl : BW: Sor  EVOH BW
Gelatin: Gly  WPI : BW: Gly Shellac Paraffin wax
EWP : Gly WC : Gly Most waxes
FMP : Gly WC: BW : Gly PVDC
FPI: Gly EVOH
FMP : PVA : LDPE
Gly HDPE
WPI : Sor PVC
WPI : Gly PET
WG : Gly
SPI: Gly
PPC : Gly
SPIl: FA: Gly
CZ: Gly

* Abbreviations : Gly = glycerol; Sor = sorbitolMP = fish myofibrillar protein; FPI
= fish protein isolate; EWP = egg white protein] SBoy protein isolate; WPI =
whey protein isolate; CZ = corn zein; WG = wheaittgh; PEG = polyethylene
glycol; PE = polyester; PS = polystyrene; PP = papylene; PVC = polyvinyl

chloride; PVDC = polyvinylidene chloride; PET = pethylene terephthalate; PPP =
porcine plasma protein; PVA = polyvinyl alcohol; BE = low-density polyethylene;
HDPE = high-density polyethylene; OPP = orientelyp@pylene; EVOH = ethylene
vinylalcohol; BW = beeswax; FA = fatty acids;

** Films were conditioned for 48 h at 25 °C and 5&Pbprior to testing.

Source: Adapted from Hamt al. (2005)
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1.2.2.2 Physical and mechanical protection

Edible films and coatings protect packaged or abdt®d products
from physical damage caused by mechanical impaesspre, vibrations and other
mechanical factors. Standardized mechanical exdionms of commercial film
structures are also applied to edible film and iogastructures. Such tests include
tensile strength, elongation-at break, elastic nejicompression strength, puncture
strength, stiffness, tearing strength, burst stierarasion resistance, adhesion force,
folding endurance and others (Hetral., 2005). Table 2 shows the tensile properties
of various edible films and common plastic filmdilide films have lower tensile
strength than common plastic films, while their nglation-at-break varies widely
(Hanet al., 2005). Some edible films have elongation valumsmgarable to those of
common plastic films (Guilbert, 1986; Guilbert, 2)0Many edible film and coating
materials are very sensitive to moisture (Guillzed Gontard, 1995; Guilbeet al.,
1996; Krochta, 2002). At higher relative humiditynclitions, their physical strength
is lower than that at lower relative humidity sinabsorbed moisture actions as a
plasticizer. Temperature is also an important \weisaffecting the physical and
mechanical properties of edible films and coatif@silbertet al., 1997; Milleret al.,
1998; Wuet al., 2002). The physical strength of materials dracadlii decreases
when temperature increases above the glass taanggimperature. High relative
humidity and large amounts of plasticizers lowes glass transition temperature of

film-forming materials (Irissin-Mangat al., 2001).

1.2.2.3 Migration, permeation and barrier function

The quality of most food products deteriorates wass transfer
phenomena, including moisture absorption, oxygeasion, flavor loss, undesirable
odor absorption and the migration of packaging coments into the food (Debeaufort
et al., 1998; Kester and Fennema, 1986; Krochta, 2008eMat al., 1998). These
phenomena can occur between food and the atmospéevironment, food and
packaging materials or among heterogeneous ingrsdia the food product itself
(Krochta, 1997). Atmospheric oxygen penetratiow iimods causes oxidation of food
ingredients; inks, solvents and monomeric additivespackaging materials can

migrate into foods; essential volatile flavors avbrages and confections may be
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absorbed into plastic packaging materials; ando@ea crusts absorb moisture from
fillings/toppings, leading to the loss of crispieekdible films and coatings may wrap
these food products or be located between heteeogesnparts of food products to
prevent these migration phenomena and preservatygy@uilbert et al., 1997;
Krochta, 2002). To characterize the barrier propermf edible films and coatings, the
transmission rates of specific hazardous migrambsilld be determined using stand-
alone edible films. Most research has dealt withew&apor permeability, oxygen
permeability, carbon dioxide permeability, flavoermeability and oil resistance of
edible films. Table 2 shows oxygen permeability arader vapor permeability values
of edible films and common plastic films. Ediblénfs possess a wide range of
oxygen permeability values. Certain edible filme axcellent oxygen barriers. Except
for lipid-based materials, the water vapor permédgbof most edible films is
generally higher than that of common plastic filmAd. barrier properties of edible
films and coatings are affected greatly by film gasition and environmental
conditions (relative humidity and temperature) (Gotet al., 1996; Grondahét al.,
2004). Plasticizers in edible film-forming matesialreduce glass transition
temperatures and increase the permeability of migtants. Oxygen permeability is
very sensitive to relative humidity (Guilbegttal., 1997; Mate and Krochta, 1998). At
higher relative humidity conditions, oxygen permégb increases substantially.
Therefore, it is very important to maintain low age humidity environments to
maximize the effectiveness of edible films as gasiérs (Haret al., 2005).

Temperature is also an important factor of migratfmarante and
Banks, 2001; Guilbert al., 1997; Wuet al., 2002). A temperature increase provides
more energy to the migrating substances and inesedbe permeability. At
temperatures far distant from the phase transitbanges of migration coefficients
such as permeability and diffusivity follow the Aenius equation (Guilbest al.,
1997; Milleret al., 1998).
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1.2.3 Film forming mechanisms

An edible film is essentially a dried and extenbiventeracting
polymer network of a three-dimensional gel struetubDespite the film-forming
process, whether it is wet casting or dry castithig-forming materials should form a
spatially rearranged gel structure with all incagied film-forming agents, such as
biopolymers, plasticizers, other additives and solg in the case of wet casting
(Rhim and Ng, 2007). Biopolymers as film-forming terdals are generally
gelatinized to produce film-forming solutions. Fet drying of the hydrogels
eliminates excess solvents from the gel structWhkey protein films are produced
from whey-protein gels by dehydration after hedtegecold-set gel formation. This
does not mean that the film-forming mechanism dutire drying process is only the
extension of the wet-gelation mechanism. The fibnmfing mechanism during the
drying process may differ from the wet-gelation heeusm, though wet gelation is
the initial stage of the film-forming process. Téerould be a critical stage of a
transition from a wet gel to a dry film, which reda to a phase transition from a
polymer-in-water (or other solvents) system to &ewa-polymer system (Hagt al.,
2005).

Figure 1 describes potential chemical and physapgroaches to the
modification of film forming mechanisms by alterirffigm-forming raw materials,
varying film-forming processing conditions and app treatments on formed films.
Potential chemical methods of modifying the filntfong mechanisms of protein-
based films include pH changes, salt addition, lEataturation, solvent changes,
chemical modification of the side chains of pepideross-linking and hydrolysis of
peptides (Yildirim and Hettiarachchy, 1997; Weteal., 1999), irradiation of peptides
(Lacroix and Cooksey, 2005), and the addition okign proteins (Denavet al.,
2009; Mecitogluet al., 2006). For polysaccharide-based films severalmoted
modifications are available, including salt additio solvent changes, heat
gelatinization, pH changes, chemical modificatidrhpdroxyl groups, cross-linking
of polysaccharides, hydrolysis of polysaccharidesl dhe addition of foreign

polysaccharides.
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Physical modifications of edible films and coatingslude lamination,
formation of composites, addition of particles orusions, perforation, over-coating,
annealing heat curing (Gennadiesal., 1996; Micardet al., 2000; Miller et al.,
1997), orientation, radiation (Gennadiet al., 1998; Micardet al., 2000) and
ultrasound treatment (Banejeteal ., 1996).

Chemical methods
Chemically
effective
Chemical ingredients to Modification Chemical
modification  film-forming of film-forming treatments of
of maferials mechalnisms' mchar'ﬁsms" filrlns
v v v v

! 1 ! 1

] I
Physically Control of Physical or  Post-process
effective fabrication = morphological treaiments
ingredients to process modification  (lamination,
film-forming conditions over-coating,
mechanisms* composite,
radiation, or
Physical methods annealing)

Figure 1. Various ways for modifying the characteristi€®dible films and
coatings.
* indicates the addition of chemically or physlg active ingredients,
which may enhance or interfere with the film-fongimechanisms
** includes any chemical cross-linking, chemicalbstitution of side
chains to create hydrophobic interactions or ebstatic interactions and
other extra mechanisms caused by chemical motidita

Source: Hanetal. (2005)
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Physico-chemical properties of proteins determine behavior of
proteins during preparation, processing, storagke amsumption. These properties
are not only important to facilitate processingt &lso to determine the quality of the
final product (Ralston and Osswald, 2008). The rdeiteation of most physical and
mechanical characteristics of film structures idate®l to physical chemistry
parameters, which include mechanical strength, tieigs moisture and gas
permeation, cohesion of polymers, film adhesiorodobd surfaces, surface energy,
surface roughness/smoothness, light transmittaogler (opaque/gloss), viscosity,
thermoplastic characteristics and others (Sothbmowil Krochta, 2000). Cohesion of
film-forming materials is a very important parametieat influences the mechanical
strength of films, especially homogeneously cordumsifilm structures (Guilbert
al., 1996). Cohesion is the attractive force betweeteaules of the same substance
(Anonymous, 1992). If the film-forming materialsrntain heterogeneous ingredients
that are not compatible with the main biopolyméhg, cohesion of the film forming
materials decreases and the film strength weak&hgen the use of new biopolymers
or additives is investigated, the compatibilityadiffilm-forming ingredients should be
maintained to obtain strong cohesion (Haral., 2005). Plasticizers are the agents
reducing the cohesion of film-forming polymers ({beit et al., 1996). Adhesion of
film-forming materials is an important parameteraggically, for film casting and
coating processes (Guilbegttal., 1996). Adhesion is the attractive force betwden t
surface molecules of different substances, sudietsgeen coating materials and food
surfaces (Anonymous, 1992). A low adhesion forcilte in incomplete coatings on
the surface, or easy peel-off of the coating lajens the surface. The surface energy
of film forming materials (surface tension of thémfforming solution), the solid
surface energy of uncoated product and that ofltieel film should be determined to
achieve strong adhesion. A larger difference of sheface energy of a coating
material from the uncoated product surface lowleeswork of adhesion and results in
a poor coating performance (Guilbettal., 1996). Surface active agents, such as
emulsifiers and other amphiphilic chemicals in fil@ forming solution reduce the
surface tension of the coating solution, thus desirgy the difference between the
solid surface energy and the surface tension ofctaing solution and ultimately
increasing the work of adhesion (Guilbert, 2002n idzal., 2005).
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1.2.4 Film formation processes

There are two categories of film formation processdry and wet

(Guilbertet al., 1997) (Figure 2). The dry process of edible fgnoduction does not
use liquid solvents, such as water or alcohol. Bfoltasting, extrusion and heat
pressing are good examples of dry processes. Eadrihprocess, heat is applied to
the film-forming materials to increase the temp@matto above the melting point of
the film-forming materials, to cause them to flowherefore, the thermoplastic
properties of the film-forming materials should identified in order to design film-
manufacturing processes. It is necessary to deterihie effects of plasticizers and
any other additives on the thermoplasticity of filre-forming materials (Guilberéet
al., 1997; Krochta, 2002). The wet process uses stivien the dispersion of film-
forming materials, followed by drying to remove tiselvent and form a film
structure. For the wet process, the selection bviests is one of the most important
factors. Since the film-forming solution should bdible and biodegradable, only
water, ethanol and their mixtures are appropriateavents (Krochta, 2002). All the
ingredients of film-forming materials should be stived or homogeneously
dispersed in the solvents to produce film-formingusons (Cuqet al., 1995;
Gennadiost al., 1994b; Guilbert and Gontard, 1995; Han and Floi@®7; Hanet
al., 2005). The film-forming solution should be apgdli¢o flat surfaces using a
sprayer, spreader or dipping roller and dried tmielate the solvent, forming a film
structure. Phase separation of incompatible ingredifrom the film-forming solution
is not generally desirable unless the phase sépaiatintentionally designed for the
formation of a bi-layer film structure. To produeehomogeneous film structure
avoiding phase separation, various emulsifiers lsanadded to the film-forming
solution (Krochta, 2002). The solvent compatibilifyingredients is very important to
develop homogeneous edible film and coating systeamsying active agents. All
ingredients, including active agents as well apdiymers and plasticizers, should be
homogeneously dissolved in the solvent to produle-fbrming solutions. Most
film-forming solutions possess much higher surfigeesion than the surface energy of

dried films, since they contain excessive amoutitsvater or ethanol (Hamt al.,
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2005). During the solvent drying process, the fiboming solution is concentrated

and its surface energy is decreased due to theiasdvent.

Wet or Solvent Dry

Process Process
Conditions: [ Biopolymer ] Conditions:
pH, Temperature, Time Pressure, Temperature, Time

Y v

[ souton | | Solid ]

\ 4

Solvent evaporation Compression molding

Extrusion technique

[ Biopolymeric film ]

Figure 2. Processing methods: wet (or solvent) and drygsec
Source: Adapted from Guerreret al. (2010)

1.2.5 Discoloration of protein-based film duringstorage

Generally, myofibrillar fish protein-based film hmoes yellowish
when being stored for a long time (Arthaah al., 2009; Cuqget al., 1996a).
Somanatharet al. (1992) reported that triethanolamine-treated cafiBims became
brown in color and were considerably less resistdi®r 1 year of storage at 25 °C
and 65% relative humidity (RH). The browning ralt&-¢alue/week) of myofibrillar
protein-based film from Atlantic sardine increaseith increasing relative humidity
and temperature (Cugj al., 1996b). Artharret al. (2009) reported the increaseltr
value of film from round scad muscle during storagfe 25 °C for 8 weeks.
Additionally, Chinabharlet al. (2007) also found the increasehit+value of protein-
based film from bigeye snapper surimi during steraf60 days. Cuet al. (1996a)
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reported that fish myofibrillar protein-based filnfiiom Atlantic sardines showed
yellow discoloration during storage for 8 week$&t7% RH and 20 °C, which could
be associated with the non-enzymatic browning reast between protein and
reducing sugars produced by partial hydrolysisaaicharose (as a plasticizing agent)
introduced in the formulation of film. Discolorati of film is possibly via the

Maillard reaction and directly limits the appliaati of fish protein-based film.
1.2.6 Lipid oxidation

Lipid oxidation is a chain reaction by which unsatad fatty acids
react with the molecular oxygen to undergo autdiaga The reaction can be
influenced by both internal factors (fatty acid gqmsition, concentration of pro-
oxidants, endogenous ferrous iron, heme proteingog@iobin and hemoglobin) and
enzymes) and external factors (pH, temperaturecaryden consumption) (Chaet
al., 1997; Grunwald and Richards, 2006; Nawar, 1998 autoxidation includes

several steps of reactions (Michael, 2001).

Initiation

At this step, a fatty acid radical is produced. Tingst notable initiators
in living cells are reactive oxygen species (RCs)¢ch as OHand HO,, which
combines with a hydrogen atom to make water aradty &cid radical.

IH+ X — L + XH
X' = oxidizing agent (F&, OH , H,0,)
L" = alkyl radical

Propagation

The fatty acid radical is not a very stable molegcsb it reacts readily
with molecular oxygen, thereby creating a perosytyf acid radical. This is an
unstable species that reacts with another frep &a&it, producing different fatty acid
radicals and lipid peroxide, or cyclic peroxideitifreacts with itself. This cycle

continues, as the new fatty acid radical reacteénsame way.
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LOOH
LOOH - LO + OH
2LOOH — LO + LOOC + H),O
M*+ LOOH — LO + OH + M™D*

MOD*+ 4+ |OOH —  LOO + H + M™

LO = alkoxyl radical

LOO = peroxyl radical

LOOH = hydroperoxide

M " = metal ion
Termination

This step is the final step of reaction. When acaldeacts with a non-
radical, it always produces another radical, whgctwhy the process is called a "chain
reaction mechanism”. The radical reaction stopsmih® radicals react and produce
a non-radical species. This happens only when dheentration of radical species is

high enough for collision of two radicals.

L+ L — L-L
L+ LOO — LOOL
LOO + LOC — LOOL + Q@
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Generally, fish muscle contains high levels of polsaturated fatty
acids (PUFAs) as well as the presence of poteatitators, such as heme pigments
and trace metals (Richards al., 2002). Fatty and medium-fatty species are very
susceptible to loss of nutritional quality and $boing of shelf life because of lipid
oxidation. Oxidation process leads to the format free radicals and lipid
hydroperoxides, primary products of oxidation whimeak down to secondary lipid
oxidation compounds such as alcohols, aldehydeskeaitmhes (Hultin, 1994). During
storage at room temperature (28-30 °C), the iner@a$ipid oxidation was observed
in dried fish powder from round scad (Arthatral., 2009) and even in frozen storage
(below -18 °C) of horse mackerel patties (Giméetest., 2011).

Lipid oxidation under low pH system could be rethteith the
enhanced autoxidation of hemoglobin at reduced Tddirfugaet al., 1998). Low pH
lowers oxygenation of hemoglobins and deoxy-fornuldobe generated, thereby
enhanced the lipid oxidation (Richards and Hul#@00). It has been known that in
fish muscle contained pro-oxidants such as hemayglahyoglobin and free irons
(Richards and Hultin, 2000). Chaijagt al. (2006) found that the oxidation of
myoglobin of sardine and mackerel muscles becars:se with increasing storage

time.

1.2.6.1 Factor affecting lipid oxidation in muscle

1.2.6.1.1 Heme proteins

It has been known that heme proteins (hemoglobihnayoglobin) are
endogenous catalysts of fish muscle lipid oxidati@tultin, 1994). The most
abundant heme compounds found vivo are myoglobin and hemoglobin.
Hemoglobin (Hb) is the main pigment in red bloodlscand myoglobin (Mb) is the
main pigment in the muscle cell. The wide distnbatof heme compounds in
biological systems and especially the high conegioin of hemoglobin in red blood
cells and myoglobin in tissues has led to assumgtiat heme-compound-catalyzed
lipid peroxidation is a basic pathological reactiarvivo and a deteriorative reaction
in muscle foods (Apte and Morrissey, 1987; Kaschaitd Hatefi, 1975; Rhee, 1988).

Muscle-pigment-initiated lipid oxidation, leading txidative deterioration, has been



26

extensively reported in meats, as lipid peroxidatio muscle foods is the reaction
which often limits storage (Richardsal., 1998).

1.2.6.1.2 pH

The system under different pH conditions can havéngact on pro-
oxidative properties of hemoglobin and the susbdpyi of the muscle to lipid
oxidation. After low pH treatment, washed cod mesdecame slightly more
susceptible to lipid oxidation, while alkaline theeent slightly protected the muscle
from lipid oxidation mediated by trout hemoglobikristinsson and Hultin, 2004).
The exposure of trout Hb (hemoglobin) to low pH reased its prooxidative
properties (Kristinsson and Hultin, 2004). Longafalding times and a lower pH led
to less refolded Hb and increased prooxidativevegt(Vareltzis and Hultin, 2007).
The high oxidation state myoglobin species, thaperferryland ferryl-myoglobin,
are producedn vivo and are major prooxidative candidates in musctethdoods
(Carlsenet al., 2005). Low pH favors the protonation of the férspecies, which
exhibit great instability and can be consideredpassessing a radical-like nature
(Reeder and Wilson, 2001). Richards and Hultin @0@ported that there was a
rapid trout Hb-mediated lipid oxidation of washemtianuscle at pH 3.5, while there
was a considerable lag phase and a slower ratgiddéton at pH 7.8. Vareltzis and
Hultin, (2007) reported that citric acid and cafoiehloride were able to inhibit lipid

oxidation of microsomal suspensions.

1.2.6.1.3 Fatty acids

Fish muscle contains saturated fatty acids (SFA)naunsaturated
fatty acids (MUFA) and polyunsaturated fatty ac(@4JFA). Oxidation in fish oils
has a significant impact on fatty acids (Dahl analddta, 1999). Moreover, fish lipids
are rich in unsaturated fatty acids, and it is wetlognized that oxidation of the lipid
fraction of fish muscle is a major cause of detation in fatty fish (Brannan and
Erickson, 1996; Harris and Tall, 1994). PUFAs ageywsusceptible to oxidation even
under mild ambient conditions and are easily inocaped into the chain mechanism
of lipid peroxidation to yield free and peroxy realls, which may accelerate lipid

oxidation. In general, docosahexaenoic acid C22:6§) (DHA) was usually more
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abundant than eicosapentaenoic acid C20:5) (EPA) (up to 2-3 times)
(Kolakowskaet al., 2002). The high content of DHA was coincidentéthwhe high
content of phospholipids, which normally contaitnigh amount of polyunsaturated
fatty acids (Chaijaret al., 2006). Since triglycerides and phospholipids uwweeat
hydrolysis into free fatty acids, free PUFA and MAJPpossibly further undergo
oxidation to a greater extent than SFA (Chaggal., 2006).

1.2.6.1.4 Washing process

Washing process has been used widely in the sundustry to
remove small molecular-weight proteins such asogd@asmic proteins, fat, blood and
heme proteins (hemoglobin and myoglobin) and tcceatrate myofibrillar proteins,
which are most likely essential for gel networknf@ation (Moriokaet al., 1997; Park
et al., 1997). Heme proteins known as potentials proanis, can be removed by
washing. Washing process with cold water could meedomyoglobin from shot-
bodied mackerel muscle by 61%, compared with coitrovashed) (Chaijast al.,
2010). Washing process could remove some lipidsedlsas heme proteins, thereby
reducing lipid oxidation (Hultin and Kelleher, 20005arcoplasmic proteins (e.g.
hemoglobin and myoglobin) might have contributedii®e enhancement of Maillard
browning reaction in acid or alkali treated gelsangKet al., 2003). Eymarcdet al.
(2009) reported the decrease in primary oxidatimuypcts (lipid hydroperoxides) and
secondary oxidation products (volatiles) in washmohce from horse mackerel

(Trachurus trachurus) by increasing washing steps during storage.

1.2.6.2 Use of antioxidant

An antioxidant is a chemical compounds capable nbiibiting the
oxidation of lipids. Oxidation is a chemical reactithat transfers electrons from a
substance to an oxidizing agent. Oxidation reastman produce free radicals. In turn,
these radicals can start chain reactions that darmelts. Antioxidants terminate these
chain reactions by removing free radical intermidiaand inhibit other oxidation
reactions (Frankel, 1998; Sies, 1997).

Antioxidants present in foods and other biologicahterials have

attracted considerable interest because of théatysand potential nutritional and
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therapeutic effects. Because extensive and experissting of food additives is
required to meet safety standards, synthetic adi@oks have generally been
eliminated from many food applications. Synthetinti@xidants like butylated

hydroxytoluene (BHT), butylated hydroxyanisole (BHApropyl gallate, tertiary

butylhydroquinone (TBHQ), trihydroxybutyrophenomerdihydroguairetic acid and

ethoxyquin have been reported to be effective ducgon of lipid oxidation (Shahidi

et al., 1987). However, use of these types of antioxgletontrolled because of their
carcinogenic potential and toxicity (Chenal., 1992; Sherwin, 1990; Whysner and
Williams, 1996). The increasing interest in therskaor natural replacements for
synthetic antioxidants has led to the antioxidavdl@ation of a number of plant
sources.

Natural phenolic compounds have been proved toeffective in
preventing rancidity of many lipid systems, in parar fish oils (Medinaet al.,
1999) and minced fish muscle or surimi (Fagbenmb Jauncey, 1994; Ikawa, 1998).
Tannic acid exhibited the highest antioxidativeiaist, compared with the others
(catechin, caffeic acid and ferulic acid) and copidvent lipid oxidation effectively
in menhaden oil-in-water emulsion as well as irh freince whereas ferulic acid
seemed to possess the lowest preventive effecipoh dxidation (Magsood and
Benjakul, 2010). The inhibition of mackerel (Bamresj 2006) tilapia and gray mullet
gill lipoxygenase (LOX), which is initiator of awaxidation of fatty acids, by green
tea extract was reported (Liu and Pan, 2004). fireat with tea extract improved
oxidative stability in ground white mackerel meatrgples (He and Shahidi, 1997).
Soybean meal (SBM) extracts were effective in oetay lipid oxidation in
refrigerated trout mince (D'Souza and SkonbergP201
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1.2.7 Maillard reaction

The Maillard reaction has been named after thedfr@hemist Louis
Maillard who first described it but it was only 953 that the first coherent scheme
was put forward by Hodge (1953) (Figure 3). At anlyestage, a reducing sugar, like
glucose, condenses with a compound possessing arfiao group (of an amino acid
or in proteins mainly the-amino group of lysine, but also theamino groups of
terminal amino acids) to give a condensation prodlisubstituted glycosylamine,
which rearranges to form the Amadori rearrangerpesduct (ARP). The subsequent
degradation of the Amadori product is dependertherpH of the system. At pH 7 or
below, it undergos mainly 1,2-enolisation with tRhermation of furfural (when
pentoses are involved) or hydroxymethylfurfural (HMwhen hexoses are involved).
At pH >7 the degradation of the Amadori compounth@ught to involve mainly 2,3
enolisation, where reductones, such as 4-hydrore8yl-2,3-dihydrofuran-3- one
(HMF°"® and a variety of fission products, including atetpyruvaldehyde and
diacetyl are formed. All these compounds are highbctive and take part in further
reactions (Martins and Van Boekel, 2003). Carbarglups can condense with free
amino groups, which results in the incorporatiomitfogen into the reaction products
(Ames, 1990; Sensidomt al., 1999). Dicarbonyl compounds will react with amino
acids with the formation of aldehydes andminoketones. This reaction is known as
the Strecker degradation. Subsequently, in an agdastage, a range of reactions
takes place, including cyclizations, dehydratiometroaldolizations, rearrangements,
isomerizations and further condensations, whichmaltely, in a final stage, lead to
the formation of brown nitrogenous polymers and pobsmers, known as
melanoidins (Martingt al., 2001).

Due to high content of polyunsaturated fatty anidish muscle, lipid
oxidation more likely takes place. This is ass@dawith the increases in yellowness
of muscle. Thanonkaew# al. (2006) reported the increaselfrvalue (yellowness) of
squid muscle during frozen storage. Phospholipid beaen involved in Maillard
reaction by providing amine group in reaction waldehydic oxidation products
(Thanonkaevet al., 2006).
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Figure 3. Maillard reaction scheme.
Source: Martinset al. (2001)

1.2.8 Fish protein isolate

The production of protein isolates with improvedability and
functionality from fish by-products and low valuederutilized fish species are of
great interest in the fish industry. The pH-shifogess is a one method for making
functional protein isolate from underutilized musgrotein resources (Hultin and
Kelleher, 2000) (Figure 4). An acid or alkaline wgalization process is applied to
solubilize muscle proteins at either high or low.pHhe solubilization of proteins
makes it possible to remove unwanted high-densitjmponents, such as bones,
scales, connective tissues, cell membranes; arah sand low-density components,

such as neutral lipids, by centrifugation. The biized muscle proteins are then
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collected and recovered by precipitating them airtisoelectric point (Kristinsson
and Hultin, 2003; Kristinssod al., 2005; Undelandt al., 2002). Although different
amount of membrane lipids can be removed during acid alkali-aided protein
isolation, the residual membrane phospholipid$ gddily undergo oxidation in the
presence of strong pro-oxidants like Hb, which tgtheir effective utilization for
surimi production and as injection or tumbling mades to improve water holding
capacity of fish fillets (Nolsge and Undeland, 20B8ghavan and Hultin, 2009). The
use of neutral antioxidants, may offer a novel apph to enhance the oxidative
stability of fish protein isolates. Marmon and Ulaohel (2010) reported protein
isolates from herringQlupea harengus) prepared by both acid and alkaline pH-shift
processes had a significantly whiter color and &igirotein and lower in ash, Ca, Mg
and lipid contents than the starting material. fdraoval of pigments such as melanin
and heme proteins during pH-shift processing wdhlgs be of great interest to
increase the possibilities to utilize protein isetaoriginating from darkmuscle fish
species (Marmon and Undeland, 2010). Higher progetds, and greater lipid and
pigment reductions of protein isolate from tilapiascle were achieved with the acid-
alkaline-aided processes than with the conventigradhing process (Rawdkueh
al., 2009). Chaijanet al. (2010) reported that gel of short-bodied mackerel
(Rastrelliger brachysoma) protein isolate prepared using alkaline-aidedcess
showed the higher breaking force than conventisnami, possibly due to the partial
denaturation of protein after alkaline treatmendm® sulfhydryl groups exposed
underwent oxidation during heat treatment and fideilbond was formed in gel
network. In contrast, gel strength and deformatbprotein isolated using acid- and
alkaline-aided processes from Pacific whiting anthpia were lower than
conventional surimi. Fish proteins were extremedpatured during pH-shift process,
particularly in acidic condition (Choi and Han, 200Rawdkuenet al., 2009),
resulting in poor gelation.
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Objectives

1. To study the effect of washing and pH on the progeiand yellow discoloration
of protein-based film from red tilapia and to etlatie the role of lipid oxidation
on discoloration of resulting films.

2. To investigate the effect of oxygen and antioxidaot lipid oxidation and yellow
discoloration of protein-based film from red tilapmince during extended
storage.

3. To investigate the properties of film from prot&olate from red tilapia prepared
at acidic and alkaline condition and the yellowcdisration of film during
storage.

4. To study the properties of protein-based film froed tilapia protein isolate
incorporated with antioxidant during extended ggeran comparison with film
from unwashed mince.

5. To study the protective role of protein-based filtom red tilapia protein isolate
in prevention of lipid oxidation in dry fish powdduring the extended storage.



CHAPTER 2

ROLESOF LIPID OXIDATION AND pH ON PROPERTIESAND
YELLOW DISCOLORATION DURING STORAGE OF
FILM FROM RED TILAPIA MUSCLE PROTEIN

2.1 Abstract

Protein-based films prepared from red tilapia washed and unwashed
mince solubilised at pH 3 and 11 were prepared and characterised. Tensile strength
(TS) of films from washed mince was greater than that of films prepared from
unwashed mince for both pH used (P < 0.05). TS of films prepared at pH 3 was
higher than that of films prepared at pH 11 for both of washed and unwashed mince
(P < 0.05). Film from washed mince with pH 3 showed the highest TS, while that
from unwashed mince with pH 11 had the lowest TS with the highest elongation at
break (EAB) (P < 0.05). Films from washed mince had the lower value of
thiobarbituric acid reactive substances (TBARS) than did those from unwashed
counterpart, regardless of pH used. Nevertheless, TBARS was much higher in films
prepared at acidic pH, compared with those prepared at alkaline pH. During storage of
20 days at room temperature, films became yellowish as evidenced by the increasesin
b* and AE*-values. Films prepared at pH 11 showed the higher b* and AE*-values
than did those prepared at pH 3, especially for those from unwashed mince. However,
films prepared from washed mince at pH 3 showed higher b* and AE*-val ues than did
those prepared at pH 11 (P < 0.05). Films generaly had the increase in TS but the
decreases in water vapor permeability (WVP), film solubility and protein solubility
after 20 days of storage (P < 0.05). Therefore, lipid oxidation more likely played a
role in yellow discoloration of fish muscle protein film, mainly by providing the

carbonyl groups involved in Maillard reaction, while pH regulated the rate of reaction.

34
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2.2 Introduction

Biodegradable packagings from biopolymers have been received
increasing attention because they are environmentally friendly alternative materials
for non-biodegradable synthetic polymers. Biopolymers can be classified into four
groups. polysaccharide, protein, polyester and ethers (Shiku et al., 2003). Among
these materials, proteins have been extensively studied because of their relative
abundance, good film-forming ability and nutritional qualities (Gennadios et al.,
1994b; Krochta, 2002). Fish proteins including myofibrillar and sarcoplasmic protein
have been used as film-forming materials (Chinabhark et al., 2007; Iwata et al., 2000;
Paschoalick et al., 2003; Shiku et al., 2003; Shiku et al., 2004). Nevertheless,
myofibrillar fish protein-based film becomes yellowish when being stored for a long
time (Cuq et al., 1996a). Furthermore, Somanathan et al. (1992) reported that
triethanolamine-treated casein films became brown in color and were considerably
less resistant after 1 year of storage at 25 °C and 65% relative humidity (RH). The
browning rate (b*-value/lweek) of myofibrillar protein-based film increased with
increasing relative humidity and temperature (Cuq et al., 1996a). Discoloration of
filmis possibly viathe Maillard reaction.

The Maillard reaction involved in the formation of brown pigments
comprises the condensation between an amine group of free amino acid (such as
amino acids, peptides, protein) and carbonyl group of reducing sugars, adehyde,
ketone, etc. (Jing and Kitts, 2004). Fish muscle contains a large amount of the
polyunsaturated fatty acid, especialy 3 fatty acids, which are susceptible to
oxidation (Chen-Huei and Yih-Ming, 1998). Lipid oxidation associates with the
formation of unstable hydroperoxides, which are decomposed to the secondary
products such as adehydes, etc (Boyd et al., 1993; White, 1991). Those aldehydes
could serve an excellent source of carbonyl for glycation process. Due to the large
surface of film, those fatty acids could undergo oxidation with ease and this may
cause the yellow discoloration of fish protein-based film. Generally, fish muscle is not
soluble and acid or alkaline solubilization is required for preparation of film forming-
solution. At acidic or alkaline pH, the indigenous proteinases would be activated and

hydrolyse the proteins, providing of free amino group for Maillard reaction. It has
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been reported that different fish contained different types of proteinases. Additionally,
pH may determine the rate of yellow discoloration of fish protein-based film.
Therefore, the objectives of this investigation were to study the effect of washing and
pH on the properties and yellow discoloration of protein-based film from red tilapia

and to elucidate the role of lipid oxidation on discoloration of resulting films.

2.3 Materialsand method

2.3.1 Chemicals

Glycerol, sodium chloride (NaCl), sodium dodecylsulfate (SDS),
thiobarbituric acid, malondialdehyde bis (dimethyl acetal) and B-mercaptoethanol
(BME) were purchased from Sigma (St. Louis, MO, USA). Acrylamide, N,N,N', N'-
tetramethylethylenediamine (TEMED) and bis-acrylamide were obtained from Fluka
(Buchs, Switzerland).

2.3.2 Preparation of unwashed and washed mince

Fresh tilapia (400-500 g/fish) were purchased from a local market in
Hat Yai, Songkhla province, Thailand. Fish were kept in ice with a fish/ice ratio of
1:2 (w/w) and transported to the Department of Food Technology, Prince of Songkla
University within 30 min. Upon the arrival, fish were immediately washed, filleted
and minced to uniformity, using a mincer with a hole diameter of 0.5 cm. Washed
mince was prepared according to the method of Toyohara et al. (1990) with dlight
modifications. Fish mince was homogenised with 5 volumes of cold 0.05 M NaCl (2—
4 °C) at a speed of 13,000 rpm for 2 min, using an IKA Labortechnik homogeniser
(Selangor, Malaysia). The washed mince was filtered through two layer of cheese-
cloth. The washing process was repeated twice. Mince and washed mince obtained

were stored on ice until used for analysis or for film preparation.
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2.3.3 Chemical analyses of unwashed and washed mince

2.3.3.1 Proximate analysis
Protein, ash, fat and moisture contents of unwashed and washed mince
were determined according to AOAC method (2000) with the analytical of moisture,
protein, fat and ash content respectively.

2.3.3.2 Hemeiron content
The heme iron content was determined by using the acidified acetone
extraction method of Hornsey (1956). The absorbance was read at 640 nm and the
heme iron content was calculated using a molar extraction coefficient of 4800

Mtem™

2.3.3.3 SDS-polyacrylamide gel electrophoresis (SDS-PAGE)

Protein patterns of washed and unwashed mince were determined by
SDS-PAGE using 4% stacking gel and 10% running gel according to the method of
Laemmli (1970). Samples (3 g) were solubilised in 27 ml of 5% SDS. The mixture
was homogenised for 1 min at a speed of 13,000 rpm using an IKA homogenizer and
incubated at 85 °C for 1 h to dissolve tota proteins. Proteins (15 pg) determined by
the Biuret method (Robinson and Hodgen, 1940) were loaded onto the gel and
subjected to electrophoresis at a constant current of 15 mA per gel using a Mini-
PROTEAN Il unit (Bio-Rad Laboratories, Inc., Richmond, CA, USA). After
separation, the proteins were stained with 0.02% (w/v) Coomassie Brilliant Blue R-
250 in 50% (v/v) methanol and 7.5% (v/v) acetic acid and destained with 50% (v/v)
methanol and 7.5% (v/v) acetic acid for 12 min, followed by 5% (v/v) methanol and
7.5% (v/v) acetic acid for 3 h. Molecular weights of proteins were estimated from

protein markers.

2.3.4 Preparation of film-forming solution

The film-forming solution (FFS) from washed and unwashed mince
was prepared according to the method of Chinabhark et al. (2007). The washed and
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unwashed mince (200 g) was added with 3 volumes of distilled water and
homogenised at 13,000 rpm for 1 min. The protein concentration of the mixture was
fixed at 2% (w/v). Glycerol, used as a plasticiser was added at 50% (w/w) of protein.
The mixtures were stirred gently for 30 min at room temperature. Subsequently, the
pH of mixture was adjusted to 3 or 11, using 1 M HCl and 1 M NaOH, respectively,
to solubilise the protein. FFS obtained was filtered through a layer of cheese-cloth to

remove undissolved debris. The filtrate was used for film casting.
2.3.5 Film casting and drying

To prepare the film, FFS (4 g) was cast onto a rimmed silicone resin
plate (50 x 50 mm?) and air-blown for 12 h at room temperature prior to further
drying at 25 °C and 50+5% RH for 24 h in an environmental chamber (WTB Binder,
Tuttlingen, Germany). The resulting films were manually peeled off and used for

analyses.
2.3.6 Determination of film properties

2.3.6.1 Film thickness
The thickness of film was measured using a micrometer (Gotech,
Mode GT-313-A, Gotech testing machines Inc, Tawai). Five random locations

around each film of ten film samples were used for average thickness determination.

2.3.6.2 Mechanical properties
Prior to testing the mechanical properties, films were conditioned for
48 h at 25 °C and 50+5% RH. Tensile strength (TS) and elongation at break (EAB)
were determined as described by Iwata et al. (2000) with a slight modification using
the Universal Testing Machine (Lloyd Instrument, Hampshire, UK) equippted with
tensile load cell of 100 N. Ten samples (2 x 5 cm?) with initial grip length of 3 cm
were used for testing. Cross-head speed was set at 30 mm/min.
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2.3.6.3 Water vapor permeability (WVP)
WVP was measured, using a modified ASTM method (American
Society for Testing and Materials, 1989) as described by Shiku et al. (2004). The film
was sealed on an aluminum permeation cup containing dried silica gel (0% RH) with
silicone vacuum grease and a rubber gasket to hold the film in place. The cups were
placed in a desiccator containing the distilled water at 30 °C. The cups were weighed
at 1 hintervals over a 10 h period. WVP of the film was calculated as follows:

WVP (gm™*s*Pa?) = WAt (P, - Py)™*

wherew isthe weight gain of the cup (g); | isthe film thickness (m); A isthe exposed
areaof film (m?); t isthe time of gain (s); P2 - P1 is the vapor pressure difference
across the film (Pa). WV P was expressed as gm™ s* Pa™. A total of four filmswere
used for WV P testing.

2.3.6.4 Color
Color of the film was determined using a CIE colorimeter (Hunter
associates laboratory, Inc., VA, USA). Using Dgs (day light) and a measure cell with
opening of 30 mm. The color of the films was expressed as b* and the difference of

color (AE*) was calculated as follows:

AE' = \[(AL') + (Aa)? + (Ab")?

where AL*, Aa* and Ab* are the differentials between the color parameter of the
samples and the color parameter of the white standard (L* = 93.59, a* = - 0.98, b* =
0.35) used as the film background.
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2.3.6.5 Light transmittance and transpar ency value
Light transmittance of films was measured in ultraviolet and visible
range (200-800 nm) using UV-vis spectrophotometer (Shimadzu UV-1800, Kyoto,
Japan) as described by Shiku et al. (2004). The transparency vaue of film was
calculated using the following equation (Han and Floros, 1997):

Transparency vaue = -logTeoo/X

where Tgo is the fractional transmittance at 600 nm and x is the film thickness (mm).

The greater transparency val ue represents the lower transparency of film.

2.3.6.6 Film solubility and protein solubility

Film solubility was determined according to the method of Gennadios
et al. (1998). The conditioned film samples (2 x 5 cm?) were weighed and placed in a
50 ml centrifuge tube containing 10 ml of distilled water with 0.1% (w/v) sodium
azide. The mixture was shaken at a speed of 250 rpm using a shaker (Heidolth
Inkubator 10000, Schwabach, Germany) at 30 °C for 24 h. Undissolved debris was
removed by centrifugation at 3000g for 20 min using a centrifuge (model J-E Avanti,
Beckman Coulter, Inc., Palo Alto, CA, USA). The pellet was dried at 105 °C for 24 h
and weighed. The weight of solubilised dry matter was calculated by substracting the
weight of unsolubilised dry matter from the initial weight of dry matter and expressed
as a percentage of the total initier dry matter weight.

To determine the protein solubility, the protein concentration in the
supernatant was determined using the Biuret method (Robinson and Hodgen, 1940).
Protein solubility was expressed as the percentage of total protein in the film, which
was solubilised with 0.5 M NaOH at 30 °C for 24 h.

2.3.6.7 Protein pattern
Protein patterns of films were determined using SDS-PAGE using 4%
stacking gel and 10% running gel according to the method of Laemmli (1970). To
solubilise the films prior to SDS-PAGE analysis, films were mixed with 20 mM Tris
HCI (pH 8.8) containing 2% SDS and 8 M ureain the presence and the absence of 2%
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BME. The mixture was homogenised at 13,000 rpm for 1 min. The homogenate was
stirred continuously for 24 h at room temperature (28-30 °C). Then, the sample was
centrifuged at 75009 for 10 min at room temperature using a centrifuge (model J-E
Avanti, Beckman Coulter, Inc., Palo Alto, CA, USA). The supernatant was subjected
to SDS-PAGE as described previoudly.

2.3.6.8 Determination of TBARS

TBARS value of film was determined according to the method of
Buege and Aust (1978). Film (0.05 g) was mixed with 2.5 ml of TBA solution (0.375
g of thiobarbituric acid, 15 g of trichloroacetic acid, and 0.875 ml of hydrochloric acid
mixed thoroughly in 100 ml of distilled water). The mixture was heated for 10 min in
a boiling water bath (95-100 °C) to develop pink color, cooled with tap water and
centrifuged at 7500xg for 10 min. Absorbance of the supernatant was measured at 532
nm. A standard curve was prepared using malonaldehyde bis (dimethyl acetal)
(MDA) at concentrations ranging from O to 10 mM. TBARS value in each sample
was expressed as mg MDA /kg dried sample using the standard curve.

2.3.7 Effect of storage time on changes in properties of film from red tilapia

muscle

Films from washed and unwashed mince were prepared at pH 3 and 11
as described above. After drying, films were placed in a humidity control chamber
(50% RH) and stored at room temperature (28-32 °C). Samples were taken for all
analyses, except light transmittance, transparency value, color and TBARS value were

monitored every 5 days for totally 20 days.

2.3.8 Effect of pH on protein degradation in film for ming solution

The film-forming solutions from both washed and unwashed mince
were prepared under acidic (pH 3) and alkaline (pH 11) conditions, as described
previously. The solution was allowed to stand at room temperature and taken for
analysis at 0, 3, 6, 9 and 12 h. At the time designated, the solution was neutralized
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using either 1 N NaOH or 1 N HCI. Then, the neutralized solution was mixed with 5%
SDS at a ratio of 1:1 (v/v). The mixture was incubated at 85 °C for 15 min and
centrifugation at 3500g for 5 min. The supernatants were subjected to SDS-PAGE
analysis (Buege and Aust, 1978) and a-amino content determination.

2.3.8.1 a-amino group content

The a-amino group content was determined according to the method of
Benjakul and Morrissey (1997). Properly diluted samples (125 pl) were mixed
thoroughly with 2.0 ml of 0.20 M phosphate buffer, pH 8.2, followed by the addition
of 1.0 ml of 0.01 % TNBS solution. The mixtures were then placed in a water bath at
50 °C for 30 min in the dark. The reaction was terminated by adding 2.0 ml of 0.1 M
sodium sulfite. The mixtures were cooled down at ambient temperature for 15 min.
The absorbance was measured at 420 nm using a double beam spectrophotometer
(model UV-1800, Shimadzu, Kyoto, Japan) and a-amino group content was expressed

in terms of L-leucine.

2.3.8 Statistical analysis

All experiments were run in triplicate. Data were subjected to analysis
of variance (ANOVA) and mean comparisons were carried out by Duncan’s multiple
range test. For pair comparison, T-Test was used. (Steel and Torrie, 1980). Analysis
was performed using the SPSS package (SPSS for windows, SPSS Inc., Chicago, IL).
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2.4 Results and Discussion

2.4.1 Chemical compositions

Chemical compositions of washed and unwashed mince of red tilapia
muscle are shown in Table 3. Protein was found as a mgjor constituent for washed
mince and unwashed mince (13.19% and 17.25% wet weight, respectively). The flesh
of fish normally contains 11-24% crude protein, depending on the species, the type of
muscle, etc. (Sikorski et al., 1990). Based on dry weight, washed mince and
unwashed mince contained 84.27% and 79.31% protein content, respectively. The
result indicated that washing could remove other soluble components, leading to the
concentrated proteins.

After washing, the fat content was decreased. Thisimplied that washed
mince was more likely less susceptible to lipid oxidation. Coincidentally, heme
protein content was lowered in washed mince. Heme protein has been shown to be
pro-oxidant in muscle food (Brannan et al., 2001; Brannan and Decker, 2001).
Therefore, washing played a role in lowering lipid substrate and prooxidative heme
protein. In general, washing process can remove fat and undesirable materials, such as
blood, pigments and odorous substances and increase the concentration of
myofibrillar protein (Lanier and Lee, 1992). Ash content in washed mince was aso
slightly decreased, compared with that found in unwashed mince.

Protein patterns of washed mince (WM) and unwashed mince (UWM)
are depicted in Figure 5. Myosin heavy chain (MHC), actin and tropomyosin were
found as the dominant proteins in washed and unwashed mince. After washing, band
intensity of myofibrillar proteins (MHC and actin) was increased. The myofibrillar or
salt soluble proteins constitute 54% of total proteins (Wahyuni et al., 1998). They are
insoluble in water, but become soluble by adjusting the pH to very acidic or akaline
pH. Under reducing condition, high MW cross-link became disappeared with the
coincidental increasein MHC and actin band intensity. The result suggested that those
proteins or cross-links were mainly stabilized by disulphide bond. Disulphide bond is
another bond involving in muscle protein stabilization in muscle (Saxena and
Wetlaufer, 1970).



Table 3. Chemica composition of washed and unwashed mince of red tilapia

Composition (% wet weight) Washed mince Unwashed mince
Moisture 85.73 + 0.39% 80.24 + 0.05”"
Protein 13.19+ 0.66° 17.25+0.17°
Fat 1.08. + 0.05 1.52 + 0.03%
Ash 0.49 + 0.05 1.07 + 0.04%
Heme iron (mg/100g dried sample) 0.05+ 0.01° 0.08 + 0.00°

* Mean + SD (n=3).
Different lowercase superscripts in the same row indicate the significant differences

(P<0.05).

Figure>5.
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2.4.2 Properties of protein based film from washed and unwashed mince of
red tilapia

2.4.2.1 Mechanical properties

Mechanical properties and thickness of films from washed and
unwashed mince of red tilapia prepared at acidic (pH 3) and akaline (pH 11)
condition at day O and 20 of storage are shown in Table 4. Films from washed and
unwashed mince prepared with different pH levels had the similar thickness (P >
0.05). At the same pH used for film preparation, TS of films from washed mince was
higher than that of films from unwashed mince (P < 0.05). This result suggested that
the remova of the water soluble protein and low-molecular-weight protein such as
sarcoplasmic protein from the flesh as well as the concentration of myofibrillar
proteins by washing process resulted in the improved TS of the films. Washed mince
containing a greater content of myofibrillar proteins, which had the fibrillar structure,
and high molecular weight and rendered the films with the stronger network (Artharn
et al., 2008). Iwata et al. (2000) observed that the reduction of the sarcoplasmic
protein concentration from 4% to 2% in FFS caused a significant increase in TS of
films. For unwashed mince, sarcoplasmic proteins were also present. Those proteins
and fat in mince might have the lower film forming ability, compared with
myofibrillar proteins. As a result film from unwashed mince showed the lower TS
than did that from washed mince. High TS is generally necessary for edible filmsin
order to withstand the normal stress encountered during their application, subsequent
shipping, and the food handling. However, flexibility of edible films, i.e., EAB should
be adjusted according to the intended application of edible films. The main
interactions involved in the structure of both sarcoplasmic and myofibrillar protein
films are intermolecular covalent bonds with the secondary hydrophobic and
hydrogen interactions (Choi and Han, 2002; Rangavajhyaa et al., 1997; Rhim et al.,
2002; Shiku et al., 2003). Additionally, disulphide bond formation plays an important
role in the development of the fish protein film (Iwata et al., 2000). When comparing
the effect of pH on TS of resulting films, TS of films prepared at pH 3 was higher
than that of films prepared at pH 11 for both washed and unwashed mince (P < 0.05).
Film from washed mince with pH 3 showed the highest TS, while that from unwashed
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mince with pH 11 had the lowest TS (P < 0.05). Acidic pH might favour the
solubilisation and subsequent alignment of protein molecules, in the way which
interjunctions with strong bonds were formed.

For EAB, films prepared from unwashed mince had the higher EAB
than did those from washed mince, regardless of pH used (P < 0.05). Nevertheless,
pH had no impact on EAB of film (P > 0.05). This result was in accordance with
Hamaguchi et al. (2007) who reported that pH level had no effect on EAB of protein
films from blue marlin (Makaira mazara). In general, the higher TS of film was
concomitant with the lower EAB. The higher EAB reflected the increased flexibility.
The increased EAB of film prepared from unwashed mince was more likely caused by
the presence of weaker bonds stabilising film matrix.

Films prepared at pH 3 from washed and unwashed mince generaly
had the increasesin TS after 20 days of storage (P < 0.05). However, film prepared at
pH 11 had no changes in TS after storage (P > 0.05). Additionally, it was found that
no changesin EAB of al films were observed after storage (P > 0.05). The increase in
TS of film prepared at pH 3 after 20 days of storage was probably due to the enhanced
interaction between protein molecules, leading to the increased rigidity of resulting

film.

2.4.2.2 Water vapor permeability (WVP)

WVP of films from washed and unwashed mince prepared at different
pH levels (pH 3 and 11) at day 0 and 20 of storageis shown in Table 4. At day O, film
from washed mince and prepared a pH 3 had the lowest WVP (P < 0.05).
Nevertheless, WVP of other films was not different (P > 0.05). The lowest WVP of
the film from washed mince prepared at pH 3 was in agreement with the highest TS
(Table 4). The film with strong interaction of protein molecules in the matrix more
likely had the compactness. This resulted in the lower migration of moisture through
the film. Chinabhark et al. (2007) reported that films from bigeye snapper
(Priacanthus tayenus) surimi prepared at pH 3 and 11 (P > 0.05), had no differences
in WVP when the same protein content was used. Iwata et al. (2000) observed no
differences in WVP of fish water soluble protein (FWSP) films from blue marlin
prepared at pH 4 and 10 (P > 0.05), but WV P of the films prepared at pH 12 showed
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Table4. Properties of films from washed mince (WM) and unwashed mince
(UWM) of red tilapia prepared at pH 3 and 11 at day 0 and 20 of storage.
Storagetime  Materials pH TS EAB WVP Thickness
(Days) levels (MPa) (%) (x 10" gm?s'Pal)  (mm)
0 WM 3 7.07+045%%  54.38+4.67°"  4.47+0.33* 0.030 + 0.005%
11 569+ 012> 5648+ 217°" 505+ 0.28*" 0.029 + 0.002°
UWM 3 3.60+0.46%®  60.30+6.43%" 505+ 0.29*" 0.031 + 0.003°
11 3.12+0.09%  63.02+3.81*  507+0.23* 0.030 + 0.004°
20 WM 3 7.64+0.30%" 5347+503"*  3.58+0.16™F 0.032 + 0.0032
11 5.85+052°"  56,01+351®" 3.82+0.11°8 0.032 + 0.002°
UuwMm 3 446 £ 052"  57.79+225%A  349+0.13°B 0.035 + 0.004°
11 3.31+021%  6043+4.63*  4.32+0.21*B 0.033 + 0.004°

*Mean + SD (n=3).

Different lowercase superscripts in the same column under the same storage time
indicate significant differences (P < 0.05). Different uppercase superscripts in the
same column under the same material and pH levels used indicate significant
differences (P < 0.05).

dightly higher value (P < 0.05) (Hamaguchi et al., 2007). Thus, the differences in pH
FFS did not apparently influence WVP (Kester and Fennema, 1986; Krochta and
Johnston, 1997; Miller and Krochta, 1997). Although edible films obtained from
protein exhibit the good mechanical properties, but their water vapor barrier
characteristics are usually poor because of their hydrophilic nature (Guilbert, 1986;
Kester and Fennema, 1986). Fish muscle is hydrophilic associated with polar amino
acids. Paschoalick et al. (2003) reported that the muscle protein of Nile tiapia had
polar ionic amino acids (aspartic acid, glutamic acid, arginine and lysine) at high
concentration. After 20 days of storage, WV P of all films decreased (P < 0.05). This
result suggested that film matrix became denser due to the alignment or further cross-
linking during the extended storage. It was noted that for films prepared from
unwashed mince, those prepared at pH 11 had the greater WV P than those prepared at
pH 3 (P < 0.05). However, no difference in WVP was observed between films from
washed mince prepared at different pH at 20 days of storage (P > 0.05). Thus, both
washing and pH had the influence on WV P of resulting film after extended storage.
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2.4.2.3 Film solubility and protein solubility

Film solubility of films from washed and unwashed mince prepared at
different pH levels at day 0 and 20 of storage is shown in Table 5. The solubility of
films from unwashed mince was higher than that of film from washed mince for both
pH 3 and 11 (P < 0.05). Washing process could remove the sarcoplasmic or water-
soluble proteins as well as some water-soluble components in fish muscle, leading to
the lowered solubility of film from washed mince. Sarcoplasmic proteins might not
cross-link with the myofibrillar proteins effectively, resulting in the weakened
attachment between protein molecules in film matrix (Artharn et al., 2008). For both
films from washed and unwashed mince, films prepared at pH 3 had the higher
solubility than those prepared at pH 11 (P < 0.05). Alkaline condition might favor the
formation of high MW cross-links, resulting in the lowered solubility. In akaline
environment, it is possible that disulphide bonds in the myofibrillar proteins are
reduced to sulfhydryl group, which will reform disulphide bonds to yield the film
structure upon casting and drying of the FFS (Shiku et al., 2003). Films prepared at
pH 11 from both washed and unwashed mince had the lower film solubility and
protein solubility than those prepared at pH 3, especially at the beginning of the
storage (O day). Also, glycerol used as plasticiser might bind with film matrix to a
higher extent. Thus, glycerol was less leached out. After 20 days of storage, film
solubility and protein solubility of all films were decreased (P < 0.05). Films prepared
at pH 3 from both washed and unwashed mince had the decrease in the film solubility
and protein solubility at the higher rate than those prepared at pH 11. The decreases in
both film solubility and protein solubility reflected the enhanced interaction between
protein molecules during extended storage.
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Table5. Film solubility and protein solubility of films from washed mince (WM)
and unwashed mince (UWM) of red tilapia prepared at pH 3 and 11 at day
0 and 20 of storage.
Storagetime Materias pH Film solubility  Protein solubility
(Days) levels (%) (%)
0 WM 3 80.76 + 1.84°° 7543+ 1.73°%
11 35.16 + 1.52°% 1258 + 0.34%"
UWM 3 86.25+ 1.90°®  80.22 + 2.10°"
11 38.70+0.37°F  12.60 + 0.32%"
20 WM 3 16.86+3.10°*  6.63+0.13""
11 19.70 + 1.28"*  6.35+0.14"*
UWM 3 27.07+1.16**  12.62+ 0.67*"
11 2240+188""  6.98+0.07°"

*Mean + SD (n=3).

Different lowercase superscripts in the same column under the same storage time
indicate significant differences (P < 0.05). Different uppercase superscripts in the
same column under the same material and pH levels used indicate significant
differences (P < 0.05).

2.4.2.4 Protein pattern

Protein patterns of films from washed and unwashed mince prepared at
pH 3 and 11 at day 0 and 20 of storage determined under reducing and non reducing
conditions are presented in Figure 6. For films from washed mince, some protein
bands with MW lower than MHC were observed when pH 3 was used. On the other
hand, most of proteins with MW of 97-200 kDa disappeared in film prepared at pH
11. Similar protein pattern was found between films from washed and unwashed
mince prepared at pH 3. Nevertheless, for films prepared at pH 11, most of protein
bands disappeared. The disappearance of the protein band might be due to cross-
linking of protein induced by akaline pH. It was noted that Maillard reaction is
favored at akaline pH (Benjakul et al., 2005). The glycation more likely occurred at
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alkaline pH, leading to polymerisation of protein molecules in the film matrix. When
protein patterns were determined under reducing condition, more protein bands were
obtained, especially for film from unwashed mince prepared at pH 11. Actin and
tropomyosin bands were more regained, suggesting the role of disulphide bonds in
film stabilisation.

After 20 days of storage, most of protein bands were decreased in
intensity. It was obvious that the rate of decrease was more pronounced when pH 11
was used. The similar result was observed when SDS-PAGE was performed under
reducing condition. The result indicated that the cross-linking was more enhanced,
especialy at pH 11, when the storage time increased. This result suggested that some
proteins, especially actin, were cross-linked preferably by disulphide bond. SH groups
in muscle proteins underwent oxidation, in which disulphide bonds were formed. SH
groups of proteinsin FFS could be exposed at different degrees when varying pH was
used for protein solubilisation. As a result, those reactive groups might undergo

oxidation at different extents.
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Figure6. Protein patterns under non-reducing (A) and reducing (B) conditions of
films from washed mince (WM) and unwashed mince (UWM) of red
tilapia prepared at pH 3 and 11 at day 0 and 20 of storage.
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2425TBARS

TBARS values of films from washed and unwashed mince prepared at
pH 3 and 11 during storage at room temperature for 20 days are depicted in Figure 7.
After casting and drying, films from washed mince had the lower TBARS than did
those from unwashed mince for both pH used (P < 0.05). Nevertheless, TBARS value
was much higher in films prepared at acidic pH, compared with those prepared at
alkaline pH. Even though washing process could remove some lipid as well as heme
proteins such as hemoglobin and myoglobin, which were involved in lipid oxidation
(Chan et al., 1997; Koizumi et al., 1987), membrane lipids as well as some
prooxidants were dtill retained. As a result, lipid oxidation still occurred. Lipid
oxidation mediated by hemoglobin might be accelerated as evidenced by increased
TBARS. Low pH lowers hemoglobin oxygenation of hemoglobins and deoxy-form
could be generated, thereby promoting lipid oxidation (Richards and Hultin, 2000).
Acceleration of lipid oxidation by pH reduction could be due to enhanced auto-
oxidation of hemoglobin at reduced pH (Tsuruga et al., 1998). Films which were thin
and possessed a large surface area might be prone to oxidation owing to the increased
exposure to oxygen. The result suggested that lipid oxidation took place during
casting and drying. All film samples had the highest TBARS vaue at day 0 (after
complete drying). During drying in an environmental chamber, the oxidation took
place rapidly due to the lowered water content, in which lipids were more exposed to
atmospheric oxygen. Thereafter, a slight decrease in TBARS values of films prepared
at pH 3 were observed at day 5. No further change in TBARS value was found during
5-20 days of storage (P > 0.05). For films prepared at pH 11, the gradual decrease in
TBARS value was found during 20 days of storage (P < 0.05) for both films from
washed and unwashed mince. This indicated that those aldehyde compounds might
involve in Maillard reaction at a higher extent at pH 11. Furthermore, those volatile
oxidation products could be lost during the extended storage. Moreover, the lipid
oxidation products could interact with protein in the film, in which the stronger film
network could be obtained as indicated by the increased TS and decreases in EAB,
WVP and film solubility. Lipid oxidation can be initiated and accelerated by various
mechanisms including the production of singlet oxygen, enzymatic and non-

enzymatic generation of free radicals and active oxygen (Kubow, 1992). TBARS
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value in the protein system come from the lipid oxidation products such as aldehyde
or ketone, which could interact with TBA solution and pink color was developed.
Normally, TBARS assay is a method used to measure secondary lipid oxidation
products, specifically adehydes (Jardine et al., 2002). Due to greater oxidation of
lipid from fish muscle protein film for an extended period, lipid oxidation products
generated such substances as aldehydes or ketones might react well with reducing
sugar or amine group of free amino acid (such as amino acids, peptides and protein)
via Maillard reaction. Primary and secondary lipid oxidation products may react with
biologica amino constituents such as proteins, peptides, and free amino acids
(Aubourg et al., 1998; Pokorny, 1977). Aldehydes could create more change in the
conformation of myosin, which a greater accessibility of the aldehyde and the possible
reactivity with the amino acid side chains acting as nucleophiles. Aldehyde reacts
with free amino groups, such as the a-amino group of lysine, of proteins, leading to
intra or inter-molecular cross-links, that give rise to protein polymerization
(Kikugawa et al., 1988; Stapelfeldt and Skibsted, 1994).
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Figure7. Changes in TBARS of films from washed mince (WM) and unwashed
mince (UWM) of red tilapia prepared at pH 3 and 11 during the storage of
20 days. ACD: after casting and drying. Bars represent the standard
deviation (n=3). The different lowercase letters on the bars within the
same storage time indicate significant differences (P < 0.05). Different
uppercase letters on the bars within the same material and pH levels used
indicate the significant differences (P < 0.05).

2.4.2.6 Color

Color expressed as b*-value (yellowness) and AE* (total color
difference) of protein films from washed and unwashed mince prepared at pH 3 and
11 during storage for 20 days are depicted in Figure 8. At day O, the difference in b*
and AE*-values was observed among all films. Film from unwashed mince prepared
at pH 11 had the highest b* and AE*-value, while that from washed mince prepared at
the same pH (pH 11) showed the lowest b* and AE*-value (P < 0.05). The result
indicated that during casting and drying, discoloration took place, mainly via Maillard
reaction. In films from unwashed mince, lipid oxidation occurred to some extent,
leading to the formation of carbonyl compound, which underwent Maillard reaction
with amino group of free amino, peptide as well as protein in unwashed mince to a
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higher degree, especidly at alkaline pH. Nevertheless, film prepared from unwashed
mince at pH 11 might have the low lipid oxidation, compared with pH 3. As a
consequence, the lower rate of Maillard reaction was obtained. During storage, all
films became yellowish as evidenced by the increases in b* and AE*-values. Films
prepared from unwashed mince showed the higher b* and AE*-values than did those
prepared from washed mince (P < 0.05). Film prepared from washed mince at pH 3
showed the higher b* and AE*-values than did that prepared at pH 11 (P < 0.05). This
was in agreement with the higher TBARS in films prepared at pH 3. The result
suggested that the discoloration of fish muscle protein films might be governed by
non-enzymatic browning reaction. Lipid oxidation more likely played arole in yellow
discoloration of fish muscle film, mainly by providing the carbonyl groups involved
in Maillard reaction. Washing process could remove some lipid as a substrate of lipid
oxidation and some pigments such as hemoglobin and myoglobin. Furthermore, heme
pigments in unwashed mince are the prooxidant and as a source of iron. Kanner et al.
(1987) reported that free ionic iron is the maor catalyst for lipid oxidation in meat
products. Films from unwashed mince had the higher TBARS with the concomitant
higher b* and AE*-values, compared with those from washed mince. Nevertheless,
film from unwashed mince prepared at akaline condition (pH 11) had the higher b*
and AE*-values than that from unwashed mince prepared at pH 3, even though the
former had much lower TBARS value. Thus, akaline pH was very effective in
enhancing the Maillard reaction rather than carbonyl precursor. Higher pH favours the
reductone formation over furfura production from the Amadori products, leading to
color development (Bates et al., 1998). The results were in agreement with those of
Cuq et al. (1996a) who reported fish myofibrillar protein-based films from Atlantic
sardines showed yellow discoloration during storage for 8 weeks at 58.7% RH and 20
°C, which could be associated with the non-enzymatic browning reactions between
protein and reducing sugars produced by partial hydrolysis of saccharose (as a
plasticizing agent) introduced in the formulation of film. Therefore, both available
precursor as well as pH of FFS played arole in the development of yellow color in the

films from washed and unwashed mince.
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Figure8. Changes in b* and AE*-values of films from washed mince (WM) and
unwashed mince (UWM) of red tilapia prepared at pH 3 and 11 during the
storage of 20 days. Bars represent the standard deviation (n=3).

2.4.2.7 Light transmittance and film transparency
Changesin light transmission at selected wavelengths from 200 to 800
nm in UV and visible ranges and transparency value of protein films from washed and
unwashed mince prepared at pH 3 and 11 during storage for 20 days were dependent
on pH of FFS and washing process. All films from washed and unwashed mince
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prepared in acidic and akaline conditions had a good barrier property in the UV-
ranges (200-280 nm) (Table 6). These results were in agreement with Benjakul et al.
(2008) who observed that films prepared from unwashed mince and washed mince
exhibited the lower transmission to light in UV range. During storage, films from
unwashed mince both at pH 3 and 11 had the decreases in light transmission in UV-
visible range (200-800). This was in accordance with the increase in b*-value of
films. Cross-linking of protein via the Maillard reaction might contribute to the
increased compactness of film matrix, in which the barrier property to light
transmission was gained.

Based on transparency vaue (Figure 9), films prepared at acidic
condition (pH 3) from both washed and unwashed mince were more transparent than
those prepared at alkaline condition (pH 11) as evidenced by the lower transparency
value. Higher transparency value indicated that the film had the lower transparency.
Film from unwashed mince prepared at pH 11 had the higher transparency value than
that from washed mince. Film from unwashed mince prepared at pH 11 was more
turbid than other films. During storage, there was no changes in transparency value of
al films (p>0.05).
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Figure9. Changes in transparency value of films from washed mince (WM) and
unwashed mince (UWM) of red tilapia prepared at pH 3 and 11 during the
storage of 20 days. Bars represent the standard deviation (n=3).
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Table6. Light transmittance (%) of films from washed mince (WM) and unwashed
mince (UWM) of red tilapia prepared at pH 3 and 11 during 20 days of
storage.

Samples pH  Storagetime Light transmittance (%) at different wavelength (nm)
(Days) 200 280 350 400 500 600 700 800
WM 3 0 000 081 6379 7260 7897 8116 8206 8310
5 000 025 5718 69.09 7773 8036 8141 8218
10 000 033 5787 7035 7924 8169 8275 8343
15 000 063 5566 6881 7837 8101 8213 82.89
20 000 035 538 67.79 7808 8074 8187 8260
1 0 000 054 5873 6733 7454 7734 7927 80.62
5 000 048 5811 6797 7547 7816 7991 8114
10 000 054 6118 7149 7856 8073 8209 8304
15 000 064 5690 6756 7563 7858 8051 8190
20 000 050 5607 6740 7541 7805 7975 80.93
uwm 3 0 000 295 6755 7598 8168 8347 8435 8571
5 000 054 6219 7214 7897 8093 8192 8259
10 000 029 5915 7028 7800 8006 8104 8170
15 000 035 5707 6896 7756 7970 8062 8125
20 000 033 5504 6779 7731 7951 8045 8105
11 0 000 116 5022 6248 7122 7398 7565 76.83
5 000 059 4617 6074 7109 7420 7599  77.25
10 000 086 6357 7377 7553 7624 7747 7830
15 000 061 4219 5744 6858 7172 7339 7459
20 000 040 3613 5041 6120 6465 6668 68.16
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2.4.3 Effect of pH on protein degradation in film forming solution

2.4.3.1 a-amino content

Protein degradation in film forming solution (FFS) from unwashed and
washed mince prepared under acidic (pH 3) and akaline (pH 11) conditions during
storage for 12 h was monitored in the term of a-amino group content as depicted in
Figure 10. The a-amino group content of FFS with pH 3 and 11 from washed and
unwashed mince gradually increased as the exposure time increased up to 12 h (P <
0.05). However, FFS of unwashed mince prepared at pH 3 generally exhibited the
higher rate of increase than those prepared at pH 11, particularly with increasing
exposure time. Therefore, hydrolysis was more favorable under acidic condition.
Acidic condition might enhance the activity of acidic proteases, particularly cathepsin.
Cysteine proteases, especially cathepsin D and cathepsin L, had an optimum range of
3.0-4.5 and 3.0-6.0, respectively (Kang and Lanier, 2000; Makinodan et al., 1982).
Under acidic or akaline conditions, proteins were partially unfolded via electrostatic
repulsion between protein molecules. Those unfolded proteins might easily be
hydrolyzed by acidic and alkaline proteases. Nevertheless, no difference was observed
between FFS from washed mince prepared at pH 3 and pH 11 (P > 0.05). This result
suggested that washing mince with saline solution (50 mM NaCl) could remove
sarcoplasmic proteases to some degree. Therefore, the washing process was able to
decrease the protein degradation in FFS mediated by acidic proteases. Nevertheless,
the protein degradation still occurred to some extent in FFS from washed mince at
both pH 3 and 11 when the exposure time increased. The result suggested that the
remaining proteases still played arole in degradation of proteinsin FFS. It was noted
that the lower a-amino group content was observed in FFS from washed mince at time
0. This indicated the lower amino acids, peptides and low molecular weight proteins,

which were removed by washing process.
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Figure 10. Changes in a-amino group content of film forming solution from washed
mince (WM) and unwashed mince (UWM) of red tilapia prepared at pH 3
and 11 with different exposure times.

2.4.3.2 Protein pattern

Protein patterns under reducing and non-reducing conditions of FFS
from unwashed and washed mince prepared under acidic (pH 3) and alkaline (pH 11)
conditions during 12 h of exposure are presented in Figure 11 and 12, respectively.
Protein patterns of al FFS samples were similar. Myosin heavy chain (MHC)
constituted as the dominant protein. Actin, tropomyosin and troponin were aso found
in FFS. FFS from washed mince had dightly higher MHC band intensity than those
from unwashed mince, regardless of pH used. During washing process, sarcoplasmic
proteins were mostly removed, leading to the increase in concentration of myofibrillar
proteins including MHC and actin. For both FFS prepared from unwashed and
washed mince, the degradation was more pronounced in FFS with acidic pH as
evidenced by the decrease in MHC band intensity as well as the coincidenta
appearance of proteins with MW of 130-150 kDa. The degradation suddenly took
place after preparation of FFS (time 0). Degradation of proteins increased as the
exposure time increased up to 12 h. This suggested that the degradation of proteins
occurred in FFS during preparation of FFS, casting and drying. This result was in

agreement with the higher a-amino group content of FFS with pH 3. Thus, protein
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hydrolysis caused by endogenous proteases was greater under acid condition.
Washing process could remove proteolytic enzymes from mince, resulting in the
lower rate of degradation of proteinsin FFS from washed mince, compared with those
from unwashed mince.

Under akaline condition, much lower degradation of proteins in FFS
for both washed and unwashed mince was obtained. However, MHC and actin were
hydrolyzed to some degree as the exposure time increased. It has been reported that
alkaline condition favored the formation of protein cross-linking via disulfide bonds
in fish protein based film (Shiku et al., 2003). After casting and drying of FFS from
both washed and unwashed mince prepared under akaline condition, films had the
lower solubility, possibly caused by high molecular weight polymerized proteins via
disulfide bond, which were strong and insoluble. Those polymerized proteins were
more likely resistant to hydrolysis by indigenous proteases. Free amino groups
generated via degradation in both FFS prepared at pH 3 and 11 could serve as the
precursor for Maillard reaction in the presence of lipid oxidation products. As aresult,
films could turn to yellow mediated by Maillard reaction. Although the less
degradation was observed in FFS prepared at pH 11, the higher yellowness (b*-value)
was obtained in film with alkaline condition. This was because the Maillard reaction
was more favorable at alkaline pH (Benjakul et al., 2005).
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Figure 11. Protein patterns of acidic (A) and alkaline (B) film-forming solution from
unwashed mince from red tilapia muscle with different exposure times.

MHC: myosin heavy chain. The numbers designate the exposure time (h).
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Figure 12. Protein patterns of acidic (A) and akaline (B) film-forming solution from
washed mince from red tilapia muscle with different exposure times.

MHC: myosin heavy chain. The numbers designate the exposure time (h).
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2.5 Conclusion

Mechanical and physical properties of film from red tilapia muscle
were affected by mince washing process and pH level of FFS. These factors aso
affected the yellow discoloration of film mediated by Maillard reaction during
storage. Lipid oxidation and akaline pH more likely played a role in yellow
discoloration of fish muscle film, mainly by providing the carbonyl groups involved

in Maillard reaction, which was enhanced at alkaline pH (Figure 13).
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Figure 13. Proposed scheme of yellow discoloration of film fish muscle protein

during the extended storage.



CHAPTER 3

EFFECTS OF OXYGEN AND ANTIOXIDANTSON THE LIPID
OXIDATION AND YELLOW DISCOLORATION
OF FILM FROM RED TILAPIA

3.1 Abstract

The effects of oxygen and antioxidants (Trolox and catechin at level of
100, 200 and 400 ppm) on lipid oxidation ayellow discoloration of film from red
tilapia mince prepared at acidic (pH 3) and alkaline (pH 11) condition were
investigated during 20 days of storage. Dgrstorage, both films prepared at pH 3
and 11, and kept under atrpbgric containing 100% MNhad the lowest TBARS value
with the concomitant lowedt* and AE*-values P < 0.05) during storage, when
compared with other films kept in air and 100% @mosphere. No differences in
light transmittance and transparency value were observed between films stored at
different atmospheresP(> 0.05). Films prepared at pH 3 and incorporated with
antioxidants (Trolox and catechin) at alléés (100, 200 and 400 ppm) had the lowest
TBARS value,b* and AE*-values during storage, indicating the retardation of lipid
oxidation and yellow discoloration in filmblevertheless, films prepared at pH 11 had
no difference in TBARS values, in comparison with control film, regardless of
antioxidant inorporation. Coandentally, the increases io* and AE*-values were
observed in those films. Therefore, lipakidation was the main factor inducing
yellow discoloration of film exposed to ygen and the incorporation of antioxidants
in film prepared at acidic pH was aldie prevent yellow discoloration of resulting

film.
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3.2 Introduction

Food packaging has been served as good containment, including
protection against physical (shock, vitioa, compression, temperature, UV, etc),
chemical (gas, liquid, etc), biological (fungi, mold, microbial spoilage, etc) and
environmental factors. Shelf life of foqutoducts can be exterdievith appropriate
packaging. Normally, almost food packagings are made from plastics, which are non-
biodegradable synthetic polymers and hdke negative impact on environment.
Therefore, the use of biodegradable materials can be the most effective solution to this
problem. Biopolymer films and coating halkeen paid increasing attention because
of their biodegradability and can be used as alternative material to synthetic
packaging. Biopolymeric materials can terived from polysaccharides, proteins,
resins, lipids or blending of these matesidProtein is a neutral biopolymer obtained
from animal or plant. Proteins from fishuscle have been used for a film-forming
material because of their good film-forming ability and prevention of the migration of
oxygen, carbon dioxide and lipids. Howeyve@rotein-based films have poor water
vapor permeability (Hamaguclkt al., 2007; Paschoalickt al., 2003; Shikuet al.,

2003; Shikuet al., 2004).

Biopolymers are generally much less stable than most synthetic
materials. The color discoloration of fighotein-based film ccurs generally during
extended storage and become limitationdpplication of those films (Artharet al.,

2009; Cuget al., 1996a). Recently, Tongnuanchemnal. (2011) reported that lipid
oxidation more likely played a role in Newv discoloration offish muscle protein

film, by providing the carbonyl compoundaldehydes or ketones) involved in
Maillard reaction. Fish muscle contains high levels of polyunsaturated fatty acids
(PUFASs), which are prone to oxidation. &refore, the incorporation of antioxidants
into protein-based film codllower yellow discoloration of films. The objective of
this study was to investigate the effect of oxygen and antioxidants on lipid oxidation
and yellow discoloration of protein-baskdh from red tilapia mince during extended

storage.
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3.3 Materialsand methods

3.3.1 Chemicals

Glycerol, catechin and 2-thiobarbituric acid were purchased from
Sigma (St. Louis, MO, USA). Trolox {Bydroxy-2,5,7,8-tetramethylchroman-2-

carboxylic acid) was obtained froFluka (Buchs, Switzerland).

3.3.2 Fish collection and mince preparation

Fresh red tilapia Qreochromis niloticus) (400-500 g/fish) were
purchased from a local market in Hat Y&ipngkhla province, Thailand. Fish were
kept in ice with a fish/ice ratio of 1:dand transported to ¢hDepartment of Food
Technology, Prince of Songkla Universityat Yai within 30 min. Upon the arrival,
fish were immediately washed, filleted and minced to uniformity using a mincer with
a hole diameter of 0.5 cm. Mince obtained was stored on ice until used for analysis or

for film preparation.

3.3.3 Preparation of film

Film-forming solution (FFS) from mince (protein content of 17.11 +
0.52%, wet weight basis) was prepasstording to the method of Chinabhatkal.
(2007). Mince was added with 3 volumes of distilled water and homogenized at
13,000 rpm for 1 min using IKA Laborteclknhomogenizer (Selangor, Malaysia).
The protein concentration of the mixtuae determined by Kjeldahl method (AOAC,
2000) was adjusted to 2% (w/v). Glyceroked as a plasticizer, was added at 50%
(w/w) of protein. The mixtures were stidegently for 30 min at room temperature.
The pH of mixture was adjusted ® and 11, using 1 M HCI and 1 M NaOH,
respectively, to solubilize the proteins. FFS obtained was filtered through two layers
of cheesecloth to remove undissolved debris.

To prepare the films, FFS (4 g) was cast onto a rimmed silicone resin

plate (50 x 50 mA) and air-blown for 12 h at room temperature. The resulting films
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were manually peeled off and were referred to as “after casting and drying, ACD”.
Thereatfter, films were conditioned in anvironmental chamber (Binder, KBF 115 #
00-19735, D-78532, Tuttlingen, Germany) at 25 °C and 50+5% RH for 24 h and the
resulting films were considered as ‘films at day O of storage’.

3.3.4 Study on the effects of oxygen and antioxidants on yellow discoloration

and propertiesof film

Films prepared at both pH (3 and 11) were inserted in nylon/LLDPE
bag (10 x 15 c) (Asian Foams, Hat Yai, Thailand) with the thickness of 0.08 mm
and gas permeability of GO N, and Q of 1.7 x10' 0.1x 10" and
0.4 x 10 m®* mm/cnf s cmHg, respectively (at 25°C, 1atm pressure) and was
packed with a film/gas ratio of 1:3 (w/v) using a Henkovac type 1000 (Tecnovac,
Italy). Prior to filling the gas, the bag was evacuated fully. Gases used included 100%
O, and 100% M Films kept in air were used as the control. To study the impact of
antioxidants on yellow discolation and propertg of film, Trolox and catechin at
different concentrations (100, 200 and 48m) were incorporated into FFS with
both pH (3 and 11). FFS were then stirgahtly at room temperature for 10 min.
FFS obtained was subjected to casting and drying as previously described. Films
prepared at both pH without antid&ints were used as the control.

All film samples were stored abom temperature (28-32 °C). Samples
were taken for determination of thiobarbituric acid reactive substrances (TBARS),

color, light transmittance and transparency value every 5 days for totally 20 days.
3.3.5Analyses

3.3.5.1 Thiobarbituric acid reactive substrances (TBARYS)
TBARS value of films was determined according to the method of
Buege and Aust (1978) Film samplesOf.g) were mixed with 2.5 ml of TBA
solution (0.375 g of thiobarbituric acid, 15ofjtrichloroacetic acid, and 0.875 ml of
HCI in 100 ml of distilled water). The mixtures were heated for 10 min in a boiling

water bath (95-100 °C) to develop pink coloopled with tap water and centrifuged
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at 7500xg for 10 min. Absorbance of thepernatant was measured at 532 nm. A
standard curve was prepared using malonaldehyde bis (dimethyl acetal) (MDA) at
concentrations ranging from 0 to 10 mM. ABS value in each sample was expressed
as mg MDA/kg dried sample.

3.3.5.2 Color
Color of films was determined using a CIE colorimeter (Hunter
associates laboratory, Inc., VA, USADgs (day light) and a measure cell with
opening of 30 mm were used. The yeliess of films was expressedl#svalue and

total difference of colorAE*) was calculated as follows (Gennadeisl., 1996):

AE' = (L) + (8a')? + (Ab)

where AL*, Aa* and Ab* are the differentials between the color parameter of the
samples and the color parameter of the white stantdard 93.45,a* = - 0.65,b* =
0.24).

3.3.5.3 Light transmittance and transpar ency value
Light transmittance of films was easured in ultraviolet and visible
range (200-800 nm) using UV-vis spectropotter (Shimadzu UV-1800, Kyoto,
Japan) as described by Shiktial. (2004). The transparency value of film was

calculated using the following equation (Han and Floros, 1997):
Transparency value = -[Dgyy/x

whereTgoo IS the fractional transmittance at 600 nm amslthe film thickness (mm).

The greater transparency value représéme lower transparency of film.
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3.3.6 Statistical analysis

All experiments were run in triplicate. Data were subjected to analysis
of variance (ANOVA) and mean comparisomsre carried out by Duncan’s multiple
range test. For pair companig T-test was used (Steel and Torrie, 1980) Analysis was
performed using the SPSS package (SPSS for windows, SPSS Inc., Chicago, IL,
USA).

3.4 Results and discussion

3.4.1 Effect of oxygen on lipid oxidation, yellow discoloration and properties

of films

3.4.1.1 Lipid oxidation

Lipid oxidation of films from red tilapia mince prepared at pH 3 and 11
and stored in air and under diféett atmospheric conditions (100% é@nd 100% &)
during 20 days of storage was monitored axpressed as TBARS value (Figure 14).

In general, lipid oxidation more likely occurred during film preparation as evidenced
by the formation of TBARS after casting and drying (ACD). When comparing
TBARS value between films preparedmt 3 and 11, much higher TBARS value
was observed in the former. During dryin@eess, film had lowered moisture content
and lipids were more exposed to atmospheric oxygen. This led to the enhanced lipid
oxidation of resulting film. The result was in agreement with Tongnuanehah

(2011) who found that lipid oxidation in fisimuscle protein-based film prepared at
acidic condition was more pronounced thaatthrepared at lkline pH. At acidic

pH, heme proteins became more prooxidative and could accelerate lipid oxidation of
films.

During the storage, the gradual decrease in TBARS value was
observed in films prepared at pH 3 up to 20 days. However, the marked decrease was
found in film stored under 100%,Nitmosphere at day 5, followed by the negligible
changes up to the end of storage (day 20). The decrease in TBARS was possibly
caused by a loss of volatile lipid oxidation products. Furthermore, those compounds
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might react with proteins in film matrixeading to intra or inter-molecular cross-links
(Kikugawa et al., 1988; Saeedtt al., 1999; Tongnuanchaet al., 2011). Under
atmosphere containing oxygen, both in air or 100%di@d oxidation of fish protein-
based film still occurred during storage, though some volatile compounds were lost.
This was reflected by the highTBARS values stored undep @mosphere. Similar
results were observed with films preparegldt1l during the storage under different
atmospheric conditions. Systems thabntain lipids can undergo oxidative
deterioration by reacting with molecular oxygen. The reaction of lipids with
previously activated molecular oxygen through a self-catalyzing mechanism is known
as autoxidation (Wrolstadt al., 2004). Two electron reactions of ground state
dioxygen are thermodynamically unfavorabdee to spin restinction of the two
unpaired electrons. Stepwise activation tiglo donation and acceptance of a single

electron is energetically more favorable. The reaction yields several reactive oxygen
reactive species (ROS): superoxide anion radical)(@erhydroxyl radical (H®),

hydrogen peroxide (#0,) and hydroxyl radical (H) (Kanneret al., 1987). ROS

have the ability to react with a large variety of easily oxidizable cellular components,
particularly proteins, lipids and lipoprotes (Fridovich, 1995). Moreover, the newly
formed highly reactive free radicals reagthnoxygen and/or other fatty acids to form
more free radicals and hydroperoxides in a chain reaction (Derdabale 2010).

Since fish mince contains a high amounpadoxidative heme proteins as well as free
ions, the initiation step could also take place easily. In the presence of atmospheric
oxygen, the propagation more likely occurred. As a result, a number of lipid oxidation
products were formed as indicated by fhemation of TBARS. Therefore, oxygen

was proven to be a prime factor affectlipgd oxidation of fishmuscle protein-based

film, particularly with increasing storage time.
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Figure 14. Changes in TBARS of films from red tilapia mince prepared at pH 3 (A)
and 11 (B) stored in air and umddifferent atmospheres (100% @nd
100% N) during 20 days of storage etom temperature. ACD: after
casting and drying. Bars represent the standard deviation (n=3). The
different lowercase letters on the bars within the same storage time
indicate significant difference$?(< 0.05). Different uppercase letters on
the bars within the same atmospheric condition indicate the significant
differences P < 0.05).
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3.4.1.2 Color of films

Figure 15 shows color, expressedbasvalue (yellowness) andE*-
value (total color difference) of films from red tilapia mince prepared at pH 3 (Figure
15A) and pH 11 (Figure 15B) stored under different atmospheric conditions during 20
days of storage. At day 0, films prepared at pH 11 showed the HighrerdAE*-
values than those prepared at pHRB « 0.05). Generally, yellowness of films
increased during the extended storaBe<(0.05). During storage of 20 days, film
prepared at pH 3 and kept in air showed the increab&® andAE*-values with the
highest rate, followed by those kept under 100% For film kept under 100% N
slight increases in both of andAE*-values were observed during the storage. Lipid
oxidation was a potential factor inducingllges discoloration offilm by providing
the carbonyl compounds involved in Maillard reaction. It was noted that films stored
in air showed the higher yellownessmpared with those kept under 100% Bilms
kept under 100% £closed system might have the dilutegll€vel caused by volatile
oxidation products in the headspace, whilese in air were exposed to circulating air
containing Q. This result was in agreement with TBARS value in film (Figure 14).
For film prepared at alkaline condition, similar results were obtained, compared with
those of films prepared at da pH. Nevertheless, simildr* andAE*-values were
found between films kept iair and stored under 100% @mosphere throughout the
storage. The difference between films pregaat both pH was probably governed by
different dissolvation of @ into the film at various pH. Therefore, yellow
discoloration of fish proteilrased film was directly affected by oxygen as well as pH

used for film preparation.
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Figure 15. Changes ib* and AE*-values of films from red tilapia mince prepared at
pH 3 (A) and 11 (B) stored in air and under different atmospheres (100%
O, and 100% M) during 20 days of storage at room temperature. Bars

represent the standard deviation (n=3).
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3.4.1.3 Light transmittance and film transparency

Transmission of UV and visible lighdt selected wavelength in the
range of 200 - 800 nm of films from red tilapia mince prepared at pH 3 and 11 stored
under different atmospheres during the stera 20 days is shown in Table 7.
Generally, fish muscle prein-based film had the gooHbarrier to UV light as
indicated by low transmission in the rangfg200-280 nm) for films prepared at both
pH and kept under all atmospheric corah8. Light transmission of visible range
(350-800 nm) of film prepared at pH 3 and kept under different conditions ranged
from 62.85 to 85.83%, whereas the lower valwese found for film prepared at pH
11 (34.75-77.59%). This result was in agreement with Limgaal. (2010) and
Tongnuanchaset al. (2011) who reported that fish misgrotein-based film prepared
under alkaline condition had the lower light transmission in visible range, compared
with those prepared at acidic condition. In general, the decrease in light transmission
in UV-visible range was observed irll aamples with extended storage time.
However, the rate of decrease was found to be different.

During storage, both films premar at pH 3 and 11 and kept under
100% N had the lowest decrease in transmission, particularly in the wavelength of
350-500 nm, when compared with those stored in air and 10Q%tds result
suggested that the increase in yellow discoloration of film might prevent transmission
of light or pigments formed might absorb the light, resulting in the decrease in
transmission of films during extended stge. The transparency value of film
prepared at pH 3 and kept under all atmospheric conditions were lower than those
prepared at pH 11P(< 0.05) (Figure 16), indicating that the former was more
transparent than the latter. No differemeéransparency value was observed between
the films prepared at pH 3 and 11 kept under different conditiérrs (.05). No
marked change in transparency values whserved in all films during 20 days of

storage.
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Table7. Light transmittance of protein films from red tilapia mince prepared at pH
3 and 11 stored in air and umddifferent atmospheres (100%, @nd

100% N) during 20 days of storage at room temperature.

pH Atmosphere Storage time Light transmittance (%) at different wavelength (nm)
(Days) 200 280 350 400 500 600 700 800

3 Air 0 0.00 054 7409 79.85 8353 8311 84.26 85.85
5 0.00 0.82 7158 77.82 8233 8375 84.49 8501

10 0.00 153 69.95 76.92 81.84 8323 8391 84.37

15 0.00 2.69 70.88 77.17 8165 8294 83.61 84.05

20 0.00 0.27 62.85 73.10 80.90 8292 83.84 84.45

100% Q 0 0.00 054 7406 7982 8351 83.09 84.25 8583
5 0.01 051 7024 76.86 8159 83.10 84.00 84.65

10 0.00 0.74 6857 7650 81.70 83.15 8394 84.50

15 0.00 0.81 68.34 76.26 8137 8271 8343 83.92

20 0.00 0.74 65.61 7573 8153 8359 84.34 84.86

100% N 0 0.00 054 74.08 79.83 8352 8310 84.30 8584
5 0.01 1.48 7444 79.13 82.65 83.87 84.58 85.08

10 0.01 095 7211 7818 8255 8395 84.71 8524

15 0.00 1.03 7037 7792 8145 8287 83.62 84.13

20 0.00 174 7125 7787 8233 83.64 84.28 84.72

11 Air 0 0.00 1.18 50.77 6263 7122 74.05 7580 77.05
0.00 0.89 4518 6060 69.94 7297 7489 76.36

10 0.00 0.64 4267 5821 67.28 70.16 72.03 73.47

15 0.00 0.44 3956 58.18 70.18 73.28 74.69 75.56

20 0.00 0.22 3482 5336 66.25 70.20 7143 7258

100% Q 0 0.00 162 5249 6365 7172 7446 76.16 77.37
0.00 0.35 4353 5958 6893 71.71 7340 74.64

10 0.00 0.38 39.28 56.69 67.19 7058 7274 74.38

15 0.00 0.60 4348 6045 6999 7261 7416 7525

20 0.00 0.16 3475 5504 67.63 70.70 7223 73.29

100% N 0 0.00 127 5328 6384 7169 7450 76.29 77.59
5 0.00 1.08 44.69 5994 69.15 7212 7390 75.18

10 0.00 1.01 4106 5885 69.83 7312 7480 75.93

15 0.00 0.26 41.67 5810 69.33 7281 74.79 76.17

20 0.00 1.02 4231 6115 7175 73.04 7543 76.36
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Figure 16. Changes in transparency value of films from red tilapia mince prepared at
pH 3 (A) and 11 (B) stored in air and under different atmospheres (100%
O, and 100% M) during 20 days of storage at room temperature. Bars

represent the standard deviation (n=3).
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3.4.2 Effect of antioxidants on lipid oxidation, yellow discoloration and

properties of films

3.4.2.1 Lipid oxidation

TBARS values of films prepared piH 3 and 11 and incorporated with
antioxidants (Trolox or catechin) at different levels (100, 200 and 400 ppm) during 20
days of storage are shown in Figure 17. Fish lipids are susceptible to oxidation owing
to high content of»—3 polyunsaturated fatty acids (PUFAS), such as eicosapentaenoic
acid (20:5n-3) and docosahexaenoic acid (28:3). For both films prepared at pH 3
and 11 without antioxidant (the control)etbontinuous increase in TBARS value was
found within the first 10 days of storagP € 0.05). Thereafter, the decrease in
TBARS was observed until the end of storage, probably due to the loss in volatile
lipid oxidation products with low molecular weights. Film prepared at pH 3 had the
higher TBARS than those prepared at pH P1<(0.05). When antioxidants were
incorporated into films prepared at @ much lower TBARS values were found in
films during storage, compared withethcontrol. Antioxidative activity of both
antioxidants, Trolox and catechin, was dose dependent manner. This result
suggested that the incorporation of antioxidant more effectively decreased lipids
oxidation in resulting film prepared at pH 3. Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid) @ synthetic water-soluble form of alpha-
tocopherol (Vitamin E) and has been well known as potent antioxidant. In addition,
Trolox exhibits activity toward the reactive oxygen species (ROS), particularly for
superoxide radical anion (Triants al., 2005). It also acts as free radical scavenger,
which attenuates lipid peroxidation (Reekal., 2004). Trolox has 2-4 fold higher
antioxidant activity than butylated hydroxytoluene (BHT) and butylated
hydroxyanisole (BHA). It was more efficient thantocopherol, propyl gallate and
ascorbyl palmitate to prevent oxidationlaith vegetable and animal oils (Madhetvi
al., 1995). At the same level of antioxidaneds Trolox showed the higher efficiency
in preventing lipid oxidation as evidenced by lower TBARS values. Tea catechin
polyphenols have strong scavenging capacity for free radicals; they also possess
metal-chelating capacity (Jet al., 2003; Tanget al., 2002; Unnoet al., 2000;
Wiseman et al., 1997). Catechin reduced the formation of peroxides more
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significantly thana-tocopherol, BHA and ascorbic acid in animal fats (Chkeal.,
1998) and fish system (He and Shahidi, 199Reir scavenging efficiency depends
on the concentration of phenols, the numbkard locations of the hydroxyl groups
(Benavente-Garciet al., 1997). Therefore, the incorporation of Trolox or catechin in
the range of 100-400 ppm was able to prelipitt oxidant of film prepared at acidic
pH.

For films prepared at pH 11, when both antioxidants, Trolox and
catechin were incorporated, lipid oxttan still took place as indicated by the
continuous increase in TBARS within the first 10 days of storage. The decrease in
TBARS was observed in all samples at ddyand 20 of storage. Antioxidants at all
levels (100, 200 and 400 ppm) did nothiited antioxidative activity in film
prepared at pH 11. As a result, lipid oxida in film could not be prevented. Trolox
and catechin might not be stable and lost their activities under alkaline conditions.
Under alkaline condition, polyphenols underwent decomposition, thereby losing the
scavenging activity on superoxide anion (Broo#tsal., 1972; Leffler, 1993).
Polyphenol also underwent oxidation under alkaline condition, quinones were formed
(Balange and Benjakul, 2009). Thus, theadrporation of antioxidant into film
prepared at alkaline (pH 11) condition was not able to prevent lipid oxidation in

resulting film.
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and 11 (B) incorporated without andtlwTrolox or catechin at different
levels (100, 200 and 400 ppm) during 20 days of storage. ACD: after
casting and drying. Bars represent the standard deviation (n
indicate significant difference$(< 0.05). Different uppercase letters on
the bars within the same level of antioxidant indicate the significant
differences P < 0.05).

Figure 17. Changes in TBARS of films from red tilapia mince prepared at pH 3 (A)



81

3.4.2.2 Color

The color expressed a%-value and\E*-value of films prepared at pH
3 and 11 and incorporated with antioxidarggher Trolox or catechin, at different
levels during 20 days of storage is simoim Figure 18 and 19, respectively. Films
prepared at pH 3 and incorporated wittoldx at all levels used (100, 200 and 400
ppm) showed the lowdr* andAE*-values than did the control film throughout the
storage time. No changesh® andAE*-values in film addedvith antioxidants were
observed during storag® (< 0.05), while the continuous increases in both values
were found in the control during storagewits also noted that yellow discoloration
took place during casting and drying. The lowebgdsalue andAE*-value in films
added with both antioxidants, were in accordance with the lower TBARS values of
those films (Figure 17).

Levels of both antioxidants used in the present study had no impact on
b* and AE*-values of films. It was postulatethat antioxidant at 100 ppm was
sufficient for inhibition of lipid oxidation, which was a major cause for yellow
discoloration. From the result, both Towland catechin effectively prevented yellow
discoloration of filmprepared at pH 3.

For film prepared at pH 11 wvhibut antioxidant incorporated (the
control), the lowesb* and AE*-values were obtained, when compared with those
incorporated with Trolox and catechiR & 0.05). Films had the higher increase in
yellowness If*-value andAE*-values) when higher concentrations of antioxidants
were used. It was noted that the incorpioraof both Trolox and catechin had impact
on yellowness of film prepared at pH 11.iFhesult suggested that the formation of
yellow or brown color in film addedvith antioxidant under alkaline (pH 11)
condition were more likelyrelated with the convemn of phenolic compound to
guinone. Quinones, an oxidized form of pbkc compounds, are brown or dark in
color (Patiet al., 2006). Zhanget al. (2010) reported that caffeic acid (CA) solution
with pale yellow turned to dark brown when being oxidized under alkaline condition.
This result was in agreement with Nuthosigal. (2009a) who reported that porcine
plasma film had the increasesah andb*-values, when incorporated with 3% caffeic
acid oxidized under alkaline condition along with oxygenation. Furthermore, the

incorporated antioxidant into films prepared at pH 11 was unable to retard the lipid
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oxidation. When phenolic compounds weraed@ed to quinone, it lost their electron
donating ability (Leffler, 1993). During storage, films prepared at pH 11 with and
without antioxidant had the increase in bbthandAE*-values. Caet al. (2007) also
reported that gelatin film incorporategith phenolic compounds (tannic acid and
ferulic acid) at alkaline pH had the change<olor. Therefore, antioxidants had the

negative effect on color of films prepared at alkaline condition.

3.4.2.3 Light transmittance and film transparency

Transmission of UV and visible liglhm the range of 200 - 800 nm of
films prepared at pH 3 and 11 and incorporated with Trolox and catechin at different
concentrations during 20 days of storagesh®wn in Table 8 and 9, respectively.
Films prepared at pH 3 had the excellbatrier to the light in UV range (200-280
nm), regardless of antioxidant incorpooatiand levels added?rotein-based film
obtained from fish muscle (Chinabhagt al., 2007; Hamaguchiet al., 2007;
Tongnuanchamt al., 2011), fish skin gelatin (Jongjareonretkal., 2006) and whey
protein (Fanget al., 2002) had good UV light protection. In general, the light
transmittance in visible range (350-800 nm) for film with and without antioxidant
ranged from 61.71 to 85.50%. The incorporatdrolox at different levels showed
no effects on transmission in visible range the resulting films. However, the
incorporation of catechin at higher level resulted in slight decrease in light
transmission at 400 and 500 nm. Moreoverdiff@rences in transparency value were
observed between films withoahd with antioxidant atlldevels (Figure 20). During
20 days of storage, the decrease ihtligansmission was more pronounced in the
control film. The decrease in light transmission was lowered in film added with
antioxidant, especially at high levdd00 ppm). Nevertheless, no changes in
transparency values were observed during the storage of 20 days.

Films prepared at pH 11 with and without antioxidant also showed the
excellent UV light barrier properties. Chinabhatkal. (2007) and Tongnuanchash
al. (2011) also reported that pemt-based film from fishmuscle had the higher UV
light barrier capacity, regardless of pH used. In general, light transmittance in visible
range (350-800 nm) of films with and withoamtioxidant prepared at pH 11 ranged
from 9.24 to 78.81%. During storage, filprepared at pH 11 with and without
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antioxidant had the decrease in light sauission in UV-visible range (200-800 nm).
It was suggested that antioxidant had eftect on lowering the changes in light
transmission. This result was associated with the incredsevialues during storage
for all films, regardless of antioxidant incorporated.

Based on transparency value, no difference was found for films
prepared at pH 11 with and without antioxidaRtX 0.05). Transparency value of
film prepared at pH 11 incorporated with catechin increased as the level of catechin
used increased, which was correlated with the increas#sandAE*-values as well
as the decrease in light transmission. Nevertheless, transparency value of films added
with Trolox was not changed as the level of Trolox increased. Radtagta(2009)
reported the increases in transparency vafugelatin film incorporated with phenolic
compound. The transparency value of filprepared at pH 3 was lower than those
prepared at pH 11, irrespective of antioxidants and levels used. It indicated that films
prepared at pH 3 were more transparent than those prepared at pH 11. This was in
agreement with Limpaast al. (2010) and Tongnuanchahal. (2011) who found that
myofibrillar protein-based film prepared atidic pH was more transparent than that
prepared at alkaline pHP(< 0.05). Both Trolox and catechin in the range of 100-400
ppm had no impact on transparency valuélofs prepared at both pH during storage
of 20 days.
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Figure 18. Changes irb* and AE*-values of films from red tilapia mince prepared at
pH 3 (A) and 11 (B) incorporateditiwout and with Trolox at different
levels (100, 200 and 400 ppm) during 2@<laf storage. Bars represent

the standard deviation (n=3).
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Figure 19. Changes irb* and AE*-values of films from red tilapia mince prepared at
pH 3 (A) and 11 (B) incorporateditwout and with catechin at different
levels (100, 200 and 400 ppm) during 29<laf storage. Bars represent

the standard deviation (n=3).
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Table8. Light transmittance of films from red tilapia mince prepared at pH 3 and
11 incorporated without and with To{ at different levels during 20 days

of storage at room temperature.

pH Trolox levels  Storage time Light transmittance (%) at different wavelength (nm)
(ppm) (Days) 200 280 350 400 500 600 700 800
3 Control 0 0.00 0.62 7587 7854 8226 8356 84.41 84.97
(without Trolox) 5 0.01 0.29 68.61 7599 8129 83.05 8398 84.62
10 0.00 0.89 6836 76.16 81.66 83.34 84.18 84.76
15 0.00 096 66.66 76.45 8190 8345 84.23 84.77
20 0.01 064 6171 7261 81.10 83.18 8396 8445
100 0 0.01 137 7558 7834 8188 8329 84.21 84.85
5 0.00 1.37 7558 7834 8188 8329 8421 84385
10 0.00 222 7596 78.80 82.08 83.38 84.23 84.84
15 0.00 0.84 7395 77.46 8147 8295 8394 8464
20 0.00 091 7400 77.81 8175 8319 84.09 84.73
200 0 0.00 0.62 7587 7854 8226 8356 84.41 84.97
5 0.01 092 7598 78.63 8213 8346 8432 84.92
10 0.00 1.87 7480 77.82 8152 83.05 84.08 84.85
15 0.00 0.79 73.63 77.21 8139 8295 84.01 84.74
20 0.01 157 7528 7853 8199 8324 84.08 84.67
400 0 0.00 155 7538 7819 81.63 8299 83.86 84.49
5 0.00 0.69 7537 78.02 8181 83.15 84.05 84.64
10 0.00 1.25 75.34 7812 8166 8286 83.62 84.65
15 0.00 059 7501 7820 82.00 8324 84.07 8461
20 0.00 0.37 7328 77.14 8155 8295 83.85 84.45
11 Control 0 0.00 0.63 4835 6121 7055 74.05 76.12 77.56
(without Trolox) 5 0.00 0.77 4584 5946 7035 7445 7596 77.26
10 0.00 0.39 39.03 56.20 69.10 73.20 75.83 77.43
15 0.00 042 3531 5342 67.00 7226 7444 76.27
20 0.00 0.43 3397 5277 6740 7212 7462 76.30
100 0 0.00 050 5298 6366 71.72 7461 7635 77.53
5 0.00 0.76 5194 63.13 7135 7455 76.48 77.80
10 0.00 0.32 46.78 61.00 70.64 74.02 7594 77.25
15 0.00 0.48 4959 6181 70.64 73.84 75.70 76.93
20 0.01 0.31 4467 60.06 70.29 73.65 7551 76.76
200 0 0.00 0.47 48.71 5959 70.84 7428 76.27 77.54
5 0.00 0.27 4596 59.34 7045 7416 76.26 77.63
10 0.00 0.38 38.52 5598 6859 7292 7530 76.94
15 0.00 0.49 4249 59.05 7041 7396 7584 76.97
20 0.00 0.38 3948 56.63 6881 73.00 7534 76.83
400 0 0.00 0.63 48.03 59.80 71.38 7450 76.30 77.17
5 0.00 0.62 4850 6182 71.71 7487 76.60 77.72
10 0.00 0.35 48.15 6180 71.12 7406 7562 77.11
15 0.00 0.42 3531 5342 67.00 7226 7444 76.27

20 0.00 0.28 34.13 5472 68.20 7232 7450 75.85
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Table9. Light transmittance of films from red tilapia mince prepared at pH 3 and
11 incorporated without and with calée at different levels during 20

days of storage at room temperature.

pH  Catechin levels Storagetime Light transmittance (%) at different wavelength (nm)
(ppm) (Days) 200 280 350 400 500 600 700 800

3 Control 0 0.00 160 76.69 79.33 8258 84.03 84.98 85.66
(without catechin) 5 0.00 113 77.39 79.82 82.67 84.01 84.88 8552
10 0.00 0.88 73.72 7894 8290 84.32 8513 85.69

15 0.00 164 69.67 77.04 8234 84.01 84.89 8551

20 0.00 0.86 66.82 75.07 81.06 82.88 83.85 84.50

100 0 0.00 181 76.29 79.02 8237 8382 84.78 85.45

5 0.00 132 7599 78.84 8249 84.05 85.08 85.80

10 0.00 0.85 76.60 79.33 8229 83.67 8456 8517

15 0.00 159 7494 7941 83.15 8454 8533 85.85

20 0.01 122 7585 79.21 8234 8375 8461 8521

200 0 0.00 138 76.08 7842 8217 8372 8471 85.38

5 0.00 174 76.35 79.01 8227 83.64 8456 85.19

10 0.00 1.14 7521 7820 8192 8351 8453 8525

15 0.00 0.22 7356 77.18 81.82 83.60 84.72 8544

20 0.01 118 73.23 76.68 80.87 82.67 83.80 84.58

400 0 0.01 148 76.39 77.12 81.69 83.39 84.37 85.04

5 0.00 0.89 7571 7853 8213 83.69 84.73 85.44

10 0.00 0.90 7590 78.78 82.26 83.70 84.61 8524

15 0.00 0.92 7296 77.72 8229 8395 8493 8556

20 0.01 109 73.60 77.12 81.17 8294 84.03 84.77

11 Control 0 0.00 0.10 5266 63.25 71.15 7441 76.87 78.57
(without catechin) 5 0.00 1.00 4495 5982 7047 7445 76.63 78.18
10 0.00 0.12 4413 56.61 70.22 7430 76.47 77.95

15 0.00 0.40 3592 6055 71.02 7466 76.80 78.28

20 0.01 168 3653 59.32 69.96 73.88 76.24 77.92

100 0 0.00 0.11 5055 63.00 7161 7437 77.07 7877

5 0.00 143 4092 5587 6990 74.72 76.76 78.18

10 0.00 0.11 35.63 5587 69.90 74.37 77.07 7877

15 0.00 146 4329 6249 7149 7480 7691 78.38

20 0.01 0.79 35.64 56.72 6826 7265 7545 77.39

200 0 0.00 0.04 3143 5188 67.37 7250 75.69 77.67

5 0.00 0.01 23.72 3865 6271 71.06 7543 77.48

10 0.00 0.01 1959 39.56 6390 72.13 76.24 78.20

15 0.00 0.01 17.82 38.28 63.66 7248 76.78 78.81

20 0.01 0.04 1755 26.88 57.96 7139 75.63 77.80

400 0 0.01 0.06 19.47 2744 57.09 70.12 7437 76.65

5 0.00 0.11 1952 31.14 58.78 70.57 7447 76.64

10 0.00 0.00 9.24 1589 5001 6857 7426 77.04

15 0.01 0.00 994 1824 5210 69.41 7482 7752

20 0.01 001 954 1740 5185 69.78 74.43 76.20
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Figure 20. Changes in transparency value of films from red tilapia mince prepared at
pH 3 (A) and 11 (B) incorporated Wwitut and with Trolox or catechin at
different levels (100, 200 and00 ppm) during 20 days of storage
Bars represent the standard deviation (n=3).
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3.5 Conclusions

Lipid oxidation of fish muscle pretn-based film exposed to oxygen
was the key factor affecting yellow dadoration during extended storage. The
inhibition of lipid oxidation by incorporation of antioxidants (Trolox and catechin) in
the range of 100-400 ppm was able tecevent discoloration, mainly via the

retardation of lipid oxidation of film during the storage.



CHAPTER 4

CHARACTERISTICSOF FILM BASED ON PROTEIN ISOLATE
FROM RED TILAPIA MUSCLE WITH NEGLIGIBLE
YELLOW DISCOLORATION

4.1 Abstract

The properties of film from fish protein isolateR]) prepared by prior
washing followed by alkaline solubilization procg#sSP) from red tilapia muscle
were monitored during the storage of 20 days at H%and 25°C, in comparison
with those of films from washed mince. Lipid, hem@n and non-heme iron contents
in FPI were decreased by 98.8, 36.8 and 91.9%gnmparison with those of mince (
< 0.05). Films from FPI had higher tensile stren@il$) and elongation at break
(EAB) than those from washed mince for both pH (& al) used for film
preparation® < 0.05). Film from FPI at pH 3 showed the highESt while that from
washed mince at pH 11 had the lowest PS<(0.05). Nevertheless, films from FPI
had higher WVP than those from washed mince foh Ipbt used R < 0.05). At the
same pH used for film preparation (3 or 11), fillnem FPI showed the lower
TBARS values than those from washed minee<(0.05). Nevertheless, films from
both FPI and washed mince had the higher TBARSegalhen pH 3 was used for
film preparation, compared with pH 1P € 0.05). Among all films, those from FPI
prepared at pH 3 had the highest transparency angiellow discoloration was
observed during the storage of 20 days, in commangith other films P < 0.05).
Conversely, film from washed mince prepared at pih8 the higher increase iri-
value andAE*-value than other films. Therefore, FPI could seag a potential
material for film preparation with lower contents lppid and prooxidants, thereby
preventing the yellow discoloration of the fish rfipallar protein-based film during

extended storage.

90
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4.2 Introduction

Biodegradable packagings have been paid moreasioig attention,
especially those prepared from alternative materiat petrochemical and plastic
products, which are non-biodegradable and haveehative impact on environment.
Proteins are biopolymers capable of forming then fdnd their properties can be
varied with proteinaceous materials. Myofibrillardasarcoplasmic proteins from fish
muscle have been widely used as film forming mate¢Artharn et al, 2009;
Chinabharket al, 2007; Limpanet al, 2010; Paschoalickt al, 2003). Apart from
possessing the poor water barrier properties, wellliscoloration of myofibrillar
protein based films is another drawback for apgilbices. During extended storage,
films from the muscle of Atlantic sardine (Cegjal, 1996a), round scad (Arthagat
al., 2009) and red tilapia (Tongnuanchanal, 2011), turned to be yellowish as
indicated by the increasesh and AE*-values. Yellow discoloration of myofibrillar
film was mainly caused by Maillard reaction ancedity limits the application of fish
muscle protein-based film (Arthaet al, 2009; Benjakukt al, 2008; Tongnuanchan
et al, 2011). Lipid oxidation more likely played a roteyellow discoloration of fish
muscle protein film, by providing the carbonyl gpsuinvolved in Maillard reaction
(Tongnuancharet al, 2011). Therefore, fat removal can be a meansetard
discoloration of film during storage. Conventioneshing process has been used to
concentrate myofibrillar proteins in fish mince temoving sarcoplasmic protein, fat,
blood and pigment (Moriokat al, 1997; Parlet al, 1997). Recently, Tongnuanchan
et al (2011) reported that washing process could dserdee yellow discoloration of
film to some degree. Nevertheless, yellow discdlora associated with lipid
oxidation still occurred. To overcome this probldhe removal of membrane lipid by
pH-shift process might lower the oxidation in the§.

After the muscle is solubilized at low and high, gkt soluble proteins
are separated from insoluble material, such as@kén, connective tissue, cellular
membranes, and neutral storage lipids via highdépeatrifugation. Thereafter, the
solubilized proteins are collected and recoveredsbglectric precipitation to give a
highly functional and stable protein isolate (Huland Kelleher, 2000; Kristinsson
and Ingadottir, 2006). The lowered lipids retaimezlild undergo less oxidation. As a
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consequence, the film produced from protein isolaty have the lower yellow
discoloration. Additionally, the mechanical and astlproperties could be modified
when protein isolate is used as material for fisrmnfation. However, no information
regarding the use of fish protein isolate on proesrof film, especially, yellow
discoloration has been reported. The present sttadyundertaken to investigate the
properties of film from protein isolate from rethpia prepared at acidic and alkaline

condition and the yellow discoloration of film dog storage.

4.3 Materials and method

4.3.1 Chemicals

Glycerol, sodium chloride (NaCl), sodium dodeuifiste (SDS),
thiobarbituric acid, malondialdehyde bis (dimetladetal) andp-mercaptoethanol
(BME) were purchased from Sigma (St. Louis, MO, USAgrylamide, N,N,N',N-
tetramethylethylenediamine (TEMED) and bis-acryldenwere obtained from Fluka

(Buchs, Switzerland).

4.3.2 Fish sample

Fresh tilapia (400-500 g/fish) were purchased feotocal market in
Hat Yai, Songkhla province, Thailand. Fish weretkepice with a fish/ice ratio of
1:2 (w/w) and transported to the Department of Fdéedhnology, Prince of Songkla
University within 30 min. Upon the arrival, fish veeimmediately washed, filleted

and minced to uniformity using a mincer with a hdigmeter of 0.5 cm.

4.3.3 Preparation of fish protein isolate from washed mince

Prior to the isolation of fish protein, mince wabgcted to washing as
per the method of Toyohaet al (1990) with slight modifications. Fish mince was
homogenised with 5 volumes of cold 0.05 M NaCl (2€4 at a speed of 13,000 rpm

for 2 min, using an IKA Labortechnik homogeniseelg®gor, Malaysia). The washed
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mince was filtered through two layers of cheeséhcldhe washing process was
repeated twice. Unwashed mince and washed minegénebit were stored on ice until
used.

To prepare fish protein isolate (FPI), alkalir@ubilization process
was used as described by Hultin and Kelleher (200i) slight modifications.
Washed mince was added with cold distilled watehatratio of 1:9 (w/v), followed
by homogenisation for 1 min at the speed of 13@dd. The pH of the homogenates
was then adjusted to 11 using 2 M NaOH. The regultnixture was centrifuged at
10,000xg for 20 min at 4 °C. The supernatant wdleaed and the pH was adjusted
to 5.5 using 2 M HCI. The precipitate was therefitd through 4 layers of cheese-
cloth. The retentate was dewatered by centrifugaditol2,000xg for 20 min at 4 °C.
The final pH of the sample was adjusted to pH &i@gi2 M NaOH. The sample was
referred to as ‘fish protein isolate; FPI'. FPI wasbjected to analyses and was used

for film preparation.

4.3.4 Analyses of FPI

FPI was analysed in comparison with fish mince washed mince as

follows:

4.3.4.1 Determination of lipid content
Lipid content was determined by Soxhlet apparaittmording to the
method of AOAC (2000) with the analytical No. of ®29B. Lipid content was
expressed on a dry weight basis.

4.3.4.2 Measur ement of total pigment and heme iron contents
Total pigment content was determined accordintpéomethod of Lee
et al (1999) and Cheng and Ockerman (2004) with a shgbdification. The ground
sample (2 g) was mixed with 9 ml of acid-acetorf@{%cetone, 8% deionised water
and 2% HCI). The mixture was stirred with a glass and allowed to stand for 1 h at
room temperature. The mixture was filtered with datvhan No. 42 filter paper

(Whatman International Ltd., Maidstone, England)e Bbsorbance of the filtrate was



94

read at 640 nm against an acid-acetone blank. dta¢ pigment and heme iron

contents were calculated as hematin using theviollgp formula:

Total pigment content (mg/100 g dry sample) gzoA 680
Heme iron content (mg/100 g dry sample) = Totahpégt (mg/100 g) x 0.0882

4.3.4.3 M easur ement of non-heme iron content

Non-heme iron content was determined as per thbadeof Schricker
et al (1982). The sample (1.0 g) was weighed and tearesf into a screw cap test
tube and 50 ml of 0.39% (w/v) sodium nitrite weded. Four ml of a mixture of
40% trichloroacetic acid and 6 M HCI (ratio of Xwlv), prepared freshly) were
added. The tightly capped tubes were placed imeubiator shaker (W350, Memmert,
Schwabach, Germany) at 65 °C for 22 h and theredoal room temperature for 2 h.
The supernatant (4Q0) was mixed with 2 ml of the non-heme iron coleagent, a
mixture of bathophenanthroline disulfonic acid, dieideionised water and saturated
sodium acetate solution at a ratio of 1:20:20 (wW/\yrepared freshly. After vortexing
and standing for 10 min, the absorbance was mehsti@0 nm. The non-heme iron
content was calculated from iron standard curve ifdn standard solution (Fe(NO

in HNOz3) with the concentration range of 0-2 ppm were used

4.3.4.4 SDS-polyacrylamide gel electrophoresis (SDS-PAGE)

Protein patterns of mince, washed mince and FPé¢ determined by
SDS-PAGE using 4% stacking gel and 10% runningagebrding to the method of
Laemmli (1970). Samples (3 g) were solubilized thral of 5% SDS. The mixture
was homogenised for 1 min at a speed of 13,000anuiincubated at 85 °C for 1 h to
dissolve total proteins. Proteins (15 pg) deterohibg the Biuret method (Robinson
and Hodgen, 1940) were loaded onto the gel andesidg to electrophoresis at a
constant current of 15 mA per gel using a Mini-PAEEAN Il unit (Bio-Rad
Laboratories, Inc., Richmond, CA, USA). After segiaon, the proteins were stained
with 0.02% (w/v) Coomassie Brilliant Blue R-250 %% (v/v) methanol and 7.5%
(v/v) acetic acid and destained with 50% (v/v) methandl 5% (v/v) acetic acid for
12 min, followed by 5% (v/v) methanol and 7.5% {vacetic acid for 3 h. Molecular
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weights of proteins were estimated from proteinkaes including myosin (206 kDa),

B-galactosidase (116 kDa), phosphorylase B (97 kBayum albumin (66 kDa),

glutamic dehydrogenase (55 kDa), ovalbumin (45 ki@&)ceraldehyde-3-phosphate
dehydrogenase (36 kDa), carbonic anhydrase (29 &bajrypsin (20 kDa).

Band intensity was measured using a densitoméperantitative
analysis of protein band intensity was performethgia Model GS-700 Imaging
Densitometer (Bio-Red Laboratories, Hercules, CAA)Y with Molecular Analyst
Software version 1.4 (image analysis systems).

4.3.5 Preparation of film from washed mince and FPI

The film-forming solutions (FFS) from washed mir{t&.22% protein,
wet weight basis) and FPI (14.13% protein, wet Weifasis) were prepared
according to the method of Chinabhatkal (2007). The samples were added with 3
volumes of distilled water and homogenised at 13,08m for 1 min. The protein
concentration of the mixture as determined by Kghldmethod (AOAC, 2000) was
adjusted to 2% (w/v). Glycerol, used as a plagticizvas added at 50% (w/w) of
protein. The mixtures were stirred gently for 30nmat room temperature.
Subsequently, the pH of mixture was adjusted to@ HL, using 1 M HCl and 1 M
NaOH, respectively, to solubilize the protein. Fét8ained was filtered through two
layers of cheese-cloth to remove undissolved debhe filtrate was used for film
casting.

To prepare the film, FFS (4 g) was cast onto am&a silicone resin
plate (50 x 50 mA) and air-blown for 12 h at room temperature ptiorfurther
drying at 25 °C and 50+5% RH for 24 h in an envinemtal chamber (WTB Binder,
Tuttlingen, Germany). The resulting films were malhu peeled off and used for

analyses.
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4.3.6 Deter mination of film properties

4.3.6.1 Film thickness
The thickness of film was measured using a micteméGotech,
Model GT-313-A, Gotech Testing Machines Inc, Tawd&)ve random locations

around each film of ten film samples were usedf@rage thickness determination.

4.3.6.2 Mechanical properties
Prior to testing the mechanical properties, filwere conditioned for
48 h at 25 °C and 50 = 5% RH. Tensile strength @i®) elongation at break (EAB)
were determined as described by Iweatal (2000) with a slight modification using
the Universal Testing Machine (Lloyd Instrument,nifshire, UK) equippted with
tensile load cell of 100 N. Ten samples (2 x 5)cwith initial grip length of 3 cm

were used for testing. Cross-head speed was 36tram/min.

4.3.6.3 Water vapor permeability (WVP)
WVP was measured using a modified ASTM methodessribed by
Shiku et al. (2004). The film was sealed on an aluminum petimeaup containing
dried silica gel (0% RH) with silicone vacuum greasd a rubber gasket to hold the
film in place. The cups were placed in a desiccatortaining the distilled water at 30
°C. The cups were weighed at 1 h intervals oved & period. WVP of the film was

calculated as follows:
WVP(gm's'Pat) =wiAt (P, - P
wherew is the weight gain of the cup (d)is the film thickness (m)A is the exposed

area of film (m); t is the time of gain (s)P, - Py is the vapor pressure difference
across the film (Pa).
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4.3.6.4 Color
Color of the film was determined using a CIE cwolater (Hunter
associates laboratory, Inc., VA, USADgs (day light) and a measure cell with
opening of 30 mm were used. The color of the fiwes expressed ds*-value
(yellowness) and total difference of colave*) was calculated as follows (Gennadios
et al, 1996):

AE" =\ (AL'Y + (Aa*) + (Ab")

where AL*, Aa* and Ab* are the differentials between the color parametiethe
samples and the color parameter of the white stdnfla = 93.55,a* = - 0.84,b* =
0.37).

4.3.6.5 Light transmittance and transparency value
The light transmittance of flms was measuredhat @ltraviolet and
visible range (200-800 nm) using UV-vis spectrophmter (Shimadzu UV-1800,
Tokyo, Japan) as described by Shétal.(2004). The transparency value of film was
calculated using the following equation (Han anor&$, 1997):

Transparency value = -l@gyy/X

whereTgoo IS the fractional transmittance at 600 nm amslthe film thickness (mm).

The greater transparency value represents the loaresparency of film.

4.3.6.6 Film and protein solubilities
Film solubility was determined according to thetinoel of Gennadios
et al (1998). The conditioned film samples (2 x 5°cmere weighed and placed in a
50 ml centrifuge tube containing 10 ml of distillediter with 0.1% (w/v) sodium
azide, used as antimicrobial agent. The mixture sfeeken at a speed of 250 rpm
using a shaker (Heidolth Inkubator 10000, Schwap&drmany) at 30 °C for 24 h.

Undissolved debris was removed by centrifugatioBC10xg for 20 min. The pellet
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was dried at 105 °C for 24 h and weighed. The weiglsolubilized dry matter was
calculated by substracting the weight of unsolabdi dry matter from the initial
weight of dry matter and expressed as a percewntape total weight.

To determine the protein solubility, the proteioncentration in the
supernatant was determined using the Biuret metRothinson and Hodgen, 1940).
Protein solubility was expressed as the percenvagetal protein in the film, which
was solubilized with 0.5 M NaOH at 30 °C for 24 h.

4.3.6.7 Protein pattern
Protein patterns of films were determined by SIE using 4%

stacking gel and 10% running gel according to trethod of Laemmli (1970). To
solubilize the films prior to SDS-PAGE analysisims were mixed with 20 mM Tris
HCI (pH 8.8) containing 2% SDS and 8 M urea inphesence and the absence of 2%
BME. The mixture was homogenised at 13,000 rpm famii. The homogenate was
stirred continuously for 24 h at room temperat@@&-30 °C). Then, the sample was
centrifuged at 7500xg for 10 min at room tempematiihe supernatant was subjected
to SDS-PAGE as described previously.

4.3.6.8 Scanning electron microscopy (SEM)

Morphology of surface and cross-section of thenfdamples were
visualised using a scanning electron microscop@&SBuanta 400, FEI, Eindhoven,
Netherlands). For cross-section, samples wereuir@dtunder liquid nitrogen prior to
morphology visualisation. Then, the samples wereumtexd on bronze stub and
sputtered with gold (Sputter coater SPI-Module, RISA) in order to make the

sample conductive. The photographs were taken ategleration voltage of 15 kV.
4.3.7 Changein TBARS, color and solubility of film during the storage
Films from washed mince and FPI, prepared at pth@® Hl, were

stored at the room temperature (28-32 °C). Sampée taken for determination of

thiobarbituric acid reactive substrances (TBAR®)pcand transparency value every
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5 days for totally 20 days. Mechanical propertiad &/VP of the films were also
tested at day 0 and 20 of storage.

TBARS value of film was determined according te timethod of
Buege and Aust (1978). Film samples (0.05 g) wemeedthwith 2.5 ml of TBA
solution (0.375 g of thiobarbituric acid, 15 g athloroacetic acid, and 0.875 ml of
HCI in 100 ml of distilled water). The mixtures weeheated for 10 min in a boiling
water bath (95-100 °C) to develop pink color, cdolth tap water and centrifuged
at 7500xg for 10 min. Absorbance of the supernateag measured at 532 nm. A
standard curve was prepared using malonaldehydédbiethyl acetal) (MDA) at
concentrations ranging from 0 to 10 mM. TBARS valueach sample was expressed

as mg MDA/kg dried sample.

4.3.8 Statistical analysis

All experiments were run in triplicate. Data wergbjected to analysis
of variance (ANOVA) and mean comparisons were edraut by Duncan’s multiple
range test. For pair comparison, T-test was uséek(@nd Torrie, 1980). Analysis

was performed using the SPSS package (SPSS foows&PSS Inc., Chicago, IL).

4.4 Results and discussion

4.3.4 Chemical composition of mince, washed mince and FPI from red tilapia

4.4.1.1 Lipid content

Lipid content of FPI from red tilapia muscle wad® % (dry weight
basis), while mince and washed mince had the Igoigtent of 11.17% and 9.56%,
respectively (Table 10). After washing process preparation of FPI, lipid content
was decreased by 14.41 % and 98.8%, respectivebgmparison with that found in
mince. Rawdkueret al (2009) reported that the lipid reduction by 8&ar®l 86.6%
was obtained for FPI recovered using acid and iakabolubilization process,
respectively. Lipid reduction of 31.1 and 68.4% J@snd in protein recovered from

Atlantic croaker muscle by acid- and alkaline-aidpdocesses, respectively
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(Kristinsson and Liang, 2006). Chaijahal (2010) reported that the lipid content of
the protein isolate prepared by alkaline solubiica process with and without
prewashing was not different but was lower, whemgared with protein obtained
from conventional washing process. Washing couldonee lipids to some extent
because membrane lipids were still retained. Addiily, lipoproteins associated
with other muscle proteins might not be leached easgily. When alkaline-aided
process was applied for washed mince, proteins wene likely dissociated. As a
result, lipids and the membrane phospholipids cdiddiberated to a higher extent.
After solubilization, these components were sepdrain the basis of density and
solubility differences (Ingadottir and KristinssoBD05; Undelandet al, 2002).
Generally, neutral lipids are more easily removedthe acid and alkaline-aided
processes than membrane phospholipids (KristinssohLiang, 2006). The higher
lipid removal by the alkaline process may be duéghohigher emulsification ability
of the proteins at alkaline pH (Kristinsson and tih12003). Therefore, the effective
removal of lipid could be achieved by the combimedcess between washing and

alkaline solubilization process.

Table10. Chemical compositions of mince, washed minceRidfrom red tilapia.

Composition Mince Washed mince FPI
Lipid (% dry basis) 11.17 +0.46 9.56+0.12 0.12+0.0%
Total pigment (mg/100 g sample) 5.83+0.68 3.52+0.54 2.61+0.20
Heme iron (mg/100 g sample) 0.51+0.08 0.31+0.08 0.19+0.0%
Non-heme iron (mg/100 g sample)0.10 + 0.08  0.15+0.08 0.03 + 0.0

*Mean +SD (n=3).
Different lowercase superscripts in the same roacate the significant differences
(P < 0.05).

4.4.1.2 Total pigment, hemeiron and non-heme iron content
Total pigment contents of mince, washed mince BRt were 5.83,
3.52 and 2.61 mg/100g sample, respectively (Tab)e Washing using 0.05 M NacCl
could remove 39.62% of total pigment from the riapta muscle and washing in
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combination with alkaline solubilization processultb remove 55.23% of total
pigment. The pigments in muscle food are mainly ghyboin and hemoglobin
(Pearson and Gillett, 1996). The result indicatbdt tboth of myoglobin and
hemoglobin, water soluble globular proteins coutdrémoved in washing process to
a high extent. With the subsequent alkaline salddibn, the dissociation of muscle
proteins might facilitate the release of heme pnoitgto the medium. Amino acids of
heme proteins packed into the interior of the makecwere predominantly
hydrophobic in character, whilst those exposedhendurface of the molecule were
generally hydrophilic. Alkaline solubilization press also resulted in the increased
charged molecules, which become more soluble. &adk (1998) reported that pls of
hemoglobins of 5 tilapia species of gen€@esochromisand Serotherodonranged
from 5.94-8.06 and they differed by their globiraicts. At pH 5.5, used for muscle
protein recovery, some hemoproteins might not leeipitated. As a result, the lower
amount of total pigment was obtained in FPI.

Heme iron content in all samples was in accordavittetotal pigment
content. The lowest heme iron content was foun&Rh whereas unwashed mince
had the highest conter® < 0.05). Both hemoglobin and myoglobin contaimiin
the prophyrin ring, called heme protein. Sinceltbme proteins, the major pigment in
mince, were removed, the heme irons were simultzssigsemoved, thereby lowering
heme iron content in washed mince. The lowest corié heme iron was also in
agreement with the highest efficiency in pigmenhogal. For non-heme iron, the
lowest content was obtained in FBP € 0.05). However, no difference was found
between unwashed mince and washed mifce (.05). During mincing, porphyrin
ring might be disrupted to some degree and non-hiemmewas released. Although
washing might remove those free irons to some éxtkea release of free iron from
heme possibly occurred to some degree during waskior FPI, washing along with
alkaline solubilization could facilitate the reméovaf free irons associated with
muscle protein. As a result, non-heme iron was tedieThe results indicated that FPI
had lowered pigment as well as non-heme iron contempared with unwashed and

washed mince.
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4.4.1.3 Protein pattern of mince, washed mince and FPI

Protein patterns of mince (M), washed mince (WN(J &P1 are shown
in Figure 21. For all samples, myosin heavy chMrC) was the dominant protein,
followed by actin, tropomyosin and troponin, respety. Band intensity of MHC
from washed mince and FPI increased by 9.3 andd,2ithen compared with that
found in mince. No significant change in actin bamensity was observed, compared
with that found in mince. Therefore, band intenefyMHC and actin was the highest
in FPI, followed by washed mince and mince, respelst During washing process,
water soluble protein or sarcoplasmic proteins wmiastly removed. This led to
higher concentration of myofibrillar proteins inding MHC, actin, etc, as evidenced
by the increased band intensity of those protdtos.FPI, after washing and alkaline
solubilization, the dissociation of actomyosin céexpmore likely took place. When
the pH adjustment was made to 5.5, myofibrillart@ires were mainly precipitated,
whereas other sarcoplasmic proteins might not bevexed. As a result, MHC and
actin could become more concentrated. Therefoosetimyofibrillar proteins in FPI

could serve for strong film network formation.

|
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Figure 21. Protein patterns of mince (M), washed mince (WMJ &®1 of red tilapia
muscle under reducing condition. Std: StandardkerarMHC: myosin

heavy chain.
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4.4.2 Properties of protein based film from washed mince with and without

subsequent alkaline solubilization process of red tilapia

4.4.2.1 Mechanical properties

Mechanical properties and thickness of films fromsted mince and
FPI from red tilapia prepared at acidic (pH 3) aficaline (pH 11) conditions at day O
and 20 of storage are shown in Table 11. The tles&rof film from FPI was higher
than that of film from washed mince, regardlespdfused P < 0.05). This result
suggested the difference in alignment of proteidecwes in film network between
FPI and washed mince. FPI had higher content of MiHComparison with washed
mince. Those MHC with long chain might undergo iirtennection, in the way
which protruded network was formed, whereas morepaxt network was developed
in film from washed mince. At day 0, films from FR&d the higher TS than those
from washed mince, irrespective of pH us&l< 0.05). No difference in TS was
found between films prepared from washed mince aih bpHs P > 0.05).
Nevertheless, the higher TS was obtained in filmspared from FPI at pH 3,
compared with those prepared at pH P1< 0.05). It has been reported that the
unwanted high-density components such as connetsisees, cellular membranes,
insoluble proteins and low-density components sagimembrane lipids and neutral
storage lipids could be removed from fish mincedtialine solubilization process
(Kristinsson and Liang, 2006). As a consequenceafimiyllar proteins in FP1 become
more concentrated in comparison with those foundashed mince. During alkaline
solubilization process, the unfolding of proteinmmtikely took place. Those proteins
could be more extended in chain length during thepgration of film forming
solution. Additionally, the reactive group such sglfhydryl group as well as
hydrophobic domains could be more exposed. Suljtyaind hydrophobic groups
could undergo interaction via disulfide bond anddrephobic-hydrophobic
interaction in film matrix, respectively. The mairteractions involved in the structure
of myofibrillar protein films are intermolecular walent bonds including disulfide
bond (Benjakulet al, 2009; Iwataet al, 2000; Rhimet al, 2002). Furthermore, the
lipid reduction was one of the factors yielding thereased TS of FPI. The presence

of lipids might interfere the cross-linking of peat for film network. The slight
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difference in TS between films from FPI preparedath pHs might be due to the
differences in charged residues of protein, whielbedmined the ionic interaction
between adjacent molecules in forming the film reetw Recently, Tongnuanchaa
al. (2011) reported that films from both unwashed waghed mince of red tilapia
prepared at pH 3 had higher TS than those filmpareal at pH 11R < 0.05). Acidic
pH might favour the solubilization and subsequédighanent of protein molecules, in
the way which interjunctions with strong bonds wéemed (Tongnuanchaet al,
2011).

For EAB, films prepared from FPI had much highe&BEthan did
those from washed mince, regardless of pH uBed @.05). Nevertheless, pH had no
impact on EAB of films for both materials usel & 0.05). This result was in
agreement with Hamagucht al (2007) who reported that pH level of film forming
solution had no effect on EAB of protein films frdslue marlin Makaira mazara
The high EAB of films from FPI reflected their imased extensibility. Unfolded or
stretched molecules of proteins in FPI in film-fangn solution might facilitate the
molecular entanglement, thereby allowing more mdbacslippage of those proteins
upon tensile deformation before breaking of thefilThis resulted in the increased
EAB.

After 20 days of storage, all films had no chamgboth TS and EAB
(P > 0.05). Thus, the storage time of 20 days haéffext on mechanical properties

of films from washed mince and FPI.

4.4.2.2 Water vapor per meability (WVP)

WVP of films from washed mince and FPI preparedlifferent pH
levels (pH 3 and 11) at day 0 and 20 of storageh@vn in Table 11. At the same
storage time, WVP of films from FPI was lower ththat of films from washed mince
for both pHs used for film preparatioR € 0.05). Film from FPI prepared at pH 3 had
lower WVP than did those prepared at pH P1<(0.05), but no differences in WVP
were found between films from washed mince prepatepH 3 and 11K > 0.05).
The lowest WVP of the film from FPI prepared at BHvas in agreement with the
highest TS (Table 11). The lowered permeation ofewaapor through the film
prepared from FPI at pH 3 was probably determingdhle stronger interaction of



105

protein molecules in the film network with the higlompactness. Normally, fish

muscle protein is hydrophilic in characteristics@sated with polar amino acids. The

Table11l. Mechanical properties, water vapor permeab{M{/P) and thickness of
films from washed mince (WM) and FPI of red tilapeepared at pH 3
and 11 at day 0 and 20 of storage.

Storage time  Samples pH TS EAB WVP Thickness
(Days) levels (MPa) (%) (x W gmisPal) (mm)
0 WM 3 6.98+0.92 47.93+7.48 4.46 +0.18° 0.030 +0.008"
11 6.34 £0.4% 59.25+10.2%" 4.58+0.1%" 0.029 +0.00%*
FPI 3 1251+0.7 7415+85%" 3.22+0.18" 0.034 +0.002"
11 11.25+1.08 80.39+21.1% 3.70+0.28" 0.035 +0.00%"
20 WM 3 716 1.0 4279+6.38  4.28+0.13%" 0.029 +0.002
11 6.40 £0.1% 49.01 £55%  4.39+0.16" 0.028 +0.00%*
FPI 3 1446 +2.4% 67.61+135% 3.15+0.1%4 0.036 + 0.00%"
11 1228+1.25 71.83+16.5% 3.31+0.2% 0.035 + 0.00%"

*Mean + SD (n=3).

Different lowercase superscripts in the same columder the same storage time
indicate significant differenced?(< 0.05). Different uppercase superscripts in the
same column under the same material and pH levedsl undicate significant
differences P < 0.05).

enhanced interaction via those reactive groups avimwer the hydrophilicity of the
resulting film. Paschoalic&t al (2003) reported that muscle protein of Nile tzapad
a high concentration of polar ionic amino acidpéasc acid, glutamic acid, arginine
and lysine). Protein films from fish muscle are alupoor in water vapor barrier
properties (Hamaguctat al, 2007). Furthermore, the polar proteins or amicidsa

especially from sarcoplasmic protein such as herogeim, were leached out more
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effectively. As a consequence, water vapor bammperty of protein film from
washed fish muscle was improved.

After 20 days of storage, no changes in WVP of féths were
obtained P > 0.05). This result suggested that film matrixswat affected by storage
time of 20 days. Therefore, film from washed mimecel FPI were stable in term of

water vapor barrier property during the extendedaste.

4.4.2.3 Film and protein solubilities

Film and protein solubilities of films from washedince and FPI
prepared at different pH levels (pH 3 and 11) at@and 20 of storage are shown in
Table 12. At day O, film and protein solubilitie$ fdms from washed mince were
higher than those of film from FPI when the samegdHilm preparation was used.
For the film prepared from same material, film gmdtein solubilities were much
lower in film prepared at pH 11, in comparison witlose prepared at pH B K
0.05). Washing process could remove the sarcoptasmiwater-soluble proteins,
resulting in the lowered content of water solulenponents. At pH 11, stronger film
network could be formed via the stronger bondsugparted by higher TS (Table
11). Films prepared at alkaline condition, whickdiars the formation of disulfide
bonds in film network (Shikuet al, 2003), had the lowered film and protein
solubility, compared with those prepared at pH 3e Tstrong protein-protein
interaction led to the lowered solubility of filnAt pH 3, the lower film and protein
solubilities were found in film prepared from FBlUggesting the greater cross-linking
via the stronger bonds in FPI films. This recondrthat FPI rendered the film with
more cross-linkings than washed mince. After 20sdafystorage, film solubility of
films from both washed mince and FPI prepared at3p#kecreased sharply, while
those from washed mince and FPI prepared at pHadlinb changes in both film and
protein solubilities after storag® ¢ 0.05). The result suggested that the molecular
change in the film matrix, plausibly via cross-limg of proteins, was more
pronounced in film prepared at pH 3 after 20 dafystorage. Nevertheless, protein
solubility was decreased after 20 days of stordgels, the proteins in film matrix
previously formed might undergo further interactideading to the decrease in

proteins, which could be solubilized in water. Tdmaino group of protein possibly
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reacted with the carbonyl groups of aldehyde oomketfrom lipid oxidation via
Maillard reaction, leading to the covalent crosdkiing of protein, during storage. The
cross-linked proteins in the film matrix were insale (Orliacet al, 2002). Artharret
al. (2009) reported that protein film from round scadscle was more rigid as the

storage time increased.

Table12. Film solubility and protein solubility of filmsrém washed mince (WM)
and FPI of red tilapia prepared at pH 3 and 1lagt@and 20 of storage.

Storage time Samples pH levels Film solubility Protein solubility

(Days) (%) (%)

0 WM 3 73.15+ 302 71.98 £ 2.2

11 22.08 + 2.52 21.69 +0.7%

FPI 3 56.01 + 2.5% 54.22 + 3.60"

11 21.43 £ 1.19 20.62 + 2.86"

20 WM 3 16.72 + 2.78 13.62 + 3.0%°

11 18.63 + 3.58 11.62 + 3.3%

FPI 3 15.32 + 1.77 14.78 + 1.08*

11 18.90 + 1.19 16.90 + 1.36°

*Mean +SD (n=3).

Different lowercase superscripts in the same columder the same storage time
indicate significant differenced?(< 0.05). Different uppercase superscripts in the
same column under the same material and pH levedsl undicate significant
differences P < 0.05).

4.4.2.4 Protein pattern
Protein patterns of films from washed mince andlgfBpared at pH 3
and 11 at day O and 20 of storage determined uretkrcing and non-reducing
conditions are presented in Figure 22. After filmegaration (day 0), films from
washed mince and FPI prepared at pH 3 and pH Ideshthe slight differences in
protein pattern. Generally, both MHC and actin pszared almost completely in
films prepared at pH 11. On the other hand, MHC aatih were maintained to a
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higher extent in film prepared at pH 3. Howevemdantensity of both proteins was
much lower in all films, compared with that foundinitial materials, both washed
mince and FPI. This suggested that partial degadaif proteins under alkaline
condition on FFS preparation possibly occurred amnes degree, leading to the
formation of those proteins. The disappearancé®fprotein band might be also due
to cross-linking of protein via weak bonds incluglimydrogen bond and hydrophobic
interaction. When protein patterns were determineder reducing condition, some
protein bands were more regained for film prepaiein FPI, especially those
prepared at pH 3. This result suggested the roledisfilphide bonds in film
stabilisation. Furthermore, the protein band witbleoular weight below MHC was
found in films prepared from both washed mince BR#l at pH 3, possibly caused by
protein degradation induced at acidic pH (Chinakledaal, 2007).

After 20 days of storage, some protein bands wigereased in
intensity with concomitant increase in band intgnef polymerised protein appeared
on the stracking gel. This was more pronouncedinm prepared at pH 3. The result
agreed well with the pronounced decrease in filrd protein solubilities of film
prepared at pH 3 stored for 20 days (Table 12). él@n, the polymerised proteins
were decreased in band intensity under reducingiton, especially those prepared
at pH 3. This result suggested that proteins weosselinked by disulphide bond
during 20 days of storage. Nevertheless, no chandesnd intensity of film prepared
at pH 11 were found in films prepared at pH 11exddior 20 days when determined
under reducing and non-reducing conditions. Thggssted that the cross-linking of
protein in film under alkaline condition, takingagke during storage, was mainly
merdiated by non-disulfide covalent bonds. The afiyn more likely occurred at
alkaline pH (Benjakukt al, 2005), leading to polymerisation of protein maoles in
the film matrix. Therefore, during storage of 2@/slathe cross-linking of protein still
proceeded via different bondings, depending upenptd of FFS as well as material

used.
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Figure 22. Protein patterns under non-reducing (A) and redu¢B) conditions of
films from washed mince (WM) and FPI of red tilagrepared at pH 3
and 11 at day 0 and 20 of storage.
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4425 TBARS

Lipid oxidation presented as TBARS value of filfrem washed
mince and FPI prepared at pH 3 and 11 was monitdigthg storage at room
temperature for 20 days (Figure 23). After casaing drying, TBARS were detected
in films from washed mince and FPI. The higher TEBARalue was found in films
prepared at pH 3. This indicated that acidic coodifavored the oxidation process of
lipid retained in washed mince and FPIl. GenerallBARS values of films from
washed mince were higher than those found in filrosn FPI, which contained the
lower lipid content (Table 10). Thus, the combiaatiof washing process, which
could remove of heme protein, the potent prooxidgRinthards and Hultin, 2000), and
alkaline solubilsation process, which could enhahedlipid removal effectively, was
able to lower lipid oxidation of films. Despite ¢fie removal of lipid and heme
proteins by those two processes, the lipid oxigastll occurred, especially film
prepared at pH 3. No differences in TBARS betweaknsffrom washed mince and
FPI prepared at pH 11 were obtained. Thus, lipitexat and pH were found as the
major factors affecting lipid oxidation of film fro fish muscle. Also the oxidation
took place during casting and drying. For both mals heme iron and non-heme
iron were also found in both washed mince and HRble 10), and might act as
prooxidants. Washed mince added with hemoglobinwskothe increased lipid
oxidation when pH was decreased (Richards andij@000; Undelaneét al, 2002).
Hemoglobin and myoglobin are generally in the defmxyn at low pH, and this form
exhibits the prooxidative activity (Magsood and [éml, 2011). Low pH lowers
oxygenation of hemoglobins and deoxy-form couldgbaerated, thereby promoting
lipid oxidation (Richards and Hultin, 2000). Accelgon of lipid oxidation by pH
reduction could be due to enhanced autoxidatiorherhoglobins at reduced pH
(Tsurugaet al, 1998). An increased prooxidative potential of bgiobin at low pH
has been demonstrated in other systems such agdvaslscle system (Kristinsson
and Hultin, 2004). On the other hand, the fish reusgstem with hemoglobin at high
pH did not develop any oxidation products, as measby TBARS (Kristinsson and
Hultin, 2004).

Substantial increase in TBARS for all films aftemplete drying (day

0), suggesting that lipid oxidation more likely aoed at the early stage of film
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formation. Films, which were thin and possess&t@e surface area, might be prone
to oxidation owing to the increased exposure togexy(Tongnuanchaet al, 2011).
Thereafter, TBARS values of films were fluctuatga to 20 days of storage. The
decrease in TBARS values was more likely due toltiss of volatile oxidation
products during the extended storage. Moreover liph@ oxidation products could
interact with protein in the film. On the other ldamhe increase in TBARS value was
probably due to the higher rate of formation of cselary oxidation product,
compared with that of losses. The oxidation ofdipnight be associated with the

change of film properties.
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Figure 23. Changes in TBARS of films from washed mince (WMYd&rPI of red
tilapia prepared at pH 3 and 11 during the stofag@0 days. ACD: after
casting and drying. Bars represent the standardatimv (n=3). The
different lowercase letters on the bars within g@me storage time
indicate significant differenced$(< 0.05). Different uppercase letters on
the bars within the same material and pH level ugseadicate the
significant differencesR < 0.05).
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4.4.2.6 Color

The color expressed ds-value (yellowness) andE*-value (total
color difference) of protein films from washed menand FPI prepared at pH 3 and 11
during storage for 20 days is depicted in Figure 24day 0, films from FPI had
lower b*-value than other filmsR < 0.05). Generally, film from washed mince
prepared at pH 3 had the highest rate of increab& andAE*-values. For film from
washed mince prepared at pH 11, the increag&-walue was found up to day 10 of
storage P < 0.05). Thereafter, no changesbitvalue were foundR > 0.05). Film
from FPI prepared at pH 3 also had the increégedalues within the first 10 day® (
< 0.05). However, no changeshh andAE*-values were obtained in film from FPI
prepared at pH 11. This result reconfirmed the wafrkongnuanchaset al (2011)
who reported that film from unwashed and washedceiof red tilapia became
yellow as evidenced by the increase®irandAE*-values during storage. Arthaet
al. (2009) reported that film from round scad musetes more yellowish as indicated
by the increase ib*-values with increasing storage time. The increasg*-values
was in agreement with lipid oxidation (Figure 28)hich was dominant in films
prepared at pH 3. Lipid oxidation more likely pldya role in yellow discoloration of
fish muscle film, mainly by providing the carbongtoups involved in Maillard
reaction (Tongnuancheaet al, 2011). Washing process could remove some lipid as
main substrate of lipid oxidation and some proomidauch as hemoglobin and
myoglobin but some lipids, especially phospholipidsll remained in the washed
mince and FPI. The membrane phospholipids are krtowne the main substrate for
oxidative reactions in fish muscle (Gandemer, 199@itin, 1994). Their removal
could lower the oxidation, therby retarding thenfiation of carbonyl compound for
Maillard reaction.

Film prepared at pH 11 from FPI had the negligidange irb* and
AE*-values during storage. Even though the alkalinefg¥burs Maillard reaction
(Bateset al, 1998), a smaller amount of lipid oxidation protdyavhich acted as the
precursor for Maillard reaction, were formed. There, no changes in the yellowness

were obtained in film from FPI prepared at alkalnié
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Figure 24. Changes ib* (A) and AE*-values (B) of films from washed mince (WM)
and FPI of red tilapia prepared at pH 3 and 1induthe storage for 20
days. Bars represent the standard deviation (n=3).
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4.4.2.7 Light transmittance and film transparency

The study on light transmission at selected wangthes of 200 to 800
nm of films from washed mince and FPI preparedtat3pand 11 indicated that all
films had the excellent barrier properties agauigtlight in the range of 200-280 nm
(Table 13). Fish muscle protein film exhibited tigeod UV barrier properties
(Benjakul et al, 2008; Prodpran and Benjakul, 2005; Tongnuancétaal, 2011),
owing to their high content of aromatic amino adiast absorb UV light (Hamaguchi
et al, 2007).

Films from washed mince and FPI prepared at pHad lower
transparency value than those film prepared at pHAL pH 3, film from washed
mince had the higher transparency value than toat FPI (Figure 25), suggesting
that the former was less transparent than therlaftas results were in agreement
with Tongnuanchaet al (2011) who reported that films prepared at acadicdition
(pH 3) from both washed and unwashed mince of itadia were more transparent
than those prepared at alkaline condition (pH 1%)irdicated by the lower
transparency value. However, there were no diffeenin transparency value
between film from washed mince and FPI, when theyewprepared at pH 11. No

changes in transparency values were found in alpsss during storage of 20 days.

——WM,pH3 —A—WM, pH 11

c0 ——FPI,pH3 —A—FPI, pH 11
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Figure 25. Changes in transparency value of films from washdce (WM) and
FPI of red tilapia prepared at pH 3 and 11 duthmegystorage for 20 days.
Bars represent the standard deviation (n=3).
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Table13. Light transmittance (%) of films from washed mir(¥éM) and FPI of red
tilapia prepared at pH 3 and 11 at day 0 and Zlarhge.

Samples pH Storage time Light transmittance (%) at different wavelength jnm
(Days) 200 280 350 400 500 600 700 800
WM 3 0 0.00 1.06 7251 78.60 8297 84.66 85.63 3B6.3
5 0.00 1.13 71.28 78.72 83.74 8537 86.23 86.81
10 0.00 1.44 7052 7849 83.72 8532 86.12 86.65
15 0.00 1.01 6764 77.13 8337 8515 86.01 86.59
20 0.01 0.78 66.11 76.04 82.67 8458 8553 86.17
11 0 0.00 1.15 67.51 7448 81.13 8382 8549 86.62
5 0.00 0.92 65.62 73.65 80.48 83.31 85.15 86.48
10 0.00 1.36 66.95 7487 8163 84.14 85.71 86.76
15 0.00 2.07 67.12 7468 81.30 83.86 8548 86.59
20 0.00 1.18 65.36 73.36 80.49 83.28 85.08 86.30
FPI 3 0 0.00 1.37 8192 8545 87.96 88.96 89.58 90.
5 0.01 1.30 80.49 85.15 88.24 89.31 8991 90.27
10 0.00 1.09 78.99 84.35 87.87 89.04 89.68 90.25
15 0.00 1.23 7854 8415 87.82 89.02 89.67 90.09
20 0.01 1.24 79.46 85.09 88,52 8956 90.06 90.35
11 0 0.01 1.00 67.59 73.69 80.20 83.13 85.01 86.30
5 0.01 0.82 67.40 73.19 79.77 83.02 85.12 86.54
10 0.00 1.04 66.96 7442 81.12 8382 8552 86.67
15 0.00 1.00 66.72 7256 79.19 8246 8461 86.13
20 0.00 0.80 68.47 7439 80.42 82.84 85.28 86.58

4.4.2.8 Film mor phology
SEM micrographs of the surface and cross-seatibriilms from
washed mince and FPI prepared at pH 3 and 11 amensim Figure 26. Film from
washed mince prepared at pH 3 had the smoothexcauttian that prepared at pH 11.
Film from FPI prepared at pH 3 had the most smaatifiace and cross-section, when
compared with other film samples. This indicatedattithose films had the
homogeneous structure on both surface and crofistsethis result suggested the
alkaline solubilization process could remove unwdntomponents (sarcoplasmic
protein, insoluble protein and lipid) and isolatiseé myofibrillar protein, rendering
the more protein interactions with homogeneouscsire. This resulted in the
improved mechanical and physical properties of famboth pH (pH 3 and 11).
Nevertheless, films from washed mince preparedHaB8mand 11 and film from FPI

prepared at pH 11 were rougher with some discoatiazone.
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FPI, pH 3

FPI, pH 11

Figure 26. SEM micrographs of films from washed mince (WM)daRPI of red
tilapia prepared at pH 3 and 11. Surface (A) aeeZe-fractured cross-
section (B).
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4.5 Conclusion

The use of alkaline solubilization process aftenwentional washing
process could successfully improve the propertfelim. This process could lower
heme protein and lipid contents from washed mireading to the improved
mechanical and physical properties of film. Moregpike lower content of lipid and
prooxidants was found, thereby preventing the yelthscoloration caused by lipid
oxidation products via Maillard reaction. Wider sisef this film can be achieved

without discoloration problem.



CHAPTERS

PROPERTIES AND STABILITY OF PROTEIN-BASED FILMSFROM
RED TILAPIA PROTEIN ISOLATED INCORPORATED
WITH ANTIOXIDANT DURING STORAGE

5.1 Abstract

Film from fish protein isolate (FPI) from red tilapia muscle prepared at
pH 3 and incorporated with 100 ppm Trolox (FPIT film) was prepared and
characterized in comparison with film prepared from unwashed mince film (UWM
film) during storage of 40 days. FPIT film had higher tensile strength (TS) and
elongation at break (EAB) but lower water vapor permeability (WVP) than UWM
film (P < 0.05). During the storage, FPIT film had much lower TBARS vaue than
UWM film. Furthermore, FPIT was more transparent and had no yellow
discoloration, as evidenced by no change in b* and AE*-values, during the storage of
40 days. Both UWM and FPIT films were stabilized mainly by hydrogen bond,
followed by hydrophobic interaction, disulfide bond and non-disulfide covalent bond.
FTIR spectra indicated that FPIT film contained the lower amount of lipids with the
lower amplitude of amide B band, compared with UWM film. Higher degradation
temperature (Td) was observed in FPIT film, indicating a greater protein-protein
interaction in the film matrix. FPIT film had smoother surface and cross-section than
UWM film. After 40 days of storage, both films had the increase in TS and Td but
lower EAB, WVP and protein solubility. This was more pronounced in UWM film
and was associated with the formation of non-disulfide covalent bond in the film
network, most likely mediated by the interaction between protein and lipid oxidation
products via Maillard reaction. Thus, film from FPI incorporated with antioxidant had

the improved mechanical and physical properties without yellow discoloration.
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5.2 Introduction

Development of biodegradable packaging materials is breakthrough
aternative to synthetic material packaging from petrochemical products, which are
non-biodegradable and have the negative impact on environment. Moreover, the
biodegradable materials are eco-friendly, non-toxic and have been used to prepare
biodegradable films and coating for food preservation and protection. The
biodegradable film can be made from neutral biopolymers, including polysaccharides,
proteins and lipids or the combination of these materials (Huber et al., 2009;
Tharanathan, 2003). Among these biopolymers, proteins have been impressively used
for the development of biodegradable films due to their relative abundance and film-
forming ability. Proteins are heteropolymers containing a variety of amino acids,
which can undergo a wide range of interactions and chemical reaction (Stevens,
1999). The protein-based films have excellent oxygen, carbon dioxide and volatile
compounds barrier properties, in comparison with synthetic film under low relative
humidity condition (Limpan et al., 2010). However, protein-based films had poor
water vapor barrier properties because their hydrophilicity of amino acids in protein
molecules (Gennadios et al., 1993; Krochta, 2002).

Fish proteins including myofibrillar and sarcoplasmic proteins have
been used for film-forming materials (Artharn et al., 2007; Benjakul et al., 2008; Cuq
et al., 1996a; Prodpran et al., 2007; Shiku et al., 2004). The one of major limitations
of fish muscle protein-based film are their yellow discoloration during the extended
storage (Artharn et al., 2009; Tongnuanchan et al., 2011). Yellow discoloration of
fish muscle protein-based film was mainly caused by non-enzymatic browning
reaction or Maillard reaction (Artharn et al.,, 2009; Limpan et al., 2010;
Tongnuanchan et al., 2011). Recently, Tongnuanchan et al. (2011) reported that lipid
oxidation played an essentia role in yellow discoloration of fish muscle protein film,
by providing the carbonyl groups involved in Maillard reaction. To tackle the
discoloration problem in fish protein-based film, the prevention of lipid oxidation by
lowering lipids as well as prooxidants would be a potential approach. The pH-shift
process, used for fish protein isolate preparation, might overcome this problem by

remova of lipids in fish muscle (Kristinsson et al., 2005; Kristinsson and Liang,
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2006; Undeland et al., 2002). Prewashing to eliminate sarcoplasmic proteins
including heme proteins with subsequent pH-shift process can lower some
prooxidants and simultaneously concentrate myofibrillar proteins, which mainly
contribute to film formation. Additionaly, the incorporation of appropriate
antioxidant into the film could effectively retard the oxidation in film, especialy
during the extended storage. The objective of this study was to study the properties of
protein-based film from red tilapia protein isolate incorporated with antioxidant
during extended storage in comparison with film from unwashed mince.

5.3 Materialsand method

5.3.1 Chemicals

Glyceral, urea, sodium chloride (NaCl), sodium dodecylsulfate (SDS),
thiobarbituric acid, malondialdehyde bis (dimethyl acetal) and [-mercaptoethanol
(BME) were purchased from Sigma (St. Louis, MO, USA). Trolox (6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid) was obtained from Fluka (Buchs,
Switzerland).

5.3.2 Fish sample

Fresh red tilapia (Oreochromis niloticus) (400-500 gffish) were
purchased from a local market in Hat Yai, Songkhla province, Thailand. Fish were
kept in ice with a fish/ice ratio of 1:2 (w/w) and transported to the Department of
Food Technology, Prince of Songkla University within 30 min. Upon the arrival, fish
were immediately washed, filleted and minced to uniformity using a mincer with a

hole diameter of 0.5 cm.
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5.3.3 Preparation of fish protein isolate from mince

Prior to the isolation of fish protein, mince was subjected to washing as
per the method of Toyohara et al. (1990) with slight modifications. Fish mince was
homogenized with 5 volumes of cold 0.05 M NaCl (24 °C) at a speed of 13,000 rpm
for 2 min, using an IKA Labortechnik homogenizer (Selangor, Malaysia). The washed
mince was filtered through two layers of cheesecloth. The washing process was
repeated twice. Unwashed mince and washed mince obtained were stored on ice until
used.

To prepare fish protein isolate (FPI), alkaline solubilization process
was used as described by Hultin and Kelleher (2000) with slight modifications.
Washed mince was added with cold distilled water at the ratio of 1:9 (w/v), followed
by homogenization for 1 min at the speed of 13,000 rpm. The pH of the homogenate
was then adjusted to 11 using 2 M NaOH. The resulting mixture was centrifuged at
10,000xg for 20 min at 4 °C. The supernatant was collected and the pH was adjusted
to 55 using 2 M HCI. The precipitate was then filtered through 4 layers of
cheesecloth. The retentate was dewatered by centrifugation at 12,000xg for 20 min at
4 °C. The final pH of the sample was adjusted to pH 7.0 using 2 M NaOH. The
sample was referred to as ‘fish protein isolate; FPI'. FPI was subjected to analyses
and was used for film preparation.

5.3.4 Preparation of film from unwashed mince and FPI

The film-forming solutions (FFS) from unwashed mince and FPI
(protein content 17.69 + 0.58% and 14.63 + 0.77% wet basis weight, respectively)
were prepared according to the method of Chinabhark et al. (2007). The samples were
added with 3 volumes of distilled water and homogenized at 13,000 rpm for 1 min.
The protein concentration of the mixture as determined by Kjeldahl method (AOCAC,
2000) was adjusted to 2% (w/v). Glycerol, used as a plasticizer, was added at 50%
(w/w) of protein. The mixtures were stirred gently for 30 min at room temperature.
The pH of mixture was adjusted to 3, using 1 M HCI, to solubilize the protein. FFS

obtained was filtered through two layers of cheesecloth to remove undissolved debris.
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For FFS from FPI, Trolox, used as a antioxidant, was incorporated at the level of 100
ppm. Then, both FFS were then stirred gently at room temperature for 10 min.

To prepare the films, FFS (4 g) was cast onto a rimmed silicone resin
plate (50 x 50 mm?) and air-blown for 12 h at room temperature prior to further
drying at 25 °C and 50+5% RH for 24 h in an environmental chamber (Binder, KBF
115 # 00-19735, D-78532, Tuttlingen, Germany). The resulting films were manually
peeled off and used for analyses. Film from unwashed mince and those from FPI
containing Trolox were referred to as ‘UWM’ and ‘FPIT’ films, respectively. Those
films were stored at room temperature (28-30 °C) and subjected to analyses at the
designated time.

5.3.5 Characterization of filmsduring extended storage

Both UWM and FPIT films were stored at room temperature (28-32
°C). Samples were taken for determination of thiobarbituric acid reactive substrances
(TBARS), color, light transmittance and transparency value every 5 days for totally
40 days. Mechanical properties, WVP and protein solubility of films were tested at
day 0 and 40 of storage. FTIR, TGA and SEM analyses were also performed at day 0
and 40 of storage.

5.3.5.1 Film thickness
The thickness of film was measured using a micrometer (Gotech,
Model GT-313-A, Gotech Testing Machines Inc, Tawai). Five random locations

around each film of ten film samples were used for average thickness determination.

5.3.5.2 Mechanical properties
Prior to testing the mechanical properties, films were conditioned for
48 h at 25 °C and 50 + 5% RH. Tensile strength (TS) and elongation at break (EAB)
were determined as described by Iwata et al. (2000) with a slight modification using
the Universal Testing Machine (Lloyd Instrument, Hampshire, UK) equipped with
tensile load cell of 100 N. Ten samples (2 x 5 cm?) with initial grip length of 3 cm
were used for testing. Cross-head speed was set at 30 mm/min.
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5.3.5.3 Water vapor permeability (WVP)
WV P was measured using a modified ASTM method as described by
Shiku et al. (2004). The film was sealed on an aluminum permeation cup containing
dried silica gd (0% RH) with silicone vacuum grease and a rubber gasket to hold the
film in place. The cups were placed in a desiccator containing the distilled water at 30
°C. The cups were weighed at 1 h intervals over a 10 h period. WVP of the film was
calculated as follows:

WVP (gm™*s*Pa?) = WAt Y(P, - Py)™*

wherew isthe weight gain of the cup (g); | isthe film thickness (m); Aisthe exposed
area of film (m%); t is the time of gain (s); P, - Py is the vapor pressure difference

across the film (Pa).

5.3.5.4 Film and protein solubilities

Film solubility was determined according to the method of Gennadios
et al. (1998). The conditioned film samples (2 x 5 cm?) were weighed and placed in a
50 ml centrifuge tube containing 10 ml of distilled water with 0.1% (w/v) sodium
azide, used as antimicrobia agent. The mixture was shaken at a speed of 250 rpm
using a shaker (Heidolth Inkubator 10000, Schwabach, Germany) at 30 °C for 24 h.
Undissolved debris was removed by centrifugation at 3000xg for 20 min. The pellet
was dried at 105 °C for 24 h and weighed. The weight of solubilized dry matter was
calculated by substracting the weight of unsolubilized dry matter from the initial
weight of dry matter and expressed as a percentage of the total weight.

To determine the protein solubility, the protein concentration in the
supernatant was determined using the Biuret method (Robinson and Hodgen, 1940).
Protein solubility was expressed as the percentage of total protein in the film, which
was solubilized with 0.5 M NaOH at 30 °C for 24 h.
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5.3.5.5 Color
Color of the film was determined using a CIE colorimeter (Hunter
associates laboratory, Inc., VA, USA). Des (day light) and a measure cell with
opening of 30 mm were used. The color of the films was expressed as b*-value
(yellowness) and total difference of color (AE*) was calculated as follows (Gennadios
et al., 1996):

AE" = \/ (AL)* + (Aa*)’ + (AD")’

where AL*, Aa* and Ab* are the differentials between the color parameter of the
samples and the color parameter of the white standard (L* = 93.27, a* = - 0.79, b* =
0.28).

5.3.5.6 Light transmittance and transparency value
The light transmittance of films was measured at the ultraviolet and
visible range (200-800 nm) using UV-vis spectrophotometer (Shimadzu UV-1800,
Tokyo, Japan) as described by Shiku et al. (2004). The transparency value of film was
calculated using the following equation (Han and Floros, 1997):

Transparency value = -logTeoo/X

where Tgoo IS the fractional transmittance at 600 nm and x is the film thickness (mm).
The greater transparency value represents the lower transparency of film.

5.3.5.7 Thiobarbituric acid reactive substrances (TBARYS)
TBARS value of film was determined according to the method of
Buege and Aust (1978). Film samples (0.05 g) were mixed with 2.5 ml of TBA
solution (0.375 g of thiobarbituric acid, 15 g of trichloroacetic acid, and 0.875 ml of
HCI in 100 ml of distilled water). The mixtures were heated for 10 min in a boiling
water bath (95-100 °C) to develop pink color, cooled with tap water and centrifuged
at 7500xg for 10 min. Absorbance of the supernatant was measured at 532 nm. A
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standard curve was prepared using malonaldehyde bis (dimethyl acetal) (MDA) at
concentrations ranging from 0 to 10 mM. TBARS value in each sample was expressed

as mg MDA/kg dried sample.

5.3.5.8 Protein solubility in various soution

Solubility of filmsin various solvents was determined as described by
Chawla et al. (1996) with some modifications. The solvents used included 20 mM
Tris-HCI (pH 8.0) containing 1% (w/v) SDS (S1), 20 mM Tris-HCI (pH 8.0)
containing 1% (w/v) SDS and 8 M Urea (S2) and 20 mM Tris-HCI (pH 8.0)
containing 1% (w/v) SDS, 8 M Ureaand 2% (v/v) BME (S3).

Film samples (0.2 g) were homogenized in various solvents at a speed
of 13,000 rpm for 1 min using a homogenizer. The homogenate was heated in boiling
water (100°C) for 2 min and stirred at room temperature for 4 h. The resulting
homogenate was centrifuged at 7500xg for 30 min using a centrifuge (Allegra 25R,
Beckman, California, USA). The supernatant (10 ml) was added with 2.5 ml of cold
50% (w/v) trichloroacetic acid to precipitate the proteins. The mixture was kept at 4
°C for 18 h and centrifuged at 7500xg for 30 min. The precipitate was washed with
10% TCA and solubilized in 10 ml of 0.5M NaOH. The protein content was
determined using the Biuret test (1940). To obtain the total amount of protein in the
films, films were solubilized in 0.5 M NaOH. The solubility was reported as the

percentage of total protein.

5.3.5.9 Protein pattern

Protein patterns of films were determined by SDS-PAGE using 4%
stacking gel and 10% running gel according to the method of Laemmli (1970). To
solubilize the films prior to SDS-PAGE analysis, films were mixed with 20 mM Tris
HCI (pH 8.8) containing 2% SDS and 8 M ureain the presence and the absence of 2%
BME. The mixture was homogenised at 13,000 rpm for 1 min. The homogenate was
stirred continuously for 24 h at room temperature (28-30 °C). Then, the sample was
centrifuged at 7500xg for 10 min at room temperature. The supernatant was subjected
to SDS-PAGE as described previoudly.



126

5.3.5.10 Attenuated total reflectance-Fourier transformsinfrared (ATR-

FTIR) spectroscopy

Prior to analysis, films were conditioned in a desiccator containing
dried silica gel for 3 weeks at room temperature to obtain the most dehydrated films
(Sobral et al., 2001). Films were scaned with a Bruker Model Equinox 55 FTIR
spectrometer (Bruker Co., Ettlingen, Germany) equipped with a horizontal ATR
Trough plate crystal cell (45 ° ZnSe; 80 mm long, 10 mm wide and 4 mm thick)
(PIKE Technology Inc., Madison, WI, USA) at room temperature as described by
Nuthong et al. (2009b). Films were placed onto the crystal cell and the cell was
clamped into the mount of FTIR spectrometer. The spectra in the range of 700-4000
cm™ with automatic signal gain were collected in 32 scans at a resolution of 4 cm™
and were ratioed against a background spectrum recorded from the clean empty cell at
25 °C.

5.3.5.11 Thermo-gravimetric analysis (TGA)
Prior to testing, films were conditioned in a desiccator containing dried
silica gel for 3 weeks at room temperature. Conditioned films were scanned using a
thermo-gravimetric analyzer (TGA7, PerkinElmer, Norwalk, CT, USA) from 50 to
600 °C at arate of 10 °C/min (Nuthong et al., 2009b). Nitrogen was used as the purge
gas at aflow rate of 20 ml/min.

5.3.5.12 Scanning electron microscopy (SEM)

Morphology of surface and cross-section of the film samples were
visualized using a scanning electron microscope (SEM) (Quanta 400, FEI, Eindhoven,
Netherlands). For cross-section, samples were fractured under liquid nitrogen prior to
morphology visualization. Then, the samples were mounted on bronze stub and
sputtered with gold (Sputter coater SPI-Module, PA, USA) in order to make the
sample conductive. The photographs were taken at an acceleration voltage of 15 kV.
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5.3.6 Use of red tilapia protein based-filmsto extend the shelf life of dried fish

powder

5.3.6.1 Preparation of longtail tuna powder
Longtail tuna was washed and filleted. The fillets were subjected to
drying using a hot-air oven with an air velocity of 1.5 m/s at 60 °C for 8 h. The dried
fillets were powderized using a blender until uniformity was obtained.

5.3.6.2 Shelf life study of dried fish powder covered with round scad
protein-based films
Fish powder (15 g) was transferred to a cylindrical glass cup with a
diameter of 25 mm. The cup containing fish powder was covered with protein-based
films from red tilapia protein isolated incorporated with antioxidant, PP
(polypropylene) film and PE (polyethylene) film with a thickness of
0.035 = 0.003 mm and subsequently sealed with an O-ring. The samples were stored
at 28-30 °C. Sample without film covering was used as the control. Samples were
taken every 5 days for 30 days for analyses of moisture content (AOAC, 2000), color,
TBARS and peroxide value.

5.3.6.3 Peroxide value

Peroxide value was determined as per the method of Richards and
Hultin (2002) with a dight modification. Fish powder (1 g) was homogenised at a
speed of 13500rpm for 2min in 11ml of chloroform/methanol (2:1, v/v).
Homogenate was then filtered using Whatman No. 1 filter paper. Two millilitre of
0.5% NaCl was then added to 7 ml of the filtrate. The mixture was vortexed at a
moderate speed for 30 s and then centrifuged at 3000g for 3 min to separate the
sample into two phases. Two millilitre of cold chloroform/methanol (2:1) were added
to 3ml of the lower phase. Twenty-five microlitre of ammonium thiocyanate and
25 ul of iron (1) chloride were added to the mixture (Shantha and Decker, 1994).
Reaction mixture was allowed to stand for 20 min at room temperature prior to
reading the absorbance at 500 nm. A standard curve was prepared using cumene

hydroperoxide at a concentration range of 0.5-2 ppm.
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5.3.6.4 TBARS

Thiobarbituric acid-reactive substances (TBARS) were determined as
described by Buege and Aust (1978). Fish powder (0.2 g) was mixed with 2.5 ml of a
TBA solution containing 0.375% thiobarbituric acid, 15% trichloroacetic acid and
0.25 N HCI. The mixture was heated in a boiling water bath (95-100 °C) for 10 min
to develop a pink color, cooled with running tap water and then sonicated for 30 min,
followed by centrifugation at 5000g at 25 °C for 10 min. The absorbance of the
supernatant was measured at 532 nm. A standard curve was prepared using 1,1,3,3-
tetramethoxypropane (MDA) at the concentration ranging from O to 10 ppm and
TBARS were expressed as mg of MDA equivalents’kg of sample.

5.3.7 Statistical analysis

All experiments were run in triplicate. Data were subjected to anaysis
of variance (ANOVA) and mean comparisons were carried out by Duncan’s multiple
range test. For pair comparison, T-test was used Steel and Torrie (1980). Analysis was
performed using the SPSS package (SPSS for windows, SPSS Inc., Chicago, IL,
USA).

5.4 Results and discussion

5.4.1 Properties and stability of protein-based films from red tilapia during

storage

5.4.1.1 Thickness and mechanical properties
Thickness and mechanical properties of film from FPI of red tilapia
muscle prepared at pH 3 and incorporated with 100 ppm Trolox (FPIT film) and film
from unwashed mince (UWM film) prepared at pH 3 at day 0 and 40 of storage are
shown in Table 14. UWM film and FPIT film had similar thickness (P > 0.05). FPIT
film exhibited the higher TS than UWM film (P < 0.05). This result suggested FPI
might have the higher content of film forming material, especialy myofibrillar

proteins, and lower content of undesirable materials such as fat than unwashed mince.
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Thus, washing followed by akaline solubilization, a process used for FPI preparation,
effectively improved TS of film from fish mince. The washing process removes
sarcoplasmic proteins, such as myoglobin, hemoglobin, enzyme and low-molecular
weight proteins and some phospholipids (Morioka et al., 1997; Park et al., 1997).
Artharn et al. (2007) and Tongnuanchan et al. (2011) reported that washing process
could improve the mechanical properties of fish mince-based film, regardless of
muscle types and pH used. Alkaline solubilization process was able to separate
undesirable constituents such as connective tissues, cellular membrane, neutral
storage lipid and membrane lipid (Hultin and Kelleher, 2000; Kristinsson and Liang,
2006). The reduction of lipid was one of factors contributing to the improved TS of
FPI-based film. Lipid might interfere protein-protein interaction for film network
formation.

For EAB, FPIT film had much higher EAB than UWM film (P < 0.05).
High EAB of film reflected the extensibility/elasticity of film. The unfolding and
stretching of proteins more likely took place during alkaline solubilization process.
Those proteins could be more extended and the reactive groups were more exposed.
As a consequence, higher interaction of proteins in film matrix occurred, particularly
in the way which the longer chains were possibly formed. This led to the enhanced
extensibility of film, as evidenced by the increased EAB.

After 40 days of storage, both FPIT and UWM films generally had the
increases in TS with the concomitant decreases in EAB (P < 0.05). This result wasin
accordance with Tongnuanchan et al. (2011) who reported that protein-based film
from unwashed and washed mince of red tilapia muscle prepared at pH 3 had the
increases in TS after storage (P < 0.05). The increase in rigidity of film might be
probably due to the enhanced cross-linking between proteins via non-enzymatic
browning reaction. The cross-linking of low and high molecular weight protein could
be enhanced via the Maillard reaction (Lertittikul et al., 2007). Additionally, the
interaction between protein molecules took place to a higher extent with increasing

storage time.
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Table 14. Properties of films from unwashed mince prepared at pH 3 (UWM) and
films from FPI of red tilapia prepared at pH 3 and incorporated with 100
ppm Trolox (FPIT) at day 0 and 40 of storage.

Storagetime  Samples TS EAB WVP Thickness
(Days) (MPa) (%) (x 10" gm?s'Pa’)  (mm)
0 UWM 2.85+050"® 63.74+957™ 514027 0.030 + 0.005™
FPIT 8.40+0.65® 12395+7.38" 4.17+0.15" 0.029 + 0.002*
40 UwWM 358+042" 44.24+6.38"° 4.73+0.18"® 0.031 + 0.003*
FPIT 10.37+1.37* 8460+851® 3.98+0.11" 0.030 + 0.004™

*Mean + SD (n=3).

Different lowercase superscripts in the same column under the same storage time
indicate significant differences (P < 0.05). Different uppercase superscripts in the
same column under the same material and pH levels used indicate significant
differences (P < 0.05).

5.4.1.2 Water vapor permeability (WVP)

WVP of film from FPIT and UWM films at day 0 and 40 of storage is
shown in Table 14. Fish protein-based film is known to have poor water vapor barrier
properties, due to its hydrophilic nature (Hamaguchi et al., 2007). At beginning of
storage (O day), WVP of UWM film was higher than FPIT film (P < 0.05). It was
suggested that polar or hydrophillic amino acids and proteins, including the
sarcoplasmic proteins, were leached out by washing process (Artharn et al., 2007;
Tongnuanchan et al., 2011). In general, the high content of polar amino acids was
found in myofibrillar protein of blue marlin (Shiku et al., 2003) and Nile tilapia
(Paschoalick et al., 2003). Furthermore, alkaline solubilization process could remove
the undesirable components and concentrated the film forming materials. As a resullt,
the strong interaction in film matrix as evidenced by the highest TS might be able to
prevent the migration of water vapor more effectively (Table 14). The higher
interaction of protein moleculesin film matrix decreased the free volume and mobility

of polymeric structure, thereby lowering the diffusion of water as indicated by the
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lower WV P. The higher aggregation of myofibrillar proteins rendered the denser and
stronger film matrix, which could retard the migration of water (Artharn et al., 2008).
Generally, the decrease in WV P of both films was observed as storage
time increased (P < 0.05). This result suggested that the film matrix became denser
and more rigid due to the arrangement and cross-linking between protein molecules
during storage. Such a film matrix might retard diffusion of water from surrounding

atmosphere through the films.

5.4.1.3 Moaisture content, film solubility and protein solubility

Moisture content, film solubility and protein solubility of film from
FPIT film and UWM film at day O and 40 of storage are shown in Table 15. At day O,
UWM film had the higher moisture content than FPIT based film (P < 0.05). For film
and protein solubility, FPIT film had the lower values than UWM film (P < 0.05). The
removal of the water soluble components such as sarcoplasmic proteins resulted in the
less adsorption of water of film. The stronger and denser film network with the high
compactness might lower film and protein solubility of FPIT film. Fish protein-based
films prepared at acidic condition had much higher in both of film and protein
solubility than those prepared with alkaline condition (P > 0.05) (Tongnuanchan et
al., 2011). Alkaine condition favored the formation of protein cross-linking via
disulfide bonds in fish protein based film (Shiku et al., 2003). After 40 days of
storage, film and protein solubility of all film samples decreased markedly (P < 0.05).
This observation suggested that protein molecules in film might undergo higher cross-
linking, in which larger molecular weight cross-links were formed. Aldehydes or
carbonyl compounds produced from lipid oxidation can interact with protein amino
groups via Maillard reactions (Chaijan et al., 2007). Secondary products from lipid
oxidation, especially adehydes, can induce myofibrillar protein cross-linking,
resulting in structural and functional changes in these proteins (Li and King, 1999;
Tironi et al., 2002). The cross-linked proteins in film polymer were insoluble,
resulting in the decreased film and protein solubility during storage. Lower solubility
of filmswas coincidental with the increased TS and decreased of EAB with increasing
storage time (Table 14). Artharn et al. (2009) also found the decrease in film and
protein solubility of round scad protein-based film as the storage time increased.
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Table15. Moisture content, film solubility and protein solubility of films from
unwashed mince prepared at pH 3 (UWM) and films from FPI of red
tilapia prepared at pH 3 and incorporated with 100 ppm Trolox (FPIT) at
day 0 and 40 of storage.

Storagetime  Samples Moisture Content Film solubility ~ Protein solubility

(Days) (%) (%) (%)
0 UWM 37.16 + 2.25% 89.29+ 531"  87.35+ 1.86*"
FPIT 31.97 + 2.14" 75.00 + 3.84°%  74.45+ 1.83™
40 UWM 34.83+ 0.43* 2034+ 1.96® 2537+ 2.90%®
FPIT 29.23 + 0.99" 16.80 + 2.67®  12.69 + 5.04"®

*Mean + SD (n=3).

Different lowercase superscripts in the same column under the same storage time
indicate significant differences (P < 0.05). Different uppercase superscripts in the
same column under the same material and pH levels used indicate significant
differences (P < 0.05).

5.4.1.4 Color

The color expressed as b*-value (yellowness) and AE*-value (total
color difference) of FPIT and UWM films during storage of 40 days is shown in
Figure 27. FPIT film showed the lower b* and AE*-values than UWM film (P <
0.05). This result indicated the lower yellowness in FPIT film in comparison with
UWM film. Washing could remove pigments such as hemoglobin or myoglobin,
leading to less amount of coloring compounds in the washed mince. Additionally,
during casting and drying, UWM film might undergo the high level of lipid oxidation,
which produced the carbonyl compound (aldehyde and ketone). Those compounds
could react with amino groups of proteins, which were the main components of film
via non-enzymatic browning reaction. This resulted in higher b*-value (yellowness)

aswell as AE*-value, compared with FPIT film.
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During storage of 40 days, UWM film showed the continuous increase
in b* and AE*-values (P < 0.05), while FPIT film had no changes in both of b* and
AE*-values (P > 0.05). Both b* and AE*-vaues of UWM film increased at a higher
rate within the first 10 days of storage. FPIT film incorporated with the antioxidant
could prevent the yellow discoloration effectively (Figure 28). The removal of lipids
from fish muscle using alkaline solubilization process also contributed to the retarded
lipid oxidation, which was associated with the yellow discoloration of film. In
genera, the yellow discoloration was observed in fish muscle protein-based film
(Artharn et al., 2009; Cuq et al., 19964). Thus, the use of FPI in conjunction with

antioxidant was a potential means to prevent yellow discoloration of film during the

extended storage.
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Figure 27. Changesin b* and AE*-values of films from unwashed mince prepared at
pH 3 (UWM) and films from FPI of red tilapia prepared at pH 3 and

incorporated with 100 ppm Trolox (FPIT) during the storage of 40 days.
Bars represent the standard deviation (n=3).
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Figure 28. Photograph of films from unwashed mince prepared at pH 3 (UWM) and
films from FPI of red tilapia prepared at pH 3 and incorporated with 100
ppm Trolox (FPIT) during the storage of 40 days.

5.4.1.5 Light transmittance and film transparency
Table 16 presents the light transmission, at selected wavelengths of
200 - 800 nm, of FPIT and UWM films during storage of 40 days. Both films had the
excellent barrier properties against UV light in the range of 200-280 nm. Protein-
based films had good UV barrier properties, owing to their high content of aromatic
amino acids that absorb UV light (Hamaguchi et al., 2007). Light transmission of
visible range (350-800 nm) of UWM film ranged from 69.83% to 83.34%, whereas
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higher values were found for FPIT film (80.34-88.87%). FPIT film was clearer and
more transparent when compared with UWM film. Thus, light transmission of FPIT
film was considerably increased by the removal of unwanted components during
washing and alkaline solubilization process. Light transmission of film was most
likely governed by the arrangement or alignment of polymer in film network (Limpan
et al., 2010). With increasing storage time, the decrease in light transmission was
found, particularly in the wavelength of 280-400 nm. The higher cross-linking with
increasing storage time might result in denser network, in which light could not
transmit through the film easily.

The transparency vaue of al film samples during storage is shown in
Figure 29. The transparency value of FPIT film was lower than that of UWM film (P
< 0.05). The lower transparency value indicated that the film was more transparent.
UWM film was generally more turbid than FPIT film. The lower amount of
undesirable components such as sarcoplasmic proteins, pigments, insoluble proteins
and lipids, etc of FPI used for film preparation might contribute to the higher
transparency of films. Prodpran et al. (2007) reported that round scad protein-based
film decreased in opacity when incorporated with pam oil. The differences in opacity
of film was determined by the optical properties of lipid incorporated (Yang and
Paulson, 2000). Thus, FPI with lower lipid more likely rendered the clearer film.

During storage of 40 days, no marked change in transparency vaue
was observed in both films. However, Artharn et al. (2009) reported a slight increase
in transparency value of round scad protein-based film during storage at 28-30 °C for
8 weeks.
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Table16. Light transmittance (%) of films from unwashed mince prepared at pH 3
(UWM) and films from FPI of red tilapia prepared at pH 3 and
incorporated with 100 ppm Trolox (FPIT) during 40 days of storage.

Samples  Storagetime

Light transmission (%) at different wavelength (nm)

(Days) 200 280 350 400 500 600 700 800
UWM 0 001 066 6983 7454 7948 8135 8251 8334
5 001 066 69.83 7454 7948 8135 8251 8334
10 001 054 6577 7265 7878 8108 8246 8345
15 001 039 6404 7279 7981 8192 83.07 8388
20 0.00 011 6041 70.60 79.04 8143 82.67 8353
25 001 022 5924 6949 7815 80.81 8227 8332
30 000 044 6294 7133 78.66 81.08 8244 8342
35 000 029 6174 7131 7922 8148 8268 8353
40 001 029 5834 6928 7855 8117 8254 8351
FPIT 0 001 058 8034 8304 8603 8735 8825 8887
5 001 053 8053 8332 8621 8743 88.23 88.85
10 001 048 79.82 8280 8579 8702 8781 8832
15 001 046 7931 8248 8556 86.87 87.72 8834
20 000 045 7977 83.05 86.09 8730 88.06 88.55
25 001 046 7818 8187 8529 86.75 87.68 88.36
30 001 042 7723 8107 8471 86.25 8724 8797
35 001 036 7793 8184 8545 8690 87.80 88.36
40 001 037 7732 8146 8528 86.81 87.78 8844




137

4.5
4.0
35
3.0

25 —A—UWM

—O—FPIT
2.0

1.5 -

Transparency value

1.0 -
0.5 A

0- o T T T T T T T 1
0 5 10 15 20 25 30 35 40

Storagetime (Days)

Figure 29. Changes in transparency value of films from unwashed mince prepared at
pH 3 (UWM) and films from FPI of red tilapia prepared at pH 3 and
incorporated with 100 ppm Trolox (FPIT) during the storage of 40 days.

Bars represent the standard deviation (n=3).

5.4.1.6 TBARS

Lipid oxidation of film from FPIT and UWM films during storage of
40 days was measured by monitoring TBARS value (Figure 30). The increase in
TBARS vaue in UWM film was found within the first 5-10 days of storage (P <
0.05). Thereafter, the decrease in TBARS was noticeable at day 15, followed by the
constant value up to the end of storage (day 40). The decrease in TBARS might be
caused by a loss of low molecular weight decomposition products during the
advancement of oxidation (Nawar, 1996). For FPIT film, dlight increase in TBARS
was found after 20 days of storage and the value remained constant until the end of
storage. FPIT film had the much lower TBARS value than UWM film (P < 0.05). The
increase in TBARS of UWM film during storage was related with the increase in
yellowness (b*-value) (Figure 27). It was noted that the oxidation occurred to some
degree in films during storage. This result suggested that the washing in combination
with akaline solubilization processes more likely decreased the lipids and prooxidant
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in resulting film. Apart from myoglobin, hemoglobin in fish muscle was able to be an
effective catalyst of lipid oxidation (Apte and Morrissey, 1987). Heme dissociation,
heme destruction and iron release play a role in the acceleration of lipid oxidation
(Grunwald and Richards, 2006). The membrane phospholipids are known to be the
main substrate for oxidative reactions in fish muscle (Gandemer, 1999; Hultin, 1994).
Their removal was expected to greatly enhance the stability of film during storage.
Even though the large amount of lipids could be removed, the lipid oxidation of FPIT
film containing Trolox, an antioxidant, still took place to a small extent. This was
probably because some membrane lipids were still retained in FPI. Some portion of
storage lipids could be co-precipitated with the proteins during the isoelectric
precipitation step of pH-shift process (Kristinsson et al., 2005). Thus, the incorporated
antioxidant, Trolox at 100 ppm, could retard the lipid oxidation of FPIT film during
the storage to some extent. Under acidic condition, prooxidative potential of heme
proteins, which were denatured at low pH, increased (Kristinsson and Liang, 2006).
The increased prooxidant by acid condition enhanced the lipid oxidation (Hultin and
Kelleher, 2000; Undeland et al., 2002). Thus, the removal of heme proteins
(hemoglobin and myoglobin) and lipids from fish muscle by washing in combination
with alkaline solubilization process could prevent the lipid oxidation of fish muscle
protein-based film by lowering lipid precursor as well as prooxidants. Additionaly,
the incorporation of Trolox was an effective means to prevent oxidation of film.
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Figure 30. Changes in TBARS of films from unwashed mince prepared at pH 3
(UWM) and films from FPI of red tilapia prepared a pH 3 and
incorporated with 100 ppm Trolox (FPIT) during the storage of 40 days.
ACD: after casting and drying. Bars represent the standard deviation
(n=3). Different lowercase letters on the bars within the same material
indicate the significant differences (P < 0.05). Different uppercase letters
on the bars within the same storage time indicate significant differences
(P <0.05).

5.4.1.7 Protein solubility in various solvents

Protein solubility of FPIT and UWM films at day 0 and 40 of storageis
shown in Table 17. Protein solubility of FPIT film was lower than that of UWM film
for al solvents used. When S1 (20 mM Tris, pH 8 containing 1% (w/v) SDS) was
used, protein solubility of FPIT film was lower than that of UWM film (P < 0.05). S1
containing SDS might increase repulsive force between protein molecules via charge
modification, leading to enhanced the dissolvation of film matrix. SDS has been
known to destroy hydrogen bond (Prodpran et al., 2007). The result suggested that the
matrix of both films was mainly stabilized by hydrogen bonds, as evidenced by the
high protein solubility in S1. When S2 (20 mM Tris, pH 8 containing 1% (w/v) SDS
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and 8 M urea) was used, a dight increase in protein solubility was observed in both
films. Urea has been known to disrupt the hydrophobic interaction (Prodpran et al.,
2007; Shiku et al., 2004). The increase in solubility caused by urea suggested that
hydrophobic interaction was involved in the matrix of both films. S3 contained 2% f3-
mercapthoethanol, which was able to destroy disulfide bond, along with SDS and
urea. The dlightly increased protein solubility was observed in both films, compared
with those of S1 and S2. This result indicated the presence of disulfide bond in film
matrix. However, Shiku et al. (2004) reported that the addition of B-mercaptoethanol
did not increase the protein solubility of Alaska pollack surimi films, indicating that
disulfide bonds were not involved in the formation of surimi films. It has been known
that MHC molecules contain about 40 sulfhydryl groups (Roussel and Cheftel, 1990).
Therefore, inter-molecular disulfide bonds could be formed during casting and drying
of the FFS in both films. Ilwata et al. (2000) also reported that disulfide bond
formation plays an important role in the development of the fish protein film. It was
noted that the lower protein solubility was found in FPIT film than UWM film (P <
0.05) for all solvents used. It was noted that both film samples were not completely
solubilized even when S3 was used. This result indicated the presence of non-
disulfide covaent bonds, which stabilized the film matrix. A similar result was
observed in Alaska pollack surimi film (Shiku et al., 2004), porcine-plasma protein
film containing different cross-linking agents (Nuthong et al., 2009b) and fish skin
gelatin film incorporated with seaweed extract (Rattaya et al., 2009). The lower
solubility in S3 of FPIT films suggested the higher content of non-disulfide covaent
bond, which was in agreement with the higher TS of FPIT film, in comparison with
UWM film (Table 14).

After 40 days of storage, UWM film and FPIT film had the decrease in
protein solubility for all solvents used (P < 0.05). This result indicated that non-
disulfide covalent bonds took place during extended storage. This was possibly
caused by the formation of cross-links induced by lipid oxidation products generated
during storage (Figure 30). The polymerized proteins in film matrix might lose their
solubility. The oxidation products of lipids in film matrix could interact with protein
via Maillard reaction, resulting in their insolubilization (Damodaran, 1996). The

decrease in protein solubility of UWM film was much higher than FPIT film after 40
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days of storage. Higher lipids in unwashed mince were more prone to oxidation,
thereby yielding lipid oxidation products readily for Maillard reaction. As a

consequence, a marked decrease in solubility was obtained in UWM film after 40

days.

Table17. Protein solubility in various solvents of films from unwashed mince
prepared at pH 3 (UWM) and films from FPI of red tilapia prepared at pH
3 and incorporated with 100 ppm Trolox (FPIT) at day O and 40 of

storage.
Storagetime Samples Protein solubility (%)
(Days) S1** ) 3
0 UWM 84.30 + 0.65* 90.76 + 2.08* 03.84 + 2.75%*
FPIT 81.83+1.77% 84.26 + 1.37™ 87.50 + 2.01”
40 UWM 46.85 + 0.50" 47.86 + 0.50°® 52.29 + 0.37°®
FPIT 60.64 + 0.44°® 65.00+ 1.73® 79.53 + 0.83®

*Mean + SD (n=3).
Different lowercase superscripts in the same column under the same storage time
indicate significant differences (P < 0.05). Different uppercase superscripts in the
same column under the same material and pH levels used indicate significant
differences (P < 0.05).
** S1: 20 mM Tris- HCI (pH 8.0) + 1% (W/V) SDS

S2: 20 mM Tris- HCI (pH 8.0) + 1% (W/V) SDS + 8.0 M Urea

S3: 20 mM Tris- HCI (pH 8.0) + 1% (W/V) SDS + 8.0 M Urea + 2% BME
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5.4.1.8 Protein pattern

Protein patterns of film from FPIT film and UWM film at day 0 and 40
of storage determined under reducing and non-reducing conditions are presented in
Figure 31. The low band intensity of MHC and actin was found in both films. The
result suggested that the cross-linking via covalent bond was observed in both films.
When comparing protein pattern between both films, it was noted that protein with
MW of 140-150 kPa was found in UWM film, while actin was dominant in FPIT
film. Under reducing condition, band intensity of MHC and actin increased for both
films. Both MHC and actin bands were more regained under reducing condition in
comparison with non-reducing condition, especially for FPIT film. This result
suggested that those proteins were cross-linked preferably by disulfide bond,
particularly for FPIT films. Disulfide bond was a strong bond stabilizing film network
of FPIT film. This was reflected by the higher TS and lower solubility of this film.
The sulfhydryl groups in muscle proteins could form disulfide bonds involved in film
matrix upon casting and drying of film (Shiku et al., 2003). Apart from cross-linking,
the degradation could take place to some extent. The degradation of protein,
particularly MHC, was possibly caused by acid hydrolysis (Chinabhark et al., 2007).
After storage for 40 days, no marked changes in protein patterns were observed in
comparison with those found at day 0. This result suggested that the polymerization of
protein probably took place during storage, mainly via weak bonds. This contributed
to the stronger film network as indicated by the increased TS and lowered solubility.
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Figure 31. Protein patterns under non-reducing and reducing conditions of films from
unwashed mince prepared at pH 3 (UWM) and films from FPI of red
tilapia prepared at pH 3 and incorporated with 100 ppm Trolox (FPIT) at
day 0 and 40 of storage.

5.4.1.9 Fourier-transform infrared (FTIR) spectroscopy

FTIR spectra of FPIT and UWM films at day O and 40 of storage are
illustrated in Figure 32A and 32B, respectively. Generally, FTIR spectra of FPIT and
UWM films showed the similar major peaks but the amplitudes of peaks were
different. The band situated at the wavenumber 1037-1038 cm™* was found in both of
FPIT and UWM films, corresponding to the glycerol (OH group) added as a
plasticizer (Bergo and Sobral, 2007). Both films had the similar spectrain the range of
1700-700 cm™, covering with amide-I, 11 and I11. Both films had the major bands at
1645 cm™ (amide-l, illustrating C=0 stretching/hydrogen bonding coupled with
COO), 1537 cm*(amide-11, presenting the bending vibrations of N-H groups and
stretching vibrations of C-N groups) and 1234 cm™ (amide-lll, illustrating the
vibrations in-plane of C-N and N-H groups of bound amide or vibrations of CH,
groups of glycine) (Aewsiri et al., 2009; Muyonga et al., 2004a). Limpan et al. (2010)
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also found the similar result for bigeye snapper (Priacanthus tayenus) myofibrillar
prtein film, where amide-I, Il and 111 bands were found at the wavenumber 1649, 1548
and 1235 cm™, respectively. It was noted that the amplitude of amide-I, Il and 11 of
FPIT film was higher than that of UWM film. This might be due to the the higher
content of proteins in FPI, in comparison with UWM. During washing and alkaline
solubilization, lipids and other components were removed, leading to the concentrated
proteins. Moreover, the greater dissociation into monomer of myofibrillar protein
during FPI preparation was presumed. Monomers with free functional groups
rendered the higher amplitude, though those dissociated proteins underwent
interaction during casting and drying.

Moreover, amide-A band was observed at the wavenumber of 3272
and 3271 cm™ for UWM and FPIT films, respectively. Amide-B band was also found
a 2923 and 2925 cm™ for UWM and FPIT films, respectively. The amide-A band
represented the NH-stretching coupled with hydrogen bonding and amide-B band
represented the CH stretching and -NH5* at wavenumber 2928 cm™ (Muyonga et al.,
2004b). The spectrum of FPIT film showed the much lower amplitude of amide-B
peak, compared with that of UWM film. The lower amount of -NH, or NH3"
indicated that those amino groups of FPIT film plausibly underwent interaction by
hydrogen bond with hydrogen bond acceptor at higher extent than UWM film.
Additionally, those amino groups might be involved in Maillard reaction, where non-
disulfide bonds were formed. The decrease in amide-B amplitude was also indicative
of hydrophobic interaction via—CH between protein chains.

Furthermore, the peaks at wavenumbers 2923.58 cm*and 2853.62 cm™
might represent the methylene asymmetrical and symmetrical stretching vibration of
the aiphatic CH, group, respectively (Guillén and Cabo, 1997; Guillén and Cabo,
2004). Both the methylene asymmetrical stretching bands at approximately 2924 cm™
and methylene symmetrical stretching band near 2853 cm™ were obviously present in
most of lipid samples (Guillén and Cabo, 2004). For UWM film, the amplitude of
those peaks was much higher than FPIT film. Moreover, the carbonyl absorption of
triglyceride ester linkage was observed at 1746 cm™ (Setiowaty et al., 2000). For
UWM film, the stretching vibration peak assignable to the C=0 group of triglycerides
was found at wavenumber 1746 cm™, but there was no peak at 1746 cm™ was found
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in FRIT film. This result confirmed that UWM film had higher lipid content than
FPIT film. These results suggested that the washing process could remove lipids to
some extent. Nevertheless, lipoproteins associated with muscle proteins might not be
leached out easily. When akaline-aided process was implemented, proteins were
more likely dissociated and the lipid or membrane phospholipids were separated into
the upper phase during the centrifugation effectively. The removal of lipid by washing
in combination with akaline solubilization process was confirmed by the
disappearance of peak at wavenumber 1746 cm™.

After storage for 40 days, dlight changesin FTIR spectrawere found in
comparison with those found at day 0. However, dlight decrease in amplitude of
amide A was found in UWM film, suggesting the greater interaction of amino groups
via Maillard reaction and the greater cross-linking of protein molecules. This was
confirmed by lower solubility, the increase in TS and increase in b*-value after 40
days of storage. Additionally, the increase in amplitude of peak with wavemunber of
1743 cm™ was obtained with UWM film after 40 days of storage. This more likely
represented the formation of carbonyl compounds, especially aldehyde, ketone, etc,
the lipid oxidation produces, during the extended storage.
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Figure 32. FTIR spectraof films from unwashed mince prepared at pH 3 (UWM) and

films from FPI of red tilapia prepared at pH 3 and incorporated with 100
ppm Trolox (FPIT) at day 0 (A) and 40 (B) of storage.
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5.4.1.10 Thermal-gravimetric analysis (TGA)

TGA thermograms presenting the thermal degradation behavior of
FPIT film and UWM film at day 0 and 40 of storage areillustrated in Figure 33A and
33B, respectively. The degradation temperatures (Td), weight loss (Aw) and residue
(%) of both film samples are presented in Table 18. Both FPIT and UWM films
generaly exhibited three main stages of weight loss. At day O of storage, UWM and
FPIT films had the first stage of weight loss at 36.99 °C and 42.47 °C, respectively.
The higher weight loss was found in UWM film (7.34 %), compared with FPIT film
(3.57%). Additionally, the weight loss observed at 46.62-61.31 °C was possibly due to
the loss of free and bound water absorbed on the film. The similar result was observed
in cuttlefish skin gelatin film (Hoque et al., 2011a) and porcine-plasma protein film
(Nuthong et al., 2009b). The second stage of weight loss was observed at 170.25 °C
and 171.61 °C for UWM and FPIT films, respectively with Aw, of 30.33% and
28.13%, respectively. The degradation temperature in the range 196.30-216.71 °C of
protein film was mostly associated with the loss of glycerol compound (plasticizer)
and smaller size protein fraction as well as structurally bound water (Hoque et al.,
20114). For the third stage of weight loss, Aws; were 43.02 and 51.09 and Tds of
304.52 and 311.56 °C were obtained for UWM and FPIT films, respectively, mostly
associated with the degradation of the larger-size or associated protein fraction. The
result indicated that the degradation of UWM and FPIT films began at =170 °C. This
result was in agreement with Nuthong et al. (2009b) who reported that the initial
temperature degradation of porcine plasma protein-based film was observed at =170
°C. Higher Td of al three stages were found in FPIT film, compared with UWM film.
This result indicated the higher thermal stability of FPIT film was plausibly due to the
higher protein interaction in film matrix than UWM film. This indicated that FPIT
film had the higher cross-links, which were in accordance with the higher TS and
lower solubility, in comparison with UWM film. Apparently, thermally stable
structures formed were due to the occurrence of cross-linking reaction (Schmidt et al .,
2005).

The stronger matrix was found in FPIT film, probably owing to less
undesirable components especialy lipids and heme proteins, which exhibited

interfering effect on the protein-protein interaction in the film network. It was noted
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that the higher residue was found in UWM film, suggesting the presence of very
thermal stable substance or cross-links.

After 40 days of storage, FPIT film still showed the higher heat
resistance than UWM film as evidenced by the higher Td;, Td, and Td; and lower of
weight loss for Aw; and Aw,. However, FPIT film showed the higher Aws;, compared
with UWM film. Thus, both UWM and FPIT films generally had the increase in
thermal degradation temperatures after 40 days of storage, possibly caused by the
higher protein interaction. This was coincidental with the increased TS and lowered
solubility of film after storage for 40 days. In general, higher residue from thermal
degradation was found in both UWM and FPIT films, compared with those observed
at day 0. This confirmed that both films had the stronger interaction between protein
molecules in the film network after the extended storage. Normally, the presence of
residue or char after thermal degradation is typically found in thermosetting materials
which associated with the presence of highly covalent cross-linked structure. From the
result, the increase residue or char at 40 days of storage found in UWM film was more
pronounced compared to that of FPIT film. Therefore, this result suggested that
protein cross-linking via non-disulfide covalent bonds possibly from Maillard reaction

dramatically took placein UWM film during extended storage.

Table18. Therma degradation temperatures (Td, °C) and weight loss (Aw, %) of
film from unwashed mince prepared a pH 3 (UWM) and FPI of red
tilapia prepared at pH 3 and incorporated with 100 ppm Trolox (FPIT) at

day 0 and 40 of storage.
Storagetime Ay A Az Residue
Samples
(Days) P Tdyonset AWy Toonset AW, Tdzonset  AWs (%)
0 UWM 3699 734 170.25 30.93 30452 43.02 1853
FPIT 42.47 3.57 17161 28.13 31156 5190 16.40
40 UWM 3844 817 174.00 30.92 309.35 3209 28.82

FPIT 48.69  4.96 18496 28.79 31812 49.16 17.09

A1, A, and Az denote the first, second and third stage weight loss, respectively, of film during
heating scan.
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Figure 33. Thermo-gravimetric curves of films from unwashed mince prepared at

pH 3 (UWM) and films from FPI of red tilapia prepared at pH 3 and
incorporated with 100 ppm Trolox (FPIT) at day O (A) and 40 (B) of
storage.
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5.4.1.11 Film mor phology

Surface and freeze-fractured cross-sectional images of FPIT and UWM
films at day O and 40 of storage are shown in Figure 34. The surface and cross-section
of FPIT film were smoother than those of UWM film. This revealed that FPIT film
had more homogeneous structure than UWM film. Myofibrillar proteins with less
amounts of undesirable components more likely underwent higher interaction to form
a continuous film matrix. This result suggested that washing in combination with
alkaline solubilization process could isolate the myofibrillar proteins by dissociating
the proteins to monomers. The dissociated proteins could align themselves more
orderly and uniformly. This resulted in the improved mechanica and physical
properties of FPIT film. Nevertheless, both films showed some cracks in the cross-
section.

After 40 days of storage, FPIT and UWM films exhibited rougher
surface, compared with those observed at day 0. Moreover, the increase in crack with
higher gap in cross-section was found in both films. The significant decrease in
moisture content and intensive cross-linking between protein molecules possibly led
to the presence of non-uniform shrinkage of the internal structure network, resulted in
formation of micro-crack in the film matrix. This network was associated with the

relative increasein TS and decrease in solubility of film stored for an extended time.
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Figure 34. SEM micrographs of films from unwashed mince prepared at pH 3
(UWM) and FPI of red tilapia prepared at pH 3 and incorporated with 100
ppm Trolox (FPIT) at 0 and 40 days of storage. Surface (A) and freeze-
fractured cross-section at 5000 x (B).
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5.4.2 Use of red tilapia protein based-filmsto extend the shelf life of dried fish

powder

5.4.2.1 Changein moisture content of dried fish powder

Moisture content of dried fish powder covered with FPIT film (film
from of red tilapia muscle prepared at pH 3 and incorporated with 100 ppm Trolox),
polyethylene (PE) film and polypropylene (PP) film during storage of 30 days at 28-
30 °C is shown in Figure 35. In general, the moisture content of dried fish powder
covered with all films increased, especialy within the first 15 days (P < 0.05).
Thereafter, the increasing rate was much lower for the sample kept with FPIT film.
However, a dight decrease in moisture content was found in sample stored with PE
and PP films after 15 days. After 30 days of storage, uncovered sample (Control) and
samples covered with FPIT film, PE film and PP film had the increase in moisture
content by 3.25, 2.95, 1.28 and 1.23-fold, respectively. The moisture content of dried
fish powder covered with PE and PP films had the lower increase in moisture content
than that of uncovered and covered with FPIT film (P < 0.05). No difference in
moisture content was found between PE and PP films (P > 0.05). The result indicated
that the water vapor barrier property of film from FPIT film was lower than that of PE
and PP films. Fish muscle is known for its hydrophilic characteristics; water vapor
barrier properties of protein films and other hydrocolloid-based films were poorer,
compared to those from non-hydrophilic material or synthetic polymer (Hamaguchi et
al., 2007; Shiku et al., 2003). The adsorption of water vapor by dried fish powder is
generally mediated by binding of water molecules to specific hydrophilic sites, such
as carboxylic, amino and hydroxyl residues of proteins, even at low relative humidity
(D'Arcy and Watt, 1981). The higher moisture diffusion from the environment
through the packaging material increases the moisture content of packed sample.
Artharn et al.(2009) reported that moisture content of dried fish powder packed with
round scad protein-based film and chitosan film was higher than that of those packed
with HDPE film (P < 0.05) during storage.
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Figure 35. Change in moisture content of uncovered dried fish powder (Control) and
fish powder covered with FPIT film, polyethylene film (PE) and

polypropylene film (PP) during storage of 30 days at 28-30 °C. Bars
represent the standard deviation (n=3).

5.4.2.2 Changesin lipid oxidation of dried fish powder

Lipid oxidation of dried fish powder covered with FPIT film,
polyethylene (PE) film and polypropylene (PP) films was monitored by measuring PV
and TBARS values during 30 days of storage at 28-30 °C (Figure 36 and 37,
respectively). PV value of all samples increased after 5 days of storage, followed by
the decrease up to 15 days. Thereafter, a continuous increase in PV value was
observed up to 30 days of storage. The sample covered with FPIT film, generally
showed a lower PV than the other samples during 30 days of storage (P < 0.05),
except at day 25 of storage.

TBARS values of al samples increased within the first 5 days of
storage, followed by slight decrease up to 10 days. Subsequently, the gradual increase
in TBARS was observed up to 30 days of storage. The sample covered with FPIT film
showed the lower TBARS value than those covered with both PE and PP films during
storage. This result indicated that oxygen barrier properties of film from FPI based
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film might be higher than HDPE and PP films. The result was in agreement with
Artharn et al. (2009) who reported that round scad protein based film could retard the
lipid oxidation of dried fish powder during storage better than HDPE films. Protein-
based films have impressive oxygen and carbon dioxide barrier properties in low
relative humidity condition compared to synthetic films (Limpan et al., 2010; Shiku et
al., 2003). Therefore, the protein-based film can be used as the material to prevent
rancidity of foods and also can be served as aternative material for chemically
synthesized polymeric films. The decrease in TBARS value was probably due to the
losses in volatile secondary oxidation products, particularly those with low molecular
weights. Alghazeer et al. (2008) reported the gradual increase of PV and TBARS in
frozen mackerel and instant decrease in both PV and TBARS after 10 weeks of
storage.
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Figure 36. Change in peroxide value of uncovered dried fish powder (Control) and
fish powder covered with FPIT film, polyethylene film (PE) and
polypropylene film (PP) during storage of 30 days at 28-30 °C. Bars
represent the standard deviation (n=3).
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Figure 37. Change TBARS value of uncovered dried fish powder (Control) and fish

powder covered with FPIT film, polyethylene film (PE) and
polypropylene film (PP) during storage of 30 days at 28-30 °C. Bars
represent the standard deviation (n=3).
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5.4.2.3 Changesin color

L*, a* and b*-values of dried fish powder covered with FPIT film,
polyethylene (PE) film and polypropylene (PP) films during storage of 30 days at 28-
30 °C are shown in Figure 38. Generally, the uncovered dried fish powder and powder
covered with all films had the decrease in L* and the increase in a* and b*-values
during storage of 30 days (P < 0.05). During storage, the uncovered sample had the
highest rate of increase in a* and b*-values and the decrease in L*- value, followed by
the sample covered with FPIT film. Generaly, fish powder covered with both
synthetic films (PE and PP) had the lowest increases in b*-values (yellowness) during
30 days of storage. The increase in b*-value indicated the formation of yellowish
pigment, presumably via the Maillard reaction, which might be associated with
increasing moisture content in fish powder (Artharn et al., 2009). The rate of non-
enzymatic browning reactions increases as the water activity increases (Jouppila and
Roos, 1994). Yeo and Shibamoto (1991) reported that the browning intensity of L-
cysteine/D-glucose model system increased with increasing moisture content.

Furthermore, the browning was likely related with the increased lipid
oxidation as indicated by the increase in PV and TBARS values. Lipid oxidation
products, especialy those with carbonyl group such as adehydes, could undergo
glycation with amino group of protein in fish powder (Chaijan et al., 2007). As a
consequence, Maillard reaction took place at a higher extent in the presence of lipid
oxidation products. Thus, the increase in lipid oxidation enhanced the non-enzymatic
browning (Maillard reaction) as evidenced by the increased b*-value (yellowness)

during storage.
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Figure 38. Change in L*, a* and b*-values of uncovered dried fish powder (Control)
and fish powder covered with FPI from red tilapia prepared at pH 3 and
incorporated with 100 ppm Trolox (FPIT), polyethylene film (PE) and
polypropylene film (PP) during storage of 30 days at 28-30 °C. Bars
represent the standard deviation (n=3).
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5.5 Conclusion

Film from FPI incorporated with Trolox had superior physical
properties to film from unwashed mince. This film was more stable and had the
negligible yellow discoloration during extended storage. Therefore, film prepared
from FPI incorporated with appropriate antioxidant can be of further potential
application. On the other hand, the changes were more pronounced in UWM film,
mainly associated with the greater lipid oxidation and the higher formation of cross-
links mediated by non-disulfide covalent bond. Therefore, FPIT film can be used as
biodegradable film for effective retardation of lipid oxidation of food products

without its yellow discoloration.



CHAPTER 6

SUMMARY AND FUTURE WORKS

6.1 Summary

1. Mechanical and physical properties of film fraled tilapia muscle were
affected by washing process and pH level of FF®sé&Hactors also affected
the yellow discoloration of film mediated by Mailthreaction during storage.
Lipid oxidation and alkaline pH more likely played role in yellow
discolouration of fish muscle film, mainly by praung the carbonyl groups
involved in Maillard reaction, which was enhancedl&aline pH.

2. Lipid oxidation of fish muscle protein-basedrfiexposed to oxygen was the
key factor affecting yellow discoloration during temded storage. The
inhibition of lipid oxidation by incorporation ofnéioxidants (Trolox and
catechin) in the range of 100-400 ppm was able rewvgmt discoloration,
mainly via the retardation of lipid oxidation ofrfi during the storage.

3. The use of alkaline solubilization process aftenventional washing process
could successfully improve the properties of filithis process could lower
heme protein and lipid contents from washed miteagling to the improved
mechanical and physical properties of film. Morepube lower content of
lipid and prooxidants was found, thereby preventimg yellow discoloration
caused by lipid oxidation products via Maillard cgan.

4. Film from FPI incorporated with Trolox had superphysical properties to
film from unwashed mince. This film was more stabiel had the negligible
yellow discoloration during extended storage. Tfoeee film prepared from
FPI incorporated with appropriate antioxidant cam df further potential
application.

5. FPI films incorporated with Trolox could be dge prevent lipid oxidation of
dried fish powder during storage at room tempeeat28-30 °C).
Nevertheless, the film had the lower ability toyaet water vapor migration

into the sample.
159



160

6.2 Futureworks

1. The improvement of water barrier properties ish fprotein film, especially
from FPI, should be further studied
2. The sealability of FPI film should be intensiv@lvestigated, in which the bag

can be prepared and practically used as food paukag
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Analytical M ethods

1. Determination of moisture content (AOAC, 2000)
Method

1.

Dry the empty dish and lid in the oven at 105 °C for 30 min and transfer to
desiccator to cool (30 min). Weigh the empty dish and lid.

2. Weigh about 3 g of sample to the dish. Spread the sample to the uniformity.

3. Place the dish with sample in the oven. Dry for 3 h or overnight at 105 °C.

4. After drying, transfer the dish with partially covered lid to the desiccator to

cool. Reweigh the dish and its dried content.

Calculation % Moisture = (W1-W2) x 100

w1

where: W1 = weight (g) of sample before drying

W2 = weight (g) of sample after drying

2. Deter mination of ash content (AOAC, 2000)
Method

1.

Place the crucible and lid in the furnace at 550 °C overnight to ensure that

impurities on the surface of crucible are burn off.

2. Cool the crucible in the desiccator (30 min).

Weigh the crucible and lid to 3 decimal places.

4. Weigh about 5 g sample into the crucible. Heat over low Bunsen flame with

lid half covered. When fumes are no longer produced, place crucible and lid in
furnace.

Heat at 550 °C overnight. During heating, do not cover the lid. Place the lid on
after complete heating to prevent loss of fluffy ash. Cool down in the
desiccator.

Weigh the ash with crucible and lid until turning to gray. If not, return the

crucible and lid to the furnace for further ashing.

Calculation % Ash content = Weight of ash x 100

Weight of sample



3. Determination of protein content (AOAC, 2000)

Reagents
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1. Kjedahl catalyst: Mix 9 part of potassium sulphate (K>SO,4) anhydrus, nitrogen

free with 1 part of copper sulphate (CuSO,)
Sulfuric acid (H2S0,)

40% NaOH solution (w/v)

0.02N HCI solution

4% H3BOj3 solution (w/v)

o A W N

ml of 0.2% bromocresol green (in 95% ethanol)

Method
1. Place sample (0.5-1.0 g) in digestion flask.
2. Add 5 gKjeldahl catalyst, and 200 ml of conc. H,SO,.

Indicator solution: Mix 100 ml of 0.1% methyl red (in 95% ethanol) with 200

3. Prepare a tube containing the above chemical except sample as blank. Place

flasks in inclined position and heat gently until frothing ceases. Boil briskly

until solution clears.
4. Cool and add 60 ml distilled water cautiously.

Immediately connect flask to digestion bulb on condenser, and with tip of

condenser immersed in standard acid and 5-7 indicator in receiver. Rotate

flask to mix content thoroughly; then heat until all NHz is distilled.

6. Remove receiver, wash tip of condenser, and titrate excess standard acid in

distillate with standard NaOH solution.
Calculation % Protein = (A-B) x N x 1.4007 x 6.25
w
where: A = volume (ml) of 0.02N HCI used for sampletitration
B = volume (ml) of 0.02N HCI used for blank titration
N = Normality of HCI
W = weight (g) of sample

14.007 = atomic weight of nitrogen

6.25 = the protein-nitrogen conversion factor for fish and its byproducts
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4. Deter mination of fat content (AOAC, 2000)

Reagents

- Petroleum ether
M ethod

1.

Place the bottle and lid in the incubator at 105 °C overnight to ensure that
weight of bottle was stable.

2. Weigh about 3-5 g of sample to paper filter and wrap.

3. Takethe sampleinto extraction thimble and transfer into soxhlet
4. Fill petroleum ether about 250 ml into the bottle and take it on the heating

mantle.

Connect the soxhlet apparatus and turn on the water to cool them and then
switch on the heating mantle.

Heat the sample about 14 h (heat rate of 150 drop/min).

7. Evaporate the solvent by using the vacuum condenser.

Incubate the bottle at 80-90 °C until solvent was completely evaporated and
bottle was completely dried.
After drying, transfer the bottle with partially covered lid to the desiccator to

cool. Reweigh the bottle and its dried content.

Calculation

%Fa=  Weightof fat x 100
Weight of sample

5. Biuret method for quantitation of protein (Robison and Hodgen, 1940)

Reagents

1.

2.
3.

Biuret reagent: combine 1.50 g CuS0O,4.5H,0, 6.00 g sodium potassium
tartrate, and 500 ml distilled water in a beaker and stir, add while stirring 300
ml of 10% NaOH (w/v), transfer to plastic bottle for storage

Didtilled water

Standard reagent: 10 mg/ml bovine serum albumin (BSA)

Method

1.

To each of seven disposable cuvette, add the following reagents according to
the Table Al.
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To all tubes containing standards or unknow sample, 500 ul of protein sample

were added and mix well by using the vortex mixer.

3. Add 2.0 ml of the biuret reagent to each tube, and mix well.

Incubate the mixture at room temperature for 30-45 min, and then read the
absorbance of each tube at 540 nm.

For tube 1-5, plot the absorbance at 540 nm as a function of effective BSA
concentration, and calcul ate the best fit straight line from data. Then, using the
average absorbance for the three sample of unknown read the concentration of

sample from the plot.

Table Al: Experimental set up for the Biuret’s assay

Tube number Water (ul) 10 mg/ BSA Effecti?/e BSA
() Concentration (mg/ml)
1 500 0 0
2 400 100 2
3 300 200 4
4 200 300 6
5 100 400 8
6 0 500 10
! 0 0 unknown

6. Electrophoresis (SDS-PAGE) (Leammli, 1970)

Reagents

1. Protein molecular weight standards

2. 30% Acrylamide-0.8% bis Acrylamide

3. Sample buffer: Mix 30 ml of 10% of SDS, 10 ml of glycerol, 5 ml of (B-
Mercaptoethanol, 125 ml of 50 mM TrissHCI, pH 6.8, and 5-10 mg
Bromophenol blue (enough to give dark blue color to the solution). Bring the
volume to 100 ml with distilled water. Divide into 1 ml aliquots, and store at
—20 °C.

4. 2% (w/v) Ammonium persulfate

5. 19 (w/v) SDS
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6. TEMED (N,N,N’N’-tetramethylenediamine) - 0.5 M Tris-HCI, pH 6.8
7. 1.5M Tris-HCl, pH 8.8
8. Electrode buffer: Dissolve 3 g of Tris, 14.4 g of glycine and 1 g of SDS in

distilled water. Adjust to pH 8.3. Add distilled water to 1 liter to total volume.

9. Staining solution: Dissolve 0.05 g of Coomassie blue R-250 in 15 ml of

methanol. Add 5 ml of glacial acetic acid and 80 ml of distilled water.

10. Destaining solution: 30% methanol-10% glacial acetic acid

Method
Pouring the running gel:

1.

Assemble the minigel apparatus according to the manufacture’s detailed
instructions. Make sure that the glass and other components are rigorously

clean and dry before assembly.

2. Mix the separating gel solution by adding, as defined in following Table.

Transfer the separating gel solution using a Pasture pipettes to the center of
sandwich is about 1.5 to 2 cm from the top of the shorter (front) glass plate.
Cover the top of the gel with alayer of isobutyl alcohol by gently squirting the
isobutyl acohol against the edge of one of the spacers. Allow the resolving gel
to polymerize fully (usually 30-60 min).

Pouring the stacking gel:

1
2.
3.

Pour off completely the layer of isobutyl acohol.

Prepare a 4% stacking gel solution by adding as defined in Table A2.

Transfer stacking gel solution to tickle into the center of the sandwich along

an edge of one of the spacers.

Insert comb into the layer of stacking gel solution by placing one corner of the
comb into the gel and slowly lowering the other corner in. Allow the stacking

gel solution to polymerize 30 to 45 min at room temperature.
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Table A2: Experimental set up for running gel and stacking gel

Reagents 7.5% running gel 4% stacking gel
30% Acrylamide-bis 2.500 ml 0.665 ml
1.5M Tris-HCI buffer, pH 8.8 2.500 ml -
0.5M Tris-HCI buffer, pH 6.8 - 1.25ml
Distilled water 4.845 ml 3.00ml
10% SDS 100 pl 50 ul
2% Ammonium persulfate 50 pl 25 pl
TEMED 5pl 2 pl
Sample preparation:

1.

Weigh 3 g of sample and homogenize with 5% (w/v) SDSin afinal volume of
30 ml.

2. Incubate the mixture at 85 °C for 1 hr.

Centrifuge at 3,500xg for 5 min at ambient temperature and collect

supernatant.

Loading the gel:

1.

Dilute the protein to be 1:1 (v/v) with sample buffer in microcentrifuge tube
and boil for 1 min at 100 °C.

2. Remove the comb without tearing the edge of the polyacylamide wells.

Fill the wellswith electrode buffer.

4. Place the upper chamber over the sandwich and lock the upper buffer chamber

to the sandwich. Pour electrode buffer into the lower buffer chamber. Place the
sandwich attached to the upper buffer chamber into the lower chamber.

Fill the upper buffer chamber with electrode buffer so that the sample wells of
the stacking gel arefilled with buffer.

Use a 10-25 pl syringe with a flate-tipped needle; load the protein sample into
the wells by carefully applying the sample as a thin layer at the bottom of the
well.

Fill the remainder of the upper buffer chamber with additional electrode
buffer.
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Running the gel:

1. Connect the power supply to the anode and cathode of the gel apparatus and

runat 50V and 150 V.

2. After the bromophenol blue tracking dye has reached the bottom of the

separating gel, disconnect the power supply.

Disassembling the gel:

1. Remove the upper buffer chamber and the attached sandwich.

2. Orient the gel so that the order of the sample well is known, remove the
sandwich from the upper buffer chamber, and lay the sandwich on a sheet of
absorbent paper or paper towels. Carefully slide the spacers out from the edge
of the sandwich along its entire length.

3. Insert a spatula between the glass plates at one corner where the spacer is, and
gently pry the two plates apart.

4. Removethe gel from the lower plate. Place the plate with the gel attached into
the shallow dish of fixing agent or dye and swishing the plate.

Staining the gel:

1. Placethe gel inasmall plastic box and cover with the staining solution.
Agitate slowly for 3 h. or more on arotary rocker.

2. Pour off the staining solution and cover the gel with a solution of destaining
solution |. Agitate slowly for about 15 min.

3. Pour off the destaining solution | and replace with fresh solution. Repeat until

the gel is clear except for the protein bands.



199

VITAE
Name Mr. Phakawat Tongnuanchan
Student ID 51110020039
Educational Attainment
Degree Name of Institution Year of Graduation
Bachelor of Science Prince of Songkla University 2007

(Food Science and Nutrition)

List of Publication and Proceedings
Publications

1. Tongnuanchan, P., Benjakul, S. and Prodpran, T. 2011. Roles of lipid
oxidation and pH on properties and yellow discolouration during storage of
film from red tilapia (Oreochromis niloticus) muscle protein. Food
Hydrocolloids. 25: 426-433.

2. Tongnuanchan, P., Benjakul, S., Prodpran, T. and Songtipya, P. 2011.
Characteristics of film based on protein isolate from red tilapia muscle with
negligible yellow discoloration. Int. J. Biol. Macromol. In Press, Uncorrected
Proof:

3. Tongnuanchan, P., Benjakul, S., Prodpran, T. and Songtipya, P. 2011.
Properties and stability of protein-based films from red tilapia protein isolate

incorporated with antioxidant during storage. Food Bioproc. Technol. In press.

Proceedings
1. Tongnuanchan, P., Benjakul, S. and Prodpran, T. 2010. Roles of lipid
oxidation and pH on properties and yellow discolouration during storage of
film from red tilapia (Oreochromis niloticus) muscle protein. The 12 Agro-
Industrial Conference, Bangkok, Thailand: 17M-18™ June, 2010. Poster

presentation.



200

2. Tongnuanchan, P., Benjakul, S. and Prodpran, T. 2010. Effect of alkaline
solubilization process and pH of film forming solution on yellow discoloration
and characteristics of red tilapia muscle based film during storage. The 7™
IMT-GT UNINET and 3™ Joint International PSU-UNS conferences,
SongKla, Thailand: 7M-8™ October, 2010. Poster presentation.



