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ABSTRACT

Gelatin from splendid squidL¢ligo formosana) skin extracted at
different temperatures (50-80 °C) and their coroesiing films were characterised.
Gelatin extracted at 80 °C showed the highest \ié%3%, dry weight basis) with
relatively higher free amino group content (P<0.®G¥)wever, gelatin extracted at 50
°C (G50) had the highest gel strength (P<0.05). ®&8d the highera* value,
compared with others (P<0.05). When films from thagelatins were prepared,
tensile strength (TS) and elongation at break (EABJfilms decreased, but water
vapour permeability (WVP) increased (P<0.05) as thdraction temperature
increased. Increase in transparency value withcaental decrease in lightness was
observed with increasing extraction temperaturégriogravimetric analysis (TGA)
indicated that film prepared from G80 (F80) extalithe higher heat susceptibility
and weight loss. Loosen structure was observednn grepared from gelatin with

increasing extraction temperatures.

Gelatins obtained from bleached (0-8%CHw/v) squid skin and films
from those gelatins were characterised. Gelatimfs&in bleached with higher,B,
concentrations had higher yield, lower free aminmug and carbonyl group contents
than the control gelatin (P<0.05). Gel strengtlyelfitin generally decreased agOq
concentrations increased (P<0.05). Gelatin prepfi@ah skin bleached with 2%
H.O, showed the highesL*, but lowestAE*-values (P<0.05). ¥D, at higher
concentrations yielded gelatin with increasibtyvalue. TS and WVP of films
decreased, but EAB increased (P<0.05) as the ctratien of HO, increased. TGA
indicated that heat susceptibility and weight logglifferent films varied with KO,
concentrations. Rougher surface was obtained iatigefilms prepared from skin

bleached with KO, concentrations above 4%.
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The impacts of hydrophilic and hydrophobic montrianite (MMT)
nanoclays at various levels (0-10%, w/w) on prapsrof tilapia skin gelatin films
were investigated. Generally, mechanical propertiee improved by the addition of
Cloisite Nd in the range of 0.5-5% (w/w). The lowest WVP waserved for films
incorporated with Cloisite Naand Cloisite 20A at a level of 1% (w/w) (P<0.05).
Wide angle X-ray diffraction (WAXD) and scanningeefron microscopic (SEM)
analyses revealed the intercalated/exfoliated strecof films. Homogeneity and
smoothness of film surface decreased with the aadidbf both nanoclays. The

incorporation of nanoclays enhanced the rigiditg baat stability of films.

Tilapia skin gelatin films incorporated with hydiojic and
hydrophobic nanoclays with the aid of homogenisatising different pressure levels
(1000 to 4000 psi) and passes (2 and 4) were dieaiserl. YM, TS and EAB of films
decreased and WVP increased with increasing pes$suels and number of passes.
Films incorporated with Cloisite 20A exhibited th@wer WVP than those with
Cloisite Nd. Transparency of fiims increased when homogemisagiressure and
number of passes increased. Nanocomposite filnpgaped using homogenisation had
exfoliated structure, whilst those prepared withdubmogenisation exhibited
intercalated structure. TGA and DSC analyses inelitahat thermal stability of
nanocomposite films varied with homogenisation ¢l

Effects of various pHs (4-8) of film forming susgens (FFS) on the
properties of nanocomposite film based on tilafia gelatin and Cloisite Nawere
investigated. In general, mechanical and water wapbarrier properties of
nanocomposite films were improved when FFS having p was used.
Intercalated/exfoliated structure of nanocomposiies was revealed by WAXD
analysis. Homogeneity and smoothness of film serfagere obtained for
nanocomposite films with pH 6 as confirmed by SEMmographs. Thermal stability

of nanocomposite films varied with different pH é.

Effects of ethanolic extract from coconut husk (EBCat 0-0.4%
(w/w) on properties of films and nanocomposite §lfnom tilapia skin gelatin were
investigated. YM, TS and EAB of both films decrehseith addition of EECH
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(P<0.05). The lowest WVP was obtained for gelatim fand nanocomposite film
containing 0.05% and 0.4% EECH (w/w), respecti&y0.05). Generallya* value
of films increased (P<0.05) with increasing levetsEECH, regardless of nanoclay
incorporation. Intercalated or exfoliated structusé nanocomposite films was
revealed by WAXD analysis. Based on SEM analysis,rougher surface was found
when EECH was added. EECH had varying impact omtalestability of films.

When tilapia and squid skin gelatin films and namoposite films
incorporated without and with EECH were used toecomackerel meat powder,
guality changes were monitored in comparison Wit tcovered with polyethylene
(PE) film and the control (without covering) duristprage of 30 days at 28-30 °C.
The powder covered with nanocomposite film incogped with EECH at 0.4% (w/w)
(SGF-Na-EECH) generally had the lower moisture eonthan those covered with
other gelatin films throughout the storage. ThedoWwV, TBARS, TVB and pH were
observed for SGF-Na-EECH sample than PE samplehendontrol (P<0.05). Based
on SPME-GC-MS analysis, SGF-Na-EECH sample condaiihe lower volatile lipid
oxidation products. Higher overall likeness scom@swebserved for SGF-Na-EECH

sample on day 30 of storage.

Therefore, fish and squid gelatins could be usediamsaterials for
film preparation. The improvement of film propestiecould be achieved by
incorporation of nanoclay, especially in combinatiwith EECH. The film could
extend the shelf-life of dried mackerel powder, mhaivia the prevention of lipid

oxidation.
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CHAPTER 1
INTRODUCTION AND REVIEW OF LITERATURE
1.1 Introduction

Nowadays, biodegradable films are gaining increpsittention as the
important non-toxic and eco-friendly packaging mate over synthetic
thermoplastic films (Wangt al., 2015). Most synthetic films are non-biodegradable
and may cause environmental pollution and seri@afogical problems. Moreover,
biodegradable materials have several desirableigdygiemical characteristics over
synthetic counterpart.Renewable biopolymers such as proteins, lipids and
polysaccharides have been used as potential fiimifig material (Tharanathan,
2003).

Gelatin is a well known biopolymer among the animateins for its
film-forming ability and applicability for food p&aging and storage (Gomez-Guillen
et al., 2009). Gelatin is a water soluble protein ol#dirby partial hydrolysis of
collagen, the main fibrous protein constituent amés, cartilages and skins (Benjakul
et al., 2012a). Gelatin can be used as foaming, emingifgnd wetting agent in food,
pharmaceutical, medical and technical applicatotunes to its surface-active properties
(Balti et al., 2011). Gelatin from cuttlefish skin had the ioyed emulsifying
property when modified by oxidized fatty acids (Asw et al., 2011). Functional
properties of gelatin are governed by many facsoish as chain length or molecular
weight, amino acid composition and hydrophobicigg¢c (Gomez-Guillenet al.,
2002). Due to the constraints for the use of boamé porcine gelatin associated with
religious prohibition, gelatin from aquatic animiaas gained increasing attention
(Karim and Bhat, 2009In addition, there is increasing concern whethed lanimal
tissue-derived collagens and gelatins are capdbteaasmitting pathogenic vectors
such as prions (Wilesmitit al., 1991). As a consequence, fish gelatin has gained
increasing interest as the potential alternative lémd animal counterpart-ish

processing discards suchsdgn, fin, scale and bones, etaccounting for 70—85% of

1



the total weight of catch (Shahidi994) have been used as the starting material for

gelatin extraction.

Apart from gelling property, gelatin has been ugadfilm formation
with the superior gas barrier property. Gelatimsrfrthe skin of cuttlefish (Jridt al.,
2014a), tilapia (Pranotet al. 2007; Tongnuanchagt al., 2013) and bigeye snapper
(Rattayaet al., 2009 have been used for makitrgnsparent, colourless, and flexible
films. Additionally, it can be used as the activackaging, in which the antioxidants
or antimicrobials can be incorporated (Gomez-Estheh, 2014; Jongjareonradt al,
2008; Tongnuanchast al., 2012). Owing to the superior oxygen barrier gty fish
gelatin based film could prevent the lipid oxidatio food systems (Jongjareonrek
al., 2006b). However, gelatin has the hydrophiliaty nature and the film from
gelatin generally shows low water vapour barrieperty. Furthermore, gelatin film
has the relatively poor mechanical properties,amgarison with traditional synthetic
polymeric films (McHugh and Krochta, 1994). This madikely leads to the limitation
for commercial uses. To tackle this problem, sevagsproaches have been developed
to improve the barrier property, e.g. the incorpioraof essential oils (Tongnuanchan
et al., 2013) and fatty acid (Limpisopha al., 2010). The mechanical properties of
fish gelatin film were also improved by the incorgtion of nano-clays (Baet al.,
2009a; Farahnakst al., 2014).

Thailand and other Southeast Asian countries hamsuwmed a large
amount of squid and have exported squid and thedyzts all over the world (Hoque
et al., 2010). During processing, skin is generated emmstitutes around 3-5% of
total weight. Skin has a low market value and isegally used as animal feed.
Recently, gelatin has been extracted from skiniarfitgsquid (Uriarte-Montoyat al.,
2011; Gimenezet al., 2009). Gelatins from fish and cuttlefish skinv@abeen
demonstrated to render the biodegradable films wite superior UV barrier
properties (Houget al., 2011aJridi et al., 2014a Rattayeaet al., 2009). Nevertheless,
the pigments in squid skin pose a colour problerthenresulting gelatin. To tackle
such a limitation, bleaching squid skin prior totragtion of gelatin can be an

effective means to bring about the gelatin with eptable colour for wider



applications, especially for film preparation. Atldinally, the better understanding of
extracting procedures associated with moleculampgnty can lead to the better
preparation of gelatin film with desirable charaistécs. The use of nanoclay to
improve water barrier property of gelatin film isadher approach to broaden the use
of gelatin film or packaging for shelf-life extensi of food products. The
incorporation of plant extracts into gelatin filfoag with nanoclay can enhance the
use of the film as smart packaging, which can ektéme shelf-life of foods,
particularly perishable fish and fish products. Tifermation gain will be of benefit
for squid processing industry, in which the valdeled products, such as gelatin can
be produced and the smart bio-nanocomposite filars e obtained as green and

smart packaging.



1.2 Review of Literature
1.2.1 Collagen

Collagen is abundant in animal connective tisslidsas a triple helix
structure with three long polypeptide chains. Epolypeptide is a left handed triple
helix; but the three helices are wrapped aroundc eztber towards right. Each
polypeptide is made up of roughly 1000 amino aegldues with a repeated Glycine-
X-Y sequence (Benjakut al., 2012b; Mathew, 2002). Glycine-X-Y repeat witte th
frequent occurrence of proline and hydroxyprolime the X and Y position,
respectively. Both imino acids, hydroxyproline amgiroxylysine, are found only in
position Y, while proline can be found in eitheetK- or Y- position (Fratzl, 2008).
Proline and hydroxyproline form bends in polypegtzhains and are not compatible
with a-helix structure (Lehninger, 1982). Imino acids éaween reported to affect
thermal stability of collagen molecules (Karim aBthat, 2009; Piez and Gross,
1960). Amino acid composition directly has the iripan property of collagens
(Brinckman, 2005).

Apart from mammalian skin and bones, the discanasnf fish
processing including skin, scales and bones camiseel as starting materials for
collagen extraction (Table 1). Recently, swim bkddhas been reported as the
excellent source of collagen (Bamaal., 2010; Sinthusamran and Benjakul, 2013).
Collagen content in fish varies with the speciessae parts, age, season, nutritional
condition, time of catch, etc. (Saéb al., 1998). The proportion of collagen in the
connective tissue is 88-98%. Collagen and elastirients were reported to be 0.68-
1.35% of the total proteins in fish. The total egkn ranged from 76.2% of whole
body collagen for Japanese eel to 91.1% for retireaen (Yoshinakat al., 1990).
Collagen can be extracted with the aid of acid,civhs able to solubilise the collagen
termed ‘acid soluble collagen’ (ASC) (Skierka andd®wska, 2007). Due to
crosslinking of collagen fibrils, at telopeptidegrens, the use of pepsin, which
specifically cleaves at telopeptide can increase dhtraction yield. The resulting

collagen is termed ‘pepsin soluble collagen’ (PS@linanonet al. (2007) extracted



Table 1. Sources of collagen from different fish species

Fish species Sour ces Extracted collagen  Yied (%) References
Grass carp(tenopharyngodon idella) Skin ASC 46-91 Liet al. (2015)
Skipjack tuna Spine ASC 2.47 Di et al. (2014)
(Katsuwonus pelamis) PSC 5.62
Skull ASC 3.57
PSC 6.71
Silvertip shark Skeletal PSC NR Jeevitharet al. (2014)
(Carcharhinus al bimarginatus) Head bone PSC NR
Amur sturgeonAcipenser schrenckii) Cartilage SSC 2.18 Lianget al. (2014)
ASC 27.04
PSC 55.92
Squid Skin ASC 56.8 Veerurajet al. (2014)
(Doryteuthis singhalensis) PSC 24.6
Spanish mackerel Skin ASC 13.68 Li et al. (2013)
(Scomberomor ous niphonius) PSC 3.49
Bone ASC-1 12.54
ASC-2 14.27




Table 1. (Continued)

Fish species Sour ces Extracted collagen  Yied (%) References
Sea basd f@tes calcarifer) Skin ASC 15.8 Sinthusamran and Benjakul (2013)
Swim bladder ASC 28.5
Bighead carps Skin PSC 17.5 Liu et al. (2012)
(Hypophthal micththys nobilis) Swim bladder PSC 14.6
Walleye pollock Theragra chalcogramma) Skin ASC NR Yanet al. (2012)
Balloon fish Diodon holocanthus) Skin ASC 4 Huanget al. (2011)
PSC 19.5
Ornate threadfin bream Skin PSC NR Nalinanonet al. (2011)
(Nemipterus hexodon)
Striped catfishRPangasianodon Skin ASC 5.1 Singhet al. (2011)
hypophthal mus) PSC 7.7
Skate Raja kenojei) Skin ASC 4.84-11.5 Shartal. (2011)
Catfish (Tachysurus maculatus) Swim bladder PSC 40 Barehal. (2010)
Brownbanded bamboo shark Skin ASC 9.38 Kittiphattanabaworet al. (2010a)

(Chiloscyllium punctatum) PSC 8.86




Table 1. (Continued)

Fish species Sour ces Extracted collagen  Yied (%) References
Jumbo squidosidicus gigas) Skin ASC 70 Uriarte-Montoyet al. (2010)
Common carpQyprinus carpio) Skin ASC 41.3 Duanet al. (2009)
Bone ASC 1.06

Nile tilapia (Oreochromis niloticus) Skin ASC 39.4 Zengt al. (2009)
Largefin longbarbel catfish Skin ASC 16.8 Zhanget al. (2009)
(Mystus macropter us) PSC 28.0
Silver carp Hypophthal michthys molitrix) Skin NR NR Rodziewicz-Motowidtoet al. (2008)
Walleye pollock Theragra chalcogramma) Skin ASC NR Yaret al. (2008)
Channel catfishl ¢talurus punctaus) Skin ASC 25.8 Liu et al. (2007)

PSC 38.4
Bigeye snappeirRiacanthus tayenus) Skin ASC 5.31 Nalinanonet al. (2007)

PSC 18.74

ASC: Acid Soluble Collagen; PSC: Pepsin Solubld#&gmn; SSC: Salt Soluble Collagen.

NR: Not Reported.



both ASC and PSC from the skin of bigeye snappér welds of 5.31 and 18.74%,
respectively and both ASC and PSC showed similzpeties.

Fish collagen was characterised to have very lowatgation
temperature (Td) (Lewis and Piez, 1964). Ikagnhal. (2003) stated that the Td values
were found to be more dependent on hydroxyprolateer than proline. The total
imino acid content of fish collagen was found pntjomal to the Td values (Piez and
Gross, 1960). Td values were also found to vanh Mite structural parts of fish
(Kimuraet al., 1988).

Fish muscle Type | collagen exhibited higher Tdueal because of
higher degree of proline hydroxylation when compgate skin Type | collagen
(Kimura et al., 1988). Td values of bone collagen of skipjackatuand yellow
seabream were much higher than those of skin @sildéigat ranged from 29.5-30 °C
and 25-26.5 °C, respectively (Nagai and Suzuki,0200n contrast to previous
reports, higher Td value of 36 °C for collagen dfeNperch skin was reported by
Muyongaet al. (2004a). Collagens from elasmobranchs were faontave 5 °C
higher Td values than those from teleosts (Baa., 2008). Collagen from ray skin
had a Td value of 33 °C. Wars al. (2008) observed Td values of 16.1, 17.7 and
17.5 °C for deep-sea red fish skin, scale and loofiagen, respectively. Td value of
collagen obtained from tropical water fish is higktgan that of temperate water fish
(Wanget al., 2008).

1.2.2 Gdatin

Gelatin is not a naturally occurring protein anadan be obtained by
thermal denaturation and partial hydrolysis of dils protein collagen (Benjaket
al., 2012a; United States Pharmacopeia, 1990). Duthmg collagen-to-gelatin
transition, many non-covalent bonds are brokengleith some covalent inter- and
intra-molecular bonds (Schiff's base and aldo cosd&on bonds). This results in
conversion of the helical collagen structure to aranamorphous form, known as

gelatin (Foegedingt al., 1996). It is a high molecular weight polypeptated serves



as an important hydrocolloid with a wide range pplecations in food products
because of its gelling and thickening propertiear{it and Baht, 2009). The strength
of the gel formed is proportional to the concembratof gelatin and its molecular
weight (Choet al., 2004). Gelatin differs from other hydrocolloidedause most of
them are polysaccharides, whereas gelatin is astiligee protein containing all
essential amino acids except tryptophan (ldaal., 2009). Furthermore, gelatin can
be used as foaming, emulsifying and wetting agentsod, pharmaceutical, medical

and technical applications due to its surface-aqgbnoperties (Baltgt al., 2011).
1.2.2.1 Gelatin structure

Gelatin generally consists of a large number otigly, proline and 4-
hydroxyproline residues (Johnston-Banks, 1990)atBelcan be classified into two
types, depending on denaturation processes orrgagytent conditions of native
collagen. Type A and type B gelatins are derivedifiacid and alkaline pre-treatment

of native collagen, respectively (Cole and Rob&837).

The primary structure of gelatin closely resembkesparent collagen.
This similarity has been substantiated for sevdrsséues and species. Small
differences are due to raw material sources togetite pretreatment and extraction

procedures. These can be summarized as followsgtwhBanks, 1990):

1) Partial removal of amide groups of asparagine datagine, resulting in an
increase in the contents of aspartic acid and ijiatacid. This increases the
number of carboxyl groups in the gelatin molecute ahus lowers the
isoelectric point. The degree of conversion isteglato the severity of the

pretreatment process (Ofori, 1999).

2) Conversion of arginine to ornithine in more proledgreatments experienced
during long liming processes. This takes place diyjaval of a urea group

from the arginine side-chain (Ofori, 1999).
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3) There is a tendency for trace amino acids, suchcyateine, tyrosine,
isoleucine, serine, etc., to be found in lower prtipns than in their parent
collagens. This is due to the inevitable removakome telopeptide during
cross-link cleavage, which is then lost in the g@iment solutions (Ofori,
1999).

Gelatin is not completely polydispersed, but hagefinite molecular
weight distribution pattern corresponding to tkehain and its oligomers (Johnston-
Banks, 1990). One to eight oligomers may be dedeictesolution, but it is possible
that higher numbers exist. Doublets, knowr-ahains, are formed from both- and
az-chains, giving rise t@;1- andpiz>-molecules (Johnston-Banks, 1990). Oligomers of
three a-chains will mainly exist as intact triple helixuta certain proportion will
exist as extended-polymers bonded randomly by end-to-end or sidside- bonds
(Johnston-Banks, 1990). The structure of oligonoérgreater than fous-chain units
obviously become increasingly more complex (Gimeeeal., 2005a). Molecular-
weight spectra normally relate to physical promsrtof gelatin (Karim and Bhat,
2009). In general, the sum of the and p-fractions, together with their larger
peptides, is proportional to the bloom strengtld tre percentage of higher molecular
weight material is related to the viscosity (Kamd Bhat, 2009). The setting time is
increased for the peptide fractions bel@achain, but fractions with very high
molecular weight have the reduced setting time rdwn-Banks, 1990).
Kittiphattanabaworet al. (2010b) reported that gelatin extracted from lstskin at
higher temperature with a lower portionwfchain orp—chain had the longer setting
time, compared with those extracted at lower teadpee. The melting point also
increases with higher molecular weight content (€hal., 2004; Karim and Bhat,
2009).

1.2.2.2 Fish gelatin

Gelatin from beef is not acceptable for Hindu amdcme gelatin is
prohibited for Judaism and Islam (Karim and Bh@0%). Due to the outbreak of Foot
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and Mouth Disease (FMD) or Bovine Spongiform En@dppathy (BSE), land
animal tissue-derived collagens and gelatins arestipnable for transmitting
pathogenic vectors such as prions (Wilesnaitlal., 1991). As a consequence, fish
gelatin has gained increasing interest as the patealternative for land animal
counterpartFish processing discards suchsém, fin, scale and bones, etaccounts

for 70-85% of the total weight of catch (Shahiti§94) Disposal of these wastes
poses serious environmental problemho3e resources have been reported as

promising raw material for gelatin production (Ga¥@uillenet al., 2002).

Gelatin from fish can be derived from four grougsfish as follows
(Ofori, 1999):

1) Elasmobranchs (Sharks, dogfishes and rays)

2) Cold-water fishes (Cod, halibut and plaice)

3) Warm-water fishes (Sturgeons, carp, coelacanthsharddfins)
4) Hot-water fishes (Lungfishes)

The gelatins from these groups cover a wide rafgermposition with
varying gel strength (Table 2). Fish gelatins dediirom cold water fishes have
lower gelling properties. On the other hand, gefatfirom warm-water fishes have
gelling properties more comparable with mammaliaatins (Karim and Baht,
2009).

Gelling and melting temperatures of cold water /filimmalian
gelatins are in general lower than the warm wasévrhammalian gelatins (Muyonga
et al., 2004b). Gomez-Guilleet al. (2002) reported that low melting point is related
to the lower imino acid content and decreased meohydroxylation degree in the
cold water fish gelatinThe lower imino acid content in cold water fisheduces the
propensity for intermolecular helix formation (Gitsan and Ross Murphy, 2000).
Gelling and melting temperatures are also infludnizg the change in ionic strength

and pH of gelatin. They decreased with the incr@aganic strength of > 0.5 mol / L,



Table 2. Different sources of fish gelatin

Fish species Sour ces Extraction condition Gel strength (g) References
Barbel Barbus callensis) Skin 50 °C for 18 h NR Silet al. (2015)
Sea bream Bone 60 °C for 12 h 81.7-87.3  Akagunduzet al. (2014)
Scale 126
African catfish Clarias gariepinus) Skin 33°Cfor9h 234 Alfaret al. (2014)
Culttlefish Skin 40-C for 14 h 192.01 Jridiet al. (2014b)
Yellowfin tuna (Thunnus albacares) Skin 55°Cforlh 289.8 Karayannakidis and Zdq&i14)
Zebra blenny$alaria basilisca) Skin 50 °C for 8 h 170.2 Ktaet al. (2014)
Thornback ray Skin 50°Cfor5h 140 Lassosed . (2014)
Unicorn leatherjacke®{uterus Skin 45, 55,65 and 75 °C, 12 h ~60-180 Kaewrudrad. €2013)
monocer 0s)
Pink perch lemipterus japonicus) Skin 45°C for 12 h 140 Koli et al. (2012)
Bone 130
Tiger-toothed croakeiQgolithes ruber) Skin 170
Bone 150
Marine snail Hexaplex trunculus) Meat 60 °Cfor9 h 103 Zardi al. (2012)
Grey triggerfish Balistes capriscus) Skin 50 °C for 18 h 168.3 Jellostial. (2011)

[4)



Table 2. (Continued)

Fish species Sources  Extraction condition Ge strength (g) References
Red tilapia Qreochromis nilotica), Skin 48 °Cfor 12 h 384.9 Jamilahet al. (2011)
walking catfish Clarias batrachus) , Skin 147.4
striped catfishPangasius sutchi fowler) Skin 238.9
Giant squid Dosidicus gigas) Skin 65 °C for 12 h NR Uriarte-Montowaal. (2011)
Giant catfish Pangasianodon gigas) Skin 45 °Cfor 12 h 153 Jongjareonsilal. (2010)
Bamboo sharkChiloscyllium punctatum), Skin 45, 60 and 75 °C, ~30-220 Kittiphattanabawaoet al. (2010b)
blacktip shark Carcharhinus limbatus) Skin 6 and 12 h
Cuttlefish Sepia pharaonis) Skin 60 °C for 12 h 126 (DS) Aewsiri et al. (2009)

137 (VS)
Greater Lizard $aurida tumbil) Skin 40-50 °C for 12 h 159.1 Tahetial. (2009)
Baltic cod Gadus morhua), Bone 45, 70 and 100 °C, NR Kolodziejska et al. (2008)
salmon Galmo salar), Skin 15-120 min
herrings Clupea harengus) Skin
Catfish (ctalurus punctatus) Skin 45°C, 7h 243-256 Liet al. (2008a)
Bigeye snappelRiacanthus tayenus) Skin 45°C for 12 h 138.6 Nalinanehal. (2008)
Atlantic salmon $almo salar) Skin 56 and 65 °C, 2 h 108 Arnesen and Gildb26§7)

€T



Table 2. (Continued)

Fish species Sources  Extraction condition  Gel strength (g) References
Sin croaker Johnius dussumieri), Skin 40-50 °C, 12 h 124.9 Cheowet al. (2007)
Shortfin scad@ecapterus macrosoma) Skin 176.9
Grass carp(tenopharyngodon idella) Skin 40- 80 °C 267 Kasankadhal. (2007)
Skate Raja kenojei), Skin 40-80 °C, 1-9h 426 Choet al. (2006)
Bigeye snappeRfiacanthus macracanthus), Skin 45°C, 12 h 105.7 Jongjareonrakt al. (2006a)
brownstripe red snappdrutjanus vitta) Skin 218.6
Nile perch [ates niloticus) Skin 50,60 and 70 °C, 5 h 81-229 Muyongaet al. (2004b)

Bone 134-179
Alaska pollock Theragra chalcogramma) Skin 50 °Cfor3h 460 Zhou and Regenstein 4200
Flounder Platichthys flesus) Skin 50 °C ~150-200 Fernandez-Daal. (2003)
Alaska pollock Theragra chalcogramma) Skin 50°C,3h 98 Zhou and Regenstein (2003)
Megrim (Lepidorhombrus boscii) (Risso), Skin 45 °C, over night 340 Gomez-Guilleret al. (2002)
hake Merluccius merluccius), Skin ~110
dover sole $olea vulgaris) Skin 350
Black tilapia Oreochromis mossambicus), Skin 45°C, 12 h 180.7 Jamilah and Harvinder (2002)
red tilapia Oreochromis nilotica) Skin 128.1

NR: Not reported

v
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which was probably due to the reduced electrostateraction, thereby preventing
attractive ionic inter-chain bridging and gelatiohfish gelatin (Hauget al., 2004).
The melting temperature of tropical fish gelatingaswgenerally high with 22.5-28.9
°C for tilapia skin (Jamilah and Harvinder, 20025-26 °C for red snapper and
grouper bone gelatins (Shakdgal., 2012a), 26.5-25.9 °C for Nile perch bone gelatin
(Muyongaet al., 2004b) and the cold water cod fish with 8-10(@Lidmundsson and
Hafsteinsson, 1997). Gelling temperatures of fiskatins were 6 °C lower than that
of mammalian gelatin. Gelling temperatures repoftedNile perch bone gelatin were
18.5-19.0 °C (Muyongat al., 2004b) and rohu and common carp skin gelatirewer
18.52 °C and 17.96 °C, respectively (Niratral., 2011a,b). This difference was also
related to the imino acid composition of gelatirheTimino acids were found to
stabilise the ordered conformation when gelatim®the gel network during gelling
(Muyongaet al., 2004a,b).

1.2.2.3 Gdatin extraction

The ultimate goal in gelatin production is to corvihe different
insoluble collagenous raw material into a maximunargity of soluble and highly
purified gelatin with good physico-chemical propest (Ofori, 1999). High gel
strength, high clarity, and viscosity are the majoaracteristic that the producers pay

attention and determine application of gelatin.

Production of gelatin consists of three main stagfsim and Bhat,
2009) including pre-treatment of the raw materiaktraction of the gelatin and
purification and drying. The gelatin from differeatuatic resources with different

pretreatment and extraction methods are summarisgéable 3.
1.2.2.3.1 Pre-treatment of raw material

Depending on the method in which the collagenspaetreated, two
different types of gelatin (each with differing cheteristics) can be produced. Type
A gelatin (isoelectric point at pH ~6-9) is prodddeom acid-treated collagen, and

type B gelatin (isoelectric point at approximatphy ~ 5) is produced from alkali-



Table 3. Procedures employed for pretreatment and extraofifish gelatin

Sour ces Pretreatment Extraction condition References
Skin of amur sturgeon 1) Soak in 0.1 M NaOH (1:10 w/v) at 4 °C and Distilled water at a ratio of 1:5 (w/v) at 50 °C Nikoo et al. (2014)
(Acipenser schrenckii) continuously stir for 6 h. Change solution evetty.2 for 1 h with continuous stirring

2) Defat the skin using butyl alcohol (1:10 w/vy fo
18 h at 4 °C and change the solvent every 6 h

3) Treat the skin with 0.05, 0.10 and 0.20 M acetic
acid (1:10 w/v) for 3 and 6 h at 4 °C. Change the

solution every 1 h

Scale of bighead carp Decalcifying by soakig in 0.5 M HCI (1:25 wiv) Distilled water at a ratio of 1:15 (w/v) at Shaet al. (2014)
(Hypophthalmichthys nobilis)  for 1 h 80°Cfor2h

Skins of skipjack tuna 1) Soak in 0.1 M NaOH (1:10 w/v) for 2 h with Distilled water at a ratio of 1:10 (w/v) at Shyniet al. (2014)
(Katsuwonus pelamis), continuous stirring at ambient temperature. 45°Cfor 12 h

dog shark $coliodon Change solution every 1 h

sorrakowah) and 2) Soak in 0.2 M acetic acid (1:10 w/v) for 24 h at

rohu (Labeo rohita) 4 °C. Change solution every 12 h

Skin of cobia 1) Soak in 3 M NaOH (1:1 ratio) with slow agitationDistilled water at 52 °C for 2 h Silvaet al. (2014)
(Rachycentron canadum) for 15 min at room temperature. Change the solution

and wait for 60 min. Drain the solution
2) Soak in 3 M HCI (1:1 ratio). Stir the mixturerfo

15 min at room temperature

91



Table 3. (Continued)

Sour ces

Pretreatment Extraction condition

References

Skin of unicorn leather jacket

(Aluterus monocer os)

Skin of blacktip shark

(Carcharhinus limbatus)

Skin of cuttlefish Eepia
officinalis)

Skin of carps

(Cyprinus carpio)

1) Soak in 0.05 M NaOH (1:10 w/v) for 4 h at room Distilled water at a ratio of 1:5 (w/v) at

Kaewruanget al. (2013)

temperature different temperatures (45, 55, 65 and 75 °C)

2) Soak in 0.1 M phosphoric acid (1:10 w/v) forii2 in the absence and presence of trypsin
inhibitor (100 units/1 g skin)

1) Soak in 0.1 M NaOH (1:10 w/v) for 2 h at 20 °C Distilled water at a ratio of 1:2 (w/v) at 45 °C Kittiphattanabaworet al.

2) Demineralise by soakig in 1 N HCI (1:10 w/v) forand continuously stir for 6 h
lhat20°C

3) Swell by soaking in 0.2 M acetic acid (1:10 w/v)

for 15 min at room temperature (26-28 °C)

1) Soak in 0.05 M NaOH (1:10 w/v) with stirring for Distilled water at 50 °C for 18 h with
2 h at room temperature. Change solution every 30continuous stirring

min

2) Soak in 0.2 M acetic acid (1:10 w/v). Stir the

mixtures for 48 h at 4°C

1) Soak in 0.1 M NaOH (1:8 w/v) for 6 h with Distilled water at a ratio of 1:15 (w/v) at
continuous stirring. Change solution every 3 h 60, 70 and 80 °C for 4 h

2) Soak in 10% butyl alcohol (1:10 w/v) for

overnight to remove fat, and then wash with cold

distilled water repeatedly

(2012)

Balti et al. (2011)

Duanet al. (2011)

LT



Table 3. (Continued)

Sour ces

Pretr eatment Extraction condition

References

Skins of red tilapia

(O. nilotica),

walking catfish

(C. batrachus) and striped
catfish(P. sutchifowler)
Skins of bamboo shark
(Chiloscyllium punctatum)
and blacktip shark

(Carcharhinus limbatus)

Skin of cuttlefish
(Sepia pharaonis)

Skins of bigeye snapper,
(Priacanthus tayenus) and

(Priacanthus macracanthus)

1) Soak in 2.7% saturated lime solution [Ca(g)H) Distilled water at 48 °C for over night
(1:2 wiv) at 20 °C for 14 h
2) Wash with abundant tap water (1:10 w/v) to

remove excessive Ca(OH)

1) Soak in 0.1M NaOH (1:10 w/v) with gentle Distilled water at 45, 60 and 75 °C for
stirring for 6 h 6 and 12 h with a continuous stirring
2) Demineralise by soaking in 1M HCI (1:10 w/v)

with gentle stirring for 1 h

3) Swell by soaking in 0.2 M acetic acid (1:10 w/v)

for 15 min
1) Soak in 0.05 N NaOH (1:10 w/v) for 6 h with  Distilled water at a ratio of 1:2 (w/v) at
gentle stirring at 26-28 °C 60 °C for 12 h with continuous stirring

2) Bleach in 2% and 5%, (1:10 w/v) for 24

and 48 h at4 °C

1) Soak in 0.025 M NaOH (1:10 w/v) with gentle Distilled water at a ratio of 1:10 (w/v) at
stirring for 2 h. Change solution every hour 45 °C for 12 h with continuous stirring
2) Soak in 0.2 M acetic acid (1:10 w/v) with gentle

stirring for 2 h. Change solution every 40 min

Jamilahet al. (2011)

Kittiphattanabaworet al.
(2010b)

Aewsiri et al. (2009)

Benjakulet al., (2009)

8T



Table 3. (Continued)

Sour ces

Pretreatment

Extraction condition

References

Skin of saithe R. virens)

Skin of channel catfish
(Ictalurus punctatus)
Skin of bigeye snapper

(Priacanthus tayenus)

Skin of yellowfin tuna
(Thunnus albacares)
Skin of atlantic salmon
(Salmo salar)

Skin of grass carp

(Ctenopharyngodon idella)

1) Soak in 0.1 M NaOH (1:10 wi/v) for 24 h with glent
shaking followed by washing with MILLLI-Q water

2) Bleach skins in 1% (v/v) D, (1:10 w/v) for 30 min
Soak in 0.05 M acetic acid (1:8 w/v) at 15 °C f8rH,
then wash with distilled water

1) Soak in 0.025M NaOH (1:10 w/v) and stir for ath
25-28 °C. Change solution every hour

2) Soak in 0.2 M acetic acid (1:10 w/v) in the prece of
BSP (0-15 units/g skin), then stir at 4 °C for 48 h

1) Soak in 0.5 M NaCl for 5 min at 5°C

2) Soak in 0.1 M NaOH for 40 min at 20 °C

1) Soak in cold 0.04 N NaOH solution (1:3 w/v) 8%
min

2) Soak in 0.12 M E50y (1:3 w/v) for 30 min

3) Soak in 0.005 M citric acid solution (1:3 w/r)cathen
wash with cold-water to remove acid

Soak in 0.1-3.0% HCl at 7 °C

0.01 and 0.1 M acetic acid for 12, 18
and 24 h at 22, 45 and 65 °C

Distilled water at 45 °C for 7 h

Distilled water at 45 °C for 12 h with

continuous stirring

0.1 N acetic acid solution at 50 °C

for 18 h

Distilled water at a ratio of 1:1 (w/v) at
56 °C and then at 65 °C for 2 h

Distilled water 880 °C in a shaking
hot water bath (180 rpm)

Eysturskraet al. (2009)

Liet al. (2008a)

Nalinanonet al. (2008)

Rahmaret al. (2008)

Arnesen and Gildberg
(2007)

Kasankaleet al. (2007)
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Table 3. (Continued)

Sour ces Pretr eatment Extraction condition References

Skins of sin croaker 1) Soak in 0.2% (w/v) NaOH solution for 40 min Distilled water at 40-50 °C for 12 h Cheetal. (2007)
(Johnius dussumeiri) and 2) Soak in 0.2% (w/v) k80O, for 40 min
shortfin scad Pecapterus 3) Soak in 1.0% (w/v) citric acid for 2 h

macrosoma) (repeat 3 times each step)

Skin of channel catfish 1) Soak in NaOH (1:6 w/v) for variable time Deionised water extraction in a water bath Yang et al. (2007)
(Ictalurus punctatus) 2) Soak in acetic acid (1:6 w/v) for varying times for varying times

Skin of atlantic cod Soak in dilute NaOH (pH 11) and HCI (pH 2-2.6) at  Distilled water at different temperature and pH nésen and Gildberg
(Gadus morhua) room temperature (2006)

Skins of bigeye snapper 1) Soak in 0.2 M NaOH (1:10 w/v) at 4 °C with a ien Distilled water at a ratio of 1:10 (w/v) at 45 °C Jongjareonrakt al.
(Priacanthus macracanthus) stirring. Change solutions every 30 min for 3 times  for 12 h with a continuous stirring (2006b)

and brownstripe red snapper2) Soak in 0.05 M acetic acid (1:10 w/v) for 3 h at

(Lutjanus vitta) 25-28 °C with a gentle stirring
Skin of yellowfin tuna 1) Soak in 1-3% NaOH (1:8 w/v) at 10 °C with shakingDistilled water at a ratio of 1:6 (w/v) at Choet al. (2005)
(Thunnus albacares) (200 rpm for 1-5 days) 40-80 °C for 1-9 h

2) Soak in 6 N HCI
Skin of dover sole 1) Soak in absolute ethanol or 80—20 absolute ethanol Distilled water at 45 °C Gimenet al.
(Solea vulgaris) glycerol mixture (2005a)

2) Dry using marine salt
3) Soak in 0.05 M acetic acid

0¢



Table 3. (Continued)

Sour ces

Pretreatment Extraction condition References

Skin of dover sole

(Solea vulgaris)

Skin of dover sole

(Solea vulgaris)

Skin of alaska Pollock

Skin of baltic cod
(Gadus morhua)
Skin of nile perch
(Latesniloticus)
Skin of pollock
(Alaskan pollock)

Skin of flounder
(Platichthys flesus)

1) Soak in different 0.8 M salt solutions (NaCl, IKC Distilled water at 45 °C Gimenexal. (2005b)
MgCh and MgSQ) (1:6 w/v) at 5 °C for 2 min
2) Soak in 50 mM acetic acid or 25 mM lactic acid
1) Treat with high pressure at 250 and 400 MPa, fddistilled water at 45 °C for 16-18 h Gomez-Guilleret al. (2005)
10 or 20 min
2) Soak in 0.05 M acetic acid for 3 h
Soak in NaOH or Ca(OH)® (d/v) with varying  Distilled water at 50 °C for 180 min in the absence Zhou and Regenstein (2005)
OH concentrations (0.01, 0.1, 0.2, and 0.5 M) for presence of a mixture of protease inhibitors,
60 min, or treated with 0.05 M acetic acid (1:6 w/\consisting of 5 mM EDTA disodium salt, 0.2 mM

with H" concentration for 60 min phenylmethanesulfonyl fluoride and 2 uM pepstatin
- Distilled water at a ratio of 1:6 (w/v) at Kolodziejskaet al. (2009
45 °C for 15-120 min
Soak in 0.01 M K50, (1:2 wi/v) and wash with Distilled water at 50, 60 and 70 °C, followed Muyongaet al. (2004b)
abundant water by boiling for 5 h
1) Soak in Ca(OH)(1:6 w/v) at varying OH- Distilled water at different temperatures Zhou and Regenstein (2004)
concentrations for various times

2) Soak in acetic acid (1:6 w/v)

Soak in acid Distilled water at temperatures below 50 °C FedeanDiazet al. (2003)

T¢C



Table 3. (Continued)

Sour ces

Pretreatment

Extraction condition

References

Skins of megrim
(Lepidorhombus boscii),
Cod Gadus morhua),

dover sole $olea vulgaris),
hake Merluccius merluccius)
and squid Dosidicus gigas)
Skins of black tilapia
(Oreochromis mossambicus)
and red tilapia@reochromis
nilotica)

Skin of megrim

(Lepidorhombus boscii)

Skin of megrim

(Lepidorhombus boscii)

Soak in 0.05 M acetic acid

1) Soak in 0.2% (w/v) NaOH solution for 40 min
2) Soak in 0.2% k80O,
3) Soak in 1.0% citric acid

1) Soak in 0.2 N NaOH (1:6 w/v) at 5 °C for 30 min

2) Soak in 0.05, 0.1 and 0.5 M of different acituions like
formic, acetic, propionic, lactic, malic, tartadad citric acid
(1:20 wiv), respectively at 20 °C for 16-18 h

1) Soak in cold (2 °C) 0.2 N NaOH (1:6 w/v) for #fin

2) Soak in 0.2 N sulphuric acid (1:6 w/v) for 40m@both repeated 3 times)
3) Soak in 0.7% citric acid for 40 min with contous stirring (GM1)
4) Clean with 0.8 N NaCl and then soak in 0.05 Btiacacid (1:10 w/v)

at 25-28 °C for 3 h (GM2)

Distilled water at 45 °C and

for squid at 80 °C for overnight

Distilled water at 45 °C for 12 h

Gomez-Guillen
etal. (2002)

Jamilah and
Harvinder
(2002)

Distilled water at a concentration ofGomez-Guillen

6.67% (w/v) at 45 °C for 30 min

and Montero
(2001)

Distilled water overnight at 45 °C  Montero and

Goémez-Guillén
(2000)

[44
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treated collagen (Stainsby, 1987). Acidic pretreatimis most suitable for the less
covalently cross-linked collagens found in pig drsth, while alkaline treatment is
suitable for the more complex collagens found ivihe hides.

Gelatin can be extracted from many fish speciesday-collagenous
protein elimination, demineralisation and swellingh acid solution prior to gelatin
extraction (Foegedingt al., 1996). For raw material constituting high conten
lipid, it is more important to degrease before peatment and extraction (Holzer,
1996). The extraction process can influence thgtkeof the polypeptide chains and
the functional properties of the gelatin. Proceggiarameters (temperature, time, and
pH), the pre-treatment, the properties and presiervanethod of the starting raw
material affect chain length of gelatin (Karim aBfat, 2009). Type of acid used,
ionic strength and pH strongly influence swellingogess and solubilisation of
collagen as well as the extraction of gelatin (Giemet al., 2005b). Type of acid
used for swelling has been reported to determieeptioperties of resulting gelatin.
Yield and gel strength of Amur sturgeon skin gelatiere decreased as the acid
concentration and pretreatment time increased @Nioal., 2014). Ahmad and
Benjakul (2011) reported that swelling of skin ohiaorn leather jacket using
phosphoric acid rendered gelatin with higher gegrgjth than acetic acid. Gomez-
Guillen and Montero (2001) reported that acetic prapionic acid pretreated skin of
megrim (epidorhombus boscii) rendered the gelatins with the highest elastic

modulus, viscous modulus, melting temperature,gatdtrength.

Additionally, bleaching during pretreatment for @at improvement
also had the impact on gelatin extraction as welclaaracteristics of the resulting
gelatin. Aewsiriet al. (2009) reported that pretreatment of cuttlefikim sising HO-
at higher concentrations resulted in the increaseld. H,O, was found to break the
hydrogen bond of collagen (Courts, 1961). Perkit®96) stated that hydroperoxyl
anion is a strong nucleophile which, during bleaghis able to break the chemical
bonds that make up the chromophore. This might teatthe formation of different

substances, which either did not contain a chroraaglor contained a chromophore
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that did not absorb visible light. Bleaching usifg and 5% kO, could improve not
only the colour of gelatin by increasing the-value and decreasiraj-value but also
enhanced the bloom strength, and the emulsifyind) faaming properties of the

resulting gelatin from dorsal and ventral skin oftiefish (Aewsiriet al., 2009).

Endogenous proteases in fish skin show the profounmglact on
degradation ofi-chains of gelatin during extraction. Serine pruasie was formed as
dominant proteinase in skin of bigeye snapper (asiasawatet al., 2007). Gelatin
was extracted from the bigeye snapperigcanthus macracanthus) skin in water
without and with 0.001 mM soybean trypsin inhibi{®BTI) using a skin/water ratio
of 1.7 at different temperatures (35, 40, 45, Eabd 60 °C) for 12 h. In the presence
of SBTI, the degradation was markedly inhibited wewer,3-chain disappeared and
a-chains underwent degradation to some extent atpdesture above 50 °C
(Intarasirisawagt al., 2007). Moreover, the degradation of gelatin congnts was
markedly prevented, when SBTI at a concentratiorD.4f uM was incorporated
during the gelatin extraction from bigeye snappBrigcanthus tayenus) skin
(Nalinanonet al., 2008).

Ultra-high pressure (UHP) was applied as a pretreat to extract
gelatins with 1% HCI as the transmission mediume €ffects of various pressures
(0.1-500 MPa) on the gelatinisation of collagen #mel properties of the extracted
gelatins were investigated by Chetral. (2014). The UHP-treated gelatins exhibited
higher yield and better physical properties, sushgal strength and rheological
indexes, because they contained more subunit coemp®ithan the gelatin obtained
from an acid pretreatment process. The UHP tredatrmaumd destabilise the triple-
helix structure and facilitate the conversion oflaxgen to gelatin. Pressure above the
optimum point (400 MPa) led to poor properties e$ulting gelatin (Chemt al.,
2014). It has been reported that UHP can inductejpralenaturation by disturbing
the balance of the non-covalent interactions ttadiilsse the native conformations of
many proteins (Qin et al., 2013; Torrezan et alQ7). Kaewruangt al. (2014)
reported that phosphorylation could be achieved ibgorporating sodium

tripolyphosphate (STPP) at appropriate level dugrggreatment (0.2%) or extraction
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(0.08%) of gelatin from the skin of unicorn leafaeket and the resulting gelatins
showed the better properties than the control (tladdition of STPP).

1.2.2.3.2 Extraction of gelatin

After pretreatment, the material is subjected tat i@atment, in which
bondings stabilising the triple helix are disruptet gelatin can be solubilised and
collected. Extraction temperature and time strongRuenced the total yield and
rheological properties of pollack skin gelatin (Zhand Regenstein, 2003). Yield of
gelatin from the skin of giant squid was 7.5% (deaViontoyaet al., 2011). Gomez-
Guillen et al. (2002) reported that the extraction of gelationirthe skin of squid,
Dosidicus gigas at 45 °C was not possible. Even at high tempeza@® °C), very
low yield was gained (2.6%). Jamilah and Harvin@802) stated that the difference
in gelatin recovery from different species could &#ributed to the intrinsic
characteristics of the skin and collagen molecules collagen content, the amount of
soluble components in the skins, the loss of etd¢thcollagen through leaching
during the series of washing steps, etc. The degfemnversion of collagen into
gelatin depends on various parameters (Karim anat,BR009). Increasing
temperature directly provided more energy to dishgmdings stabilising the collagen
structures as well as peptide bonds-@hains. As a result, a larger amount of gelatin
could be extracted as the temperature was elev@edwruanget al., 2013;
Sinthusamraret al., 2014). Higher yields were obtained when gelatas extracted
from seabass skin at 55 °C, in comparison with@%ot all extraction times (3, 6 and
12 h). The highest yield from seabass skin (66.4%g obtained when the extraction
was carried out at 55 °C for 12 h (Sinthusanetaad., 2014).

A strong decrease in the percentag@-chain was observed for giant
squid skin gelatin extracted at higher tempera(@@ °C) (Gomez-Guilleret al.,
2002). Extraction temperatures played a majorirof@otein components of resulting
gelatin. Aewsiriet al. (2009) and Hoquet al. (2011a) also reported that no proteins
with MW of 70 and 76 kDa were retained in gelatitracted from skin bleached with

H,O,, regardless of concentration used. Very low cdantérg- components and an
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almost disappearance of higher molecular aggregetssobserved in squid gelatin.
Gelatins with higher content af-chain were reported to possess better functional
properties including gel strength, emulsifying &odming properties (Gomez-Guillen
et al., 2002). In general, the formation of fragmentadsociated with lower viscosity,
low melting point, low setting point, high settitigne, as well as decreased bloom
strength of gelatin (Muyongat al., 2004b). Protein degradation fragments may
reduce the ability ofi-chains to anneal correctly by hindering the growththe

existing nucleation sites (Ledward, 1986).
1.2.2.3.3 Purification and drying

Gelatin extracted with distilled water was purifiday different
methods such as centrifugation (Aewstral., 2011;Balti et al., 2011; Hoqueet al.,
2011a; Kotodziejskeet al., 2008; Ktariet al., 2014; Lassouedt al., 2014) and
filtration (Jongjareonralet al., 2006a). After extraction process, residual skems
separated by filtration using a double layer chedsth (Jongjareonrakt al., 2010;
Nikoo et al., 2014). Filtrate was further filtered by filteager to obtain a pure gelatin
solution (Arnesen and Gildberg, 2007; Cheetval., 2007; Kaewruangt al., 2013;
Kittiphattanabawonret al., 2010b; Muyongeet al., 2004b; Nalinanoret al., 2008;
Sinthusamramt al., 2014). For further purification, Eysturskasidal. (2009) dialysed
the gelatin solution prior to drying.

Drying of gelatin solution was done by vacuum dgyiBinsi et al.,
2009), freeze drying (Hoquet al., 2011a; Kaewruang al., 2014; Kwaket al., 2009;
Lassouecket al., 2014; Shakileet al., 2012a), spray drying (Kwaét al., 2009) and
oven drying (Alemaret al., 2011; Kwaket al., 2009; Rahmast al., 2008). In some
cases, gelatin solution was concentrated by ragaaporator before drying (Arnesen
and Gildberg, 2007; Liet al., 2009; Shyngt al., 2014; Zhangt al., 2011).

1.2.2.3.4 Improvement of gelling property

Gelation is one of most important functional prapesf gelatin and
determines the price and application. Gomez-Guiteral. (2002) compared the
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rheological characteristics (visco-elasticity arel gtrength) and chemical/structural
properties (amino acid composition, molecular weidistribution and triple helix
formation) of different fish skin gelatins. The lsiléy of the triple helical structure in
renatured gelatins has been reported to be propaitio the total content of imino
acids. Hydroxyproline plays a key role in the diabtion of the triple-stranded
collagen helix due to its hydrogen bonding abitliyough its hydroxyl group. Proline
and hydroxyproline are thought to be responsibtetfe stability of the triple-helix of
collagen structure through hydrogen bonding betwiees water molecules and the
hydroxyl group of the hydroxyproline in gelatin (Randez-Diazt al., 2001). The
lower content of proline and hydroxyproline genlgraives fish gelatin a low gel
modulus, and low gelling and melting temperatut®slt{ et al., 2011). The super-
helix structure of the gelatin gel, which is cratidor the gel properties, is stabilised
by steric restrictions. These restrictions are isgabby both the pyrrolidine rings of
the imino acids in addition to the hydrogen bondsmied between amino acid
residues (Sikorski, 2001).

Various chemicals and enzymes have been used towaphe gelatin
properties. Karayannakidis and Zotos (2014) addmat tompounds (NadPQ,,
MgCl,, CaC} and glycerol) at various concentrations in oraeiniprove physical
properties of fish gelatin. Gelatin gels exhibitdte highest gel strength, when
NaH,PO, at concentrations of 0.3 and 0.5 mol/L were addgelatin from unicorn
leather jacket skin incorporated with STPP at 0.(8P®P during extraction showed
the highest gel strength (Kaewruaetgal., 2014). When gelatin from bighead carp
(Hypophthalmichthys nobilis) scale with the gel strength of 415.7+9.9 g wdgextied
to ammonium sulfate fractional precipitation (ASFR)different saturations (20%,
25%, 30%, 35% and 40%, respectively), various imast showed different gel
strengths (469.7£12.0, 419.749.9, 181.9+17.7, 8®4and 15.3+£2.1 g, respectively)
(Shaet al., 2014).

Microbial transglutaminase is one of cross-linkemgyme, which can
be used for enhancement of gelatin gel strengthati@drom the skin of Baltic cod

(Gadus morhua) was modified using transglutaminase. A gelatihutsan (5%)
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formed gel at room temperature in the presence wiofmial transglutaminase
(MTGase) (0.15- 0.7 mg of enzyme protein/ml) arelrbaction time also affected gel
properties (Kolodziejskat al., 2004). The addition of MTGase at concentratipriau
0.005% and 0.01% (w/v) increased the bloom strewdtgelatin gel from bigeye
snaper Priacanthus macracanthus) and brownstripe red snappdrujanus vitta),
respectively. SDS-PAGE of gelatin gel added with ®&BEe showed the decrease in
band intensity of protein components, especiglpndy-components (Jongjareonrak
et al., 2006a). Gelatin gel containegtchains but with higher concentration of
transglutaminase, these protein bands disappe@tredu et al. (2006) reported that
Alaska pollock Theragra chalcogramma) and Alaska pink salmon
(Oncorhynchyncus gorbuscha) skin gelatins had the improved gelation and meglti
behavior as well as cross-linking behavior upon #uaition of genipin and
glutaraldehyde. Pollock skin gelatin was crossduhkaster with glutaraldehyde than
with genipin (Chiouet al., 2006). Gel strength of gelatin from walleye pok
(Theragra chalcogramma) skin increased with increasing gallic acid coricaion up
to 20 mg/g dry gelatin, and then decreased at durtblevated gallic acid
concentration. However, gel strength continuoustyeased with increasing levels of

rutin upto 8 mg/g dry gelatin (Yaat al, 2011).
1.2.3 Biodegradable films

Until the early 2000’s, the high cost of biopolymdras been a major
factor limiting their utilisation. So, plastics amne of the most commonly used
materials in the food packaging industry due tarthbility to preserve the sensory
properties and nutritional values in food produckbe market size of rigid and
flexible plastics was about 45% of the total padkggndustry in 2009 (Barnett,
2010). However, the current increase in crude dephas allowed biopolymer films
to be more cost competitive and there has beerdaspread interest in films made
from renewable and natural polymers which can dkgraaturally and more rapidly
than petroleum-based plastics. Biopolymers areidered as alternatives to synthetic

plastics since they are typically derived from rgable and abundant resources.



Figure 1. Classification of the biodegradable polymers

Source: Averous (2004)
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Much research has been done on the applicationopblymers in food packaging
(Byun et al., 2012). Biopolymeric materials used for biodegiald films or
packaging can be divided into 4 categories: biopely hydrocoilloids (proteins and
polysaccharides), lipids, resins and composite®d¢Kiaet al., 1994). Physical and
chemical characteristics of the biopolymers greatifluence the properties of
resulting films (Sothornvit and Krochta, 2000). 8sgradable films can be made
from renewable biopolymers such as proteins, lipided polysaccharides
(Tharanathar?003). Additionally, biodegradable films can beabed from different
sources (Figure 1). Among them, edible films oftpms are supposed to provide
nutritional value and also have impressive meclanicoperties and gas barrier
property (Ouet al., 2004).

1.2.3.1 Protein

Proteins are biopolymers capable of forming then fiand their
properties can be varied with proteinaceous maseridhe most distinctive
characteristics of proteins compared to other fibimming materials are
conformational denaturation, electrostatic chargad, amphiphilic nature (Haat al.,
2005). In addition, stronger intermolecular binding potaltvia covalent bonds, is
found in protein-based films and not in films frdmmopolymer polysaccharides
(Cuqg et al., 1995). Protein used as film-forming materials dezived from both
animal and plant sources, such as animal tissuils,neggs, grains, and oilseeds
(Krochta, 2002). Several proteins have been usefilfo preparation. Those include
myofibrillar protein (Tongnuanchaet al., 2011), soy protein (Rhinst al., 2006),
corn zein (Arcan and Yemenicioglu, 2011), wheateglu(Gennadio®t al., 1994),
milk protein (McHugh and Krochta, 1994), gelatiror{djareonraket al., 2006a,b;
Weng et al., 2014) and egg white (Gennaeics., 1996).

Edible films can be produced from myofibrillar peot (Tongnuanchan
et al., 2011) and muscle protein (Hamaguehal., 2007). Myofibrillar proteins are
salt soluble proteins, comprising 54% of total pnot Generally, acid or alkaline

solubilisation is required for preparation of fillarming-solution. Films prepared
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from myofibrillar proteins are flexible and sematisparent and their mechanical
properties are altered with pH used for solubiidaiHamaguchet al., 2007; Shiku
et al., 2003). Artharnet al. (2007) reported that the removal of undesirable
components and increasing concentration of mydibrproteins by washing could

improve the properties of films.

Soy proteins are composed of a mixture of albunaind globulins,
90% of which are storage proteins with globulauature (Kinsella, 1979). Soy
protein films have received considerable attentioa to their excellent film-forming
abilities, low cost and barrier properties agaimsygen permeation, but they have
poor mechanical properties and heat sealabilityjpared to synthetic polymer (Rhim
et al., 2006). Guerrer@t al. (2010) stated that soy protein isolate (SPI) t#ddms
are eco-friendly because they are biodegradableame from renewable sources but
they are brittle.

Zein, is a corn protein and a valuable co-producimf ethanol
production. Zein has many functional propertiedudmg film forming capabilities.
Zein is a relatively hydrophobic and thermoplastiaterial; this hydrophobicity is
related to its high content of non-polar amino acid leucine, alanine and proline
(Shukla and Cheryan, 2001). The packaging films enxdm an alcohol-soluble
protein like corn zein have relatively high barmeoperties, compared to films from
other proteins.

Wheat gluten has not received as much study as ptbeeins for its
film-forming potential (Gennadioat al., 1994). Wheat gluten films were produced by
drying cast aqueous ethanol solutions of wheategluind a plasticiser, usually
glycerin, was added to reduce film brittleness @m$ure the formation of free
standing films. Wheat gluten films in a dry staterg/very effective oxygen barriers
(Gennadio=t al., 1994). However, wheat gluten films are poor watgor barriers
because of the inherent hydrophilicity of the prudgKrochta, 2002).
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Milk protein, can be divided into two types, wherpiin and casein.
Milk protein based edible films have good mechdngteength and are excellent
oxygen, lipid, and aroma barriers; however, duthéx hydrophilic nature, they have
poor moisture barrier properties (Chick and Usturi®98). Improved physical
properties through heat denaturation were repdrtedhey protein films (Stuchell
and Krochta, 1994) and whey protein films are tpanent and flexible. Casein has
also been used for film-forming material becauseinexpensive, readily available,
non-toxic and highly stable and casein film exl@bithigh tensile strength (Diadt
al., 2007).

Egg white consists primarily of about 90% wateroinvhich is
dissolved 10% proteins (including albumins, muctgre and globulins)
(Woodward, 1990). Ovalbumin, which constitutes mitv@n of egg white protein by
weight, is the only fraction that contains freepdiidryl (SH) groups. Other proteins,
such as ovotransferrin, ovomucoid, and lysozymetaiondisulphide (S-S) bonds
(Mine, 1995). Preparation of egg white protein 8lrmvolve denaturation of egg
white protein in aqueous solution by alkaline sdiséition or heat treatment
(Gennadiost al., 1996). Cast albumen films with added lysozymehitdd bacterial
growth, showing potential as active packagings ¢etat al., 1995). Gennadiost
al. (1996) have been studied the mechanical and watgwur barrier properties of
cast albumen films plasticised with glycerin, strbhior polyethylene glycol.

Gelatin has been used as a potential biopolymefilfarpreparation.
Gelatin films have been used in various fields spkblrmaceutical (as the delivery
system for a wide range of medicine) and food ithgu®s a packaging material), etc.
(Donhowe and Fenema, 1994). Protein content, piasts type and concentration
have been reported to affect the properties otigdbased films (Vanimt al., 2005).

1.2.3.2 Plasticisers

Plasticisers play a vital role in the preparatidnedible films and
coatings, especially from polysaccharides and pretelhose films are often brittle
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and stiff due to extensive interactions betweerympel molecules (Krochta, 2002).
Plasticisers are low molecular weight agents ino@ed into the polymeric film-

forming materials, which helps to decrease inhebeitieness of filmdy reducing

intermolecular forces and decrease the glass tramgemperature of the polymers.
They are able to position themselves between palynwdecules and to interfere with
the polymer-polymer interaction to increase flelifpi and processability by

increasing the mobility of polymeric chains (Guitband Gontard, 1995; Krochta,
2002). Most plasticisers are very hydrophilic aydrescopic. Water molecules in the
films function as plasticisers. Water is actuallwery good plasticiser, but it can
easily be lost by dehydration at a low relative dity (Guilbert and Gontard, 1995).
Therefore, the addition of hydrophilic chemicalgtieisers to films can reduce water
loss through dehydration, increase the amount ohdowvater, and maintain a high

water activity.
There are two main types of plasticisers (Sothibamwd Krochta, 2005):

1) Agents capable of forming many hydrogen bonds, hi@sacting with
polymers by interrupting polymer-polymer bondingdamaintaining

the farther distance between polymer chains.

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

Owing to the hydrophilic nature of water, biopolyme and
plasticisers, and due to the abundant existingdgehr bonds in their structures, it is
very difficult to separate these two mechanismsirFloeories have been proposed to
explain the mechanism of the plasticiser effectl{8mvit and Krochta, 2005) shown

as follows:

1) Lubricity theory — a plasticiser is considered dalaicant to facilitate

the movements of the macromolecules over each.other
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2) Gel theory— a plasticiser disrupts the polymer—pay interactions
including hydrogen-bonds and Van der Waals anctitorces.

3) Free volume theory— a plasticiser may depress thass gransition
temperature by increasing polymer free volume anobility of
polymeric chains. The fundamental concept undeglyhrese theories
is that a plasticiser can interpose itself betwisenpolymer chains and
decrease the forces holding the chains together.

4) Coiled spring theory— plasticising effects from thant of review of

tangled macromolecules.

Currently, hydroxyl compounds and polyols are ofti#ied as good
plasticisers for protein based materials. Amongnthglycerol is the most widely used
(Audic and Chaufer, 2005). In general, plasticisarsh as glycerol, sorbitol, etc are
required for making flexible films. Glycerol and rbdol were found to show
considerable plasticising effect on protein-baséd, fso the two plasticisers were
mostly used to plasticise polymers (Solatadl., 2001). Different kinds of plasticisers
have been used for protein based films. Differdastisers with varying amounts
directly determine the property of resulting filrddso, lipids and waxes were used as
hydrophobic plasticisers, which can be used to towater vapour permeability of
resulting films. Pommaett al. (2003) produced films from gluten using saturdsgt,
acids with different carbon chain lengths as ptéstrs. Bertaret al. (2005) have
been used triacetin as plasticiser. Plasticisedtigefims had glycerol at low and
middle concentrations, about 0-50% (Gaial., 1997; Jongjareonradt al., 2006b;
Tongnuancharet al., 2012), however a few studies were undertakefilos with
higher glycerol content (Audic and Chaufer, 2008anin et al. (2005) studied
plasticisation of gelatin film by using four polgpli.e., glycerol, propylene glycol,
diethylene glycol and ethylene glycol. Jongjare&neaal. (2006b) compared the
effects of glycerol, ethylene glycerol, sorbitoblyethylene glycol 200 and 400 on
properties of gelatin films and found that differ@tasticisers showed varying effect
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on properties of resulting flms. The combinatidnsorbitol and glycerol was also

used as plasticiser for gelatin film (Thomazabal., 2005).
1.2.3.3 Formation of protein based-films

There are two categories of film formation processry and wet
(Guerrercet al., 2010; Guilbertt al., 1997) (Figure 2). The dry process of edible film
production does not use solvent medium, such aerveatalcohol. Molten casting,
extrusion and heat pressing are good examplesygbrdcesses. For the dry process,
heat is applied to the film-forming materials ter@ase the temperature to above the
melting point of the film-forming materials, to aithem to flow. The wet process
uses solvents for the dispersion of film-formingtenels, followed by drying to
remove the solvent and form a film structure. Ie thiet process, the selection of
solvents is one of the most important factors. &ithe film-forming solution should
be edible and biodegradable, only water, ethandltheir mixtures are appropriate as
solvents (Krochta, 2002). All the ingredients dirfiforming materials should be
dissolved or homogeneously dispersed in the sdvéat produce film-forming
solutions (Cucgt al., 1995).

Most of protein based films made from differentfigncluding bigeye
snapper and brown stripe red snapper (Jongjareograkt., 2006b), baltic cod
(Kolodziejska et al., 2006) and tilapia (Pranotet al., 2007), and tuna (Gomez-
Guillen et al., 2007) have been produced by solution castinghoast Recently,
molten casting method has been implemented to rfielke from pectin and other
food hydrocolloids using extrusion method (Létial., 2008b), soy protein isolate
using compression molding (Guerreeb al., 2010), pig skin gelatin resins using
single screw extruder (Pa#t al., 2008) and fish gelatin films using extrusion and

compression molding method (Krishezal., 2012).
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Wet or Solvent Dry
Process Process
Conditions: [ Biopolymer ] Conditions:
pH, Temperature, time Pressure, Temperature, time

v v

[ souton | | Solid ]

\ 4

[ Biopolymeric film ]

Solvent evaporation Compression molding

Extrusion technique

Figure 2. Processing methods of film formation: wet (or golt) and dry process
SourceGuerreroet al. (2010)
1.2.3.4 Fish gelatin films

Fish gelatins may be a good alternative to synth@éistics for making
films to preserve foodstuffs because of their gdibd-forming abilities (Gomez-
Guillen et al., 2009). Also, due to the constraints for the ok&ovine and porcine
gelatin associated with religious prohibition ara$gible disease transmission, gelatin
from aquatic animal has gained increasing atterii@mim and Bhat, 2009 Gelatins
from the skin of bigeye snapper and brown strigke seapper (Jongjareonrakal.,
2008), bigeye snapper (Rattaghal., 2009, tilapia (Pranotcet al., 2007, cuttle fish
(Hoque et al., 2011a) and squid (Gimenet al., 2009) have been used for film
preparation. Gelatin films from different sourceghwarying properties have been
proposed (Table 4).i$h gelatins have been reported to exhibit goan-forming
properties, vyielding transparent, colourless, andghlip extensible films
(Jongjareonralet al., 2006b). Additionally, it can be used as the dgmackaging, in

which the antioxidants or antimicrobials can beonporated (Jongjareonrai al.,
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2008; Tongnuanchasat al., 2012). Owing to the superior oxygen barrier gty fish
gelatin based film could prevent the lipid oxidatio food systems (Jongjareonretk
al., 2006b). Also, gelatins from fish and cuttlefiskin have been demonstrated to
render the biodegradable films with the superior hArrier properties (Houcgt al.,
2011a; Jongjareonrakt al., 2008; Rattayaet al., 2009). Gelatin film effectively
prevents the lipid oxidation, which is induced by lght (Limpisophonet al., 2009).
However, gelatin film has the relatively poor meaical properties, in comparison
with traditional synthetic polymeric films (McHughnd Krochta, 1994). Gelatins
from unicorn leather jacket (Ahmaal al., 2012), Atlantic halibut (Carvalhet al.,
2008), Alaska pollock and Alaska pink salmon (Chebal., 2008), cod, haddock and
pollock (Denaviet al., 2009; Krishnat al., 2012), sole (Gomez-Estaeiaal., 2009c¢),
tuna (Gomez-Guilleret al., 2007), cuttlefish (Hoquet al., 2011c), bigeye snapper
and brownstripe red snapper (Jongjareomrtadt., 2008), blue shark (Limpisophah
al., 2009), rohu, common carp and grass carp (Nebah, 2010), tilapia (Niwet al.,
2013; Pranotcet al., 2007; Tongnuanchaa al., 2012), warm water fish gelatin
(Nunez-Florest al., 2013a) and silver carp (Wa1al., 2013) skins have been used to
develop films. Furthermore, films from gelatin edred from tilapia scale have been
prepared and characterised (Weng and Zheng, 20&5p® al., 2014). Films from
different gelatins show the varying propertiestasw in Table 4.

Properties of films are mainly dependent the stgrtgelatin. Pre-
treatment, extraction and other processing conwitiof gelatin play vital role on the
resulting film properties. Film prepared from tilapskin gelatin with pretreatment
using 0.03 M citric acid had somewhat better wagarier property than those made
from gelatin with pretreatment using HCI or acetaid (Niuet al., 2013). The films
with higher TS were prepared from scale gelatimaetéd at pH 5, and the film
strength became lower with increasing or decreasixtgaction pH (Wengt al.,
2014).



Table 4. Properties of gelatin-based film from differentifispecies

Fish Species Protein Plasticiser conc. Thickness M echanical property WVP References
Conc. (%) (mm) TS(MPa) EAB (%) (x10gmms* Pa™)

Tilapia 2 Glycerol: 20% NR 18.63-55.17 17.83-44.58 1.5621.8 Wenget al. (2014)
(Tilapia zillii)
Tilapia 1 NR 0.023-0.025 67.06-67.80 3.6-3.9 0.45-0.54 Niu et al. (2013)
(Oreochromis
niloticus)
Silver carp 4 Glycerol: 25% 0.031-0.032 25.25-36.63 42.53-49.56 0.92-1.10 Wat al. (2013)
Warm water tilapia 4 Glycerol, 40% 39.25 3.42 53.05 55.20 Hananiet al. (2012)

6 50.40 3.47 56.07 78.10

8 63.50 5.85 100.91 110.5%
Cod/haddock/ 6.67 Glycerol: 20-25% 0.10-0.58 1.51-17.8 27293.4 15-29 Krishnaet al. (2012)
pollack
Tilapia 3.5 Glycerol: 20-30% 0.040-0.049 25.810-09 9.61-69.79 2.81-4.07 Tongnuancétaad. (2012)
Cuttlefish 3 Glycerol: 25% 0.037-0.041 4.99 - 9.66 15.56 891 0.92-1.30 Hoquet al. (2010)
(Sepia pharaonis)
Rohu/ 6.67 Glycerol: 1.5g/105¢g 0.10-0.12 490 - 560 27.00 - 60.89 1.06 - 1.32 Ninanet al. (2010)

Common carp/

Grass carp

(Kg/em?)

8¢



Table 4. (Continued)

Fish Species Protein Plasticiser conc. Thickness M echanical property WVP References

Conc. (%) (mm) TS(MPa) EAB (%) (x10Mgmm?s* Pa™)
Cod 4 Glycerol:Sorbitol 0.047-0.086 NR NR 1.75 - 3.86 Denaviet al. (2009)
(Gadus morhua) 0.75:0.75 g/g gelatin
Giant squid 4 Glycerol:Sorbitol-0.15:0.15 NR 1.57-1051N 8.35-17.60 2.19-338 Gimenezt al. (2009a )
(Dosidicus gigas) (9/g gelatin)
Giant squid 4 Glycerol:Sorbitol-0.15:0.15 NR 4.94 46 1.89 Gimenezt al. (2009b)
(Dosidicus gigas) (g/g gelatin)
Giant squid 4 Glycerol:Sorbitol- NR 2.63 34.7 1.78 Giménezt al. (2009c)
(Dosidicus gigas) 0.15:0.15
Sole (Solea spp.) 4 Glycerol:Sorbitol- NR 11.4-285N 18.1-16.8 1.66 — 1.7% Gomez-Estacet al.

0.15:0.15 (g/g gelatin) (2009c)

Blue shark 1-3 Glycerol: 0, 25,50 & 75%  0.011- 0.043 12.58 - 67.78 1.57 - 95.40 0.4-2.28 Limpisophat al.
(Prionace glauca) (2009)
Bigeye snhapper 2 Glycerol: 50% 0.029-0.030 10.04 - 11.43 12.11 985 0.89-1.28 Rattayst al. (2009)
(Priacanthus tayenus)
Atlantic halibut 2 Sorbitol- 30% 0.080 3.8 294.5 120 Carvalhoet al. (2008)

(Hippoglossus
hi ppoglossus)

(w/w) of protein

6¢€



Table 4. (Continued)

Fish Species Protein Plasticiser Thickness M echanical property WVP References
Conc. Conc. (x10gmm? st Pa?l)
TS (MPa) EAB (%)
Alaska Pollock 5 Glutaraldehyde NR 45.9 -50.1 3.23.-3.44 0.73-0.86 Chiouet al. (2008)
(Theragra chalcogramma) 0.25-0.75%
Alaska pink salmon 49.7 - 60.0 3.36-3.8 0.85-1.08
(Oncorhynchus gorbuscha)
Tuna 2 Glycerol: 25% 0.097 - 0.10 2.75-591 3.56 - 13.77 1.83-2.87 Gomez-Guilléret al. (2007)
(Thunnus tynnus)
Tilapia 5 Gellan and NR 101.23 - 109.76 5.08 - 6.81 1.75 2.4 Pranotcet al. (2007)
k-Carrageenan
1-2%
Bigeye snhapper 1-4 Glycerol: 25% 0.023-0.035 28.28 - 44.28 2.60 1.22 -1.37 Jongjareonretkal. (2006b)
(Priacanthus arcracanthus)
3 Glyceroal: 0, 25, NR 7.97 -57.34 3.04 - 50.30 1.31-2.73

50 and 75%

Brownstripe red snapper 1-4 Glycerol: 25% 0.024-0.037 41.09 - 58.09 7.820 1.33-1.35 Jongjareonretial. (2006b)

(Lutjanus vitta)

NR: Not reported

¥g mm/nt h kPa)®(g mm/ kPa d 7); (g mm/h cri Pa);%g mm h* cm? Pa); é(x 10% g mm h* cm? Pa®); {(g mm/nf h kPa).

ov
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Hoqueet al. (2011a) reported that films prepared from gelatith a
higher degree of hydrolysis showed a slightly lotveckness than that of the control
film (without hydrolysis) and gelatin film was m#nstabilised by the weak bond
including hydrogen bond and hydrophobic interactiBnotein content, plasticisers
type and concentration have been reported to affextproperties of gelatin films
(Vanin et al., 2005). TS of gelatin film from sharlPrionace glauca) skin were
affected by the protein concentration (1, 2 and 8%he film forming solution, FFS.
TS of the film from a 2% protein FFS was highesABEand water vapour
permeability (WVP) increased with increasing FFSt@n concentration. The
addition of glycerol improved flexibility and enhaed the UV barrier property at 280
nm. However, transparency at the visible range \&wP increased with increasing
glycerol content (Limpisophomt al., 2009). TS of gelatin film from the skin of
brownstripe red snapperLutjanus vitta) and bigeye snapper Priacanthus
macracanthus) decreased with increasing glycerol concentratiamfr25 to 75%
(Jongjareonralet al., 2006b). Moreover, at the same plasticiser conagatr, fish
skin gelatin from the two different species plased with glycerol (Gly) showed the
greatest EAB, whereas ethylene glycol (EG) plastigifilm showed the highest TS
(Jongjareonralet al., 2006b). Gelatin has the hydrophilicity in naturedahe film
from gelatin generally shows low water vapour l@rproperty. Film from halibut
skin gelatin with higher degraded peptide chairso dlad the poor water vapour
barrier property, compared with that from gelatiaving lower degraded chains
(Carvalhoet al., 2008). This more likely leads to the limitatitor commercial uses.
Due to thepoor water vapour barrier property, gelatin filne/é gained attention for

further improvement.

Gelatin film could be improved by adding some naltiextracts or
cross-linkers such as aldehyde (Carvalho and Grdd¥@®4), phenolic compounds
(Nuthong et al., 2009) and plant or herb extracts (Gomez-Estical., 2009a,b;
Rattayaet al., 2009), in which the increased mechanical progeitan be obtained.
Additionally, the preparation of gelatin blend fikith other hydrocolloids led to the
varying film properties (Yudiet al., 2007). Fish gelatin films from pollock and
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salmon skin were cross-linked with glutaraldehydeh& concentration of 0.25%,
0.50%, and 0.75% (w/w). The addition of crossdirkhad little effect on tensile
properties and melting temperatures of fish gelétms (Chiou et al., 2008). The
gelatin based films modified with TGase, glyoxaldaformaldehyde had 20%
reduction in solubility for all modified films (d€arvalhoet al., 2004). Fish skin
gelatin films incorporated with seaweed extragplds 9 and 10 exhibited the higher
EAB. However, no differences in TS and transparebetween films without and
with seaweed extract were observed. WVP and fillalslity decreased as seaweed
extract was incorporated, regardless of pH. This associated with the formation of
non-disulphide covalent bond in the film matrix, shdikely induced by the
interaction between oxidised phenols in seaweedaextand gelatin molecules
(Rattayaet al., 2009). Kolodziejskat al. (2006) reported that the solubility of fish
gelatin films and gelatin chitosan films (4:1, wbguld be limited by cross-linking of
the components with transglutaminase (TGase) or h wil-ethyl-3-(3-
dimethylaminopropyl) carbodiimide (EDC). Fish gelathitosan film modified with
TGase at a concentration of 0.2 mg/l of the filnmnfong solution decreased the
solubility of the films at 25C from 65% to 28% at pH 6 and from 96% to 37% at pH
3 (de Carvalhat al., 2004). The fish gelatin-chitosan films were maater resistant
and more deformable than the bovine gelatin-chitddens (Gomez-Estacat al.,
2011).

1.2.4 Nanofilms

The applications of nanotechnology in the foodt@eare new
emergent. However, the world’s largest food comgsiiave been actively exploring
the potential of nanotechnology for use in foodawd packaging (Cientifica, 2006).
Applications in food packaging are considered hightomising because they can
improve the safety and quality of food productsisTihcludes intelligent packaging,
which is reactive to the environment and activekpging, which is able to interact
with the food product. Extensive use of nano-adédgito the food is less likely in the

near future owing to safety concerns (Sozer and irKok2009). Polymer
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nanocomposites have received great interest dtieetability of nanosized material
fillers to significantly improve polymer propertieshen compared with polymer
alone or micro-scale composites (Beteal., 2009a). The potential improvements
include enhanced mechanical strength, weight remhycincreased heat-resistance
and improved barrier properties (Ray and Okama®032 The enhanced mechanical
and barrier properties of polymer/nanoclay compoBiins have been reported (Bae
et al., 2009a; Farahnalgt al., 2014; Shakilat al., 2012b; Sothornvigt al., 2009).
The improved water and gas barrier properties aboamposite films is believed to
be due to the presence of ordered dispersed siliagéers with large aspect ratios in
the polymer matrix and this forces water/gas tiavglthrough the film to follow a
tortuous path through the polymer matrix surrougdire silicate particles (Figure 3),
thereby increasing the effective path length fdfudion (Ray and Okamoto, 2003;
Rhim, 2007).

%§§§% ii%
Er@r B e
vV v b \

Figure 3. Schematic illustration of formation of “tortuoustpain nanocomposite.
(@) conventional filler reinforced composites, (kpolymer/layered silicate

nanocomposites
Source: Ray and Okamoto (2003)

Nanotechnology has been applied widely in sevesldd. Advantages
of nanotechnology in food application and packagarg shown in Figure 4.
However, most researches on nanotechnology havesddc on the electronics,
medicine and automation sector (Sozer and KokidQ92. The knowledge gained

from these sectors has been adapted for the Useafind agriculture products, such
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as for applications in food safety (e.g. deteciiagticides and microorganisms), in
environmental protectiofe.g. water purification) and in delivery of nutrie, etc
(Sozer and Kokini, 2009).

Protection from oxidation

Controlled release of encapsulated nutrients (moisture or pH triggered)
Taste masking

Delivery of nanoencapsulated nutraceuticals, vitamins and flavors
Detection of pathogens in food systems

Food safety and quality analysis

T Food applications

Nanotechnology

Food packaging
applications

Improved packagings (gas and moisture barriers, tensile strength)
Shelf life extension via active packaging)

Nanoadditives

Intelligent packaging

Delivery and controlled release of neutraceuticals

Antibacterial or self-cleaning packaging

Monitoring product conditions during transportation

Figure 4. Potential applications of nanotechnology in thediand food-packaging

industries
Source: Sozer and Kokini (2009)

1.2.4.1 Nanoclay

Nanoclay has been widely used to improve packagiaggrial in many
aspects. Layered silicates are commonly known esdhionic clay minerals. Among
the most commonly used layered silicates, smeatlteys, such as hectorite,
montmorillonite (mmt), are naturally occurring 2alered or phyllosilicates (Ray and
Okamoto, 2003). In accordance with eCFR (Code oflerd Regulations)
8§ 184.1(b)(1), the ingredient MMT is used in foodthwvno limitation other than

current good manufacturing practice known as gdiyenecognized as safe (GRAS).
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Layered silicates have two types of structure:ategdral-substituted and octahedral
substituted. In the case of tetrahedrally substituiayered silicates, the negative
charge is located on the surface of silicate layience the polymer matrices can
interact more readily with these than with octahéigrsubstituted material. The
general formula of layered silicates is presentedlable 5. Its crystal structure
(Figure 5) consists of two-dimensional layers fodnig fusing two silica tetrahedral
sheets to an edge-shared octahedral sheet of eddbeninium or magnesium

hydroxide (Ray and Okamoto, 2003).

A A
«— Tetrahedral
2 | ~1nm
'g «+——Octahedral
=%
v
o
g . .
o] A4 «— Tetrahedral
Q Al Fe, Mg, Li
L4 ® o1
®0

@ L.i, Na, Rb, Cs

Figure5. The crystal structure of the phyllosilicates
Source: Ray and Okamoto (2003)

Table5. Chemical formula and characteristics of commorslgdu2:1 phyllosilicates

2:1 phyllosilicates Chemical formila CEC, Particle
mequiv/100 g length/nm
Montmorillonte ~ Mx(Al ,_,Mg,)SigO,4(OH), 110 100-150
Hectorite MxX(M@g_Li,)SigO,o(OH), 120 200-300
Saponite MxMQg (Sig_, Al )SigO,o(OH), 86.6 50-60

M= monovalent cation; x= degree of isomorphous sul®n (between 0.5 and 1.3)

Source: Ray and Okamoto (2003).
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The layer thickness is generally about 1 nm, aeddteral dimension
of the layers may vary from a few hundred angstrtoves micron scale, depending on
the source of clay minerals (Ray and Okamoto, 2083yallel stacking of these
layers leads to interlayer/galleries. Stackinghef kayers is mediated by a regular van
der Waals gap between the layers called the iy@rlar gallery. Hydrated cations,
balance the charge deficiency that is generataddmorphous substitution within the
layers (Pinnavaia, 1983). The degree of this swihsin is expressed as cation
exchange capacity (CEC), in terms of mequiv/100ag.d his refers to total negative
charges present from isomorphous substitution withe structure, the broken bond
at edges, the external surfaces, and the dissmtiafi accessible hydroxyl groups

(Auerbachet al., 2004).Characteristics of different nanoclays are showhnahle 6.
1.2.4.2 For mation and mor phology of polymer/clay nanocomposites

Depending on the compatibility of polymer and clédyee polymer
hybrids are possibly formed, namely, conventiong@ghase separated, intercalated,

and delaminated/exfoliated, as schematically showhigure 6 (Sozer and Kokini,

2009). Those three hybrids are shown below:

=2 &)

(a) Phase separated (b) Intercalated (c) Exfoliated
(microcomposite) (nanocomposite) (nanocomposite)

Figure 6. Types of composite derived from the interactiortween clays and
polymers.
Source: Sozer and Kokini (2009).



Table 6. Characteristics of nanoclays and organoclays

Name Cloisite Na Cloisite Ca Cloisite 5 Cloisite 10A Cloisite 15A Cloisite 20A Cloisite 11B Cloisite 30B
Chemical name Natural Natural Bis Benzyl Bis Bis Benzyl Alkyl
bentonite bentonite (hydrogenated (hydrogenated (hydrogenated (hydrogenated (hydrogenated quaternary
tallow alkyl) tallow alkyl) tallow alkyl) tallow alkyl) tallow alkyl) ammonium
dimethyl, salt  dimethyl, salt  dimethyl, salt dimethyl, salt dimethyl, salt salt bentonite
with bentonite  with bentonite  with bentonite  with bentonite with bentonite
M odifier - - - Hy CH, CHs HT CH,CH,0H
i I I _ '1CH@ |
structure Hac—n'—crlr@ CH; —N"—HT CH;—N'—HT R NTe -CHyN"-T
| | | CH |
i HT HT CH,CH,0H
Moisture 4-9% 4-9% <3% <3% <3% <3% <3% <3%
Particlesize <25pum (dso)  <10um(csg) ~ <40um (ko) ~ <1Opm (cho) <10pm (ko) <10pm (dsg) ~ <40pm (d50)  <10um (cho)
Colour Off White Off White Off White Off White Off Wite Off White Off White Off White
Bulk density 568 g/l 625 g/l 480 g/l 265 g/l 165 g/l 175 g/l 265 g/l 365 g/l
Density 2.86 g/cc 2.8 g/cc 1.77 glcc 1.9 g/cc 1.66 g/cc .773lcc 2.0 g/lcc 1.98 g/cc
X-ray results Ooor=1.17 nm  gy=1.55 nm @1=3.27nm  g:;=1.92 nm gb1=3.15 nm gbr=2.42nm d001 =1.8 nmdy;=1.85nm

Source: Southern clay products Inc. (Gonzlaes,UXA).

LY
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1) Typically, the phase separated hybrids corredspda the
conventionally filled polymers, in which the clawanicles agglomerate, and
lead to poor mechanical properties (LeBaron, 1999).

2) The intercalated hybrids result from the insertiof extended
polymer chains into the clay layers occurring igular multi-layers with a

repeat distance of a few nanometers (Burnside aawh@lis, 1995).

3) The delaminated/exfoliated hybrids, in which tiay platelets (1
nm thick) are expected to be individually dispergedhe polymer matrix,
resulting in high aspect ratio of about 1000 (fudigpersed), compared to that
value of 10 found in phase separated systems. ftegldyer expansion of
these delaminated/exfoliated hybrids is compartbtbe radius of gyration of
the polymers (Burnside and Giannelis, 1995).

Two particular characteristics of layered silicatase generally
considered for polymer/layered silicate nanocomntpesiThe first is the ability of the
silicate particles to disperse into individual lesieThe second characteristic is the
ability to fine-tune their surface chemistry thrbugn exchange reactions with

organic and inorganic cations (Ray and Okamoto3200

Besides their improved material properties, bioddgbility makes
them an eco-friendly and alternative to traditiopatkaging (Figure 7) (Sozer and
Kokini, 2009).

Property enhancement of mmt/polysaccharide nanoosi@s has
been reported (Abdollalet al., 2012; Jangt al., 2011; Limet al., 2010; Cyrast al.,
2008). Wheat and maize starch (McGlashan and Hal@®3), thermoplastic starch
(Parket al., 2003), and chitosan (Rhieb al., 2006) films added with nanoclays have
been prepared. A few studies on protein based wampasites have been published,
including whey, soy protein isolate and wheat giui€umaret al., 2010; Sothornvit
etal., 2010, 2009; Tunet al., 2007; Olabarrietat al., 2006; Rhimet al., 2005). Also,
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mmt/bovine gelatin nanocomposites (Martucci and eRkisite, 2010a) and fish
gelatin nanocomposites (Ba# al., 2009a, 2009b) have been reported. Most of
biopolymer-based nanocomposites have shown appteciamprovements in

mechanical and barrier properties, compared todiyoper films.

Natural polymers Inorganic solids Plasticizers
Starch
Ssll;rlljél%?; acid Glays Giycerol
Montmorillonite + Vegetable oils

Gelatin
Collagen
Chitosan

Cloisite

Reinforced
bioplastics

Degraded by
microorganisms

Tryethyicitrate

— 002

Natural

degradation
products

Figure 7. Formation of bio-nanocomposites and bio-degradatio
Source: Sozer and Kokini (2009)

The mechanical properties, such as TS or young'siuts of
biopolymer-based nanocomposite films such as cametgCloisite N& (Pandey and
Singh, 2005), thermoplastic starch (TPS)/Cloisié® 3Parket al., 2003), wheat or
maize starch/MMT nanocomposites (McGlashan andeial2003), and chitosan-
based nanocomposite films (Rhenal., 2006) were reported to be improved by the
formation of the nanocomposite. In contrast, Sathibret al. (2009) reported the
decreased TS and young's modulus for whey protaiwalay composite films. A
decrease in WVP of clay/nanocomposite films hasbeequently observed with
various biopolymer films such as whey protein is@largano-clay composites
(Sothornvitet al., 2009), TPS/Cloisite Na(Parket al., 2002), chitosan/Cloisite Na
nanocomposites (Rhiet al., 2006), and soy protein isolate (SPI)/clays (R&im.,



Table 7. Properties of nanocomposite films from differentrses

Biopolymer and Clay and Plasticiser Thickness M echanical property WVP References
concentration concentration (mm) TS(MPa) EAB (%) YM (MPa) (x10Mgmm?s'pa)
Carrageenan-2% CNF Glycerol 0.053-0.066 29.8-44.7 .9-23.8 1070-1770 1.54-191 Shankaet al. (2015)
Chicken feather MMT Na': Glycerol-Sorbitol: NR 4.18-5.95 9.61-16.50 NR 19.6-31.1 Sehgl. (2013)
protein- 5% 1,3,5and 7% 40%
Chitosan: 2% MMT: Tween 80 0.049-0.052 60.8-83.0 3.01-5.47 NR 0.30-0. Abdollahiet al.
0-5% (2012)
Agar/ MMT Na": Glycerol: 50% 0.058-0.067 31-44 16-45 NR 16.1-19.5 Rhimetal. (2012)
k-Carrageenan- 5%
4%
Starch- 20% MMT: Glycerol: 20% NR NR NR NR 2.3-6.3 Slavutsétyal.
1-10% (2012)
Red Algae: 2% MMT: Glycerol, Sorbitol,  0.029-0.031 9.10-10.89 34.65-41.29 NR 1.131.29 Janget al. (2011)
0-5% Sucrose, Fructose,
PPG
Cloisite 30B:  As above: 1.5% 0.029-0.032 9.10-10.85 34.65-40.49 NR 1.14-1.29
0-5%
Soy protein MMT: Glycerol: 15% NR 2.26-15.60 11.85-64.60 NR NR Kuretaad. (2010)
isolate: 70-85% 0-15%

0s



Table 7. (Continued)

Biopolymer and Clay and Plasticiser Thickness M echanical property WVP References
concentration concentration (mm) TS(MPa) EAB (%) YM (MPa) (x10Mgmm%s'Pa’)
Algae MMT: Sorbitol: 1.5% 0.028 19.59-27.37 11.56-24.2 NR nes Lim et al. (2010)
(G.corneum): 2% 0-7%
Wheat gluten MMT: 0-7.5% Glycerol: 10% NR 3.73-11.44 15.2-58.4 .86-4.70 NR Tuncet al. (2010)
(40%)
Whey protein Control: Glycerol: 5% NR 3.40 29.1 171.8 66.0 Sothornvitet al.
isolate: 10% 0% (2009)
MMT: Glycerol: 5% NR 2.98 42.4 109.3 47.1
5%
Cloisite 30B: Glycerol: 5% NR 3.29 51.7 162.6 55.6
5%
Cloisite 20A: Glycerol: 5% NR 1.55 29.1 115.5 64.8
5%
Potato starch MMT: 0-5% Glycerol: 30%) NR 3.1-5.2 4.860.5 29.6-195.6 NR Cyrasal. (2008)

NR: Not reported

2 (x10% m m? s* PaY); °(ng m/nt s Pa)f (x10°g m m? s* Pa?).
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2005). Properties of nano-composite films from afiéht polymer sources are

presented in Table 7.
1.2.4.3 Gelatin/nanoclay composites

Nanoclays have been used to improve physical avthibrmechanical
properties of gelatin-based biopolymers (Baal., 2009a,b; Farahnaleg al., 2014;
Lim et al., 2010). Janget al. (2011) found that both thermal and mechanical
properties were significantly improved by interc¢ea of montmorillonite (mmt) in
gelatin matrix. The intercalation of mmt also reedicthe maximum thermal
decomposed rate of gelatin up to 45% (Zheng, 2002 al. (2003) studied swelling
property of gelatin/mmt nanocomposites and repotteat the swelling rate and
solvent uptake decreased with increasing mmt |&évs. morphological study related
to thermal property of gelatin/mmt was presentedMmsytucci et al. (2007). The
exfoliation and exfoliation/intercalation were faumt the mmt level of 3-10%wt,

which were the optimum levels enhancing thermaperty of gelatin.

MMT has been used for property improvement of gelaased films.
Farahnakyet al. (2014) reported that Young’'s Modulus (YM) and ©§ bovine
gelatin films increased with clay content. HowevieAB, WVP and swelling rate
were decreased. TS of grouper and redsnapper tedawingilms were 17-21% lower
than that of the mammalian gelatin films. Nevemris| TS of fish gelatin films
increased considerably than that of the mammaliatig films when MMT was
incorporated (Shakilat al., 2012b). EAB of fish gelatin films were in genlega-3
folds higher than that of MMT added gelatin filméM of grouper gelatin films
increased with the addition of MMT (Shakilet al., 2012b). The mechanical
properties increased with MMT concentration, intdigg that reinforcement of the
biopolymer matrix by the nanopatrticle load. Simitehavior was observed for the
elastic modulus. These results suggested thataheparticles were well dispersed in
the pig skin gelatin matrix (Jorgg al., 2011). Rao (2007) observed that at a loading
of 5% of MMT, the Young’'s modulus was increased/B%6, and the tensile strength
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was increased by 25%. Martucci and Ruseckaite @0X6ported that bovine
gelatin/MMT nanocomposite films with more uniforrhidkness were more water
resistant than the unfilled counterpart. Additidtpagielatin/MMT films had the good
optical transparency as well as lowered surfacedpfdlicity and WVP with MMT
loading, indicating that filler was mostly distriledl at the nanoscale. The presence of
strong hydrogen interactions between gelatin alg cbmbined with the inherent
barrier properties of the impermeable clay plaseeas proposed (Martucci and
Ruseckaite, 2010a).

Additionally, Bae et al. (2009a) reported that the addition of 5%
nanoclay (w/w) increased TS from 30.31 to 40.71 Nurdilapia gelatin films. The 9
g clay/100 g fish gelatin film exhibited the larg@aprovements in oxygen and water
barrier properties. Oxygen permeability decreasechf402.8x10 to 114.4x10 g
m/m? day atm and the water vapor permeability decrefrsed 31.2x1C to 8.1x10°
ng m/nf s Pa (Baet al., 2009a). TS of microbial transglutaminase (MTGaszated
fish gelatin nanofilms decreased but EAB was imgeda This was coincidental
increases in molecular weight and viscosity of gelaolutions (Baeet al., 2009b).
Nanocomposite films from different gelatins show tharying properties as shown in
Table 8.

1.2.5 Improvement of the properties of gelatin films

Gelatin film properties have been improved by cluadsi physical
treatments, enzyme, phenols/plant extracts, hydiophsubstances and biopolymers
(Hoqueet al., 2011b; Jcet al., 2005; Limpisophoret al., 2010; Rattayat al., 2009;
Tongnuancharet al., 2012; Wanget al.,, 2015; Weng and Zheng, 2015). These
treatments can be applied to modify the gelatm fietwork through the cross-linking
of gelatin chains to enhance the properties ofdili@enerally, reactive groups of
natural or synthetic cross-linking agents are &bl®orm a covalent inter- and/or intra
molecular links between gelatin chains. Cross-figkagents strengthen the films
through the formation of new bonds, while reduciihg elasticity and solubility in
water (Gomez-Estaat al., 2011).



Table 8. Properties of gelatin nanocomposite films frometiéint sources

Biopolymer and Clay and Plasticiser Thickness M echanical property WVP References
conc. (%) conc. (%) (mm) TS(MPa) EAB (%) YM MPa) (10 Ygmm?s'Pat)
Bovine gelatin: Cloisite 20A: Glycerol- 20% 0.170 2.2-2.9 16-25 17-32 0.44-0.84 Farahnakyet al.
10% 0, 2,6, 10,14, 18 (2014)
Pig skin gelatin: MMT: Glycerol- 30% NR NR NR NR NR Jorggtal. (2014)
5and 8 0,5, 10 and 15
Pig skin gelatin: 6 MMT- 5 Glycerol- 25% NR 30.3 .66 569.8 282 Vaninet al. (2014)
Red snapper and MMT Na'- 0.5 Sorbitol- 30% 0.065 ~ 20 ~32 ~100 877 Shakilaet al. (2012b)
grouper skin 0.076 ~ 40 ~29 ~ 400 841°
gelatins- 3%
Tilapia skin gelatin MMT N& Glycerol- 20% NR ~ 30-40 ~ 20-38 NR 0.006-0.628  Baeet al. (2009a)
0,1,3,5,7and 9
Gelatin MMT N4 NR NR 88.1-110.8 0.9-9.6 3.3-8.3 NR Rao (2007)
0,1,3,5and 10 (GPa)

NR: Not reported

¥g mmi/nt h kPa)’(hg mm/h crfi Pa);%(g/mf/day @ 90% RH at 25 °C).
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To improve the properties of bovine hide/bone, m@gin and
fish/cuttlefish skin gelatin films, chemicals halleen used as cross-linking agents
including aldehydes (Carvalho and Grosso, 2004taghldehydes (Bigit al., 2001),
carbodiimide (Kotodziejskat al., 2006), genipin (Bigiet al., 2002), ferulic acid,
tannin acid (Caat al., 2007a), free radical mediated modification thioinydrogen
peroxide/fenton’s reagent (Hogekal., 2011b), and others. Hydrophobic substances
such as oils, fatty acids (Limpisophehal., 2010) and essential oils (Tongnuanchan
et al., 2012) can be used to improve water vapor bapreperty of fish gelatin films.
However, it may yield films with different propesti. Additionally, essential oils are
able to extend shelf-life of foods by lowering fpoxidation (Oussalaét al., 2004).
Therefore, the incorporation of essential oils itite films could provide antioxidant
activity for resulting films (Tongnuanchaet al., 2013). Properties of fish gelatin
films can be modified by addition of other biopolgra (Hoqueet al., 2011d;Weng
and Zheng, 2015). Gelatin does not have ideal wetpor barrier properties. Thus,
some biopolymers can be incorporated to modifyghlatin network through cross-
linking of the biopolymer chains (Arvanitoyanmasal., 1997; Cacet al., 2007b).

Polyphenols of plant extracts can interact effatyivwith gelatin
molecules. Under non-oxidising conditions, non-demt interactions including
hydrogen bond and hydrophobic forces stabilise giayol-protein complexes
(Papadopoulou and Frazier, 2004). The non-covatgataction may occur between
polyphenols and proteins by hydrogen bonding antymyophobic bonding (Fig. 8).
Principally, five potential types of interaction ghenolics and protein can be
proposed: hydrogen bonding;bond and hydrophobic, ionic and covalent linkages
(Hagermen, 1992; Biancet al., 1997). The interaction may occur via multi-site
interaction (several phenolic compounds bound te protein molecule) or multi-
dentate interaction (one phenolic compound bourskt@ral protein molecules). The
type of interaction depends on the type and theamadtio of both phenolic
compound and protein (Prigegital., 2003).



56

. "--..__/‘—-"
L_/\ ° T
e R

Gelatin: (~——) + Glycerol: (® )
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'
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: Hydrophobic interaction: I: Covalent bond

Figure 8. A scheme illustrating the impact of herb extragithout and with oxidation

on the cross-linking of gelatin molecules in tHenfmatrix

Source: Hoquet al. (2011c).

In addition to polyphenolic plant extracts, theestalso been growing
interest in using other natural extracts as proteass-linker and antioxidant in food
systems. TS of gelatin film from silver carp skimcieased with increasing GTE
(green tea extract) concentrations (Ve al., 2013). It is well known that
polyphenolic compounds contain many hydrophobicugsp which can form
hydrophobic interaction with hydrophobic region gélatin molecule. Hydroxyl
groups of polyphenolic compounds were able to combwith hydrogen acceptors of
gelatin molecule by hydrogen bonds. Films obtaifrean cuttlefish skin gelatin
incorporated with CME (cinnamon extract), CLE (&osxtract) and SAE (star anise
extract) showed higher TS, but lower EAB, as comegawith the control film
(without addition of herb extracts) (Hoqeeal., 2011c). Water vapor permeability
(WVP), and film solubility of bigeye snapper skielgtin films incorporated with
seaweed extract at pHs 9 and 10 decreased, regmafipH (Rattaya&t al., 2009).

This was associated with the formation of non-didal covalent bond in the film
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matrix, most likely induced by the interaction beem oxidized phenols in seaweed
extract and gelatin molecules. Ferulic acid anditaacid extracted from plant were
able to cross-link bovine bone gelatin films (Gaal., 2007a). The addition of murta
extracts increased protection of UV light as welkatioxidant activity of tuna gelatin
film (Gomez-Guillénet al., 2007). Gelatin films incorporated with differeptant
extracts showed the varying properties as showrabie 9.

Apart from chemicals or plant extracts, cross-imkienzymes have
been used for improving film properties. Transghitzase (Baeet al., 2009b;
Chambi and Grosso, 2006; Waetcal., 2015;Weng and Zheng, 2015) and lysozyme
(Bower et al., 2006) have been used to enhance the functionapepies.
Furthermore, physical crosslinking for film improwent can be conducted using
several methods including ultraviolet (U\}, irradiation and dehydrothermal (DHT)
treatment (Bigi et al., 1998).

1.2.6 Applications of protein based films

Films from gelatin can be used as smart/active ggidk, in which
antioxidants/antimicrobials can be incorporated r{fép-Estacat al., 2014). Active
packaging is an innovative packaging which can $eduo delay oxidation, inhibit
microbial growth and control respiration rate, gt providing a barrier property
(Ahvenainen, 2003). Antioxidant/antimicrobial pagksg is an important kind of
active packaging and very promising food preseovatechnique for extending the
shelf life of foods (Lopez-De-Dicastillaet al., 2012). The direct addition of
antioxidants/antimicrobials to food results in sdmes of activity due to leaching into
the bulk of the food (Vojdani and Torres, 1989),eozymatic activity, and reaction
with other food components such as lipids, carboditgd and proteins (Hennirg
al., 1986; Jungt al., 1992). If an antioxidant/antimicrobial could teteased from the
film for an extended period, its activity could betended during transportation and
storage. An ideal solution for the food industryitsure food safety and overcome
environmental problems is to incorporate antioxtdamtimicrobials into edible films



Table 9. Properties of gelatin films incorporated with plantracts

Sour ces of Sour ces of plant Thickness M echanical properties WVP References

(x10gmm?s'pa’)

gelatin and extract and (um) YM (MPa) TS(MPa) EAB (%)

concentration concentration

Silver carp skin Green tea extract, 123.80-156.67 NR 14.64-23.42 30.86-62.86 1.812.63 Lietal. 2014
gelatin- 3% Grape seed extracts,

Gingko leaf extract

and Ginger extract-

0.01, 1 and 5 mg/ml
Cat fish skin Longan seed 35.93-37.60 NR 49.53-52.84 16.48-18.62 1.04.45 Vichasilpetal., 2014
gelatin- 3% extract- 50, 100,

300 and 500 ppm

Fish gelatin- Lignins- 0.6% of 96-124 NR 7.51-16.44  136.60-362.83 2.06-4.58 Nunez-Florest al.,
3.4% gelatin 2013a
Silver carp skin Green tea extract-  31.05-32.17 NR 25.25-36.63 42.53-49.56 0.92-1.10 eval, 2013
gelatin- 4% 0, 0.3 and 0.7% of
gelatin
Fish gelatin-4%  Lignin:Gelatin at NR NR 4.23-5.39 375-546 2.21-5%6 Nunez-Florest al., 2012

the ratio of 0:100,
15:85, 20:80 and
25:75

8§



Table 9. (Continued)

Sour ces of Sour ces of plant Thickness M echanical properties WVP References
gelatin and extract and (nm) Y™ (MPa) TS(MPa) EAB (%) (x10Mgmmi%s'pa’)
concentration  concentration
Cuttlefish skin ~ Cinnamon, Clove 29-32 NR 32.78-46.96 4.28-5.92 0.77-0.96 Hoefuad., 2011c
gelatin- 3% and Star anise

extracts- 1% of

gelatin
Sole skin Borage extract and 100 NR NR NR 1.77 Gomez-Estacat al.,
gelatin- 4% gelatin solution at 105 1.60° 2009c
Catfish skin the ratio of 1:1
gelatin- 4%
Bigeye snapper Brown seaweed 29.51-30.62 NR 10.04-11.43 12.51-25.98 0.89-1.28 ttalgaet al., 2009
skin gelatin- extract- 6% of
2% gelatin
Tuna skin Murta leaves 97-101 NR NR NR 1.83-2.87 Gomez-Guilleret al.,
gelatin- 2% extract and gelatin 2007

solution at the ratio
of 1:1

Note:¥(g.m/nf.d.KPa);(10°8. g-mm- A" cmi® Pa%); (10°.g.mm/h.Pa.cA). NR: Not reported.
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such as zein, whey, gelatin, gums, and starch (Dawsal., 2002; Padgetét al.,
1998). According to Papadokostakial. (1997), polymer structure is related to the
release of active components, related with théicafy in food or food products.

Incorporation of antioxidants into packaging filns an antioxidant
packaging has become very popular since oxidatame of the main causes of food
spoilage (Byunet al., 2010). Butylated hydroxyanisole (BHA) and butgth
hydroxytoluene (BHT) have been used as antioxidaaictive packaging. However,
many consumers do not prefer these synthetic adtois due to their toxicity and
suspect carcinogenic potential (Bonitaal., 2012; Gomez-Esta@hal., 2014). Thus,
natural antioxidants/antimicrobials, such as pkxttacts, are more attractive (Byun
et al.,, 2010). Numerous essential oils, such as tesemary, clove, ginger,
lemongrass, cinnamon, citrus, etc. (Véu al., 2013) and aromatic oily liquids
obtained from plant material such as flowers, bségds, leaves, twigs, bark, herbs,
wood, fruits, and roots (Guenther, 1948) have basad in a broad range of
applications. Active packaging to eliminate food+im pathogen, as well as to delay
the rate of oxidation in foods containing lipidsshgained increasing attention. Grape
seed extract, ginger extract, gingko leaf extrgcgen tea extract, borage extract,
longan seed extract, murta ecotypes leaves extraptses, lignin, BHT and-
Tocopherol were incorporated into gelatin films (@xz-Estacaet al., 2009a,b;
Gomez-Guilleret al., 2007; Hoqueet al., 2011c; Jongjareonask al., 2008; Liet al.,
2014; Nunez-Floreset al., 2012; Vichasilpet al., 2014; Wu et al., 2013).
Incorporation of antioxidants/antimicrobials withet protein matrix may not only
affect the release of active components to the fbotl may also alter the
physicochemical properties of the films, thereltgrahg the film solubility and their
barrier properties (Gomez-Guillehal., 2007).

Recently, active nanofilms have been prepared bgrporating with
natural extracts. Antioxidant activity and propestiof nanocomposite films from
carboxymethylcellulose-MMT/murta leaves extract {i@uez et al., 2012),
gelatin/tea polyphenol-loaded chitosan nanopa#i{Baoet al., 2009) and chitosan-
MMT/rosemary essential oil (Abdollaki al., 2012) have been studied. Antimicrobial
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properties of whey protein isolate/clay compositad (Sothornvitet al., 2010; 2009)
and antimicrobial properties @elidium corneunvnano-clay composite films (Lirat
al., 2010) have been reported. WPI/Cloisite 30B compodiims showed a
beneficially bacteriostatic effect agairiststeria monocytogenes (Sothornvitet al.,
2010, 2009). These activities play an importarg inlreducing the risk of food-borne
pathogenic contamination, and extending the sifelfelf food products (Appendini
and Hotchkiss, 2002; Pereigt al., 2011). Antimicrobial films based on gelatin-
chitosan composite incorporated with essentiabind bi-layer gelatin-chitosan films
(Gomez-Estacet al., 2010; Peredet al., 2011) have been prepared.

1.2.6.1 Protection and gas/water barrier for food storage

All barrier properties of edible films are affectepleatly by film
composition and environmental conditions (relatikamidity and temperature)
(Gontard et al., 1996). Protein based film exhibit the excellerdrrier to gas
especially, oxygen, etc. (Jongjareongalal., 2008). They can be used for protection
of foods against lipid oxidation by lowering the @mt of Q involved in oxidation
process. Film based on protein had the lowest axygemeability (<10 crhpm m?

d* kPa') (Hanet al., 2005). Tongnuanchaat al. (2011) reported that film from fish
muscle protein was able to reduce lipid oxidatibudreed fish powder during storage
at 25 °C up to 20 days, in comparison with contstharnet al. (2009) found that
film from round scad muscle was able to retard lthel oxidation of dried fish

powder during storage at 28-30 °C for 21 days.
1.2.6.2 Active packaging for shelf-life extension of foods

Active packaging is an innovative concept that lbarefined as a type
of packaging that changes the condition of the agilg to extend shelf-life or
improve safety or sensory properties while maintgnthe quality of the food
(Barbosa-Pereira et al., 2014; Vermeigtral., 1999). Films could improve storage,
mainly as a result of their ability to act as bensito water, preventing dehydration,
and to oxygen and light, reducing lipid oxidatidgdefinadiost al., 1997). Recently,
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active nanocomposite films with antimicrobial/anigant activities have been

produced as the smart packaging (Figure 9).

|Biopolymer| |P1asticizer| |Solvent| |Clay | ‘Solvent ‘

-+

High-shear mi;ang Sonication
Film solution Clay solution

High-shear m'ixing Sonication
Compatabilizer

| Hybrid Biopolymer/Clay solution ‘

High-shear mixing

| Antimicrobial agents ‘ Antioxidant agents ‘

Izuring

| Nanocomposite Film |

Figure 9. Preparation of antioxidant/antimicrobial nanocosif® films using a
solvent casting method
Source: Rhim and Ng (2007)

Delayed time-release of antioxidants of this typm films maintains
high concentrations on the surface of the foodieltne improving the efficacy of the
films (Gomez-Estacat al., 2007). Recently, a fish gelatin-lignin film wakown to
improve the appearance, protein quality and oxidastability of salmon fillets
subjected to high pressure processing (Ojaglal., 2011). Nunez-Florest al.
(2013b) studied the feasibility of using bovine éidgelatin-lignosulphonate (GLS)
film to improve the quality of sardine fillets dog chilled storage, alone or in

combination with high pressure treatment (300 MPafln/7 °C). The combined use
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of GLS film with high pressure reduced microbialogth, total volatile basic
compounds (TVB) and thiobarbituric acid reactivebsances (TBARS) during
chilled storage (7 °C) of 17 days (Nunez-Floetsl., 2013b). Films incorporated
with cinnamon essential oil, were able to exterelghelf-life of rainbow trout stored
at 4 °C for 16 days, mainly by retarding the micablgrowth and lowering the lipid
oxidation (Ojaghet al., 2010). Milk protein-based edible film incorpaedt with
essential oil could reduce microbial load and iaseeantioxidative stability of beef
during 7 days of storage at 4 °C (Oussaladi., 2004). The complex gelatin-chitosan
film incorporated with clove essential oil was apglto fish during chilled storage
(2+1 °C), the growth of gram-negative bacteria, eesglly enterobacteria, was
reduced while lactic acid bacteria remained prafitiacconstant during the storage of
11 days (Gomez-Estaa al., 2010). Gimenest al. (2011) investigated the lipid
oxidation of horse mackerelfachurus trachurus) patties covered with fish gelatin-
based films containing a borage seed extract dut#ydays of frozen storage and
subsequent thawing and 4 day-chilling. Film hadewmtive effects on lipid oxidation
of horse mackerel patties throughout frozen stoeagkeparticularly after thawing and
chilled storage. Furthermore, when compared to wacyackaging, film showed
similar effect until advanced stages of oxidatioerevreached and exerted the
enhanced protection once samples were thawed gmused to air oxygen during
chilled storage. Fish gelatin films without andmBHT ora-tocopherol incorporated
showed a preventive effect on lard oxidation aslewted by the retardation of
thiobarbituric acid reactive substances (TBARS) amperoxide formation
(Jongjareonralet al., 2008). Gomez-Esta@h al. (2007) reported that the stability of
cold-smoked sardine muscle was improved by codfiegmuscle with functional
gelatin based edible films. Films enriched withoaegano or a rosemary extract were
able to retard lipid oxidation, but they failed tohibit the microbial growth.
Nevertheless, gelatin-chitosan films were mostatiffe in reducing microbial growth
(Gomez-Estacet al., 2007).
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1.3 Objectives

1. To investigate the effect of extraction condition the characteristics and

functional properties of squid skin gelatin.

2. To study the impact of bleaching on propertied im forming ability of

gelatin from squid skin.

3. To prepare and characterise fish skin gelatmdolay composite films as

affected by types of clay and some processing Ifacto

4. To examine the properties of fish skin gelaamoclay composite films

incorporated with ethanolic extract from coconusku

5. To study the application of fish and squid sg@latins/nanoclay composite
film containing ethanolic extract from coconut husk shelf-life extension of fish

meat powder.



CHAPTER 2

CHARACTERISTICS AND FUNCTIONAL PROPERTIES OF
GELATIN FROM SPLENDID SQUID ( LOLIGO
FORMOSANA) SKIN AS AFFECTED BY
EXTRACTION TEMPERATURES

2.1 Abstract

Gelatin was extracted from the skin of splendid idgg(Loligo
formosand at different temperatures (50, 60, 70 and 80 W@h gelatin yield of
8.8%, 21.8%, 28.2%, and 45.3% (dry weight basis)360, G60, G70 and G80,
respectively. Gelatin from the skin of splendid isghad a high protein content
(~90%) with low moisture (8.63-11.09%), fat (0.230%) and ash contents (0.17-
0.68%). Gelatin extracted at higher temperatureOjGtad a relatively higher free
amino group content than gelatin extracted at Iaemperatures (G50, G60 and G70)
(P<0.05). All gelatins contained- and -chains as the predominant components.
Amino acid patterns of gelatin revealed the higblipe and hydroxyproline contents
for G50 and G60. FTIR spectra of obtained gelatevealed the significant loss of
molecular order of the triple-helix. The gel stringf gelatin extracted at lower
temperature (G50) was higher than that of gelagixtsacted at higher temperatures
including G60, G70 and G80, respectively. The hatrge of G50, G60, G70 and G80
became zero at pHs of 6.84, 5.94, 5.49, and 4&pectively, as determined By
potential titration. Gelatin extracted at highemperature (G80) had the lower
value but highera* and b* values, compared with those extracted at lower
temperatures (P<0.05). Emulsion activity index dased, whilst emulsion stability
index, foam expansion and stability increased asctincentration (1-3%) increased
(P<0.05). Those properties were governed by exbratemperatures of gelatin. Thus
gelatin can be successfully extracted from splesduid skin using the appropriate

pretreatment and extraction temperature.
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2.2. Introduction

Fish gelatin,partially hydrolysed form of collagen, has beenegiv
increasing attention as the alternative of landmahi gelatin due to religious
constraint. Both Judaism and Islam forbid the comsiion of any pork-related
products, while Hindus do not consume cow-related pcts (Karim and Bhat, 2009).
In addition, there is increasing concern whethad lanimal tissue-derived collagens
and gelatins are capable of transmitting pathogesdtors such as prions (Wilesmith
et al., 1991). As a consequence, fish gelatin has gaineckasing interest as the
potential alternative for land animal counterp&tie to the abundance of skin, fin,
scale and bones, etc., which are the by-produat fitee fish processing industry, it
would be of full benefit to fully utilize those msrces as promising raw material for
gelatin production (Ahmad and Benjakul, 2011; GorGedllen et al., 2002;
Muyongaet al.,2004b).

Squid and cuttlefish have become an important fishproducts in
Thailand as well as other Southeast Asian countrdesl are mainly exported
worldwide (Hoqueet al.,2010). During processing, skin is generated ag-prtduct
with the low market value and it can create seri@gslogical problems and
environmental pollution without appropriate managei Squid wastes and by-
products are rich in collagen (Brinckmann, 2009)ttlefish skin was used for gelatin
extraction (Aewsiriet al., 2011). Additionally, gelatin was extracted fromirslof

giant squidDosidicus gigagGimenezet al.,2009c, Uriarte-Montoyat al.,2011).

Gelatin can be used as a foaming, emulsifying aetting agent in
food, pharmaceutical, medical and technical apgioa due to its surface-active
properties (Baltiet al., 2011). Gelatins from fish and cuttlefish skin haveen
demonstrated to render the biodegradable films wite superior UV barrier
properties (Hoquet al.,2011c, Rattayat al.,2009). Gelatin from cuttlefish skin had
the improved emulsifying property when modified dyidised fatty acids (Aewsiet
al., 2011). Functional properties of gelatin and ottoexd proteins are governed by
many factors such as chain length or molecular kte@mino acid composition and
hydrophobicity, etc (Gomez-Guillest al.,2002).
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Owing to the abundance of squid skin in Thailahaian be used for
gelatin extraction. However, very low yield of gia(2.6%) was obtained from skin
of giant squid,Dosidicus gigagGomez-Guillenet al., 2002). Increasing extraction
temperatures might be an effective means to inergas vyield; however, the
functional properties can be affected differentiherefore, this study aimed to
investigate the impact of extraction temperatures yoeld, characteristics and
functional properties of gelatin extracted from tsian of splendid squidLligo
formosana caught in Thailand.

2.3 Materials and methods

2.3.1 Chemicals

B-MercaptoethanoltME) and bovine serum albumin were obtained
from Sigma Chemical Co. (St. Louis, MO, USA). Higmolecular weight protein
marker was purchased from GE Healthcare UK (Budiangshire, UK). Foline
Ciocalteu’s phenol reagent, acetic acid and phasplacid were purchased from
Merck (Darmstadt, Germany). Sodium dodecy! sul{&eS), Coomassie Blue R-250
and N,N,N,N-tetramethyl ethylene diamine (TEMED) were procufexn Bio-Rad
Laboratories (Hercules, CA, USA).

2.3.2 Collection and preparation of squid skin

The outer skin of fresh squid.gligo formosana was obtained from
Sea Wealth Frozen Food Co., Ltd., Songkhla, Thdiland stored in ice using
skin/ice ratio of 1:2 (w/w). Upon arrival to the petment of Food Technology,
Prince of Songkla University, Hat Yai, Thailandetbkin was cleaned and washed
with iced tap water (0-2 °C). Skin contained 83%nadisture, 14% of protein, 1.1%
of ash and 1.5% of fat as determined by the metic®OAC (2000). The skin was
then cut into small pieces (0.5x0.59nplaced in polyethylene bags and stored at -20
°C until use. The storage time was not more tharogths.
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2.3.3 Extraction of gelatin from squid skin

Gelatin extraction was performed following the noettof Ahmad and
Benjakul (2011) with slight modification. Beforelgen extraction, the prepared skin
was soaked in 0.05 M NaOH with a skin/solutionacat 1:10 (w/v). The mixture was
stirred continuously for 6 h at room temperatureaatpeed of 150 rpm using an
overhead stirrer equipped with a propeller (RW 2Ki\-Werke GmbH & CO.KG,
Staufen, Germany). The alkaline solution was chdrgesry 90 min to remove non
collagenous proteins and pigments. Alkaline-treatiid was then washed with tap
water until the neutral or faintly basic pH of washter was obtained. The skin was
then soaked in 0.05 M phosphoric acid with a skitson ratio of 1:10 (w/v) for 24
h with gentle stirring at 4 °C. The acidic solutaas changed every 12 h to swell the
collagenous material in the skin matrix. Acid-peetied skin was washed thoroughly
with tap water until wash water became neutrabontly basic. To extract gelatin, the
swollen skin was soaked in distilled water withfeliént temperatures (50, 60, 70 and
80 °C) using a skin/water ratio of 1:10 (w/v) irteanperature-controlled water bath
(W350, Memmert, Schwabach, Germany) for 12 h witboatinuous stirring at a
speed of 150 rpm. The mixture was then filteredgi$ivo layers of cheese cloth. The
filtrate was further filtered using a Whatman No. fdter paper (Whatman
International, Ltd., Maidstone, England) with thd af JEIO Model VE-11 electric
aspirator (JEIO TECH, Seoul, Korea). The resulfdinate was freeze-dried using a
Scanvac Model Coolsafe 55 freeze dryer (Coolsafege, Denmark). The dry matter
extracted from skin at different temperatures waeerred to as ‘G50’, ‘G60’, ‘G70’
and ‘G80’, respectively. All gelatin samples wereighed, calculated for extraction
yield and subjected to analyses. The yield of gelatas calculated based on dry
weight of skin.

Weight of freeze dried gelatin (g)
Yield (%) = - - X 100
Weight of dry skin (g)
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2.3.4 Analyses
2.3.4 1 Determination of proximate composition

Moisture, protein, ash and fat contents were detedhfollowing the
methods of AOAC (2000) with the analytical Nos.9%50.46, 928.08, 920.153 and
960.39, respectively.

2.3.4.2 Electrophoretic analysis and free amino gup content

SDS-polyacrylamide gel electrophoresis (SDS-PAGE} werformed
by the method of Laemmli (1970). Gelatin samplesavekssolved in 5% SDS and the
mixtures were incubated at 85 °C for 1 h. The nresuwere centrifuged at 3,500xg
for 5 min at room temperature using a microcengefu(MIK-RO20, Hettich
Zentrifugan, Tuttlingen, Germany) to remove undso debris. Gelatin samples
were mixed at a 1:1 (v/v) ratio with the samplefeuf(0.5 M Tris-HCI, pH 6.8,
containing 4% SDS and 20% glycerol). Samplesu5protein) were loaded onto
polyacrylamide gels comprising a 7.5% running getl @ 4% stacking gel and
subjected to electrophoresis at a constant cuofet®® mA/gel using a Mini Protein II
unit (Bio-Rad Laboratories, Inc., Richmond, CA, USAfter electrophoresis, the gel
was stained with 0.05% (w/v) Coomassie Blue R- 2505% (v/v) methanol and 5%
(v/v) acetic acid and destained with 30% (v/v) naethl and 10% (v/v) acetic acid.
High molecular weight marker at the range of 53 kba12 kDa (GE Healthcare UK,
Buckinghamshire, UK) was used. Relative mobility;)(®f protein band was
calculated and the molecular weight of the proteis calculated from the plot
between Rand log (MW) of standards.

Free amino group content was determined following method of
Benjakul and Morrissey (1997). Properly diluted péesa (125ul) were mixed
thoroughly with 2.0 ml of 0.2 M phosphate buffeH g.2, followed by the addition of
1.0 ml of 0.01% 2,4,6-trinitrobenzenesulfonic a€idNBS) solution. The mixtures
were then placed in a temperature controlled waé¢h at 50 °C for 30 min in the
dark. The reaction was terminated by adding 2.f10.1 M sodium sulphite. The

mixtures were cooled down at room temperature fomiin. The absorbance was
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measured at 420 nm using a double beam spectropbtdo (Model UV-1800,
Shimadzu, Kyoto, Japan) and the free amino grompeod was expressed in terms of

L-leucine.
2.3.4.3 Amino acid analysis

Amino acid composition of gelatin samples was asedyaccording to
the method of Gannet al. (1985) with a slight modification. Gelatin samplssre
hydrolysed under reduced pressure in 4 M methaplesnic acid containing 0.2%
(v/v) 3-2(2-aminoethyl) indole at 115 °C for 24 Ror analyzing the tryptophan
content, gelatin samples were hydrolysed by 3 Ncampethanesulphonic acid to
avoid the decomposition of tryptophans (Penke, feaie& Kovacs, 1974). The
hydrolysates were neutralised with 3.5 M NaOH aihatetl with 0.2 M citrate buffer
(pH 2.2). An aliquot of 0.04 ml was applied to aniao acid analyser (MLC- 703;
Atto Co., Tokyo, Japan).

2.3.4.4 Fourier transform infrared (FTIR) spectros@pic analysis

Gelatin samples were subjected to FTIR analysisguBruker Model
EQUINOX 55 FTIR spectrometer (Bruker, Ettlingen, r@any) equipped with a
deuterated L-alanine triglycine sulphate (DLATGSgtettor. The horizontal
attenuated total reflectance (HATR) accessory wasunted in the sample
compartment. The internal reflection crystal (PTlechnologies, Madison, W1, USA),
made of zinc selenide, had a 45° angle of incidesfcihe IR beam. Spectra were
acquired in the IR range of 4000—650 ¢nfmid-IR region) at 2%. Automatic
signals were collected in 32 scans at a resolufehcmi* and were ratioed against a
background spectrum recorded from the clean andyeogl at 25 °C. Analysis of
spectral data was carried out using the OPUS 3@ atdlection software programme
(Bruker, Ettlingen, Germany). Prior to data anaysihe spectra were baseline

corrected and normalised.
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2.3.4.5 Measurement of-potential

Gelatin samples were dissolved in distilled wates aoncentration of
0.5 mg/ml. The mixture was stirred at room temperafor 6 h. Th&-potential of
each sample (20 ml) was measured using a zeta tabt@malyser (ZetaPALS,
Brookhaven Instruments Co., Holtsville, NY, USA)Potential of samples adjusted
to different pHs with 1.0 M nitric acid or 1.0 M KDusing an autotitrator (BI-ZTU,
Brookhaven Instruments Co., Holtsville, New YorkSA) was determined. The pl
was estimated from pH renderiigpotential of zero.

2.3.4.6 Colour measurement

The colour of gelatin solutions (6.67% w/v) was swead using a CIE
colourimeter (Color Flex, Hunter Lab Inc., RestomA, USA). L*, a* and b*
parameters, indicating lightness or brightnessyessd or greenness and yellowness or
blueness, respectively, were recorded. The colaiamwas calibrated with a white

standard.
2.3.4.7 Determination of gel strength

Gels of gelatin were prepared by the method of &®atez-Diazet al.

(2001) with a slight modification. Gelatin samplesre dissolved in distilled water at
60 °C to obtain the final concentration of 6.67%\wThe solution was stirred until
the gelatin was solubilised completely and coofed refrigerator at 10 °C for 16-18
h for gel maturation. The pH values of gelatin solhs were 5.64, 4.98, 4.74 and 4.68
for G50, G60, G70 and G80, respectivalfie dimensions of the sample were 3 cm in
diameter and 2.5 cm in height. The gel strengtthefsample gels prepared at 10 °C
was determined using a Model TA-XT2 Texture Anatyéstable Micro System,
Surrey, UK) with a load cell of 5 kN and equippeithna 1.27 cm diameter flat faced
cylindrical Teflorf plunger. The maximum force (in grams) was recond@en the

penetration distance reached 4 mm. The speed @lihger was 0.5 mm/s.
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2.3.4.8 Determination of emulsifying properties

Emulsion activity index (EAI) and emulsion stabhilindex (ESI) of
gelatin samples were determined according to ththadeof Pearce and Kinsella
(1978) with a slight modification. Soy bean oilr(®) and gelatin solution (1, 2 or 3%
gelatin, 6 ml) were homogenised using a homogenistodel T25 basic; KA
Labortechnik, Selangor, Malaysia) at a speed o0@®D,rpm for 1 min. Emulsions
were pipette out at 0 and 10 min and 100-fold ddutvith 0.1% SDS. The mixture
was mixed thoroughly for 10 s using a vortex mix8cientific Industries, Inc.,
Bohemia, NY, USA). Ay of the resulting dispersion was measured using a
spectrophotometer (Model UV-1800, Shimadzu, Kyawapan). EAI and ESI were
calculated by the following formulae (Ahmad & Bekjh 2011):

EAI (nf/g) = (2x2.303xAxDF) / loC

where, A = A, DF = dilution factor (100)| = path length of cuvette (m), @ = oil

volume fraction and C = gelatin concentration ineaps phase (gfin
ESI(min) = Ay / (Ac—Aug) X At
where, A = Asgo at time of 0 min; Ag = Asgo at time of 10 min andt = 10 min.
2.3.4.9 Determination of foaming properties

Foam expansion (FE) and foam stability (FS) of tyelasample
solutions were determined as described by Shadidal (1995) with a slight
modification. Gelatin solution (1, 2 or 3%) wasnsérred into 100 ml cylinders. The
solution was homogenised at a speed of 13,400 gorih fin at room temperature.
The sample was allowed to stand for 0 and 60 mihakd FS were then calculated

using the following equations:
FE (%) =(V4/Vo) x 100

FS (%) =(Vt/Vo) x 100
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where,Vt = total volume after whippingyo = the original volume before whipping

andV; = total volume after leaving at room temperaturesid min.
2.3.5 Statistical analyses

All experiments were performed in triplicates (n=8)d a completely
randomised design (CRD) was used. Analysis of madaANOVA) was performed
and the mean comparisons were done by Duncan’spheutange tests (Steel and
Torrie, 1980). Data are presented as mean * strdfanation and the probability
value of P<0.05 was considered as significant.is3izdl analysis was performed
using the Statistical Package for Social ScienS8&SE 17.0 for windows, SPSS Inc.,
Chicago, IL, USA).

2.4 Results and discussion
2.4.1 Yield and proximate composition

Yield of gelatin extracted at different temperatufeom the skin of
splendid squid is shown in Table 10. Increasinddywas obtained when extraction
temperatures increased (P<0.05). Yield of 8.8%8%1.28.2%, and 45.3% (on dry
weight basis) was found for G50, G60, G70, and G8fpectively. Yield of gelatin
from the skin of giant squid was 7.5% (Uriarte-Moydet al, 2011). Gomez-Guillen
et al (2002) reported that the extraction of gelatonfrthe skin of squid).gigasat
45 °C was not possible. Even at high temperatu®e (@, very low yield was gained
(2.6%). Jamilah and Harvinder (2002) stated thatdliference in gelatin recovery
from different species could be attributed to theimsic characteristics of the skin
and collagen molecules, the collagen content, theuat of soluble components in
the skins, the loss of extracted collagen throegithing during the series of washing
steps or to an incomplete collagen hydrolysis. dibgree of conversion of collagen
into gelatin depends on the processing parametemspérature, extraction time and
pH), the pretreatment conditions, and the properiied the preservation method of
the starting raw material (Karim and Bhat, 2009)e Tncreasing temperature directly

provided more energy to disrupt bondings stabdjshe collagen structures as well as
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peptide bonds ai-chains. As a result, a larger amount of gelatuldde extracted as

the temperature was elevated.

Table 10.Extraction yield, proximate composition, colour agel strength of gelatin
from the skin of splendid squid extracted at ddéfgrtemperatures

Parameters G50 G60 G70 G80
Yield (%) 8.8+£0.53d 21.8+0.94c 28.2+0.70b 45.3+835
Moisture (%) 10.50+0.14a 11.09+0.16a 8.84+0.84b  381616b
Protein (%) 89.05+0.11a 87.57+0.56b  89.52+0.52a 03B9.36a
Fat (%) 0.22+0.01c 0.31+0.02a 0.27+0.01b 0.24+(c01b
Ash (%) 0.17+0.01c 0.54+0.02b 0.68+0.01a 0.54+0.03b
L* 1.70+0.14a 1.28+0.04b 0.93+0.02c 0.10+0.14d
ax 5.06+0.12d 6.40+0.06C 8.58+0.45b 9.03+0.00a
b* 1.53+0.07d 2.27+0.17c 2.78+0.03b 3.05+0.07a
Gel strength (g) 132+3.32a 122+0.99b 11648.75¢c S8

g: Maximum force in grams

MeanzSD (n=3). Different lower case letters in aene row indicate significant differences (P<0.05).

Gelatin from splendid squid skin had high proteamtent (~90%) with
low fat (0.22-0.31%) and ash (0.17-0.68%) conteBitsilar results were observed for
cuttlefish Sepia officinali¥ skin gelatin (6.48% moisture, 91.35% protein 89w2fat
and 0.046% ash) (Balgt al., 2011) and giant squid( gigag skin gelatin (10.2%
moisture, 88% protein and 0.9% ash) (Uriarte-Moatey al., 2011). In general,
recommended moisture content of edible gelatiness Ithan 15% (GME, 2005).

Moisture content of freeze-dried gelatin from thensof splendid squid ranged from

8.6 to 11%. In addition, gelatins from splendidigogkin contained lower ash content

than the recommended maximum value (2.6%) (Jor®d%,)Jand the limit given for
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edible gelatin (2%) (GME, 2005). Therefore, gelagixtracted was rich in protein

with low content of ash and fat, revealing theadint process in gelatin extraction.
2.4.2 Protein patterns and free amino group content

Protein patterns of gelatin extracted at differembperatures from the
skin of splendid squid are shown in Figure 10a.a@Gelhada-chain with a MW of
123 kDa as the major protein. Thechain was predominant in G50 and G60. The
decreasingi-chain band intensity was observed in G70 and @83ong all gelatin
samples, G80 possessed the lowesthain band intensity. Slightly higher band
intensity ofp-chain was also found in G50 and G60, compared thigih of G70 and
G80. Therefore, sufficiently high temperature ugedelatin extraction more likely
caused the hydrolysis efand p-chains. A strong decrease in the percentagg- of
chain was observed for giant squid skin gelatimastéd at higher temperature (80
°C) (Gomez-Guillenet al., 2002). Extraction temperatures played a major mole
protein components of resulting gelatin. Nevertbglevery high molecular-weight
polymers, plausibly residual heat-stable crossslinkere present in all gelatins.
Gelatin from the skin of cuttlefish (Balgt al., 2011) and squid (Gimenez al.,
2009c) had the higher content of hydroxylysine dess (14-17 residues/1000
residues) than fish skin gelatin (5-6 residues/18&$ldues) (Jongjareonra¥ al.,
2010; Kittiphattanabawoet al.,2010b). Gelatins with higher contenteethain were
reported to possess better functional propertieBiding gel strength, emulsifying
and foaming properties (Gomez-Guillen al., 2002). In general, the formation of
peptide fragments is associated with lower visgp$tiw melting point, low setting
point, high setting time, as well as decreasedmlstrength of gelatin (Muyonget
al., 2004b). Result revealed that G70 and G80, whichewextracted at higher
temperature, had the shorter chains as indicateldviegr content ofx-chain andp-

chain. This molecular characteristic contributethiir functional properties.

The thermal degradation of gelatin extracted decbht temperatures
from the skin of splendid squid expressed as fre@@ group is depicted in Fig. 10b.
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Figure 10. Protein patterns (a) and free amino group cont&nof gelatins from the
skin of splendid squid extracted at different terapgres. M: High molecular weight
markers. G50, G60, G70 and G80 denote the gelatitracted at 50, 60, 70 and 80
°C, respectively. HMWP: High molecular weight piiate Bars represent the standard

deviation (n=3).
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Thermal degradation of gelatins increased with @asing extraction temperatures
(P<0.05). The highest degradation of gelatin wasepked at 80°C (P<0.05). The
result was in agreement with the highest degradaif-chain ando-chain in G80
(Figure 10a). The result reconfirmed that high terapure caused the hydrolysis of
collagenous proteins, leading to the increasing &mino group (Figure 10b) with the
decrease in major proteinaceous compoundh@in andp-chain) in the extracted

gelatin. As a result, shorter chains were formeduife 11).
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Figure 11. Proposed scheme for gelatin extraction from sgkid at low and high

temperatures.
2.4.3 Amino acid composition

Amino acid composition of gelatins extracted ated#nt temperatures
from the skin of splendid squid is shown in Table The properties of gelatin are
largely influenced by the amino acid compositiond attheir molecular weight
distribution (Gomez-Guilleet al.,2009). Glycine was the predominant amino acid in
all gelatin samples, ranging from 339 to 367 ressdi000 residues. This implied that
gelatin obtained was derived from its mother catagCollagen consists of one-third
glycine in its molecule (Baltet al., 2011). It was noted that G70 and G80 had the
higher glycine content than G50 and G60. The higjsine in G70 and G80 might
be caused by free glycine, which was released hmla extent during extraction at

high temperatures. Hydrolysis was taken place laigh degree at high temperature
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(Figure 10b.) Proline and hydroxyproline constitl@&6-99 and 58-86 residues/1000

residues, respectively. Imino acids (proline andirbyyproline) play a role in
gelation of gelatin (Ahmad and Benjakul, 2011). Rgdroxyproline, G70 and G80
(58 residues/1000residues) had much lower cortant G50 and G60 (82-86

Table 11. Amino acid composition of gelatin from the skin splendid squid

extracted at different temperatures

Number of residues/ 1000 residues

Amino acids G50 G60 G70 G80
Hydroxyproline 82 86 58 58
Aspartic acid/asparagine 61 60 62 61
Threonine 23 23 23 24
Serine 37 33 34 34
Glutamic acid/glutamine 82 82 83 82
Proline 97 98 99 96
Glycine 339 339 360 367
Alanine 92 89 87 86
Cysteine 1 0 0 0
Valine 24 25 24 24
Methionine 14 14 14 14
Isoleucine 18 19 18 17
Leucine 27 28 28 28
Tyrosine 6 5 6 6
Phenylalanine 10 10 10 11
Hydroxylysine 17 18 18 17
Histidine 5 5 6 6
Arginine 53 54 57 56
Lysine 12 12 12 12
Total 1000 1000 1000 1000
Imino acids 179 184 157 154
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residues/1000 residues). In general, Gly-X-Y seqaeemas been found in collagen
molecule, where hydroxyproline is located at onlpadsition. Hydroxyproline content
was generally lower in gelatin extracted at 70 &dC. Gelatin from giant squidD(
gigas contained 16-17% imino acid (Gimenetal., 2009c; Gomez-Guillert al.,
2002). The stability of the triple helical stru@um renatured gelatins has been
reported to be proportional to the total contentraho acids. Hydroxyproline plays a
key role in the stabilisation of the triple-straddeollagen helix due to its hydrogen
bonding ability through its hydroxyl group.

Alanine (86-92 residues/1000 residues) was foundhigih content.
Alanine plays a role in viscoelastic property oflagj@ (Gimenezet al., 2005b).
Glutamic acid/glutamine and aspartic acid/aspargweee also found at high level.
Tyrosine, phenylalanine, histidine and lysine waresent in all gelatins at low levels.
No cysteine or negligible amount of cysteine wasmfbin all gelatins. The cysteine
(1 residue/1000 residues) in G50 might be contattharom other proteins
containing cysteine in skin. Cysteine does not tp&g in the structure of type |
collagen (Moraleset al., 2000). The presence of cysteine in the amino acid
composition could indicate that gelatin might camta small quantity of stroma
protein, such as elastin, which is highly insoluaiel unusually stable in salt (Kim
and Park, 2005). Therefore, amino acid composibbrgelatin was governed by
extraction temperature. The amino acid composittonld have the impact on

functional properties of gelatin extracted.
2.4.4 ATR-FTIR spectra

FTIR spectra of gelatin extracted at different tenapures from the
skin of splendid squid are depicted in Figure IPIRFspectroscopy has been used to
monitor the functional groups and secondary strectf gelatin (Muyongaet al.,
2004c). All gelatin samples had the major peakanmde region. G50, G60, G70 and
G80 exhibited the amide-I bands at the wavenumbéi682.88, 1634.24, 1635.30,
and 1633.49 cify respectively. Amide-1 represent C=0 stretchingfiegen bonding
coupled with COO. The absorption in the amide-iargs probably the most useful

for infrared spectroscopic analysis of the second#mucture of proteins (Bandekar,
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1992; Benjakukt al.,2009; Surewich and Mantsch, 1988). Its exact lonadepends

on the hydrogen bonding and the conformation ofganostructure (Uriarte-Montoya
et al., 2011). In the present study, the amide-I peak @lzserved in the range of
1632-1635 crit, which was in agreement with Yakimetsal (2005) who stated that

the absorption peak at 1633 ¢mas characteristic of the coiled structure of tjela
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Figure 12. ATR-FTIR spectra of gelatins from the skin of spl&l squid extracted at

different temperatures.

The characteristic absorption bands of G50, G6() &Yd G80 in amide-Il region
was noticeable at the wavenumber of 1541.57, 18518345.93 and 1547.21 &m

respectively. Amide-Il arises from bending vibratiof N-H groups and stretching
vibrations of C-N groups. In addition, amide-lll svadetected around the
wavenumber of 1235.79, 1236.67, 1236.17 and 123g86for G50, G60, G70 and
G80, respectively. The amide-lll represents the lwoation peaks between C—N
stretching vibrations and N-H deformation from aeidinkages as well as
absorptions arising from wagging vibrations from Lgtoups from the glycine
backbone and proline side-chains (Jackstnal, 1995). G80 had the lowest
amplitude, whereas G50 exhibited the highest aogsitat amide-Ill region. This
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indicated that the greater disorder of molecularcstire due to transformation of an
a-helical to a random coil structure occurred durirggting and these changes were
associated with loss of triple-helix state as ailtesf denaturation of collagen to
gelatin (Muyongaet al, 2004c). G70 had higher amplitudes at wave nusboér
1204.73, 1079.45, 1060.63, 1036.46, 970.78 and0#18m® (Figure 12). These
bands were associated with the C-O stretching tidora of the short peptide chains
(Jacksonet al., 1995). The result reconfirmed the higher degradaif gelatin
extracted at higher temperatures.

Amide-A band, arising from the stretching vibrasoof the N-H
group, appeared at 3274.68, 3293.56, 3292.76 anf.82 cm for G50, G60, G70
and G80, respectively. Amide-A represents NH-shietr coupled with hydrogen
bonding. Normally, a free N—H stretching vibratienfound in the range of 3400—
3440cm' (Muyongaet al., 2004c). When the N—H group of a peptide is invdlirea
hydrogen bond, the position shifts to lower freqties (Doyleet al.,1975). In amide-

A region, the lower wavenumber was found in G50ggstjng the hydrogen bonding
involvement of an N—H group i@-chain. In addition, the lower wavenumber with the
concomitantly higher amplitude of amide-A obserie®&80 would associate with the
degradation of gelatin, providing greater free amgmoups. These degraded gelatins
might undergo hydrogen bonding interaction, resglin decreased wavenumber of
amide-A. The amide-B was observed in 3087.81, 3B2R080.07 and 3078.07 &m
for G50, G60, G70 and G80, respectively, correspantb the asymmetric stretching
vibration of =C-H as well as -Nfl. Among all samples, G70 and G80 showed the
lowest wavenumber of amide-B peak, suggesting theraction of -NH group
between peptide chains (Ahmad and Benjakul, 2084d1).G50, G60, G70 and G80,
the peaks were observed at the wavenumber of 2B842850.85, 2850.73 and
2850.96 (symmetrical) or 2919.42, 2920.87, 2928 2921.52 (asymmetrical),
respectively. It represents C—H stretching vibragiof the —CH groups (D Souzaet

al., 2008). Thus, it can be concluded that the secgrstancture and functional group
of gelatins obtained from the skin of splendid gqwas affected by extraction

temperature.
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2.4.5(-potential

The {-potential values of gelatin extracted at differéetnperatures
from the skin of splendid squid (G50, G60, G70, #&8l0) were measured as a
function of pH as shown in Figure 13. All gelatangples were positively charged at
acidic pH ranges and become negatively chargedrua#aline conditions. At the
same pH tested, varyirigpotential values were observed, suggesting tHerdiices
in amino acid composition among the samples (Tab)e The net charge of zero was
obtained at pH 6.84, 5.94, 5.49 and 4.86 for G5il),&70 and G80, respectively.

30 -
L
. G50
i i NN
20 oY . — —G60
. -
oy \i G70
10 - TR ——--GS80
z S
~— 0 w L .
c_u T T T *\_& .J--.- T T T T T 1
S 1 2 3 4 5% \;\'--.i 9 10 11 12 13
S 10 SN
6 - ] S L \-L
o s"--n. = T \I
3\|‘_‘ --“1.‘ e L .-_I-
20 - TSRS N
=o. . NI
Fog
30 - I
40 oH

Figure 13 {-potential of gelatins from the skin of splendidigbextracted at different

temperatures. Bars represent the standard deviatid).

Protein molecules in an aqueous system have zéahagge at their isoelectric points
(p1), in which the positive charges are balancedbyuthe negative charges (Bonner,
2007). In general, the amount of acidic amino a¢iiistamic acid and aspartic acid)
was higher than that of basic amino acids (lysind arginine) (Table 11). With

increasing temperature, deamidation might takeeplacwhich glutamic and aspartic

acid could be formed. High contents of glutamic asgartic acid were also reported
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for gelatin from cuttlefish. officinalig skin and giant squidX, giga9 skin (Baltiet
al., 2011; Gimenezt al., 2009c). Differences in charge characteristicgithstions
more likely determined functional properties of felient gelatin extracted with

varying temperatures.
2.4.6 Colour

Differences in colour were observed between thetgwnis (6.67%) of
gelatins extracted at different temperatures (Tdltlg Gelatin extracted at lower
temperatures (G50 and G60) showed the hidtier value (lightness) than others
(G70 and G80). The higher rednesd-(value) and yellownesst- value) were
found in the latter (P<0.05). The changes in colofirgelatin increased with
increasing temperatures. It indicated that lightned gelatin decreased with
concomitant increases in redness and yellowness e extraction temperature
increased. Higher temperatures more likely indutadenzymatic browning reaction
to a higher extent (Ajandouz and Puigserver, 19%lhce higher temperature
extractions yielded the resulting gelatin with reghfree amino group caused by
higher hydrolysis, those amino groups could unddngwning reaction along with
carbonyl compounds in the skin. As a result, tleegases in yellowness and redness
were found in gelatin extracted at higher tempeeatu Furthermore, the higher
temperature could lead to the higher extractioncieficy as indicated by higher
extraction yield. Simultaneously, pigments retaiaé@r bleaching of skins could be
co-extracted into gelatin. As a consequence, getatined to be darker with higher
yellowness or redness in colour. The result inéidathat extraction temperature

directly had the impact on colour of gelatin exteacfrom the skin of splendid squid.
2.4.7 Gel strength

Gel strength is one of the most important functiopeoperties of
gelatin. Gel strength of gelatin extracted at ddfé temperatures from the skin of
splendid squid, after 16-18 h maturation at 10iSQresented in Table 10. G50, G60,
G70 and G80 had the gel strength of 132, 122, Xib &b g, respectively. G80
showed the lowest gel strength (P<0.05). The diffee in gel strength between the
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samples could be due to the differences in intinkaracteristics, such as molecular-
weight distribution and amino acid composition. teino degradation fragments may
reduce the ability ofi-chains to anneal correctly by hindering the growththe
existing nucleation sites (Ledward, 1986). The Emghains in G50 and G60 could
undergo aggregation to form gel network more eiffety than G70 and G8@-chain
and B-chain at the higher amount in G50 and G60 mighinfahe stronger gel
network tham-chain at the lower amount found in G70 and G8i#ahally, it was
noted that G70 and G80 had the lower imino acidesunespecially hydroxyproline
content (Table 11). Proline and hydroxyproline treught to be responsible for the
stability of the triple-helix of collagen structutbrough hydrogen bonding between
free water molecules and the hydroxyl group of thalroxyproline in gelatin
(Fernandez-Diaet al.,2001).

The lower content of proline and hydroxyproline geally gives fish
gelatin a low gel modulus, and low gelling and mneglttemperatures (Baltt al.,
2011). Lower hydroxyproline content in gelatin exted at higher temperature (G70
and G80) might result in the lower gel strengthmpared to gelatin extracted at
lower temperatures (G50 and G60) (Table 10). Tipershelix structure of the gelatin
gel, which is critical for the gel properties, islslised by steric restrictions. These
restrictions are imposed by both the pyrolidingsif the imino acids in addition to
the hydrogen bonds formed between amino acid resi@iikorski, 2001).

Squid skin gelatin which was extracted at highengerature (80 °C)
also had the lower gel strength than sole, megrod,and hake gelatins which were
extracted at lower temperature (45 °C) (Gomez-€milet al., 2002). The gelling
strength of commercial gelatins ranges from 10@B@0, but gelatins with bloom
values of 250-260 are the most desirable (Holz@96) Different gel strength was
reported for gelatin from skin of different speciesluding cuttlefish (181 g) (Balet
al., 2011), Atlantic salmon (108 g), cod (71 g) (Arnesend Gildberg, 2007), sin
croaker (125 g), shortfin scad (177 g) (Chezival., 2007), bigeye snapper (105.7 g),
brownstripe red snapper (218.6 g) (Jongjareoetad.,2006a), young and adult Nile
perch (217 g and 240 g, respectively) (Muyorgal.,2004b).
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2.4.8 Emulsifying properties

Emulsion activity index (EAIl) and emulsion stabhjlindex (ESI) of
gelatin extracted at different temperatures from gkin of splendid squid are shown
in Table 12. EAI of all gelatin samples decreasedttee concentration of gelatin
increased (P<0.05). Ahmad and Benjakul (2011) apomrted that EAI of unicorn
leather jacket skin gelatin decreased when theerdration increased. A decrease in
emulsifying ability with increasing protein concatton has been reported for gelatin
hydrolysates of sole and squid (Gimeme¢al.,2009c) and other fish proteins such as
round scad protein hydrolysates (Thiansilakulal., 2007). At a level of 1%, EAI
decreased when the extraction temperatures incteéB&0.05). However, no
difference was found between G60 and G70 (P>0.@BJatins extracted at lower
temperatures (G50 and G60) had higher EAI than ethesgtracted at higher
temperatures (G70 and G80) when tested at a léve¥ao G70 showed the lowest
EAI when the concentration of 3% was used (P<0.86high concentration, gelatin
with higher hydrophilicity in nature might interaeith each other, thus lesser amount
of gelatin were available to be localised at thewaiter interface.Properties of
protein-stabilised emulsions are affected by tempee. Heat denaturation that is
sufficient to cause insolublisation impairs emuisif properties of proteins
(Damodaran, 1997). With increasimggradation, peptides with the shorter chain
possessing morbaydrophilicity were preferably localised in aqueopisase. As a
result, oil droplets were less stabilised by geléitms (Ahmad and Benjakul, 2011).
This led to the lower EAI of gelatin extracted ajter temperature with the shorter
chain length. ESI of all gelatin samples increaseth increasing concentration
(P<0.05). Protein at high concentrations facildateore protein adsorption at
interfaces (Yamauctlet al.,1980). At the same concentration tested, theedserin
ESI was found (P<0.05) when the extraction tempegancreased. Long chains were
able to form the stronger and stiffer films surrdung oil droplets, thereby increasing
the stability toward emulsion collapse.
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Table 12. Emulsifying and foaming properties of gelatin frahe skin of splendid

squid extracted at different temperatures

Gelatin

Conc. (%)

Samples

EAI (nf/g)

ESI (%)

FE (%)

FS (%)

G50 1

2

G60 1

G70 1

G80 1

35.10+0.44Aa

16.85+0.03Bb

12.59+0.58Ac

32.95+0.07Ba

17.59+0.08Ab

13.15+0.96Ac

32.21+0.09Ba

15.40+0.11Chb

11.52+0.24BCc

29.77+£1.22Ca

15.55+0.27Ch

12.23+0.25ABc

14.46+0.14Ac

18.35+0.58Ab

26.55+2.06Aa

14.34+0.41Ac

17.22+0.43Bb

24.26+1.05Ba

13.80+0.04Bc

14.86x0.37Ch

23.60+0.18Ba

12.67+0.26Cb

13.25+0.18Db

16.10+0.49Ca

131.66+2.88Ac

158.33+2.88Ab

206.66+5.77Aa

130.0+£5.0Ac

158.33+£7.63Ab

188.33+7.63Ba

125.0+5.0Ac

156.66+5.77Ab

173.33+5.77Ca

116.66+5.77Bc

138.33+2.88Bb

175.0+5.0Ca

17162790Ac

145.0Ab.

161.68@2a

115.046

140.0820

160@AA.

106566#ABC

138.3332b

152 @BABa

HIDOBb

118.33382b

146.6643Ba

Mean = SD (n=3).

Different uppercase letters in the same column iwithe same concentration indicate significant

differences (P<0.05).

Different lowercase letters in the same column witthe same gelatin sample indicate significant

differences (P<0.05).

EAIl: Emulsion activity index; ESI: Emulsion stabylindex.

FE: Foam expansion; FS: Foam stability.



87

2.4.9 Foaming properties

Foam expansion (FE) and foam stability (FS) of tyelaxtracted at
different temperatures from the skin of splendididcare shown in Table 12. Foam
formation is generally controlled by transportatipenetration and reorganisation of
protein molecules at the air—water interface (iglli1981). A protein must be
capable of migrating rapidly to the air—water ifdee, unfolding and rearranging at
the interface to express good foaming ability (iagll 1981). FE and FS of all gelatin
samples generally increased with increasing gelagimcentrations (P<0.05). Foams
with higher concentration of proteins were densad aore stable because of an
increase in the thickness of interfacial films (2ay1997). The foam forming ability
of proteins is related to their film-forming abyliet air—water interface. In general,
proteins, which rapidly adsorb at the newly-creatdd-liquid interface during
bubbling and undergo unfolding and molecular resgeanent at the interface, exhibit
better foaming ability than proteins that adsorw$y and resist unfolding at the
interface (Damodaran, 1997). FS is directly afféddg protein concentration, which
influences the thickness, mechanical strength atesiveness of the film (Zayas,
1997). The stability of foams depends on variousapaters, such as the rate of
attaining equilibrium surface tension, bulk andface viscosities, steric stabilisation,
and electrical repulsion between the two sidesheffbam lamella (Litet al., 2003).
At the same concentrations used, gelatin extraatt@igher temperature had the lower
foam expansion and foam stability than those etdchat lower temperature. Ahmad
and Benjakul (2011) reported that low moleculargheipeptides could not form a
well-ordered film at the interface, resulting ingpofoaming properties. Foaming
properties of protein solutions were generally fposiy correlated with MW of
peptides (Baltet al.,2011; Van der Vet al.,2002).When the gelatin at levels of 1
and 2% was used, G80 showed the lowest foam expa(Bk0.05). However, G50
had the highest foam expansion when tested ateh &\3% (P<0.05). Gelatin with
the less degradation and longer chain length mketylformed the stronger films
surrounding the air bubbles, especially when tH&cgnt concentration was used.
Similar result was found for foam stability. Thuesgtraction temperature played a

crucial role in foaming properties of gelatin frahe skin of splendid squid.
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2.5 Conclusion

Gelatin from the skin of splendid squid extractetl different
temperatures had different characteristics andtimmal properties. Although higher
temperature resulted in the increasing yield, wdoed functional properties of
resulting gelatin, mostly governed by the chaingten amino acid composition as
well as molecular conformation and interaction. Wddally, higher extraction
temperature resulted in the darker colour of gelatherefore, the skin of squid could
serve as raw material for gelatin extraction whbae extraction at appropriate

temperature was implemented.



CHAPTER 3

PROPERTIES OF FILM FROM SPLENDID SQUID ( LOLIGO
FORMOSANA) SKIN GELATIN WITH VARIOUS
EXTRACTION TEMPERATURES

3.1 Abstract

Properties of film from splendid squitldligo formosana) skin gelatin
extracted at different temperatures (50-80 °C) virevestigated. Tensile strength (TS)
and elongation at break (EAB) of films decreasedt, Wwater vapour permeability
(WVP) increased (P<0.05) as the extraction tempegaincreased. Increase in
transparency value with coincidental decrease ghthiess was observed with
increasing extraction temperatures. Electrophosgtidy revealed that degradation of
gelatin became more pronounced with increasingaetitm temperatures. As a
consequence, their corresponding films had the Hawechanical properties. FTIR
spectra of obtained gelatin films revealed theifiant loss of molecular order of the
triple helix. Thermogravimetric analysis indicatétht F80 exhibited the higher heat
susceptibility and weight loss. Loosen structures whserved in film prepared from
gelatin with increasing extraction temperaturesusi the temperature used for gelatin
extraction from splendid squid skin directly affetttthe properties of corresponding

films.
3.2 Introduction

Nowadays, biodegradable films have known as impoao-friendly
packaging materials to reduce plastic wastes (Hayae, 2010; Gomez-Guillerst
al., 2009). Most synthetic films are non-biodegradabid may cause environmental
pollution and serious ecological problems. Biodégble films were made from
renewable biopolymers such as proteins, lipids polysaccharides (Tharanathan,
2003).Gelatin has been proven as the potential biopolysndrhas been extensively

studied for its film-forming capacity and applicktlyias an outer covering to protect

89



90

foods (Gomez-Guillenet al., 2009). Gelatins from aquatic animals are gaining
increasing attention due to health issues andioebkgconstraints of mammalian
counterpart (Hoquet al., 2011a). Because of their good film-forming alekj fish
gelatins may be a good alternative to synthetistfgs for making films to preserve
foodstuffs (Gomez-Guilleret al., 2009). Owing to the superior oxygen barrier
property, fish gelatin based film could prevent tiped oxidation in food systems.
Additionally, it can be used as the smart packagingwhich the antioxidants or
antimicrobials can be incorporated (Jongjareomtak., 2008). However, gelatin has
the hydrophilicity in nature and the film from getagenerally shows low water
vapour barrier property. Also, the gelatin film hid relatively poor mechanical
properties, in comparison with traditional syntbgbolymeric films (McHugh and
Krochta, 1994). This more likely leads to the liatibn for commercial uses.

Squid and cuttlefish have become the importantefigtproducts in
Thailand as well as other Southeast Asian countresl are mainly exported
worldwide (Hoqueet al., 2011d). During processing, skin is generated asproduct
with the low market value and it can create seri@gslogical problems and
environmental pollution. Squid and cuttlefish skare rich in collagen and can be
used for gelatin extraction (Brinckmann, 2005; Aringt al., 2011; Uriarte-Montoya
et al., 2011; Gimene=t al., 2009a). Gelatins from fish and cuttlefish skin édoeen
demonstrated to render the biodegradable films wite superior UV barrier
properties (Houget al., 2011a; Rattayat al., 2009).

Owing to the abundance of squid skin in Thailahaian be used for
gelatin extraction and film formation. However, ydow yield of gelatin (2.6%) was
obtained from skin of giant squidosidicus gigas (Gomez-Guillenet al., 2002).
Increasing extraction temperatures might be arcefie means to increase the yield,
mainly due to the enhanced energy for disruptiorbaids stabilising the mother
collagen in skin matrix. Nevertheless, the funciloproperties and film-forming
ability can be affected differently. Therefore,stlstudy aimed to investigate film-
forming ability and film properties of gelatin eatted at different temperatures from

the skin of splendid squid.¢ligo formosana).
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3.3 Materials and methods
3.3.1 Chemicals

2,4,6-Trinitrobenzenesulphonic acid (TNBS), sodiwulphite, L-
leucine, bovine serum albumin (BSA) apanercaptoethanolp(ME) were obtained
from Sigma Chemical Co. (St. Louis, MO, USA). Higmlecular weight protein
marker (53 kDa to 220 kDa) was purchased from GEaltHeare UK
(Buckinghamshire, UK). Glycerol, acetic acid andogbhoric acid were procured
from Merck (Darmstadt, Germany). Sodium dodecypbkate (SDS), Coomassie Blue
R-250 andN,N,N’,N'-tetramethyl ethylene diamine (TEMED) were obtairfezim
Bio-Rad Laboratories (Hercules, CA, USA).

3.3.2 Collection and preparation of squid skin

The outer skin of fresh squid.@ligo formosana) was obtained from

Sea Wealth Frozen Food Co., Ltd., Songkhla, Thdiland stored in ice using a
skin/ice ratio of 1:2 (w/w). Upon arrival to the pstment of Food Technology,
Prince of Songkla University, Hat Yai, Thailandetbkin was cleaned and washed
with iced tap water (0-2 °C). Skin contained 83%muadisture, 14% of protein, 1.1%
of ash and 1.5% of fat as determined by the metic®OAC (2000). The skin was
then cut into small pieces (0.5x0.53nplaced in polyethylene bags and stored at -20
°C until use. The skin was stored for not more thanonths.

3.3.3 Extraction of gelatin from squid skin

Gelatin extraction was performed following the noettof Ahmad and
Benjakul (2011) with a slight modification. Priav gelatin extraction, the prepared
skin was soaked in 0.05 M NaOH with a skin/solutiatio of 1:10 (w/v). The
mixture was stirred continuously for 6 h at roormperature at a speed of 150 rpm
using an overhead stirrer equipped with a prop€R& 20.n, IKA-Werke GmbH &
CO.KG, Staufen, Germany). The alkaline solution whanged every 90 min to
remove non collagenous proteins and pigments. W&dleated skin was then
washed with tap water until the neutral or fainbdgsic pH of wash water was
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obtained. The skin was then soaked in 0.05 M phméplacid with a skin/solution
ratio of 1:10 (w/v) for 24 h with gentle stirring 4 °C. The acidic solution was
changed every 12 h to swell the collagenous méteride skin matrix. Acid-treated
skin was washed thoroughly with tap water until lvester became neutral or faintly
basic. To extract gelatin, the swollen skin waskedain distilled water at different
temperatures (50, 60, 70 and 80 °C) using a ptetteskin/water ratio of 1:10 (w/v)
in a temperature-controlled water bath (W350, Memjyrf&chwabach, Germany) for
12 h with a continuous stirring at a speed of I&®.rThe mixture was then filtered
using two layers of cheese cloth. The filtrate isher filtered using a Whatman
No. 4 filter paper (Whatman International, Ltd., ifone, England) with the aid of
JEIO Model VE-11 electric aspirator (JEIO TECH, Gled<orea). The resultant
filtrate was freeze-dried using a Scanvac Modell€ade 55 freeze dryer (Coolsafe,
Lynge, Denmark). The dry gelatins extracted fronm sk different temperatures were
referred to as ‘G50, ‘G60’, ‘G70’ and ‘G80’, resgively. G50, G60, G70 and G80
contained 89.05, 87.57, 89.52, and 89.03% protespectively as analysed by the
Kjeldhal method (AOAC, 2000).

3.3.4 Preparation of films

Gelatin films were prepared as per the method nfjdoeonraket al.
(2006b) with a slight modification. Firstly, filmofming solution (FFS) was prepared
by mixing the freeze-dried gelatin with distilledater to obtain the protein
concentration of 3% (w/v). Thereafiglycerol (25% of protein) was added into FFS
as a plasticiser. FFS was degassed using the sagidzath (Elmasonic S 30 H,
Singen, Germany) for 10 min. FFS (4 + 0.01 g) wesntcast onto a rimmed silicone
resin plate (5 x 5 cfj, air-blown for 12 h at room temperature, followsgdrying in
an environmental chamber (Binder GmbH, Tuttling8eymany) at 25 + 0.5 °C and
50 £ 5% relative humidity (RH) for 24 h. Dried filsamples were manually peeled
off and referred to as ‘F50’, ‘F60’, ‘F70’ and ‘F8Qespectively. All films were
subjected to the analyses.
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3.3.5 Analyses

Prior to testing, film samples were conditioned 4& h at 50 + 5%
relative humidity (RH) and 25 = 0.5 °C. For ATR-IR[ISEM and TGA studies, films
were conditioned in a desiccator containing drididasgel for 3 weeks to minimise
the plasticising effect of water at room tempemt(28-30 °C) to obtain the most

dehydrated films.
3.3.5.1 Thickness

The thickness of ten film samples of each treatnvea$ measured
using a digital micrometer (Mitutoyo, Model ID-CIR®I, Serial No. 00320,
Mituyoto Corp., Kawasaki-shi, Japan). Ten randooatmns around each film sample

were used for determination of thickness
3.3.5.2 Mechanical properties

Tensile strength (TS) and elongation at break (EABJ)iIm samples
were determined as described by Iwataal. (2000) using the Universal Testing
Machine (Lloyd Instrument, Hampshire, UK). The tesas performed in the
controlled room at 25°C and ~50 * 5% RH. Ten filamples (2 x 5 cA) with the
initial grip length of 3 cm were used for testifighe film samples were clamped and
deformed under tensile loading using a 100 N lcgltlwith the cross head speed of
30 mm/min until the samples were broken. The maxrinmad and the final extension
at break were used for calculation of TS and EARBpectively

3.3.5.3 Water Vapour Permeability

WVP was measured using a modified ASTM (Americarci&y for
Testing and Materials, 1989) method as describe®Hiu et al. (2004). The film
samples were sealed on an aluminum permeation anfpining dried silica gel (0%
RH) with silicone vacuum grease and rubber gagket.cups were placed at 30 °C in
a desiccator containing the distilled water, folemvby weighing after every 1 h
intervals for up to 8 h. Five film samples weredisa WVP testing. WVP of the film

was calculated as follows:
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WVP (gmm*s'Pat) =wiA* t1 (P, -P,) *

where,w is the weight gain of the cup (d)is the film thickness (m) is the exposed
area of film (mM); t is the time of gain (s);R - P1) is the vapour pressure difference
across the film (Pa).

3.3.5.4 Colour, light transmission and transparency

Colour of five film samples was determined usinGl& colourimeter
(Hunter associates laboratory, Inc., Reston, VA AUSColour of the film was
expressed as*- (lightness or brightnessg*- (redness or greenness) aht-
(yellowness or blueness) values. Total differentecolour AE*) was calculated

according to the following equation (Gennadgbal., 1996).

AE* = /(AL*)? + (Aa*)? + (Ab*)?

where, AL*, Aa* and Ab* are the differences between the correspondingucolo
parameter of the sample and that of white stanflard= 92.84,a* = -1.25 and* =
0.49).

Light transmission in ultraviolet (UV) and visibtanges of five film
samples was measured at selected wavelengths lmed@6eand 800 nm, using a UV-
Visible spectrophotometer (Model UV-1800, ShimadKyoto, Japan) according to
the method of Jongjareonrak et al. (2008). Thesparency value of film was

calculated by the following equation (Han and Forb997).
Transparency value = (-l0G00)/X

where,Teoo IS the fractional transmittance at 600 nm amslthe film thickness (mm).
The higher transparency value represents the ltnaasparency of films (Hoquet
al., 2011d).



95

3.3.5.5 Electrophoretic analysis

SDS-polyacrylamide gel electrophoresis (SDS-PAGE} werformed
by the method of Laemmli (1970). Gelatin film sasgplere dissolved in 5% SDS
and the mixtures were incubated at 85 °C for 1He mixtures were centrifuged at
3,500 xg for 5 min at room temperature using a owentrifuge (MIK-RO20, Hettich
Zentrifugan, Tuttlingen, Germany) to remove undiaso debris. Protein content in
the supernatant of all samples was determined uke&iuret method (Robinson and
Hogden, 1940). Gelatin film samples were mixed atla(v/v) ratio with the sample
buffer (0.5 M Tris-HCI, pH 6.8, containing 4% SD8da20% glycerol). Samples (20
ug protein) were loaded onto polyacrylamide gels gasmg a 7.5% running gel and
a 4% stacking gel and subjected to electrophosegsasconstant current of 15 mA/gel
using a Mini Protein Il unit (Bio-Rad Laboratoridsg., Richmond, CA, USA). After
electrophoresis, the gel was stained with 0.05%)(@bomassie Blue R- 250 in 15%
(v/v) methanol and 5% (v/v) acetic acid and dest@iwith 30% (v/v) methanol and
10% (v/v) acetic acid. Relative mobility {Fof protein band was calculated and the
molecular weight of the protein was calculated frdme plot between Rand log
(MW) of standards.

3.3.5.6. Free amino group content

Prior to analysis, film samples were solubilised dsescribed
previously. Free amino group content in film salatiwas determined following the
method of Benjakul and Morrissey (1997). Properiytdd samples (12%@l) were
mixed thoroughly with 2.0 ml of 0.2 M phosphate feuf pH 8.2, followed by the
addition of 1.0 ml of 0.01% 2,4,6-trinitrobenzeniésnic acid (TNBS) solution. The
mixtures were then placed in a temperature coetioNater bath at 50 °C for 30 min
in the dark. The reaction was terminated by ad@ifdgml| of 0.1 M sodium sulphite.
The mixtures were cooled down at room temperatrd% min. The absorbance was
measured at 420 nm using a spectrophotometer anfdelh amino group content was

expressed in terms ofleucine.
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3.3.5.7 Attenuated total reflectance-Fourier trangbrm infrared (ATR-

FTIR) spectroscopic analysis

Gelatin film samples were subjected to FTIR analysing a Bruker
Model EQUINOX 55 FTIR spectrometer (Bruker, Ettlemg Germany) equipped with
a deuterated L-alanine triglycine sulphate (DLATG&tector as described by
Nuthong et al. (2009). The Horizontal Attenuated Total Reflecen(HATR)
accessory was mounted in the sample compartmest.iriternal reflection crystal
(Pike Technologies, Madison, WI, USA), made of zgatenide, had a 45° angle of
incidence of the IR beam. Spectra were acquireitiéniR range of 4000-650 ¢
(mid-IR region) at 25 °C. Automatic signals werdl@cted in 32 scans at a resolution
of 4 cm* and were ratioed against a background spectrunrded from the clean
and empty cell at 25 °C. Analysis of spectral deds carried out using the OPUS 3.0
data collection software programme (Bruker, Etd#ing Germany). Prior to data

analysis, the spectra were baseline corrected amdatised.
3.3.5.8 Thermo-gravimetric analysis (TGA)

Dried film samples were scanned using a thermogratric analyser
(TGA-7, Perkin Elmer, Norwalk, CT, USA) from 50 &0 °C at a rate of 10 °C/min
(Nuthong et al., 2009). Nitrogen was used as the purge gas atva e of 20

mil/min.
3.3.5.9 Microstructure

Microstructure of upper surface and cryo-fractuceass-section of the
gelatin film samples was visualised using a scaprélectron microscope (SEM)
(Quanta 400, FEI, Praha, Czech Republic) at anlerateg voltage of 15 kV as
described by Hoquet al. (2011d). The gelatin film samples were cryo-fragtliby
immersion in liquid nitrogen. Prior to visualisatiahe film samples were mounted on
brass stub and sputtered with gold in order to mialee sample conductive, and
photographs were taken at 8000x magnification tofage. For cross-section, cryo-
fractured films were mounted around stubs perpemtally using double sided

adhesive tape, coated with gold and observed ad8éx magnification.
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3.3.6 Statistical analyses

All experiments were performed in triplicates (n=8)d a completely
randomised design (CRD) was used. Analysis of magag ANOVA) was performed
and the mean comparisons were done by Duncan’spheulange tests (Steel and
Torrie, 1980). Data are presented as mean * strdfanation and the probability
value of P<0.05 was considered as significant.isSidl analysis was performed
using the Statistical Package for Social Scien8€S6 17.0 for windows, SPSS Inc.,
Chicago, IL, USA).

3.4 Results and Discussion
3.4.1 Thickness

Films prepared from squid skin gelatin extracted different
temperatures showed different thickness (P<0.0apléel 13). F50 had the higher
thickness, compared with F70 and F80 (P<0.05). Nferdnces in thickness were
found between F60, F70 and F80 (P>0.05). Hogu®. (2011a) reported that films
prepared from gelatin with higher degree of hydsayshowed a slightly lower
thickness than that of the control film (withoutdnglysis) (P<0.05). Gelatin with the
shorter chain might align themselves to form thdeoed network with the less
protrusion. This most likely resulted in the lovibickness of obtained film (Ahmad
et al., 2012). In general, gelatin extracted at higherperature yielded the film with
lower thickness. Therefore, thickness of gelatimdi was affected by extraction

temperatures of gelatin.
3.4.2 Mechanical properties

Mechanical properties of gelatin film from squidirslextracted at
different temperatures are shown in Table 13. Fdbtained from the gelatin
extracted at lower temperature (F50) had higherah8 EAB than F70 and F80
(P<0.05). Nevertheless, TS and EAB of F50 were difiérent from those of F60
(P>0.05). From our previous study, gelatin extrdcié higher temperature had the
shorter chain peptides or proteins (Nagar&aal., 2012a). Longer peptide chains of



98

gelatin might result in a higher aggregation ofteimo with higher number of inter-
junction zones. Hoquet al. (2010) reported that gelatin film was mainly sliaed by
the weak bond including hydrogen bond and hydrophotieraction. It was noted
that TS and EAB decreased as the extraction teryerancreased (P<0.05). F80
showed the lowest TS and EAB, compared with filnreppred from gelatins
extracted at lower temperatures (F50, F60 and E7€0.05). Higher content of low
molecular weight fragments might impair the forroati of junction zones.
Furthermore, the renaturation of gelatin chain® ihelix coil structure could not
occur effectively during the conditioning of thelgje films. This led to a decrease in
the mechanical properties of films (Arvanitoyansisal., 1998). Bigiet al. (2004)
reported that mechanical properties of pig skiragelfilm increased as the triple-
helix content increased. Films prepared from cligtheskin gelatin with higher degree
of hydrolysis showed a lower TS and EAB than thetid film without hydrolysis
(Hoque et al., 201l1a). Gelatin molecules with the shorter chainsimlikely
established the weaker chain-to-chain interactiamm via hydrogen bond (Gomez-
Guillen et al., 2009). Furthermore, the increasing number of cleads of shorter
chain gelatin extracted at higher temperature tdirenhanced the mobility of chains
and the weaker film network was formed (Gontetrdl., 1993). The result indicated
that the chain length of gelatin molecules mos#iated to extracting temperature,
directly contributed to the formation of film netvko thereby affecting the

mechanical properties of films.
3.4.3 Water vapour permeability (WVP)

WVP of films prepared from squid skin gelatin exted at different
temperatures is presented in Table 13. Film froengélatin extracted at the lowest
temperature (F50) had the lowest WVP, compared atitlers (P<0.05). F80 showed
the highest WVP (P<0.05). The lowered permeatiowatkr vapour through F50 was
probably determined by the stronger interactionpadtein molecules in the film
network with the high compactness (Tongnuanc#aal., 2011). Furthermore, the
higher extraction temperature resulted in the faionaof smaller peptide chains.
Smaller peptides could be easily inserted in thetgom network, thereby decreasing

the density of intermolecular interactions betweehatin chains and increasing the
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free volume of the film matrix. Additionally, theare hydrolysed gelatin, especially
G80, more likely had the increased hydrophilicityuised by the increases in N- or C-
termini. Hoquest al. (2011a) stated that the hydrolysis could exposeernarboxylic
group and amino group, which could form hydrogendwith the water molecules.
This resulted in the increased hydrophilicity o tlesulting films. Film from halibut
skin gelatin with higher degraded peptide chaiss &lad the higher WVP, compared
with that from gelatin having lower degraded ch&i@sarvalhoet al., 2008). Thus,
gelatin film was varying WVP, depending on the agtion temperature used for

gelatin production.

Table 13. Tensile strength (TS), elongation at break (EAB)atev vapour
permeability (WVP) and thickness of films from sdjuskin gelatin extracted at
different temperatures

Film TS EAB WVP Thickness
samples  \pq) (%) (X10 gmmi%sPat) (mm)

F50  29.30:3.4la 14.16+1.03a 3.34+0.02¢ 0.038+0.001a

F60  26.50+1.39ab 12.56+0.94ab 3.63+0.02b 0.035+0.002ab

F70  24.52+¢3.98b 11.88+1.08b 3.64+0.09b 0.034+0.002b

FB0  16.46+0.86c  9.32+0.39c 3.86+0.03a 0.033+0.001b

Mean = SD (n=3).

Different letters in the same column indicate digant differences (P<0.05).

3.4.4 Colour

Colour of films prepared from squid skin gelatirtragted at different
temperatures is shown in Table 14. F50 had higheralue (lightness), but lower* -
, b*- and AE*- values than other samples (P<0.05). Lightnéssvalue) of films
generally decreased with increasing extraction &atpres (P<0.05). This coincided
with the increases ia* (redness) ant* (yellowness) values. Gelatins extracted at
higher temperatures contained higher free aminam(eNH,) content, due to higher
hydrolysis (Nagarajamt al., 2012a). Those amino groups could undergo browning

reaction along with carbonyl compounds in gelafijaidouz and Puigserver, 1999).
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As a result, the increases in yellowness and rednese found in films prepared
from gelatin extracted at higher temperatures. Agnalhfilm samples, the highesat
andAE*- values were obtained in F80 (P<0.05). The rasdicated that extraction

temperature of gelatin had the direct impact oowobf the corresponding films.

Table 14.Colour of films from squid skin gelatin extractetdd#ferent temperatures

Film samples L* a* b* AE*
F50 76.92+0.83a  7.23+0.01c 10.7+0.03c 21.61+0.85c
F60 74.27+0.06b  9.32+0.04b  11.88+0.05b 25.22+2.90b
F70 71.91+0.58c  9.41+0.04b  15.38+0.05a 28.19+0.25ab
F80 68.30+1.11d 11.85+0.02a 10.49+0.04c 29.81+1.25a

Mean = SD (n=3).

Different letters in the same column indicate digant differences (P<0.05).
3.4.5 Light transmission and transparency values

Transmission of UV and visible light at selectedvelangths in the
range of 200-800 nm of films prepared from squich gelatin extracted at different
temperatures is shown in Table 15. The transmissidsV light was very low at 200
and 280 nm for all films. Generally, gelatin filreghibited low light transmission in
the UV range (Jongjareonrakal., 2008). Squid skin gelatin film effectively prevent
the lipid oxidation, which is induced by UV lighti(npisophonet al., 2009). Light
transmission in visible range (350-800 nm) of filmas from 19.33 to 82.00%. Light
transmission in visible range of gelatin film dexsed when gelatin extracted at
higher temperatures was used for film preparatitowever, F60 shows higher light
transmission at 350 and 400 nm than other film®(F50 and F80). Decreasing light
transmission of film with increasing extraction f@@natures was in agreement with
the increases ia* andb*- values of gelatin films (Table 14). Browning punts

formed might prevent light transmission througmglto some extent. F80 also had



Table 15.Light transmittance (%) and transparency valud#roé from squid skin gelatin extracted at differéemperatures

Wavelength (nm)

Film samples 200 280 350 400 500 600 700 800 Traargpmcy values
F50 0.00 1.46 29.52 44.22 56.36 69.57 78.72 82.00 068t
F60 0.00 2.52 33.18 46.90 56.03 68.56 78.04 81.33 DIBE
F70 0.00 1.89 26.17 39.12 51.52 63.22 70.93 74.44 a.e8b
F80 0.00 1.31 19.33 29.26 39.79 49.48 55.67 58.08 10.64a

Mean + SD (n=3).

Different letters in the same column indicate digant differences (P<0.05).

10T
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the highest transparency value (10.64), comparédather films (F50, F60 and F70)
(P<0.05). Higher transparency value represents laiaer transparency of films
(Ahmad et al., 2012). Differences in light transmission and tgarency of films
obtained from gelatin extracted at different terapgtes might be due to the
differences in browning reaction products formedvai as the alignment of proteins
or thin fragments in the film matrix. Thereforegthxtraction temperatures of squid
skin gelatin had an impact on light transmissiod &nansparency value of resulting
films, apart from mechanical properties and WVP{&d.3).

3.4.6 Protein patterns

Protein patterns of films prepared from squid dg@atin extracted at
different temperatures are shown in Figure 14angihad the proteins with MW of
121-124 kDa as the major proteins. This proteindpanore likely representing-
chain, was predominant in F50 sample. The decrgasithain band intensity was
observed in other films (F60, F70 and F80). Amolhdilen samples, F80 had higher
degraded proteins, as evidenced by the formatiopeptide/protein bands with the
lower MW, especially with MW lower than 70 kDa. Hag et al. (2011a) reported
that cuttlefish skin gelatin with the shorter chamolecules yielded the weaker film
network with low TS and EAB. In the presence ofisoddodecyl sulphate as well as
B-mercaptoethanol used for electrophoresis, hydrdiperd, hydrophobic interaction
as well as disulfide bond in the film network wasstioyed. Nevertheless, no
disulfide bond was present in gelatin film (Hocgeal., 2011d). Gelatin from squid
skin contained no cysteine (Nagaragiral., 2012a) and the formation of disulfide
bond was negligible. Therefore, differences in @rocompositions and chain length
more likely governed the properties of film (Tatl@).

To confirm the degree of degradation of gelatinfiims, a-amino
group content was determined (Figure 14b). Thedstiramino group content was
found in film prepared from gelatin extracted at°®0 It indicated that higher
cleavage of peptides occurred at higher temperd@nmenezet al., 2009a). The
result was in agreement with the highest degradatigrotein chains in F80 (Figure
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Figure 14. Protein patterns (a) and free amino group confbptof films from
splendid squid skin gelatin extracted at differeethperatures. M: High molecular
weight markers. F50, F60, F70 and F80 denote tines fprepared from gelatins
extracted at 50, 60, 70 and 80 °C, respectivelys Bepresent the standard deviation
(n=3).
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14a). Therefore, high temperature caused the hyslsobf collagenous proteins as
indicated by the increase in free amino group aunfehe differences in degradation

more likely determined film formation of those ge@lanolecules.
3.4.7 FTIR spectra analysis

FTIR spectra of films from the squid skin gelatixtracted at various
temperatures are depicted in Figure 15. FTIR spscbtpy has been used to monitor
the functional groups and secondary structure tz#tige(Muyongaet al., 2004c) and
interaction of gelatins in the film (Jongjareonrekal., 2008). All gelatin film
samples had the major peaks in amide region. F60, F70 and F80 exhibited the
amide-I band at the wavenumber of 1631.40, 16311831.44, and 1631.26 ¢n
respectively. The amide-I vibration mode is prifyaa C=0 stretching vibration
coupled with the C-N stretch, CCN deformation andplane N-H bending modes
(Muyongaet al., 2004c). The absorption in the amide-I region igbpibly the most
useful for infrared spectroscopic analysis of tleEomdary structure of proteins
(Bandekar, 1992; Surewich and Mantsch, 1988). dtsctelocation depends on the
hydrogen bonding and the conformation of proterncitire (Uriarte-Montoyat al.,
2011). In the present study, the amide-I peak wmsemved in the range of 1631 ¢m
which was in agreement with Hoqee al. (2011a) who stated that the absorption
peak at 1631 cm was the characteristic of coiled structure of tieléor cuttlefish
skin gelatin films. The characteristic absorptiantts of F50, F60, F70 and F80 in
amide-Il region was noticeable at the wavenumbelr5@fl.00, 1544.36, 1540.44 and
1538.39 crit, respectively. The amide-Il vibration modes areitaited to out-of-
plane combination of the N-H in plane bend and @l stretching vibration with
smaller contributions from the C-O in plane bend #ime C-C and N-C stretching
vibrations (Jacksoret al., 1995). In addition, amide-lll was detected arouhd
wavenumber of 1234.36, 1235.86, 1235.99 and 123&85for F50, F60, F70 and
F80, respectively. The amide-Ill represents the lmoation peaks between C-N
stretching vibrations and N-H deformation from aeidinkages as well as
absorptions arising from wagging vibrations from Lgtoups from the glycine
backbone and proline side-chains (Jacksbml., 1995). F50, F60, F70 and F80
showed the peak at the wavenumber of 1032.26, 8033033.95, and 1033.07 ¢m
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respectively. This might be related to the intecaxs arising between plasticiser (OH-

group of glycerol) and film structure (Bergo ando&d, 2007).
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Figure 15. ATR-FTIR spectra of films from splendid squid skjelatin extracted at

different temperatures.

Amide-A band, arising from the stretching vibrasonf the N-H
group, appeared at 3291.45, 3290.36, 3287.87 a@f.32 cn1 for F50, F60, F70
and F80, respectively. Amide-A represents NH-shietg coupled with hydrogen
bonding (Muyongaet al., 2004c). When the N—H group of a peptide is invdlie a
hydrogen bond, the position shifts to lower freqties (Doyleet al., 1975). In amide-
A region, the lower wavenumber with the concomitahigher amplitude of amide-A
was observed for F70 and F80, suggesting the higbgradation of gelatin with a
higher content of free amino groups (Figure 14k)ese degraded gelatins might
undergo hydrogen bonding, resulting in the decitasgvenumber of amide-A. The
amide-B was observed in 3083.22, 3087.99, 308313881.04 cm for F50, F60,
F70 and F80, respectively, corresponding to thenasstric stretching vibration of
=C-H as well as -NK{. For F50, F60, F70 and F80, the peaks with theewamber
of 2875.32, 2876.13, 2877.22 and 2876.22 (symnad}rior 2925.29, 2921.05,
2927.35 and 2927.54 (asymmetrical) were obsenaesperctively. It represents C—H
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stretching vibrations of the —GHjroups (D Souzaet al., 2008). Thus, the secondary
structure, functional group and interaction of ¢ek in films were affected by

extraction temperature used for gelatin production.
3.4.8 Thermogravimetric analysis (TGA)

TGA thermograms revealing thermal degradation bieavof films
obtained from squid skin gelatin extracted at déf¢ temperatures are shown in
Figure 16. Their corresponding degradation tempegat(T) and weight lossAw)
are presented in Table 16. Three stages of weagstwere observed in all films. For
all films, the first stage of weight lossAW;= 3.19-6.20%) was observed
approximately at temperature (J@f 42.47-51.90 °C, mostly associated with theslos

of free water absorbed on the film. Similar resvds observed for films from unicorn
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Figure 16. Thermogravimetric curves of films from splendidqusl skin gelatin

extracted at different temperatures.

leather jacket and cuttlefish skin gelatin (Ahnedl., 2012; Hoquest al., 2011d).
The second stage of weight loasve= 19.09-25.50%) was observed approximately at



Table 16.Thermal degradation temperatureg,(7C) and weight loss\v, %) of films from squid skin gelatin extracteddifferent

temperatures
A1 As A3
Film samples Td, onset Awq Td,, onset Aw; Tds, onset Awg Residue (%)
F50 51.90 3.19 210.46 19.09 315.16 52.38 25.34
F60 51.28 3.94 211.52 25.50 311.05 41.38 29.18
F70 42.47 6.20 205.77 20.17 309.13 46.19 27.44
F80 46.31 5.30 191.58 19.10 306.45 50.87 24.73

A1, A andAz denote the first, second and third stage weigdt, lcespectively of film during TGA heating scan.

L0T
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temperature (Tg of 191.58-211.52 °C, mostly associated with tbesl of low

molecular weight protein fractions, glycerol compds and also structurally bound
water. The third stage of weight losa\ws= 41.38-52.38%) was observed
approximately at temperature @yef 306.45-315.16 °C. This was most likely caused

by the loss of high molecular weight protein fraos.

At the first stage, F50 and F60 showed the loweaghidoss (3.19 and
3.94%, respectively) with the higher 1(61.90 and 51.28 °C, respectively) than F70
and F80 (6.20 and 5.30% of weight loss with; Taf 42.47 and 46.31 °C,
respectively). At the second and the third stagespmposition of films from gelatins
extracted at higher temperature exhibited lowerariTds. The result suggested that
weak film network prepared from the gelatin witle tthorter gelatin molecules (F80)
underwent easier thermal degradation, compared Hbth The result revealed that
films prepared from gelatin extracted at higher gematures (F70 and F80) showed
the higher heat susceptibility, compared with gelaktracted at lower temperatures
(F50 and F60). Additionally, all films had residumaéss (representing char content) at
600 °C in the range of 24.73-29.18%. The lowest cloatent observed in F80 was
most likely due to the lowest thermal stabilityfidn, which was in accordance with
the lowest mechanical properties (Table 13). TGAves showed clearly that
different extraction temperatures of gelatin cdnited to different thermal stability of
resulting gelatin films.

3.4.9 Microstructure

SEM micrographs of the surface (A) and cryo-fragtlicross-section

(B) of films prepared from gelatin extracted ativas temperatures are illustrated in
Figure 17. F50 had compact, smooth and homogenotecs, indicating an ordered
film matrix. However, F60 and F70 had slightly cgarsurface than F50. F80 had the
rough surface with some cracks. These differentesicrostructure of different films
were caused by the varying arrangements of proteiecules during film formation
(Ahmadet al., 2012; Hoqueet al., 2011d). In addition, the low MW gelatin found in
F80 might not undergo the inter-connection effeadfiv This might lead to the

formation of crack or void. Longer gelatin chainemmlikely underwent the network
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Figure 17. SEM micrographs of surface (A) and cryo-fractuoedss-section (B) of
films from splendid squid skin gelatin extracted different temperatures.
Magnification: 8000x and 4000x for surface and sfssction, respectively.
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formation with a great number of junction zonesgwrehthe continuous matrix could
developed. On the other hand, the shorter chaingdcoot strongly intertwine,
thereby forming the weaker network. As a resulg Heparated network could be
easily formed. The looser network in F80 was inoadance with the lower

mechanical properties, but higher WVP (Table 13).

For cross-section, film prepared from gelatin ested at low
temperature (F50) showed a more compact structmepared with other films.
Gelatin extracted at lower temperature might cbote to the formation of compact
film, due to the longer chain length of proteinowéver, films (F60, F70 and F80)
from gelatin extracted at higher temperatures e larger amount of voids and
loosen structure. It might be owing to less inteaacof protein molecules, in which
disconnection of film matrix could occur. Increasiinee spaces and loosen structure
of films (F60, F70 and F80) were in agreement wiigher WVP (Table 13),
compared with F50. Thus, the microstructures ohdilwere governed by molecular
organisation in the film network, which dependedcbain length of proteins and the

interaction of proteins in film matrix.
3.5 Conclusion

Squid skin gelatin prepared from different extmactitemperatures
possessed different molecular size and distributiims molecular characteristic
significantly contributed to interaction and orgzation of gelatin molecules upon the
formation of film network, which directly governemver properties of the resulting
gelatin films. Gelatin extracted at higher tempematyielded the weaker film
network, mainly caused by the higher degraded gepthains. This led to the lower
mechanical properties and thermal stability of thresulting films. Increased voids
and loosen structure formed in films prepared frgelatin extracted at higher
temperature resulted in the increased WVP. Gelatth higher extraction
temperature also rendered films with darker coldurerefore, squid skin gelatin
could serve as raw material for film formation wheelatin extraction at an

appropriate temperature was implemented.



CHAPTER 4

EFFECTSOF BLEACHING ON CHARACTERISTICSAND GELLING
PROPERTY OF GELATIN FROM SPLENDID SQUID (LOLIGO
FORMOSANA) SKIN

4.1 Abstract

Gelatins obtained from splendid squidloljgo formosana) skin
subjected to bleaching using hydrogen peroxid&giHat various concentrations were
characterised. Yield of gelatin increased with @asing HO, concentration used.
Gelatin from skin bleached with higheg® concentrations had the lower free amino
group and carbonyl group contents than the corgesatin (without bleaching).
Gelatins hado-chains with MW of 123-129 kDa as the major compuse FTIR
spectra of all gelatins revealed the significargsl@f triple-helix. Gel strength of
gelatin generally decreased aglx concentrations increased. Varying pHs rendering
net charge of zero (5.18-6.34) were found amongptesn as determined b§
potential titration. Gelatin prepared from skin ddbed with 2% kD, showed the
highest L*, but lowest AE*-values, compared with others.,® at higher
concentrations yielded gelatin with increasibtrvalue. Thus, the properties of

gelatin were governed by bleaching process, pdatiguH,O, concentration.
4.2 Introduction

Gelatin is a water soluble protein obtained by iphtydrolysis of
collagen, the main fibrous protein constituentamés, cartilages and skins (Johnston-
Banks, 1990). Gelatin from pig skins is not accelgtdor Judaism and Islam and beef
gelatin is prohibited for Hindu (Karim and Bhat,0®). Due to the outbreak of Foot
and Mouth Disease (FMD) or Bovine Spongiform Enedppathy (BSE), land
animal tissue-derived collagens and gelatins arestipnable for transmitting
pathogenic vectors sugirocessing discards such as prions (Wilesrithl., 1991).

As a conegunences, fish gelatin has gained incrgasiterest as th potential

alternative for lan animal counterpart. Fish preaes discards such agin, fin, scale
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and bones, etcaccounts for 70-85% of the total weight of catchal8di, 1994)
Disposal of these wastes poses serious environhyotalem. Those resources have
been reported as promising raw material for gelatoduction (Gomez-Guilledt al.,
2002).

Nowadays, Thailand and other Southeast Asian cdesntiare
consuming a large amount of squid and cuttlefisloqgit et al., 2011b). During
processing, skin is generated as a by-product amdn create serious ecological
problems and environmental pollution without appraie management. Skin has a
low market value and is generally used as animad.f&elatin from cuttlefish skin
was extracted by Aewsimt al. (2009). Squid processing by-products are rich in
collagen (Brinckmann, 2005), which can be usedgglatin production. Gelatin has
been extracted from skins of splendid and giantidssqGimenezet al., 2009c;
Nagarajaret al., 2012a; Uriarte-Montoyat al., 2011). Nevertheless, the pigments in
squid skin pose a colour problem in the resultie@on. To tackle such a limitation,
H,O, can be used as bleaching ageniOHhas been used widely to improve the
whiteness of seafoods (Kolodziejsédaal., 1999; Thanonkaewt al., 2008). Aewsiri
et al. (2009)reported that soaking cuttlefish skin in 5%Q4for 48 h at 4 °C could
improve the colour of the resulting gelatin. Cuthgnno information regarding the
use of HO, as a bleaching agent in squid skin prior to gelextraction and its effect
on yield and properties of gelatin has been redoitbe objective of this work was to
study the effects of bleaching the skin usingkat different levels on yield, colour

and properties of resulting gelatin from splendjdid skin.
4.3 Materials and methods
4.3.1 Chemicals

2,4-dinitrophenylhydrazine (DNPH) was purchasednfrdVako Pure
Chemical Industries Ltd. (Chuo-Ku, Osaka, Japanjari&ine hydrochloride, 2,4,6-
trinitrobenzenesulphonic acid (TNBS), sodium suiphi-leucine, bovine serum
albumin (BSA) ang3-mercaptoethanolB(ME) were obtained from Sigma Chemical
Co. (St. Louis, MO, USA). High molecular weight pgm marker (53 kDa to 220
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kDa) was purchased from GE Healthcare UK (Buckingtare, UK).
Trichloroacetic acid (TCA), hydrogen peroxide,(®d) (30.96%, w/v), glycerol and
acetic acid were procured from Merck (Darmstadtrn@ay). Sodium dodecyl
sulphate (SDS), Coomassie Blue R-250 ahi,N’,N'-tetramethyl ethylene diamine
(TEMED) were obtained from Bio-Rad Laboratories i(¢iges, CA, USA).

4.3.2 Collection and preparation of squid skin

The skin of fresh splendid squildqligo formosana) was obtained from
Sea Wealth Frozen Food Co., Ltd., Songkhla, Thdiland stored in ice using a
skin/ice ratio of 1:2 (w/w). Upon arrival to the petment of Food Technology,
Prince of Songkla University, Hat Yai, Thailandetbkin was cleaned and washed
with iced tap water (0-2 °C). Skin contained 83%istwe, 14% protein, 1.1% ash
and 1.5% fat as determined by the method of AOA@@. The skin was then cut
into small pieces (0.5x0.5 & placed in polyethylene bags and stored at -20r?@

use. The skin was stored for not more than 2 months

4.3.3 Extraction of gelatin from squid skin bleached with H,O, at various

concentrations

Gelatin extraction was performed following the noethof Aewsiriet
al. (2009) with a slight modification. Prior to gelagxtraction, the prepared skin was
soaked in 0.05 M NaOH with a skin/solution ratiolol0 (w/v). The mixture was
stirred continuously for 6 h at room temperatureaatpeed of 150 rpm using an
overhead stirrer equipped with a propeller (RW 2Ki\-Werke GmbH & CO.KG,
Staufen, Germany). The alkaline solution was chdregeery 90 min for totally four
times to remove non collagenous proteins and pi¢ggneklkaline-treated skin was
separated using two layers of cheese cloth (40k#€atls per iné). The obtained
skin was then washed with tap water with a skinéweatio of 1:20 (w/v) until the pH
of wash water became neutral or faintly basic. Teath the skin, the prepared skin
was then soaked in 0, 1, 2, 4, 6 and 8%@Hw/v) with a skin/solution ratio of 1:10
(w/v) for 24 h with gentle stirring at a speed 601lrpm using an overhead stirrer at 4
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°C. H,O, solution was changed every 12 h for totally twoesmBleached skin was

washed thoroughly with a running tap water.

To extract gelatin, the bleached skin was soakelisiiiled water at 60
°C using a bleached skin/water ratio of 1:10 (whvia temperature-controlled water
bath (W350, Memmert, Schwabach, Germany) for 12ith & continuous stirring
using an overhead stirrer at a speed of 150 rprgdiganet al., 2012a). The mixture
was then filtered using two layers of cheese cldtme filtrate was further filtered
using a Whatman No. 4 filter paper (Whatman Intkomal Ltd., Maidstone,
England) with the aid of JEIO Model VE-11 electaspirator (JEIO TECH, Seoul,
Korea). The resultant filtrate was freeze-driechgsa Scanvac Model CoolSafe 55
freeze dryer (CoolSafe, Lynge, Denmark). The fresdized gelatins extracted from
the bleached squid skin using 0, 1, 2, 4, 6 andH3@, were referred to as ‘G0’, ‘G1’,
‘G2’, ‘G4, ‘G6’ and ‘G8’, respectively. All gelati samples were calculated for

extraction yield and subjected to analyses.
4.3.4Yield and Characterisation of gelatin
4.3.4.1Yield of gelatin

Yield of gelatin was calculated based on dry weightinitial skin

according to the method of Nagaragrml. (2012a).

Weight of freeze dried gelatin (g)
Yield (%) = ----ormomememeenenneneen - X 100
Weight of dry skin (g)

4.3.4.2 Determination of carbonyl content

Carbonyl content of gelatin was determined accgrtinthe method of
Liu and Xiong (2000a) with a slight modificationgéeous gelatin solution (0.5 ml, 3
mg protein/ml) was added with 2.0 ml of 10 mM 2jaHdophenylhydrazine (DNPH)
in 2 N HCIl. The mixture was allowed to stand forhlat room temperature.
Thereafter, 2 ml of 20% (w/v) TCA was added to prate the protein. The pellet
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was washed twice with 4 ml of ethanol.ethyl acefdtd, v/v) mixture, to remove
unreacted DNPH, blow-dried, and dissolved in 1.5 ofl 0.6 M guanidine

hydrochloride in 20 mM potassium phosphate buffai .3). The absorbance of
solution was measured at 370 nm using a spectroptatér (UV-1800, Shimadzu,
Kyoto, Japan). A molar absorptivity of 22,400 Mm™* was used to calculate

carbonyl content (Levinet al., 1990). Carbonyl content was expressed as pmol/g.
4.3.4.3 Determination of free amino group content

Free amino group content of aqueous gelatin solutihS pg
proteinful, w/v) was determined following the method of Bajl and Morrissey
(1997). Properly diluted samples (12B were mixed thoroughly with 2.0 ml of 0.2
M phosphate buffer, pH 8.2, followed by the additiof 1.0 ml of 0.01% 2,4,6-
trinitrobenzenesulphonic acid (TNBS) solution. Timéture was then placed in a
temperature controlled water bath at 50 °C for 30 m the dark. The reaction was
terminated by adding 2.0 ml of 0.1 M sodium sulphiThe mixtures were cooled
down at room temperature for 15 min. The absorbaraemeasured at 420 nm using
a spectrophotometer (Model UV-1800, Shimadzu, Kydtpan). Free amino group

content was expressed in termg déucine as pumol/g.
4.3.4.4 Electrophoretic analysis

SDS-polyacrylamide gel electrophoresis (SDS-PAGE} werformed
by the method of Laemmli (1970). Gelatin samplesavekssolved in 5% SDS and the
mixtures were incubated at 85 °C for 1 h. The nresuwere centrifuged at 3,500xg
for 5 min at room temperature using a microcengefu(MIK-RO20, Hettich
Zentrifugan, Tuttlingen, Germany) to remove undiso debris. Protein content in
the supernatant of all samples was determined usa&iuret method (Robinson and
Hogden, 1940). Gelatin samples were mixed at &1V} ratio with the sample buffer
(0.5 M Tris-HCI, pH 6.8, containing 4% SDS and 2@fgcerol). Samples (1qg
protein) were loaded onto polyacrylamide gels casnpy a 7.5% running gel and a
4% stacking gel and subjected to electrophoresss @instant current of 15 mA/gel
using a MINI PROTEAN Il unit (Bio-Rad Laboratorigsc., Richmond, CA, USA).
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After electrophoresis, the gel was stained wittb@Qqw/v) Coomassie Blue R- 250 in
15% (v/v) methanol and 5% (v/v) acetic acid andaaed with 30% (v/v) methanol
and 10% (v/v) acetic acid. High molecular weightrkea (53 kDa to 220 kDa) was
used. Relative mobility (jg of protein band was manually calculated and the
molecular weight of proteins was calculated froma phot between Rand log (MW)

of standards.

4.3.4.5 Attenuated total reflectance-Fourier transform infrared (ATR-
FTIR) spectroscopic analysis

Gelatin samples were subjected to FTIR analysisguBruker Model
EQUINOX 55 FTIR spectrometer (Bruker, Ettlingen, r@any) equipped with a
deuterated L-alanine triglycine sulphate (DLATGSgtettor. The horizontal
attenuated total reflectance (HATR) accessory wasunted in the sample
compartment. The internal reflection crystal (PTlechnologies, Madison, WI, USA),
made of zinc selenide, had a 45° angle of incidesfcthe IR beam. Spectra were
acquired in the IR range of 4000-650 ¢nimid-IR region) at 25 °C. Automatic
signals were collected in 32 scans at a resolutfehcni® and were ratioed against a
background spectrum recorded from the clean andyeogtl at 25 °C. Analysis of
spectral data was carried out using the OPUS 3@atdlection software programme
(Bruker, Ettlingen, Germany). Prior to data anaysihe spectra were baseline

corrected and normalised.
4.3.4.6 M easur ement of {-potential

Gelatin samples were dissolved in distilled water dbtain a
concentration of 0.5 mg/ml. The mixture was stiraédoom temperature for 6 h. The
(-potential of each sample (20 ml) was measuredguairzeta potential analyser
(ZetaPALS, Brookhaven Instruments Corp., HoltsyilldY, USA). (-Potential of
samples adjusted to different pHs with 1.0 M nitsicid or 1.0 M KOH using an
autotitrator (BI-ZTU, Brookhaven Instruments Cogltdville, New York, USA) was
determined. The pl of gelatin samples was estimfated pH rendering-potential of

Zero.
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4.3.4.7 Colour measur ement

Colour of freeze-dried gelatin was measured usi@jEacolourimeter
(Color Flex, Hunter Lab Inc., Reston, VA, USA). Sales were spread over the white
plate andL*, a* and b* parameters, indicating lightness or brightnesdness or
greenness and yellowness or blueness, respectielg, recorded. The colourimeter
was calibrated with a white standard. Total diffee in colour AE*) was calculated
according to the following equation (Gennadgbal., 1996).

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

where, AL*, Aa* and Ab* are the differences between the correspondingucolo
parameter of the sample and that of white stanflatrd 93.63 ,a*= -0.94 andb*=
0.40).

4.3.4.8 Deter mination of gel strength

Gelatin gels were prepared by the method of Fermiidaz,
Montero, and Gomez-Guillen (2001) with a slight nficdtion. Gelatin samples were
dissolved in distilled water at 60 °C to obtain flmal concentration of 6.67% (w/v).
The solution was stirred until the gelatin was bdised completely and cooled in a
refrigerator at 10 °C for 16-18 h for gel maturatidhe dimensions of the sample
were 3 cm in diameter and 2.5 cm in height. Samfplé€s °C) were taken from
refrigerator and gel strength was determined imateti using a Model TA-XT2
Texture Analyser (Stable Micro System, Surrey, WKih a load cell of 5 kN and
equipped with a 1.27 cm diameter flat faced cyiicair Teflo® plunger. The
maximum force (in grams) was recorded when the tpaten distance reached 4

mm. The speed of the plunger was 0.5 mm/s.
4.3.5 Statistical analyses

All experiments were performed in triplicates (n=8)d a completely
randomised design (CRD) was used. Analysis of madaANOVA) was performed

and the mean comparisons were done by Duncan’spheutange tests (Steel and
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Torrie, 1980). Data are presented as mean * stardfanation and the probability
value of P<0.05 was considered as significant.isSiedl analysis was performed
using the Statistical Package for Social ScienS&SG 17.0 for windows, SPSS Inc.,
Chicago, IL, USA).

4.4 Results and discussion
4.4.1 Extraction yield

Extraction yield of gelatins from the splendid stjgkin subjected to
bleaching with HO, at various concentrations is shown in Table 1@rdasing yield
was obtained when the concentration ofOk increased (P<0.05). Yield of 8.09,
14.48, 19.19, 22.82, 22.20 and 29.09% (on dry widigisis) was found for GO, G1,
G2, G4, G6 and G8, respectively. However, no diffees in yield were observed
between G4 and G6 (P>0.05). Aewsitial. (2009) reported a similar result for
cuttlefish skin gelatin, in which pretreatment okins using HO, at higher
concentrations resulted in the increased yield (@50 HO, was found to break the
hydrogen bond of collagen (Courts, 1961). Donnal McGinnis (197 7yeported
that tissue containing collagen was liquefied tlglowagitation with HO, (4-20%
H,O,) for 4-24 h. Therefore, #, more likely destroyed H-bond of collagen
molecules in splendid squid skin, resulting in acreased efficiency in gelatin
extraction. Furthermore, radicals generated frof@-Helated reactions might cleave
the peptide chain of collagen, thereby reducingrchength. The decomposition of
H,O, in aqueous solution occurs by dissociation anddigic cleavage of O—H or
O-0O bonds, with the formation of highly reactiveogucts: hydroperoxyl anion
(HOO ), and hydroperoxyl (HOand hydroxyl (OH radicals, which can react to
many substances, including chromatophores (Perk®@6). As a result, the gelatin
could be extracted with ease. The degree of coiversf collagen into gelatin
depends on the pretreatment conditions, the priogegsarameters (temperature,
extraction time and pH), and the properties andtieservation method of the starting
raw material (Karim and Bhat, 2009). Therefore;OK concentration used for

bleaching directly affected the extraction yieldgefatin from splendid squid skin.



Table 17. Yield, carbonyl content, free amino group coni@md colour of gelatins from the splendid squid skeached with

H,O, at various concentrations

Parameters GO Gl G2 G4 G6 G8

14.48+0.94d 19.19+0.70c  22.82+1.35b22.20+1.54b 29.09+2.01a

Yield (%, on dry weight basis) 8.09+0.53e

Carbonyl content (umol/g gelatin)

Free amino group content (umol/g gelatin) 0.42+0.00a  0.26£0.00b  0.25+0.00b  0.18+0.01c  0.1Bk®O. 0.14+0.00d

Colour
L* 66.01+0.10f 80.23+0.08c 83.16+0.24a 78.18+0.08d.77+0.0le 82.73+0.01b
ax 8.7510.06a  4.15+0.04b  3.42+0.06d  3.96+0.01c 2.2Z™#®. 1.1610.07f
b* 5.4610.07e  8.47+0.02d  8.58+0.18d  9.32+0.04c 11.Z49) 12.86+0.14a
AE* 29.70+0.07a 16.45+0.09e 13.99+0.10f 18.50+0.07c 9(HM.02b 17.33+0.08d

GO0, G1, G2, G4, G6 and G8 denote the skin bleaahitadH,0, at levels of 0, 1, 2, 4, 6 and 8% (w/v), respetiv

Mean * SD (n=3).
Different letters in the same row indicate sigrafit differences (P<0.05) according to Duncan'sipialtange tests.

29.85+0.73a 19.25+2.2217.57+0.01b 13.58+0.29c 13.32+0.25c 12.56+0.09c

611
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4.4.2 Carbonyl content

Carbonyl content of gelatins from the splendid dquekin with
different bleaching conditions is shown in Table Décreases in carbonyl content
were observed as B, concentration used for bleaching increased (P<0.05)
However, no differences in carbonyl content betw&dn G6 and G8 was observed
(P>0.05). Moreover, similar carbonyl contents wéoend between G1 and G2
(P>0.05). Carbonyl content is one of the most bédianeasures of protein oxidation
(Levine et al., 1990). In the presence of oxidising agentOFl particularly at high
concentration, gelatin was postulated to undergmation to higher extent. The
decrease in carbonyl content in gelatin bleachetth WO, at high concentration
might be associated with their reactivity with amiacid groups, especially via
Schiffs base process (Stadtman, 1997). As a coesequ the remaining carbonyl
group was decreased. Baretral. (2007) suggested that interactions between protein

carbonyl and other cell constituents may decreadmayl content.
4.4.3 Free amino group content

Free amino group content of gelatins from the spitersquid skin
subjected to bleaching using® at various concentrations is shown in Table 17.
Free amino group content of gelatins decreased imitteasing HO, concentrations
used for bleaching (P<0.05). The highest free angimoaip content was observed for
unbleached squid skin gelatin (P<0.05)Okximight cause both protein fragmentation
and aggregation (Deckeral., 1993). Due to the marked increases in extractielal y
the degradation of gelatin might take place. Ndwedeiss, thosei-amino groups
generated were postulated to react with carborgdigrLiu and Xiong (2000a) also
reported that carbonyls may react with the freenangroups to form amide bond.
Thus, the residual free amino groups were lowerldwe decreases in free amino
group contents were in accordance with the loweradbonyl content. The result
suggested that 4@, with increasing concentration might induce theraggtion and
oxidation of proteins more effectively.
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4.4.4 Protein patterns

Protein patterns of gelatins from the splendid dcgkin bleached with
H,0O, at different concentrations are depicted in Figlg Gelatin extracted from
splendid squid skin was composed mainlyathains (MW of 123-129 kDa). Dimer
(B-components) and higher MW aggregatesdmponents and others) were found at
a low content. Among all samples, GO had the highasd intensity ofi-chains as
well as proteins with MW of 70 and 76 kDa. The @asinga-chain band intensity
was observed in gelatins extracted from skin bledohith HO, (G1, G2, G4, G6
and G8). High MW protein bands appeared in thekgigogel. Aewsiriet al. (2009)
and Hoqueet al. (2011b) also reported the similar results forletigth skin gelatin. It

220 kDae—
170 kDa*—

116 kDat— W

53 kDae—

M GO Gl G2 G4 G6 G8
Figure 18. Protein patterns of gelatins from the splendidicgakin bleached with
H,0O; at various concentrations. M: High molecular weigtarkers. GO, G1, G2, G4,
G6 and G8 denote the skin bleached witlHat levels of 0, 1, 2, 4, 6 and 8% (w/v),

respectively. HMWP: High molecular weight proteins.

was noted that no proteins with MW of 70 and 76 kidere retained in gelatin
extracted from skin bleached with,®, regardless of concentration used. It was
postulated that those proteins might be susceptibleeither degradation or
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polymerisation induced by J@,. Additionally, less protein band intensity was
observed in G8, compared with others. Therefops@,Hised for bleaching caused the
disappearance afchains and some low MW proteins of gelatin.

445 ATR-FTIR spectra

FTIR spectra of gelatins from the splendid squith skubjected to
bleaching with HO, at various concentrations are shown in Figure 1BIRF
spectroscopy has been used to monitor the fundtgroaps and secondary structure
of gelatin (Muyongaet al., 2004c). All gelatin samples had the major paakamide
region. GO, G1, G2, G4, G6 and G8 exhibited thedarhiband at the wavenumber of
1632.71, 1633.98, 1635.28, 1641.12, 1640.45 an0.464m', respectively. Amide-
| vibration mode is primarily a C=0 stretching \aion coupled with the C-N stretch
and CCN deformation (Bandekar, 1992). Its exacatioa depends on the hydrogen
bonding and the conformation of protein structlwedrte-Montoyaet al., 2011). In
the present study, the amide-l peak was observeteirrange of 1632-1641 ¢
which was in accordance with that reported for yellmom cephalopod skin (Aewsiri
et al., 2009; Hoqueet al., 2011b). The characteristic absorption bands of&Q,G2,
G4, G6 and G8 in amide-ll region was noticeablehat wavenumber of 1538.76,
1547.06, 1548.84, 1547.46, 1543.81 and 1544.38, aespectively. The amide-I|
vibration mode is attributed to combination of tdeH in plane bend and the C-N
stretching vibration with smaller contributionsrndhe C-O in plane bend and the C-
C and N-C stretching vibrations (Jackson, Choo, stat Halliday, & Mantsch,
1995). In addition, amide-lll was detected arouhé wavenumber of 1234.03,
1236.50, 1236.71, 1237.25, 1236.21 and 1236.5% £m GO, G1, G2, G4, G6 and
G8, respectively. The amide-lll represents the doatibn peaks between C-N
stretching vibrations and N-H deformation from aidinkages as well as
absorptions arising from wagging vibrations from Lgtoups from the glycine
backbone and proline side-chains (Jackstad., 1995). The wavenumbers of amide-
I, amide-1l and amide-IIl peaks were lower for wdthed skin (GO), compared to



123

other gelatins extracted from skin bleached witOH(G1, G2, G4, G6 and G8).
Higher wavenumbers were more likely related todhanges in carbonyl and amino
group contents during bleaching, caused by protedidlation and fragmentation,
respectively. Those reactive groups were able tdergo glycation process, as
indicated by the decreasing in carbonyl and freemargroup (Table 17). Hydrogen
bond between molecules of gelatin with bleachinglatde plausibly impeded since
H-donor or H-acceptor residues or domains were pthsla aggregation mediated by
glycation. Conversely, GO could have higher H-bbetiveen adjacent molecules as
indicated by the lower wavenumbers.

Amide- | Amide- 11
Amide- A _¢ Amide- 111

G8

—G6

—G2

Absorbance (A.U.)
I

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Figure 19. ATR-FTIR spectra of gelatins from the splendididggkin bleached with
H,O; at various concentrations. GO, G1, G2, G4, G6 addi&ote the skin bleached
with H,O; at levels of 0, 1, 2, 4, 6 and 8% (w/v), respesiiv
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Amide-A band, arising from the stretching vibrasoof the N-H
group, appeared at 3290.80, 3287.65, 3282.33, 8298287.90 and 3289.12 ¢rfor
GO, G1, G2, G4, G6 and G8, respectively. Amidegresents NH-stretching coupled
with hydrogen bonding (Muyonga al., 2004c). When the N-H group of a peptide is
involved in a H-bond, the position shifts to loweavenumbers (Doyle et al., 1975).
This shift of amide-A to lower wavenumbers was mbkely associated with the
reactivity of free amino acid towards glycation. eTlamide-B was observed at
wavenumber of 3085.38, 3084.59, 3077.88, 3079.887.33 and 3082.00 chifor
GO, G1, G2, G4, G6 and G8, respectively, correspgnit the asymmetric stretching
vibration of =C-H as well as -N#.. For GO, G1, G2, G4, G6 and G8, the peaks with
the wavenumber of 2846.34, 2847.19, 2848.14, 2849X849.69, and 2849.96
(symmetrical) or 2915.11, 2918.04, 2920.98, 2920.2919.11 and 2919.30
(asymmetrical) were observed, respectively. ltespnts C—H stretching vibrations of
the —CH groups (D’Souza et al., 2008). Thus, the secondiugture and functional
group of gelatins from squid skin bleached witfOxiwas affected to some extent and
H,O, concentration was a factor governing those changes.

4.4.6 (-potential analysis

(-potential values of gelatin from the splendid siggkin bleached with
H,O; at various concentrations were measured as a @umofi pH as illustrated in
Figure 20. All gelatin samples were positively ded at acidic pH ranges and
became negatively charged under alkaline conditidwst charge of zero was
obtained at pH 5.56, 5.42, 5.18, 5.66, 5.95 and 8GO0, G1, G2, G4, G6 and G8,
respectively. Those pHs were presumably pl of thgetatin samples. Protein
molecules in an aqueous system have zero net chatgeir isoelectric points (pl), in
which the positive charges are balanced out byndgative charges (Bonner, 2007).
Lower pl value was observed for G2 and higher \aluere noticeable for G6 and G8
(P<0.05). Squid skin gelatin had higher amountadiia amino acids (glutamic acid
and aspartic acid) than that of basic amino adydsng and arginine) (Nagarajah
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al., 2012a). High glutamic acid and aspartic acid awtstevere also reported for
gelatin from cuttlefish $epia officinalis) skin and giant squiddosidicus gigas) skin
(Balti et al., 2011; Gimenezet al., 2009c). Deamidation might take place and
glutamic acid and aspatrtic acid could be formedatatins, obtained from squid skin
bleached with KO, at low concentrations (G1 and G2). Glycation preciesind in
gelatin extracted from skin bleached withQ] at high concentrations (G6 and G8)
might contribute to the alteration of charged resslof those gelatins. Differences in
charge characteristics or distributions more likidyermined functional properties of
gelatins obtained from splendid squid skin subpbdie bleaching using ¥, at

various concentrations.
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Figure 20. {-potential of gelatins from the splendid squid skieached with BD, at
various concentrations. GO, G1, G2, G4, G6 and &®t the skin bleached with
H,O; at levels of 0, 1, 2, 4, 6 and 8% (w/v), respesiivBars represent the standard

deviation (n=3).
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4.4.7 Colour

Differences in colour were observed between theatige from
splendid squid skin bleached with®} at various concentrations (P<0.05) (Table 17).
G2 showed the higheL*-value (lightness) than others (P<0.05). Tdfevalue
(redness) of gelatin decreased with increasig@ldoncentrations. On the other hand,
b*-value (yellowness) of gelatin increased as thecentration of HO, increased
(P<0.05). The increase bt-value was coincidental with both decreases inaayb
and free amino group contents (Table 17). The resigigested that those free amino
groups could undergo browning reaction along wahbonyl compounds in gelatin
during extraction. Among all gelatin samples, G?vgbd the loweshnE* (13.99).
This was concomitant with the highest lightndssyalue). Perkins (1996) stated that
hydroperoxyl anion is a strong nucleophile whictrinlg bleaching, is able to break
the chemical bonds that make up the chromophons. Might lead to the formation
of different substances, which either did not conta chromophore, or contained a
chromophore that did not absorb visible light. Efere, HO, at a concentration of
2% was able to improve the colour of gelatin frgesteadid squid skin.

4.4.8 Gd strength

Gel strength of gelatins from the splendid squich skith various
bleaching conditions is shown in Figure 21. Getrsith is one of the most important
functional properties of gelatin. Gel strength @flagin decreased with increasing
H,O, concentrations used for bleaching. GO showed thkdsit gel strength (234 Q)
(P<0.05). The difference in gel strength betweesn samples could be due to the
differences in intrinsic characteristics, such asletular-weight distribution and
amino acid composition (Nagarajaet al., 2012a). Protein fragments caused by
degradation may reduce the ability @thains to anneal correctly by hindering the
growth of the existing nucleation sites (Ledwar®88). However, large protein
aggregates also possess poor gel forming abilitywhich the binding sites with
adjacent protein molecules became lowered. Whgby, Ht high concentration was
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used, it might induce both fragmentation and agafieg of gelatin molecules. As a
result, gel forming ability turned to be inferios @videnced by the lowered gel
strength. Gelatins with higher content @fchain were reported to possess better
functional properties including gelation, emulsifgiand foaming properties (Gomez-
Guillenet al., 2002). In general, the formation of peptide fragteas associated with
lower viscosity, low melting point, low setting pbj high setting time, as well as
decreased bloom strength of gelatin (Karim and B?@@9). HO, concentration used

for bleaching directly determined gel forming alyilof gelatin from squid skin.
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Figure 21. Gel strength of gelatins from the splendid scgkioh bleached with pD-
at various concentrations. GO, G1, G2, G4, G6 a8dléhote the skin bleached with
H,O; at levels of 0, 1, 2, 4, 6 and 8% (w/v), respesiivBars represent the standard

Gel strength (g)

deviation (n=3). Different letters indicate signdnt differences (P<0.05) according

to Duncan's multiple range tests. g: Maximum foncgrams.
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4.5 Conclusion

Gelatin from splendid squid skin bleached wityOplat a concentration
of 2% had the improved colour. 8, at higher concentration resulted in the
increasing yield however negatively affected gellproperty and colour. Therefore,

bleaching of squid skin using 2%® was recommended prior to gelatin extraction.



CHAPTERS

FILM FORMING ABILITY OF GELATINSFROM SPLENDID SQUID
(LOLIGO FORMOSANA) SKIN BLEACHED WITH
HYDROGEN PEROXIDE

5.1 Abstract

Properties of gelatin films from splendid squidoljgo formosana)
skin bleached with hydrogen peroxide,@d) at various concentrations (0-8% w/v)
were investigated. Tensile strength (TS) and waggrour permeability (WVP) of
films decreased, but elongation at break (EAB) eased (P<0.05) as the
concentration of kD, increased. Among all films, that prepared fromagelwith 2%
H,0, bleaching showed the lowesE*-value (total colour difference), which was
concomitant with the highes&t-value (lightness). Generally, higher concentratbn
H,O, resulted in the increased*-value (yellowness) of resulting films.
Electrophoretic study revealed thathains of gelatin in films became lowered with
increasing HO, concentrations used for bleaching. Thermogravimetmalysis
indicated that heat susceptibility and weight logglifferent films varied with KO,
concentrations. Rougher surface was obtained iatigefilms prepared from skin
bleached with KO, concentrations above 4%. Thus, the concentratidbf©, used
for bleaching of squid skin prior to gelatin extian directly affected the properties
of corresponding gelatin films.

5.2 Introduction

Nowadays, biodegradable films are gaining increpsattention as
important non-toxic and eco-friendly packaging mate over synthetic
thermoplastic films (Tongnuancha&hal., 2012). Moreover, biodegradable materials

have several desirable physico-chemical charatitarigver synthetic counterpart.

Renewable biopolymers such as proteins, lipids pmigisaccharides

have been used as potential film-forming materddafanathan, 2003). Gelatin is a

129
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well known biopolymer among the animal proteins ifsr film-forming ability and
applicability for food packaging and storage (Gor@zllen et al., 2009). Due to the
constraints for the use of bovine and porcine gelassociated with religious
prohibition and possible disease transmission tigeleom aquatic animal has gained
increasing attentior(Karim and Bhat, 2009 Gelatins from the skin of unicorn
leatherjacket (Ahmaset al., 2012, bigeye snapper (Rattaghal., 2009, and tilapia
(Pranotoet al., 2007 have been used for film preparationsh-gelatins have been
reported to exhibit good film-forming propertieselding transparent, colourless, and
highly extensible films (Jongjareonrakal., 2006b). Additionally, it can be used as
the smart packaging, in which the antioxidantsrmaicrobials can be incorporated
(Jongjareonraket al., 2008; Tongnuanchaset al., 2012). Owing to the superior
oxygen barrier property, fish gelatin based filnmuldoprevent the lipid oxidation in
food systems (Jongjareonretkal., 2006b). However, gelatin has the hydrophilicity in
nature and the film from gelatin generally shows lwater vapour barrier property.
Furthermore, gelatin film has the relatively poagahanical properties, in comparison
with traditional synthetic polymeric films (McHugind Krochta, 1994), which may
limit its commercial use. To tackle this problengeveral approaches have been
developed to improve the barrier property, e.g. itterporation of essential oils
(Tongnuanchanet al., 2012) and fatty acid Limpisophon et al., 2010). The
mechanical properties of fish gelatin film were noyed by the incorporation of
nanoclays (Shakilet al., 2012b).

Squid and cuttlefish have become the importantefiglproducts in
Thailand as well as other Southeast Asian countrdesl are mainly exported
worldwide (Hoquest al., 2011b). During processing, skin is generated ag@roduct
with the low market value. Skin generally consgtiaround 3-5% of total weight.
Nevertheless, it can be used as alternative rawmahfor gelatin production. Gelatin
has been extracted from the skins of splendid @mat gquid (Gimeneet al., 2009c;
Nagarajaret al., 2012a; Uriarte-Montoyat al., 2011). Nevertheless, the pigments in
squid skin pose a colour problem in the resultie@on. To tackle such a limitation,
H,0, has been recently used for bleaching squid skior ga extraction of gelatin
(Nagarajanet al., 2013a). However, no information regarding propsrtof gelatin
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film from squid skin as affected by bleaching hastbreported. Therefore, this study
aimed to investigate the effects ofb®4 at various concentrations for squid skin
bleaching prior to gelatin extraction on propertésorresponding gelatin films.

5.3 Materials and methods
5.3.1 Chemicals

Bovine serum albumin (BSA) angi-mercaptoethanolB(ME) were
obtained from Sigma Chemical Co. (St. Louis, MO,A)SHigh molecular weight
protein marker was purchased from GE Healthcare (Ukile Chalfont, UK).
Hydrogen peroxide (¥D,) (30.96% wi/v), glycerol and acetic acid were precu
from Merck (Darmstadt, Germany). Sodium dodecypbate (SDS), Coomassie Blue
R-250 andN,N,N’,N'-tetramethyl ethylene diamine (TEMED) were obtairfeaim

Bio-Rad Laboratories (Hercules, CA).
5.3.2 Collection and preparation of squid skin

The skin of fresh splendid squildgligo formosana) was obtained from
Sea Wealth Frozen Food Co., Ltd., Songkhla, Thdiland stored in ice using a
skin/ice ratio of 1:2 (w/w). The sample was tramsgwd to the Department of Food
Technology, Prince of Songkla University, Hat Yaiailand within 2 h. Upon
arrival, the skin was cleaned and washed with te@dwater (0-2 °C). The skin was
then cut into small pieces (0.5x0.53nplaced in polyethylene bags and stored at -20

°C until use. The skin was stored for not more thanonths.
5.3.3 Extraction of gelatin from squid skin

Gelatin extraction was performed following the noetlof Aewsiriet
al. (2009) and Nagarajaet al. (2013a) with a slight modification. Prior to gehat
extraction, the prepared skin was soaked in 0.0$a@H with a skin/solution ratio of
1:10 (w/v). The mixture was stirred continuously b h at room temperature at a
speed of 150 rpm using an overhead stirrer equippida propeller (RW 20.n, IKA-
Werke GmbH & CO.KG, Staufen, Germany). The alkalsmution was changed
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every 90 min to remove non collagenous proteinsmgishents. Alkaline-treated skin
was then washed with tap water until the neutrafaortly basic pH of wash water
was obtained. The skin was then soaked in 0, 4, 8,and 8% b, (w/v) solution

with a skin/solution ratio of 1:10 (w/v) for 24 hittv an occasional stirring at 4 °C.
H,O; solution was changed every 12 h to bleach the &kteached skin was washed

thoroughly with a running tap water.

To extract gelatin, the bleached skin was soakelisiiiled water at 60
°C using a bleached skin/water ratio of 1:10 (whvia temperature-controlled water
bath (W350, Memmert, Schwabach, Germany) for 12th a&vcontinuous stirring at a
speed of 150 rpm. The mixture was then filteredgi$ivo layers of cheese cloth. The
fillrate was further filtered using a Whatman No. fdter paper (Whatman
International, Ltd., Maidstone, UK) with the aid dEIO Model VE-11 electric
aspirator (JEIO TECH, Seoul, Korea). The resulfdinate was freeze-dried using a
Scanvac Model CoolSafe 55 freeze dryer (CoolSafege, Denmark). The freeze-
dried gelatins extracted from the skin bleachedhabus concentrations of.B, were
referred to as ‘GO’, ‘G1’, ‘G2, ‘G4’, ‘G6’ and ‘G8respectively. ‘G0’, ‘G1’, ‘G2,
‘G4, ‘G6’ and ‘G8’ contained 94.93, 97.94, 97.58.95, 94.98 and 94.53% protein
(dry weight basis), respectively as analysed byKjledhal method (AOAC, 2000).

5.3.4 Preparation of gelatin films

Gelatin films were prepared as per the method afjarganet al.

(2012b) with a slight modification. The freeze-drigelatins extracted from the skin
bleached at various concentrations efokiwere used for film preparation. Firstly,
film forming solutions (FFS) were prepared by miithe freeze-dried gelatins with
distilled water to obtain the protein concentratmn3% (w/v). Thereafterglycerol
(25% of protein) was added into FFS as a plasticiSES was degassed using the
sonicating bath (S 30 H; Elmasonic, Singen, Germé&myl0 min. FFS (4 + 0.01 g)
was then cast onto a rimmed silicone resin plate %5cnf), air-blown for 12 h at 25
°C, followed by drying in an environmental chami{&inder GmbH, Tuttlingen,
Germany) at 25 = 0.5 °C and 50 £ 5% relative hutyi@RH) for 24 h. Dried film
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samples were manually peeled off and referred té-@s ‘F1’, ‘F2’, ‘F4’, ‘F6’ and
‘F8’, respectively. All films were analysed.

5.3.5 Anayses

Prior to testing, film samples were conditioned 4& h at 50 + 5%
relative humidity (RH) and 25 + 0.5 °C. For ATR-IR[ISEM and TGA studies, films
were conditioned in a desiccator containing drididasgel for 3 weeks to minimise
the plasticising effect of water at room tempemt(28-30 °C) to obtain the most

dehydrated films.
5.3.5.1 Thickness

The thickness of ten film samples of each treatnveam$ measured
using a digital micrometer (Mitutoyo, Model ID-CIR®I, Serial No. 00320,
Mituyoto Corp., Kawasaki-shi, Japan). Ten randooatmns around each film sample

were used for determination of thickness
5.3.5.2 Mechanical properties

Tensile strength (TS) and elongation at break (EABJ)iIm samples
were determined as described by Iwataal. (2000) using the Universal Testing
Machine (Lloyd Instrument, Hampshire, UK). The tesas performed in the
controlled room at 25°C and 50 + 5% RH. Ten filnmpées (2 x 5 crf) with the
initial grip length of 3 cm were used for testifidhe flm samples were clamped and
deformed under tensile loading using a 100 N logltweith the cross head speed of
30 mm/min until the samples were broken. The marinhead and the final extension

at break were used for calculation of TS and EARBpectively
5.3.5.3 Water Vapour Permeability

Water vapour permeability (WVP) was measured usingodified
ASTM (American Society for Testing and Material989) method as described by
Shiku et al. (2004). The film samples were sealed on an aluminpermeation cup

containing dried silica gel (0% RH) with siliconacuum grease and rubber gasket.
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The cups were placed at 30 °C in a desiccator ongathe distilled water, followed
by weighing after every 1 h intervals for up to .8Five film samples were used for
WVP testing. WVP of the film was calculated asdolk:

WVP (gmni’s’Pal) = WAt (Py-Py) !

where,w is the weight gain of the cup (d)is the film thickness (m) is the exposed
area of film (M); t is the time of gain (s);R-P1) is the vapour pressure difference
across the film (Pa).

5.3.5.4 Colour

Colour of five film samples was determined usinGl& colourimeter
(Hunter associates laboratory, Inc., Reston, VAAUSColour of the film was
expressed as*- (lightness or brightnessg*- (redness or greenness) aht-
(yellowness or blueness) values. Total differentecolour AE*) was calculated
according to the following equation (Gennadgbal., 1996).

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

where, AL*, Aa* and Ab* are the differences between the correspondingucolo
parameter of the sample and that of white stan@ard 92.83,a*= -1.28 andb*=
0.52).

5.3.5.,5 Light transmission and transparency

Light transmission in ultraviolet (UV) and visibtanges of five films
was measured at selected wavelengths between 2080&nnm, using a UV-Visible
spectrophotometer (Model UV-1800, Shimadzu, Kyalapan) according to the
method of Jongjareonrad al. (2008). The transparency value of film was calimda

by the following equation (Han and Floros, 1997).

Transparency value = (-l0G00)/X
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where,Teoo IS the fractional transmittance at 600 nm ansl the film thickness (mm).

The higher transparency value represents the loaesparency of films.
5.3.5.6 Electrophoretic analysis

SDS-polyacrylamide gel electrophoresis (SDS-PAGE} werformed
by the method of Laemmli (1970). Gelatin film sasgplere dissolved in 5% SDS
and the mixtures were incubated at 85 °C for 1He mixtures were centrifuged at
3,500xg for 5 min at room temperature using a ntentrifuge (MIK-RO20, Hettich
Zentrifugan, Tuttlingen, Germany) to remove undieso debris. Protein content in
the supernatant of all samples was determined ubm@iuret method (Robinson &
Hogden, 1940). Gelatin film samples were mixed atla(v/v) ratio with the sample
buffer (0.5 M Tris-HCI, pH 6.8, containing 4% SD8da20% glycerol). Samples (20
ug protein) were loaded onto polyacrylamide gels posimg a 7.5% running gel and
a 4% stacking gel and subjected to electrophoegsasconstant current of 15 mA/gel
using a Mini Protean Il unit (Bio-Rad Laboratoriés;., Richmond, CA, USA). After
electrophoresis, the gel was stained with 0.05%)(@bomassie Blue R- 250 in 15%
(v/v) methanol and 5% (v/v) acetic acid and dest@iwith 30% (v/v) methanol and
10% (v/v) acetic acid. Relative mobility {Rof protein band was calculated and the
molecular weight of the protein was calculated frtme plot between Rand log
(MW) of standards.

5.3.5.7 Attenuated total reflectance-Fourier transform infrared (ATR-
FTIR) spectroscopic analysis

Gelatin film samples were subjected to FTIR analysing a Bruker
Model EQUINOX 55 FTIR spectrometer (Bruker, Ettlemg Germany) equipped with
a deuterated L-alanine triglycine sulphate (DLATG&jtector as described by
Nuthong, Benjakul, and Prodpran (2009). The hotialoattenuated total reflectance
(HATR) accessory was mounted in the sample comgartnThe internal reflection
crystal (Pike Technologies, Madison, WI, USA), madezinc selenide, had a 45°
angle of incidence of the IR beam. Spectra wereiead| in the IR range of 4000-650

cm ™ (mid-IR region) at 25 °C. Automatic signals wemlected in 32 scans at a
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resolution of 4 cit and were ratioed against a background spectrunrded from
the clean and empty cell at 25 °C. Analysis of sjaédata was carried out using the
OPUS 3.0 data collection software programme (Bruké#tingen, Germany). Prior to

data analysis, the spectra were baseline corracigeormalised.
5.3.5.8 Thermo-gravimetric analysis (TGA)

Dried film samples were scanned using a thermogratvic analyser
(TGA-7, Perkin Elmer, Norwalk, CT, USA) from 50 600 °C using a heating rate of
10 °C/min (Nuthongt al., 2009). Nitrogen was used as the purge gas atarélte of

20 ml/min.
5.3.5.9 Microstructure analysis

Microstructure of upper surface and cryo-fractuceass-section of the
gelatin film samples was visualised using a scapmlectron microscope (SEM)
(Quanta 400, FEI, Praha, Czech Republic) at anleratmg voltage of 15 kV as
described by Hoquet al. (2011b). The gelatin film samples were cryo-fraetuby
immersion in liquid nitrogen. Prior to visualisatidhe film samples were mounted on
brass stub and sputtered with gold in order to mihlee sample conductive, and
photographs were taken at 5000x magnification tofage. For cross-section, cryo-
fractured films were mounted around stubs perpetalily using double sided

adhesive tape, coated with gold and observed atG8@x magnification.
5.3.6 Statistical analyses

All experiments were performed in triplicates (n=8)d a completely
randomised design (CRD) was used. Analysis of maga ANOVA) was performed
and the mean comparisons were done by Duncan’dpheutange tests (Steel and
Torrie, 1980). Data are presented as mean * stdrdfanation and the probability
value of P<0.05 was considered as significant.isSidl analysis was performed
using the Statistical Package for Social Scien8&SS 17.0 for windows, SPSS Inc.,
Chicago, IL, USA).
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5.4 Results and discussion
5.4.1 Thickness

Thickness of gelatin films from the splendid sgskin subjected to
bleaching with HO, at various concentrations is shown in Table 18cKriess of
gelatin films prepared from skin bleached witbCOzlabove 1% was higher than that
of control gelatin film (FO), prepared from skintiout bleaching (P<0.05). It was
noted that F4, F6 and F8 showed the similar thiskn®>0.05). Increased thickness
with increasing concentration of,8, might be due to protrusion of the resulting
films. H,O, plausibly induced the oxidation of proteins, inigththe aggregation of
proteins took place to some extent. Those aggregatere not able to align
themselves into the compact network, as indicatethé increased thickness (Ahmad
et al., 2012). Therefore, the thickness of gelatin filmaswaffected by the levels of

H,0O, used for bleaching of skin prior to gelatin extrawt
5.4.2 Mechanical properties

Mechanical properties of gelatin films from the esplid squid skin
with different bleaching conditions are shown inblEal8. Tensile strength (TS) of
gelatin films decreased with increasing conceriratf HO,. On the other hand,
elongation at break (EAB) of gelatin films incredses HO, concentration used for
skin bleaching increased (P<0.05). However, theafidd,O, at low concentration (1
or 2%) for skin bleaching had no impact on TS sutgng film. An increase in EAB
was observed in F6 and F8 samples, compared wathdhtrol (P<0.05). Of all films,
F8 showed the highest EAB (P<0.05). No differemc&AB between F4 and F6 was
observed. KO, is the powerful oxidising agent, which is ablepduce the HO
radicals and those radicals can oxidise most ocgeoimpounds including proteins
(Kocha et al., 1997). Several proteins including myosin (Liu axing, 2000b),
collagen and related substrates (Hawkins and Dat@37) and albumin (Kochet
al., 1997) were reported to undergo oxidation in thespnce of kD,. H,O, caused

the formation of highly reactive products, such haglroperoxyl anion (HOQ,

hydroperoxyl (HOQ and hydroxyl (HO radicals, which are reactive toward proteins
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(Perkins, 1996). Stadtman (2001) reported that hlighcentration of kD, might
contribute to the production of excessive amourtitthe HO radical, which most
likely caused peptide cleavage of the glutamyl sidain and proline residue of the
protein. In the present study, shorter chain peptitbund in gelatin caused by
fragmentation induced by B, at high levels might be associated with lower
intermolecular interaction in the film matrix. Thigas more likely attributable to the
weaker film network, as evidenced by the decredsednd simultaneously increased
EAB of films prepared from gelatin bleached withQ4 at high concentrations (F6
and F8). The results suggested that the mechamiopkrties of gelatin films were

largely affected by the concentration of®4 used for skin bleaching.

Table 18. Tensile strength (TS), elongation at break (EAB)atev vapour
permeability (WVP) and thickness of gelatin filmorh the splendid squid skin

bleached with KO, at various concentrations

Film TS EAB WVP Thickness
Samples  (MPa) (%) (X10gmm?s'pPa?) (mm)

FO 33.51#3.46a  5.74%0.76C 4.01#0.04a 0.025£0.0033c
F1 31.09+2.74a 5.39+0.95¢c 3.75+0.01ab 0.031+0.0038b
F2 28.14+1.48a 7.33+0.96¢ 3.33+0.04abc 0.032+0.0049b
F4 22.06+3.31b 10.52+5.88bc 3.13+0.05bc 0.040£0.0040a
F6 21.33+1.01b 14.6+4.31b 2.72+0.05c 0.042+0.0035a
F8 12.20+1.74c 21.86+2.85a 2.81+0.04c 0.040£0.0042a

Mean + SD (n=3).
Different letters in the same column indicate digant differences (P<0.05).
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5.4.3 Water Vapour Permeability (WVP)

WVP of gelatin films from the splendid squid skimbgected to
bleaching using KD, at various concentrations is shown in Table 18atBefilm
from unbleached skin (FO) had similar WVP to tho$é¢-1 and F2 (P>0.05). It was
found that F6 and F8 had the lower WVP than FO RhdP<0.05), but their WVP
was not different from those of F2 and F4. Thisitesuggested that films of gelatin
extracted from skin bleached with,®; at high concentration had the lower
hydrophilicity. From our previous study, the highége amino group and carbonyl
group contents were observed for unbleached sdard gelatin (Nagarajaret al.,
2013a). The decreases in free amino group and m@rgooup contents were found in
gelatin prepared from squid skin bleached wit®Fht high concentrations. Hoqee
al. (2011a) stated that carbonyl and amino groups wtiheasing numbers could
form hydrogen bonds with the water molecules tagadr degree. This resulted in the
increased hydrophilicity of the resulting films. Okhdicals, generated from,6;
might cause a wide variety of reactions on proteoiecules, including modification
of amino acids, fragmentation and polymerisatiopeptide chains (Liu and Xiong,
2000b). Those changes might be associated witlotering of hydrophilic domains
of gelatins extracted from skin bleached with hegimcentration of kD,. As a result,
the migration of water molecules in those gelaiimg could be lowered, thus
decreasing WVP. Therefore, gelatin films had var\&¥/P, depending on the
concentrations of ¥, used for skin bleaching prior to gelatin extractio

5.4.4 Colour

Differences in colour were observed amongst gelltims from the
splendid squid skin bleached with®} at various concentrations (P<0.05) (Table 19).
Gelatin films from squid skin bleached with 2%®4 (F2) showed highek*- value
(lightness) than FO and F1 (P<0.05), but had ndemdihces inL*- value, in
comparison with F4, F6 and F8. Th&- value (redness) of gelatin films decreased
when skin was bleached with®. H,O in the range of 2-8% gave similaf- value

for films (P>0.05), while b*- value (yellowness) of gelatin films increasedtlas
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concentration of b, increased (P<0.05). The high&st value was obtained in F8
(P<0.05). Among all gelatin samples, F2 showed|theestAE* (17.70) (P<0.05).
H,0O; at high concentration was able to oxidise the pmg@s shown by the lower
a*- value. However, kD, at high level induced the formation of yellow filmSree
amino group and carbonyl group in F8 sample maedhliundergo browning reaction
during film casting and drying (Ajandouz and Purgee, 1999). Therefore, 4, at
an appropriate concentration was able to improeedblour of gelatin films from
splendid squid skin, whereas®} at high level caused the yellowish colour in gelati

films.
5.4.5 Light transmission and transparency values

Transmission of UV and visible light at selectedvelangths in the
range of 200-800 nm of gelatin films from the splielhsquid skin bleached with,B-
at various concentrations is shown in Table 19. Ldw light transmission was
observed at 200 and 280 nm for all films. Howewtightly higher transmission at
280 nm was found for FO, compared with those froelatgn with bleaching.
Generally, gelatin films exhibited low light transmsion in the UV range
(Jongjareonraket al., 2008). Gelatin film effectively prevents the lipakidation,
which is induced by UV light (Limpisophoert al., 2009). Light transmission in
visible range (350-800 nm) of films ranged from 211to 86.44%. Similar light
transmission in visible range of 400-800 nm wastbbetween FO and F2. However,
at 350 and 400 nm, the former showed the high in&ssson. Decreasing light
transmission of films prepared from gelatin bleachgth increasing concentration of
H,O, was in agreement with the increas®d values of gelatin films (Table 19). The
increased yellowness and opaqueness of thoserigist contribute to lowering light
transmission of those films. The results suggestatthe concentration of.B, used
for skin bleaching prior to gelatin extraction haa impact on light transmission and

transparency of resulting films.



Table 19. Colour, light transmittance and transparency vabiegelatin films from the splendid squid skin libad with HO, at various

concentrations

Film Colour Transmittance (%) Transpar ency
samples values

L* a* b* AE* 200 280 350 400 500 600 700 800

FO 76.77£2.75c  6.26x1.44a 11.49+¥1.92d 20.86+3.66cd 0 0.8.19 45.86 58.79 69.667/8.64 84.07 86.05 4.60+0.47a
F1 78.41+0.95bc  2.90+0.42b 14.46+1.20d 22.63%£1.58bc02 0.0.07 12.28 30.29 56.72/0.91 80.30 83.72  3.72+0.52b
F2 82.03£1.30a 1.28+0.52c 17.32+1.51c 17.70+2.03d 0.624 35.24 53.78 72.2080.01 84.58 86.44  3.54+0.03b
F4 79.81+1.85ab 1.47+0.71c 21.73#1.31b 25.04+3.84ak00 0.0.42 16.93 35.83 59.85/0.22 76.02 78.87  3.95+0.14b
F6 79.75%£1.89ab 1.74+0.81c 21.04%+1.91b 24.53+2.71ah€0 00.41 18.38 37.91 61.90/2.13 77.89 80.60 3.99+0.30ab
F8 80.0£1.50ab 1.17+0.60c 24.55+2.81a 27.34+¥3.22a 0010 11.21 30.03 57.9669.94 76.22 79.25 4.11+0.23ab

Mean + SD (n=3).

Different letters in the same column indicate digant differences (P<0.05).

144"
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5.4.6 Protein patterns

Protein patterns of gelatin films from the splendpiid skin bleached
with H,O; at different concentrations are illustrated in Feg@2. Gelatin films were
composed ofi-chains with the MW of 121-128 kDa. Amongst all sdes, FO had the
highest band intensity of-chains as well as proteins with MW of 76 and 7@kNo
proteins with MW of 76 and 70 kDa were retainedgelatin films prepared from
squid skin bleached with J@,, regardless of concentration used. It was pogdlat
that those proteins might be susceptible to eittegradation or polymerisation
induced by HO,. When HO, was used for bleaching, it might induce both
fragmentation and polymerisation (Liu and Xiong, 0@B; Stadtman, 2001).
Molecular distribution as affected by,®, used for skin bleaching was an important
factor determining the properties of resulting 8Im

220 kD

170 kDe— o 0
76 KDat— v -
70 KDot—— s ' S

M FO F1 F2 F4 F6 F8

Figure 22. Protein patterns of gelatin films from the splehdguid skin bleached
using HO; at various concentrations. M: High molecular weigtarkers. FO, F1, F2,
F4, F6 and F8 denote the gelatin films from splérsdjuid skin bleached with,B, at
levels of 0, 1, 2, 4, 6 and 8%, respectively.
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5.4.7 FT-IR spectra analysis

FTIR spectra of gelatin films from the splendid isigskin subjected to
bleaching with HO, at various concentrations are depicted in Figua. FTIR
spectroscopy has been used to monitor the fundtgrmaps and secondary structure
of gelatin (Muyongaet al., 2004c) and interaction of gelatins in the film
(Jongjareonralet al., 2008). All gelatin samples had the major peakanmde region.
Amide-l peak (C=0 stretching vibration coupled witine C-N stretch and CCN
deformation) was found for FO, F1, F2, F4, F6 aBdFthe wavenumber of 1642.95,
1647.71, 1641.51, 1642.74, 1642.00 and 1644.47, crespectively. The result
suggested that the hydrogen bonding and the coat@mof protein structure might
be slightly different (Bandekar, 1992; Uriarte-Mowy& et al., 2011). The amide | is
the most useful peak for infrared analysis of teeosdary structure of protein
including gelatin (Surewicz and Mantsch, 1988). Tharacteristic absorption peaks
of FO, F1, F2, F4, F6 and F8 in amide-Il region waticeable at the wavenumber of
1548.40, 1553.07, 1546.71, 1551.04, 1550.92 an®.284cm, respectively. The
amide-I1l vibration mode is attributed to combinatf the N-H in plane bend and the
C-N stretching vibration with smaller contributiofrem the C-O in plane bend and
the C-C and N-C stretching vibrations (Jacksbml., 1995). In addition, amide-IlI
peak (the combination peaks between C-N stretchiiyations and N-H
deformation from amide linkages as well as absongti arising from wagging
vibrations from CH groups from the glycine backbone and proline sidans) was
detected at the wavenumber of 1239.57, 1240.892.034 1240.06, 1241.23 and
1238.40 cnt for FO, F1, F2, F4, F6 and F8, respectively. Fibitained from
cuttlefish skin gelatin treated with,8, at all levels showed similar spectra for amide-
I, amide-Il and amide-IIl at their correspondingweaumbers (Hoquet al., 2011b).
Pranotoet al. (2007) also reported that amide-1, amide-Il anddanill peaks were
found at the wavenumbers of 1650, 1550 and 1240, aespectively. The peak
situated around 1033 ¢hmight be related to the interactions arising betwee

plasticiser (OH group of glycerol) and film structyBergo and Sobral, 2007).



144

Amide- |

Amide- B r @
Mmide I

Absorbance (A.U.)

—F0
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

110 +

(b)

Weight (%)

10

50 100 150 200 250 300 350 400 450 500 550 600
Temperature (°C)

Figure 23. ATR-FTIR spectra (a) and TGA curves (b) of geldiims from splendid
squid skin bleached with J@, at various concentrations. FO, F1, F2, F4, F6 ad F
denote the gelatin films from splendid squid skeelched with HO, at levels of O, 1,

2, 4, 6 and 8%, respectively.
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Amide-A peak (NH-stretching coupled with hydrogerontding)
appeared at the wavenumber of 3298.27, 3294.207.3293290.48, 3297.00 and
3286.34 crit for FO, F1, F2, F4, F6 and F8, respectively. WirenN-H group of a
peptide is involved in H-bond, the position shitfidower wavenumbers (Doykt al.,
1975). Amide-B was observed at the wavenumber @93EB, 3115.94, 3096.20,
3097.46, 3097.33 and 3090.18 ‘trfor FO, F1, F2, F4, F6 and F8, respectively,
corresponding to the asymmetric stretching vibratd =C-H as well as -N§. The
amplitude of amide-A and amide-B peak was highetifd than others. These results
suggested that NHgroup of gelatin prepared from skin bleached Wit®, at high
level could undergo glycation with carbonyl grouprmhed via protein oxidation
(Nagarajanet al., 2013a). This was confirmed by the increasd*rvalue of those
films. Similar result was observed for gelatin fdrftom the cuttlefish skin as affected
by H,O, and Fenton's reagent added in FFS (Hogua., 2011b). Liu and Xiong
(2000b) reported that the hydroxyl radical can modify themary structure of
proteins. For FO, F1, F2, F4, F6 and F8, the pealtsthe wavenumber of 2853.01,
2878.09, 2878.63, 2880.60, 2887.10 and 2855.88 (symmetrical) or 2927.27,
2940.23, 2937.62, 2933.33, 2933.88 and 2924.82 (@symmetrical) were observed,
respectively. It represents C—H stretching vibragiof the —CH groups (D’'Souzat
al., 2008). The lower wavenumber of FO suggested tk&ttig from skin without
H,0, bleaching more likely underwent association betwesmtein molecules more
effectively. This was in agreement with the high& of FO (Table 18). Thus, the
secondary structure and functional group as elteitdy the changes in FTIR
spectra, especially for the amide-A and amide-Boregof gelatin films from squid
skin were influenced to some extent by(Od concentration used for skin bleaching

before gelatin extraction.
5.4.8 Thermogravimetric analysis

TGA thermograms revealing thermal degradation bielawf gelatin
films obtained from the splendid squid skin sulgdcto bleaching using J, at
various concentrations is illustrated in Figure 28heir corresponding degradation

temperatures (Td) and weight logsm) are presented in Table 20. Three stages of
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weight loss were observed in all films. First stafeveight loss Aw;= 5.40-8.38%)
was observed for all films approximately at tempee (Td) of 64.28-80.01 °C,
mostly associated with the continuous loss of Waéer absorbed in the film. Similar
results were observed for films from unicorn leaflaeket skin gelatin (Ahmaet al.,
2012). FO showed the lower weight loss (5.40%) i higher Tg (70.02 °C) than
F8 (7.01% of weight loss with Tabf 66.66 °C). Alteration of proteins induced by
H,0, might lower water binding sites or domains via Hwdo For all films, the
second stage of weight losaw,= 17.92-27.76%) was observed approximately at
temperature (T4 of 188.10-231.10 °C. The result was in agreemeiith
Tongnuanchamt al. (2012)who reported the degradation temperature of fidatige
film in the range of 200-240 °C. This change wastigaassociated with the loss of
glycerol compound (plasticiser) and smaller sizetgn fraction, as well as
structurally bound water. The third stage of weilgig#s Aws= 44.77-54.06%) was
observed approximately at temperaturesfTaf 306.00-330.18 °C, mostly associated
with the loss of high molecular weight protein firans. A similar result was observed
in cuttlefish skin gelatin films (Hoquet al., 2011b). FO showed higher weight loss
(54.06%) with lower Tgl(306.0 °C) than others. The result revealed thktigefilm
from skin bleached with ¥#D, showed higher heat resistance than did the cofiltrol
(FO). It was implied that D, could in part induce the polymerisation of protein
chains via radicals formed or glycation. Howeverloaer Aw; was observed for
gelatin films from skin bleached with,B8,, compared to that of the control film.
Additionally, all films had residual mass (repretseg char content) at 600 °C in the
range of 17.70-22.62%. Furthermore, it was plaestbht HO, also contributed to
fragmentation, in which those small fragments haaer thermal stability. Liu and
Xiong (2000b) and Stadtman (2001) have been repohni@ HO, could induce both
fragmentation and polymerisation. TGA study cleashowed that kD, at various

concentrations led to different thermal stability@sulting gelatin films.



Table 20. Thermal degradation temperature (Td, °C) and wdag® Aw, %) of gelatin films from the splendid squid skieached

with H,O, at various concentrations

Aq Az Az
Film samples Td,, onset Aw; Td,, onset Aw, Tds, onset Awsg Residue (%)
FO 70.02 5.40 189.20 17.92 306.00 54.06 22.62
F1 79.75 6.70 227.37 20.07 330.18 51.64 21.59
F2 80.01 8.38 231.10 27.76 328.27 44.77 19.09
F4 64.28 7.63 221.40 20.99 319.21 52.37 19.01
F6 73.80 6.71 188.10 27.54 319.68 48.05 17.70
F8 66.66 7.01 205.45 21.26 320.14 52.90 18.83

A1, A andAz denote the first, second and third stage weigdt, lcespectively of film during TGA heating scan.

LT
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5.4.9 Microstructure

SEM micrographs of the surface (A) and cryo-fraetlicross-section
(B) of gelatin films prepared from the splendid sigskin subjected to bleaching with
H,O; at various concentrations are shown in Figuré=Bad slightly coarser surface
than other films. F1 and F2 had the compact, smawoith homogeneous surface,
indicating an ordered film matrix. These differesaa microstructure of different
films were caused by the varying arrangements ofepr molecules during film
formation (Ahmadet al., 2012). These results suggested that the matriknofwas
governed by b, used for skin bleaching to some degree. An oxidisigent or
radicals at proper concentration could render a@ered and fine film matrix (Hoque
et al., 2011b). Gelatin films prepared from squid skinaoleed with HO, at higher
concentrations (F4, F6 and F8) showed protein agges on film surface. The
excessive cross-linking induced by,® might lead to the formation of protein

agglomerates.

For cross-section, gelatin film prepared from uabhed squid skin
showed coarser film matrix with micro-voids and roicracks. A smoother and more
compact structure was observed for F1 and F2 samplhes result suggested that HO
radicals at appropriate level might induce croskttig of gelatin molecules, in which
the ordered matrix could be formed to a greateer@xtompared to others (Hogete
al., 2011a). For F6 and F8, slightly coarser matrix wasceable. Stadtman (2001)
stated that HO radicals formed from D, caused both polymerisation and
fragmentation of gelatin molecules. These carbgmgups generated during protein
oxidation might undergo Schiff base formation witle amino groups, in which
protein crosslinks were most likely formed as thetgn bundles or aggregates. The
HO radical can abstract H atoms from amino acid residio form carbon-centred
radical derivatives, which can react with one aegtto form C-C protein crosslinked
products (Stadtman, 2001). Those aggregates Igelded the film with a coarser
and non-uniform network. Shakilet al. (2012b) also reported that protrusion of

polymerised chains yields granular and coarsergeshtin films. The microstructures
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F1

F2

F4

F6

F8

Figure 24. SEM micrographs of surface (A) and cryo-fractuoedss-section (B) of
gelatin films from the splendid squid skin bleachadth H,O, at various
concentrations. Magnification: 5000x and 4000x frface and cross-section,
respectivelyFO, F1, F2, F4, F6 and F8 denote the gelatin fiiras splendid squid
skin bleached with pO; at levels of 0, 1, 2, 4, 6 and 8%, respectively.
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of films were thus governed by molecular organgsatin the film network, which

depended on chain length of proteins and the ictieraof proteins in film matrix.
5.5 Conclusion

Gelatins from squid skin bleached usingblat various concentrations
yielded the films with different properties. Thelaar of films from gelatin of
splendid squid skin bleached with®} at an appropriate concentration was improved
markedly. However, an excessive concentration gid,;Hould cause the yellowish
colour of the resulting films. Gelatin from squikiirs bleached with kD, at higher
concentrations yielded the films with lower WVP Iigher extensibility. Therefore,
squid skin gelatin could serve as raw material fiion formation when skin was

bleached at 2% #D, prior to gelatin extraction.



CHAPTER 6

CHARACTERISTICS OF BIO-NANOCOMPOSITE FILMS FROM
TILAPIA SKIN GELATIN INCORPORATED WITH HYDROPHILIC
AND HYDROPHOBIC NANOCLAYS

6.1 Abstract

Properties of films from tilapia skin gelatin inporated with
hydrophilic and hydrophobic montmorillonite (MMTpanoclays at various levels (O-
10%, w/w) were investigated. Generally, mechanpcaperties were improved by the
addition of hydrophilic nanoclay (i.e., Cloisite Yan the range of 0.5-5% (w/w). The
lowest water vapour permeability was observed ilansf incorporated with Cloisite
Na" and Cloisite 20A at a level of 1% (w/w) (P<0.05heTlowestL* and the highest
AE* values were observed (P<0.05) when the film wasrporated with Cloisite
15A at 10% (w/w). Generallyg* value (yellowness) of resulting films increasedhwi
increasing amount of all nanoclays (P<0.05). AthE became less transparent with
increasing levels of nanoclay incorporated (P<0.0&je angle X-ray diffraction and
scanning electron microscopic analyses revealedntkecalated/exfoliated structure
of nanocomposite gelatin-based films incorporatéti Wwydrophilic and hydrophobic
nanoclays. Homogeneity and smoothness of film sartiecreased with the addition
of both nanoclays as revealed by SEM micrographsermogravimetric and
differential scanning calorimetric analyses indichtthat the incorporation of
nanoclays enhanced the rigidity and heat stabitifythe gelatin-based films
differently, depending on the types of MMT-nanocleed. Thus, the types and levels
of nanoclay incorporated directly affected the grbigs of tilapia skin gelatin films.

6.2 Introduction

Gelatin is a biopolymer, commonly being known far film-forming
ability and applicability for food packaging (Gome€willen et al., 2009). Gelatins
from aquatic animals are gaining attention due @alth issues and religious

constraints on gelatin from mammals (Karim and B&009). Because of its good
151
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film-forming abilities, fish gelatin may be a goatternative to synthetic plastics for
making packaging films to preserve food stuffs (@arGuillenet al., 2009). Owing
to the superior oxygen barrier property, fish gelatsed film could prevent lipid
oxidation in food systems (Bigt al., 2000; Jongjareonradt al., 2008). Additionally,

it can be used as a smart packaging material, inohadmtioxidants or antimicrobials
can be incorporated (Gomez-Guilleh al., 2007; Jongjareonralet al., 2006b).
Although gelatin films have good mechanical projsttit could swell at high humid
conditions, due to their hydrophilic nature. Thesassociated with loss in mechanical
and barrier properties, thereby limiting their apgtions in food packaging (Martucci
and Ruseckaite, 2009). To tackle this problem,tgelzased films must be modified.
Over the years, several approaches have been gedelm improve the barrier
properties such as, incorporation of essential @d®mez-Estaceaet al., 2010;
Tongnuanchart al., 2013) and fatty acid (Bertagt al., 2005; Limpisophoret al.,
2010). Recently, the properties of gelatin basddh fivere improved by the
incorporation of nano-clays (Batal., 2009a; Farahnakst al., 2014; Shakilaet al.,
2012b). As a consequence, gelatin films can conepetiith petroleum-based

polymers as a biodegradable packaging materialt(Marand Ruseckaite, 2010b).

Polymer nanocomposites have received great intetestause
nanosized material fillers significantly improvelypoer properties when compared
with polymer alone or micro-scale composites (Baal., 2009a). Nanocomposite
films developed from biopolymers known as ‘bio-nemimposites’ showed improved
mechanical properties, thermal stability and barrproperties (Martucci and
Ruseckaite, 2010a; Ray and Okamoto, 2003), duédoenhhanced polymer-filler
interfacial interaction. The improved water and glsarrier properties of
nanocomposite films are believed to be due to teegmce of dispersed silicate layers
in organised manner with large aspect ratios in gb/mer matrix. This forces
water/gas travelling through the film via. an iresed ‘tortuous path’ of the polymer
matrix surrounding the nano-fillers, thereby insieg the effective path length for
diffusion (Ray and Okamoto, 2003; Rhim, 2007). Amsinvarious nano-fillers,
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layered silicates commonly known as the cationigy cininerals, especially the
naturally occurring smectite clays, such as hetet@nd montmorillonite (MMT) are
widely used (Ray and Okamoto, 2003; Rlanal., 2009; Sothornvigt al., 2009).

Nanoclays, Cloisite Na(hydrophilic) and Cloisite 20A (hydrophobic)
have been used to improve mechanical and barriepepties of gelatin-based
biopolymers (Baet al., 2009a; Farahnakst al., 2014; Shakileet al., 2012b). Rhim
et al. (2009) reported that, hydrophobicity of organigatiodified nanoclays (Cloisite
20A and Cloisite 30B) and hydrophilicity of unmddid nanoclay (Cloisite N3 have
different impact on barrier properties of PLA-baddths. Therefore, the relative
hydrophobicity of nanoclays would have differentpasts on the properties of
resulting nanocomposite films. However, little infation is available regarding the
influence of hydrophobic nanoclays such as CloidisA (highly hydrophobic),
Cloisite 20A (moderately hydrophobic) and CloisBeB (least hydrophobic) on
barrier properties of gelatin-based films, partelyl for those from fish gelatin.
Therefore, this study aimed to investigate theatéf@f different MMT-nanoclays at
various inclusion levels on the barrier and meatemroperties of fish gelatin-based

films.
6.3 Materials and methods
6.3.1 Chemicals

Fish skin gelatin from tilapia (~240 bloom) was ghased from Lapi
Gelatine (Empoli, Italy). MMT-nanoclays includin@;loisite® Na“, Cloisité® 15A,
Cloisite® 20A and Cloisit&€ 30B were purchased from Southern clay products Inc
(Gonzlaes, TX, USA). Glycerol was procured from Me(Darmstadt, Germany). All
chemicals were of analytical grade. The generatacheristics of these Cloisfte

nanoclays are presented in Table 21.



Table 21.Characteristics of hydrophilic and hydrophobic ndags

Nanoclays Cloisit& Na* Cloisite® 15A Cloisite® 20A Cloisite® 30B
Chemical name Natural bentonite Bis (hydrogenated tallow alkyl) Bis (hydrogenated tallow alkyl) Alkyl quaternary
dimethyl, salt with bentonite dimethyl, salt with bentonite . .
ammonium salt bentonite
CH; CH; CH,;CH;OH
. . I | I
Chemical structure Nay 3dAl 1.6/ g0 39 Sis010(OH), MMT + CH; — 1|V+— HT MMT + CH; — N'—HT MMT + CHi-N"-T
| I
HT HT CH:CH;OH
Organic modifier None Dimethyl dihydrogenated tallow, Dimethyl dihydrogenated tallow, Methyl tallow, bis-2-hydroxyethyl,

quaternary ammonium (2M2HT) quaternary ammonium (2M2HT) quaternary ammonium (MT2EtOH)

Modifier concentration - 125 meq/100 g clay 95 meq/100 g clay 90 meg/10ny
Relative hydrophobicity Hydrophilic Highest hydrophobic Moderately hydropim Lowest hydrophobic
Moisture content 4-9% <3% <3% <3%
Particle size <25um (dsp) <10pm (ds) <10um (dsg) <10um (dsg)

Bulk density 568 g/l 165 g/l 175 g/l 365 g/l
Density 2.86 g/cc 1.66 g/cc 1.77 glcc 1.98 g/cc
X-ray results doo=1.17 nm do1=3.15nm 1=2.42 nm d1=1.85nm

Source: Southern clay products Inc. (Gonzlaes, TX, USA).

1Y
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6.3.2 Preparation of gelatin nanocomposite films

Gelatin films were prepared as per the method «f @aal. (2009a)
with a modification. Firstly, gelatin solution wasepared by mixing the gelatin
powder with distilled water to obtain protein contration of 3% (w/v) as determined
by the Kjeldhal method (AOAC, 2000). Thereaftglycerol (25% of protein, w/w)
was added into the gelatin solution as a plasticianoclays including Cloisite Na
Cloisite 15A, Cloisite 20A and Cloisite 30B werexad with distilled water to obtain
a final concentration of 0, 0.5, 1, 2.5, 5 and 1@#w, on dry protein basis). The
mixtures were stirred at 1000 rpm (IKA Labortechsikrer, Selangor, Malaysia) for
5 min at room temperature. Nanoclay suspensions ten incubated at 60 °C for 1
h to delaminate the nanoclays in a temperaturerated water bath (W350;
Memmert, Schwabach, Germany) with occasional sgrriNanoclay suspensions
were cooled down to room temperature and homogeiisel min at 5000 rpm (IKA
Labortechnik homogeniser, Selangor, Malaysia). Ga#dg, nanoclay suspensions
were dropped into the gelatin solution and the ared were homogenised for 30 sec
at 5000 rpm. The mixtures were degassed using i@caésr equipped with JEIO
Model VE-11 electric aspirator (JEIO TECH, Seoubr&a). The final volume was
made up to 100 ml and referred to as film-formingpension, FFS. FFSs were
sonicated for intercalation/exfoliation of the dgelaand nanoclay for 30 min using the
sonicating bath (ElImasonic S 30 H, Singen, Germany) then the FFSs were gently
stirred for 24 h at room temperature to obtain anbgenous suspension. Prior to
casting, FFS were degassed for 10 min using theaorg bath. FFS (4 £ 0.01 ml)
were then cast onto a rimmed silicone resin pla&& cnf), air-blown for 12 h at 25
°C, followed by drying in an environmental chamid&nder GmbH, Tuttlingen,
Germany) at 25 £ 0.5 °C and 50 + 5% relative hutyi(lRH) for 24 h. Films obtained
were manually peeled off and further subjected nalyses. Gelatin film without
nanoclay was named as C (control) and those incaigab with Cloisite Nj Cloisite
15A, Cloisite 20A and Cloisite 30B were referredas N&, 15A, 20A and 30B,
respectively, followed by numbers representinglé¢ivel of nanoclay used (0.5, 1, 2.5,
5 and 10%, w/w).
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6.3.3 Analyses

Prior to testing, samples were conditioned in arvirenmental
chamber for 48 h at 50 + 5% relative humidity (R 25 + 0.5 °C. For WAXD,
SEM, TGA and DSC studies, films were conditionec idesiccator containing dried
silica gel for 3 weeks at room temperature (28-3) tb obtain the most dehydrated

films.
6.3.3.1 Thickness

The thickness of ten film samples of each conditieeis measured
using a digital micrometer (Mitutoyo, Model ID-CIR®I, Serial No. 00320,
Mituyoto Corp., Kawasaki-shi, Japan). Ten randonatmns around each film sample

were used for determination of thickness
6.3.3.2 Mechanical properties

Young's Modulus (YM), tensile strength (TS) andrejation at break
(EAB) of film samples were determined as describgdwataet al. (2000) using the
Universal Testing Machine (Lloyd Instruments, Hahips UK). The test was
performed in the controlled room at 25 °C and 584 RH. Ten film samples (2 x 5
cn?) with the initial grip length of 3 cm were used festing. The film samples were
clamped and deformed under tensile loading usid@@N load cell with the cross
head speed of 30 mm/min until the samples weredmrolhe initial slope of the
stress-strain curve, the maximum load and fina¢esibn at break of the film samples

were used to calculate YM, TS and EAB respectively
6.3.3.3 Water Vapour Permeability

Water vapour permeability (WVP) was measured usinmodified
ASTM (American Society for Testing and Material982) method as described by
Shiku et al. (2004). Film samples were sealed on an aluminiwrmpation cup
containing dried silica gel (0% RH) with siliconacuum grease and rubber gasket.

The cups were placed at 30 °C in a desiccator icomgadistilled water, followed by
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weighing at every 1 h intervals for up to 8 h. Fiilmm samples were used for WVP

testing. WVP of the film was calculated as follows:
WVP (gmm’s'Pal) =wiA™ t* (P,-Py)*

where,w 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):R-P.) is the vapour pressure difference

across the film (Pa).
6.3.3.4 Colour

Colour of five film samples was determined usinGl& colourimeter
(Hunter associates laboratory, Inc., Reston, VA AUSColour of the film was
expressed ad*- (lightness or brightnessh*- (redness or greenness) abt-
(yellowness or blueness) values. Total differentecolour AE*) was calculated
according to the equation of Gennadsbal. (1996).

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

where, AL*, Aa* and Ab* are the difference between the colour parameter of
corresponding film samples and that of white stashda*= 92.82,a*= -1.29 andv*=
0.51).

6.3.3.5 Light transmission and transparency

Light transmission of the films in ultraviolet (UVgnd visible range were
measured at selected wavelengths between 200 ahch@)Q using a UV-Visible
spectrophotometer (model UV-1800, Shimadzu, Kyatapan) according to the
method of Jongjareonradt al. (2008). The transparency value of five film sarsple

was calculated by following the equation of Shékal. (2004).
Transparency value = (-l0G00)/X

where,Teoo IS the fractional transmittance at 600 nm arnsl the film thickness (mm).

The higher transparency value represents the loaesparency of films.



158

6.3.4 Characterisation of selected gelatin films

Gelatin films incorporated with Cloisite Ng1 and 2.5%, w/w) and
Cloisite 20A (1%, w/w) were further characteris@u,comparison with the control

film (without nanoclays).
6.3.4.1 Wide angle x-ray diffraction (WAXD) analyss

WAXD analysis of the film samples was conductedeftection mode,
with an incident wavelengthA) at 0.154 nm of CuK radiation (Martucci and
Ruseckaite, 2010a). Measurements were performe@dfdrom 1° to 10° at a scan

rate of 1.0°/min. The layer spacing of the clay walsulated from Bragg’s law:
Nk = 2d sing

where ) is the wavelength of the radiatiod; is the c-dimension distance or the
interlayer spacing; andlis the diffraction angle (Baet al., 2009a).

6.3.4.2 Scanning electron microscopic (SEM) analysi

Microstructure of the upper surface and cryo-freeducross-section of
the gelatin film samples was visualised using asice electron microscope (Quanta
400; FEI, Praha, Czech Republic) at an acceleratttgge of 15 kV, as described by
Farahnakyet al. (2014). The gelatin film samples were cryo-fraetuby immersion
in liquid nitrogen. Prior to visualisation, therfilsamples were mounted on a brass
stub and sputtered with gold in order to make #me conductive, and photographs
were taken at 300x and 5000x magnification for aeefanalysis. For cross-sectional
analysis, cryo-fractured films were mounted arowstdbs perpendicularly using
double sided adhesive tape, coated with gold andergbd at the 3000x

magnification.
6.3.4.3 Thermo-gravimetric analysis (TGA)

Dried film samples were scanned using a thermogretvic analyser
(TGA-7, Perkin Elmer, Norwalk, CT, USA) from 30 690 °C using a heating rate of
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10 °C/min (Nuthongt al., 2009). Nitrogen was used as the purge gas ataréte of

20 ml/min.
6.3.4.4. Differential Scanning Calorimetry (DSC)

Thermal properties of film samples were determinesing a
differential scanning calorimeter (DSC-7, PerkimmEl, Norwalk, CT, USA) as per
the method of Hoquet al. (2011d). Temperature calibration was performedgighe
Indium thermogram. Film samples (2-5 mg) were aely weighed into aluminium
pans, hermetically sealed, and scanned over thpetature range of —30 to 150 °C
with a heating rate of 10 °C/min. Dry ice was usadthe cooling medium and the
system was equilibrated at —30 °C for 5 min primstanning. The empty aluminium

pan was used as a reference.
6.3.5 Statistical analyses

All experiments were performed in triplicates (n=8)d a completely
randomised design (CRD) was used. Analysis of magag ANOVA) was performed
and the mean comparisons were done by Duncan’dpheutange tests (Steel and
Torrie, 1980). Data are presented as mean * stdrdfanation and the probability
value of P<0.05 was considered as significant.isSidl analysis was performed
using the Statistical Package for Social Scien8&SS 17.0 for windows, SPSS Inc.,
Chicago, IL, USA).

6.4 Results and discussion
6.4.1 Thickness

Thickness of films from tilapia skin gelatin incamated with different
MMT-nanoclays at various levels is shown in Tab® I general, thickness of the
films increased when nanoclays were incorporategedally at higher inclusion
levels (P<0.05), regardless of the type of nanodlagreased thickness was observed
for gelatin films incorporated with hydrophilic atydrophobic nanoclays at higher
levels (Zhenget al., 2002). When the amount of nanoclay increasedgltheparticles
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more likely distributed as a thicker layer betwegglatin particles. As a result,
thickness of the film increased. Shaldtaal. (2012b) reported that the changes in the
thickness with the addition of Cloisite Nand chitosan were determined by varying
molecular size of the molecules inserted betwesh gelatin structures. However,
films from bovine gelatin had no difference in #tmess when incorporated with
Cloisite Nd at various levels (Martucci and Ruseckaite, 20Martucciet al., 2007).

6.4.2 Mechanical properties

Mechanical properties of films added with nanoclaysarious levels
such as Young’s Modulus (YM), tensile strength (88Y elongation at break (EAB)
are presented in Table 22. Differences in mechbhmpicgerties were observed for
gelatin films added with different nanoclays. Thvas plausibly governed by the
structural change of the original gelatin netwarkhe presence of MMT-nanoclays.
Generally, YM of the films increased when hydrojshitanoclay (Cloisite N3 at
levels of 1-5% (w/w) was incorporated and furthecrease in levels decreased the
YM (P<0.05). MMT is a clay mineral consisting ofisked silicate sheets and plate
like structure. The interlayer of Cloisite Neonsists of hydrated NaK™ ions and the
silicates are miscible only with hydrophilic natupalymer. The gelatin—Cloisite Na
interaction was mainly due to an exchange betwagoric NH* group of the amino
acid side chain and Ndons at the surface of Cloisite N&Theng, 1979). In the
present study, pH of gelatin FFS was 5.9. pl oéfyelused was 8.4 (data not shown).
High rigidity and aspect ratio of the nano-clay vasll as the presence of strong
hydrogen interactions between matrix and clay teduh increased YM or stiffness
(Martucci and Ruseckaite, 2008). In addition, sfragelatin-hydrophilic nanoclay
interactions at the interface could facilitate tbece or load transfer from matrix to
nanoclay filler more effectively. This resulted @mhancement of reinforcing effect
(i.e. increased YM) of the nanocomposite films. Rons incorporated with Cloisite
15A and Cloisite 30B, the continuous decrease in Wa4 observed with increasing
amount of nanoclay (P<0.05). In contrast, an irsgea YM was observed for films
incorporated with Cloisite 20A up to 2.5-5% (w/wltbdecreased with further

increasing clay content. Zhergal. (2002) reported similar results for bovine gelatin
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Table 22.Young’s Modulus (YM), tensile strength (TS), elotiga at break (EAB),
water vapour permeability (WVP) and thickness d¢rinéi from tilapia skin gelatin

incorporated with different types of nanoclays atious levels

Film YM TS EAB WVP Thickness
Samples (MPa) (MPa) (%) (X10* gmm?s'pPa’) (mm)
C 1148.30+35.25kl  58.30+1.61bc  8.38+0.64bcd 2.704H0ctief 0.039+0.003gh
Na'- 0.5% 1196.66+42.57jk  59.21+0.42b  8.47+1.49bcd 2.67+0delg 0.040%0.003fgh
1% 1224.37+33.22ij  62.48+1.60a  9.32+1.50ab 1.98+0.24j  0.043+0.002de
2.5% 1393.80+44.76g  63.58+2.32a  9.71%0.32a 2.49+0.10ghi  0.042+0.004def
5%  1335.03+8.78h 61.99+0.69a  9.10+0.69ab 2.65+0.09tdef  0.043+0.006def
10% 1195.43+68.17jk  51.86+1.19ef  5.30+0.30jj 2.80x0€db  0.045+0.002bcde
15A- 0.5% 1154.50+32.46kI  58.97+0.93b  7.93+0.31cde 2.78+(c4b 0.041+0.002efg
1% 1111.73+8.77Im  57.86+0.66bc  8.81+0.17abc 2.77+6éb 0.043+0.004cde
2.5% 1069.50+17.14m  55.58+0.55cd  7.43+0.14def 2.73+@G6b  0.044+0.003bcde
5%  991.79+23.83n  49.32+1.91fgh 7.36+0.21defg  2.68Hdctiefy 0.047+0.004ab
10%  1000.97+3.03n  49.69+0.25fy  8.35+0.59bcd 2.58+0diTef 0.048+0.004a
20A-0.5%  1266.10+30.76i  35.39+5.28m  5.19+0.71ij 2.53+0.02fgh  0.039+0.002gh
1%  1461.86+26.09f  44.42+1.52ij 6.83+0.19efgh 1.70+@.21  0.044+0.003bcde
2.5% 1587.93+13.82c  46.81+2.20ghi 6.82+0.30efgh 2.36%0.3  0.04420.004bcde
5% 1549.60+28.84cde  46.51+0.06hi  6.26+0.07ghi 2.46301.1 0.044+0.003bcde
10% 1503.76+46.46ef  40.85+1.06kl  5.95+0.37hi 2.87+0.11b  0.047+0.002ab
30B-0.5% 1715.83+19.64a  53.23%0.09de  8.66+0.71abc 3.13+0.16a 0.045+0.001abcd
1%  1650.86+4.57b  46.36+0.29hi  6.83+0.56efgh 2.79+0cd8b  0.045+0.001abcd
2.5% 1568.96+23.76cd  43.01+1.13jk  6.69+0.07fgh 2.61+0efgh 0.04620.002ab
5% 1515.76250.86def 40.86+1.22kl  6.44+0.12fgh 2.8350@ 0.04620.003abc
10%  1464.40+13.09f  38.90+1.28| 4.70+0.26 2.80+0.04bcd  0.048%0.004a

C: Control gelatin film (without nanoclays). MeanSb (n=3). Different letters in the same column
indicate significant differences (P<0.05).

nanocomposite films. Decrease in YM might be dué¢hto aggregation of nanoclay
particles when the level of nanoclay was high (£henal., 2002). Amongst films
incorporated with hydrophobic nanoclays, those dddéh Cloisite 15A had the
lowest YM than others (P<0.05). This is because dffective concentration of
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inorganic alumina—silicate platelets is lower floe hanocomposites based on Cloisite
15A than other nanoclays because the organic coofathe Cloisite 15A is higher
than the Cloisite 20A and Cloisite 30B that 43,888l 30 wt%, respectively (Martins,
2009). Moreover, the more hydrophobic Cloisite 1B#ght tend to aggregate to a
greater extent, leading to less effective intedidnteraction between clays and
gelatin. As a result, the force transfer at mafitlgr interface would be less effective,
thus exhibiting less reinforcing effect. Thus, th@ocomposite gelatin film added
with Cloisite 15A had lower YM than did the contgs@latin film.

The increase in TS was observed for films incorgarawith
hydrophilic nanoclay (Cloisite N at levels above 0.5% (w/w) (P<0.05), in
comparison with the control film. However, TS wasvéred with the highest level of
hydrophilic nanoclay (10%, w/w) was incorporateck@®5). Similar result was
reported for agar-based nanocomposites (Rhim, 20 addition of Cloisite Na
was reported to increase the TS of fish and boggiatin films (Baeet al., 2009a;
Martucci and Ruseckaite, 2010a). The significamriomement in TS was ascribed to
the uniform nanodispersion of Cloisite Niayers in gelatin matrix and the strong
interaction between gelatin and Cloisite "N&@heng et al., 2002). However, the
incorporation of clay at high level resulted in kgerated (microcomposite)
structures, in which the interactions within eaaldividual component were more
favoured over those between components. This lddst reinforcing effect of clay
filler on film matrix. TS of gelatin films genersll decreased as hydrophobic
nanoclays were incorporated (P<0.05). Amongst féded with hydrophobic MMT
clays, those incorporated with Cloisite 20A exhedit40-20% lower TS than films
added with hydrophilic MMT clay, when the same amtoaf clay was used (P<0.05).
Cloisite 20A is an organoclay with no polar groums its organic salt while the
Cloisite Nd does have polar hydroxyl groups. It was expedbed the Cloisite Na
might have better interaction with the gelatin (kftes, 2009). The present results
suggested that the hydrophobic nanoclays couldntertact well with the hydrophilic
gelatin molecules and the degree of interactionedawith hydrophobicity of the

clays being used.
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EAB of films increased when the level of hydrophilnanoclay
(Cloisite Nd) incorporated up to 2.5% (w/w) (P<0.05). The resulggested that
Cloisite Nd at an appropriate level could enhance the mechapiogerties of the
resulting gelatin nanocomposite film. This was adgsdue to sufficiently strong
interfacial interaction between gelatin and thigtipalar nanoclay, resulting in better
transfer of load or force from gelatin matrix t@ thanoclay filler without the ease of
disruption at the gelatin-nanoclay interface upemsile deformation. However, films
added with Cloisite Naat 10% (w/w) as well as those added with hydrophob
nanoclays at all levels showed decreased EAB, wbemared to the control gelatin
film (without nanoclay) (P<0.05). For films incomaded with hydrophobic
nanoclays, those containing Cloisite 20A and Ciei80B showed decreased EAB to
a greater extent when compared to those added Qdisite 15A. This was most
likely ascribed to the large aggregation of nangglaparticularly when the
hydrophobic nanoclays were used at high levels. l&tger clay agglomerates could
result in lower interfacial interaction between aagl matrix and nanoclay filler
causing interfacial failure. As a result, the daseein tensile resistant performance
(lower TS and EAB) of the resulted composite filmsaobtained. Thus, the types and

levels of nanoclay directly affected mechanicalgemies of resulting films.
6.4.3 Water Vapour Permeability (WVP)

WVP of films from tilapia skin gelatin incorporatedith various
nanoclays at different levels is shown in Table Y&/P of films decreased with
increasing levels of Cloisite Naup to 2.5% (w/w) and film with 1% (w/w) clay
showed the lowest WVP (P<0.05). For film incorpechtwith Cloisite 20A, the
lowest WVP was observed when clay was incorporatet¥o level (w/w) (P<0.05).
However, the incorporation of Cloisite 15A or Clés30B generally caused no
changes in WVP but WVP could be decreased or iseckat some extent. Layered
structure of the nanoclays delayed the diffusingwater vapor through the film
matrix due to diffusion path tortuosity (Ray andabioto, 2003; Rhim, 2007). l&t
al. (2003) stated that Cloisite Naerves as a physical cross linking site, whicHdou

enhance the stability of the network. The strongraction between gelatin chains
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and Cloisite N& sheets consumes some hydrophilic groups and rediheewater
uptake through capillary action at the interfacanddispersion of Cloisite N&heets
in the composite impeded the diffusion of water ecales (Liet al., 2003). Baeet al.
(2009a) also reported that fish gelatin-MMT filmsadh lower water vapour
transmission rate (WVTR) than that of control geldilm. This was due to the
decrease in free volume of polymer matrix, leaditmg the reduction in the
permeability of films. The reduction in WVTR by MM#as attributed to the increase
in effective path length for the diffusion of wateapour (Zenget al., 2005). Higher
aggregation of hydrophobic nanoclays lowered thecgfe diffusion path length and
tortuosity, thus decreasing the water vapour bamiglity of nanoclay filler, as
compared to the hydrophilic nanoclay. However, Wo¥fPfilms was affected by
different nanoclays (P<0.05). Among the hydrophataaoclays used, Cloisite 20A
incorporation resulted in lowest WVP of the gelafilms. The moisture repulsion
characteristic of Cloisite 20A was also responsiblethe decreased WVP (Rhieb
al., 2009). Films incorporated with Cloisite 15A andoiSite 30B showed more or
less similar or higher WVP than the control filom ¢ontrast, lowered WVP was
observed for films incorporated with Cloisite Nand Cloisite 20A when compared to
control film (P<0.05), except for the highest le&D% w/w) incorporation. This
suggested that the interaction between the clagisgatatin in film matrix could be
different, resulting in varying WVP. The permediyilof film is also dependent on
membrane porosity, surface absorption relative ditgninature of macromolecules,
type of nanoclays and degree of cross-linking (@llww and Grosso, 2004; Kim,
2005).

6.4.4 Colour

Differences in colour were observed amongst filmmsnf tilapia skin
gelatin incorporated with hydrophilic and hydroplohanoclays at different levels
(P<0.05) (Table 23). Generalli - values (lightness) of films added with Cloisite
Na" and Cloisite 15A clays were not much differentnfrdhat of the control film.
However, the incorporation of Cloisite 20A and Gl 30B clays into films,

particularly at 5 or 10% (w/w), increasdd- value of the corresponding films
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(P<0.05). This was in agreement with the decreases*- value. However, the
increased*- value (yellowness) was observed for films incogbed with nanoclays
at higher levels (P<0.05). Amongst all the clayetypested, Cloisite 30B rendered the

Table 23.Colour of films from tilapia skin gelatin incorpdeal with different types

of nanoclays at various levels

Film samples L* a* b* AE*
C 90.70+0.07fg -1.14+0.03a 1.33+0.11]j 2.28+0.10hi
Na'- 0.5% 90.58+0.27ghi -1.11+0.02a 1.46+0.08ij 2.4410.27efgh
1% 90.65+0.069 -1.14+0.04a 1.41+0.04ij 2.35+0.07ghi
2.5% 90.69+0.18fg -1.23+0.05cde 1.75+0.20g 2.49+0.06defg
5% 90.87+0.09de -1.28+0.03ghi 1.82+0.22fg 2.37+0.20ghi
10% 90.57+0.08ghi -1.38+0.01j 2.71+0.14c 3.18+0.15b
15A- 0.5% 90.46+0.09ijk -1.14+0.02a 1.56+0.10hi 2.59+0.12cdef
1% 90.62+0.05gh -1.18+0.01b 1.50+0.06ij 2.42+0.06fgh
2.5% 90.67+0.06g -1.25+0.02def 1.93+0.07f 2.60+0.08cdef
5% 90.34+0.08KkI -1.30+0.02i 2.49+0.08d 3.20+0.10b
10% 90.23+0.171 -1.2940.08hi 2.86+0.39bc 3.52+0.38a
20A-0.5% 90.39+0.15jk -1.21+0.02bc 1.56+0.04hi 2.65+0.15cde
1% 90.50+0.12hij -1.25+0.03efg 1.76+0.059 2.64+0.13cde
2.5% 90.99+0.11d -1.26+0.03fgh 1.76+0.18g 2.22+0.16i
5% 91.31+0.07b -1.37+0.02j 2.32+0.14e 2.37+0.11ghi
10% 91.60+0.11a -1.45+0.02k 2.98+0.27b 2.76+0.29c¢
30B-0.5% 90.33+0.15KkI -1.22+0.02cd 1.54+0.15i 2.69+0.19cd
1% 90.49+0.14hij -1.20+0.02bc 1.4840.20ij 2.53+0.15def
2.5% 90.81+0.05ef -1.25+0.02def 1.73+0.12gh 2.35+0.06ghi
5% 91.15+0.48¢ -1.3740.01j 2.53+0.26d 2.64+0.48cde
10% 91.36+0.30b -1.39+0.05j 3.19+0.48a 3.06+0.57b

C: Control gelatin film (without nanoclays). MeanSb (n=3). Different letters in the same column

indicate significant differences (P<0.05).
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film with higherb*- value (P<0.05). ThaE* varied depending on type and level of
clays incorporated into films. Generally, largeloto difference was observed for
films incorporated with nanoclays at higher levéls and 10%, w/w). This was
plausibly due to the poor dispersion of nanocl#@dditionally, differences in colour

of films might also be due to the varying coloufslidferent nanoclays.
6.4.5 Light transmission and transparency

Transmission of UV and visible light at selectedvelangths in the
range of 200-800 nm of films from tilapia skin galaincorporated with various
nanoclays at different levels is shown in Table Rdcrease in light transmission of
films at all wavelengths was observed when incafsat with nanoclays, and the
degree of decrease varied with the type of claydusdl films had the excellent
barrier property to light in UV at 200 nm. Highe¥Uight barrier ability was reported
for gelatin films from bigeye snapper skin (Jonggrraket al., 2006b) and splendid
squid skin (Nagarajaret al., 2013b, 2012b). Light transmittance of films at
wavelength of 280 nm decreased markedly with albckys incorporated, especially
with increasing levels of clay. Amongst all clag@pisite 15A and Cloisite 30B clays
rendered the film with the highest barrier propéntyhe visible range (P<0.05). Thus,
the incorporation of nanoclays to gelatin film abuhprove the UV-barrier property,
regardless of the type of nanoclay. Transmissionsible light range (350-800 nm)
of gelatin films also decreased with increasinglswof nanoclays. The decrease in
light transmittance might be caused by the liglttecing effect of nanoclay particles
distributed throughout the protein network. Theutesdicated that nanoclays were

able to impede the light transmission through time. f

Transparency value of films increased as the amadinhanoclay
increased (P<0.05). Films added with Cloisite 3@Bveed the highest transparency
value compared with those containing other claysO(@5). Higher transparency
value indicated that the films had lower transpayed ransparency of protein based
films is generally affected by additives, procegsaonditions, thickness as well as
compatibility between polymer and nanoclay (Far&lgret al., 2014; Hoquest al.,
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2011d; Martucci and Ruseckaite, 2010a; Nagaragaml., 2012b; Rhim, 2007;
Tongnuancharet al., 2013). Generally, films with less transparencyncaentally
showed higher thickness. The limited compatibiigtween gelatin and nanoclays,

Table 24. Light transmittance and transparency values of filirom tilapia skin

gelatin incorporated with different types of narayd at various levels

Film Transmittance (%) Transparency
samples 200 280 350 400 500 600 700 800

values

cC 0.01 4843 818 84.34 86.11 87.00 87.57 87.98 0.001r
Na'-0.5% 0.01 38.60 75.20 81.29 84.63 86.30 87.13 87.77 +0.900r

1% 0.01 3593 68.28 77.29 8280 8498 86.09 86.89 +0.791p

25% 0.01 2165 5265 66.54 76.16 80.05 82.17 83.70 1.0010

5% 0.00 1549 4532 5821 67.25 7247 7558 77.95 1D.900j

10% 0.01 9.16 31.33 40.11 48.40 55.12 60.22 64.44 ®.26889
15A-0.5% 0.02 37.23 7499 79.68 83.11 84.42 8520 85.73 +0.991q
1% 0.02 3443 66.76 7140 7519 7682 77.88 78.72 2.892m

25% 0.02 29.71 6246 66.94 7022 7200 73.32 7453 +B.001i

5% 0.00 15.72 34.29 37.02 39.69 4165 4337 45.07 18.066e

10% 0.01 852 20.98 2354 2574 2734 2894 30.75 #8.835b
20A-0.5% 0.02 48.55 81.15 82.89 84.39 8511 85.61 86.04 +0.602q
1% 0.02 36.73 71.02 73.80 76.33 77.68 78.61 79.37 D.062|

25% 001 31.83 63.30 66.23 69.14 70.81 72.06 73.12 #8.805h
5% 0.01 26.34 48.03 5040 52.60 5390 54.94 5592 +6.020f
10% 0.00 751 22.69 24.82 26.97 2858 30.24 3212 10.6D5c
30B-0.5% 0.01 40.68 76.24 79.06 81.68 8296 83.81 84.43 +0.800p
1% 0.02 40.61 7131 74.03 76.76 78.24 79.25 80.03 1.801n
25% 001 36.32 69.09 7154 74.00 7551 7674 77.84 .68 3k
5% 0.01 15.33 33.26 35.59 38.18 40.02 41.62 43.19 #8.899d
10% 0.00 3.10 1210 13.45 14.65 15.40 16.00 16.61 18.882a

C: Control gelatin film (without nanoclays). MeanSb (n=3). Different letters in the same column

indicate significant differences (P<0.05).
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especially for hydrophobic nanoclays might resultlarge agglomerated nanoclay
phase. Consequently, the films became develop mt@aal light scattering property
and become turbid (Martucci and Ruseckaite, 20@08)eneral, nanocomposite films
incorporated with hydrophilic nanoclay were morangparent (lower transparency
value) than those incorporated with hydrophobicactays (P<0.05). Therefore, the
incorporation of nanoclays had an impact on theeapmmnce and light barrier
properties of gelatin film, depending upon the tgpe level of nanoclay used.

6.4.6 Characterisation of selected gelatin nanocoropite films

Gelatin films incorporated with Cloisite Ng1 and 2.5%, w/w) and
Cloisite 20A (1%, w/w) were further subjected t@rdcterisation, in comparison with
the control film (without nanoclays). Those filmergrally showed the lower WVP
with improved mechanical properties, compared beofilms.

6.4.6.1 Wide angle x-ray diffraction (WAXD) analyss

The dispersion of the nanoclays in the tilapia slgelatin—
nanocomposite films were determined by using WAXfmalgsis and the WAXD
patterns of selected nanoclays and different fimesillustrated in Figure 25. The
spacing due to the interlayer spacing of the nayoghllery indicated whether the
nanoclay was intercalated or exfoliated (Martugtcal., 2007). It was calculated and
assigned on each diffraction peak of WAXD diffragams. WAXD patterns of
nanoclays (Figure 25a) exhibited characteristiGratition peaks at@of 7.04 ° ¢l =
1.25 nm) for Cloisite Naand 3.10 °q = 2.85 nm) for Cloisite 20A. Similar results
were previously reported for original Cloisite Nand Cloisite 20A and also close to
the claimed value of the manufacturer (Eal., 2009a; Koh et al., 2010; Martucci
and Ruseckaite, 2010a; Pradhainal., 2012). The control gelatin film exhibited a
broad peak in thefRrange of 6.2 to 9.5 ° (Figure 25b), which is tharacteristic of
amorphous proteins (Grevelletal., 2001; Martucci and Ruseckaite, 2010b). WAXD
patterns of composite gelatin films were changedsierably in comparison with
those of Cloisite nanoclays. In the present stugbjatin films incorporated with
Cloisite Nd at 1 and 2.5% (w/w) had broad diffraction peake Tharacteristic peak
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Figure 25. WAXD patternsof nanoclays (a) and films from tilapia skin getati
incorporated with different nanoclays (b)la: Cloisite N&; 20A: Cloisite 20A;

C: Control gelatin film; Na-1%, Na-2.5% and 20A-18%present the gelatin films
incorporated with Cloisite Naand Cloisite 20A at levels of 1 and 2.5% (w/w),

respectively. The number assigned on each difragieak igl-spacing value.
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of nanoclay observed in WAXD pattern of nanocomigo8ims were determined by
intercalated/exfoliated structure (Beteal., 2009a; Martucci and Ruseckaite, 2010a).
For film added with Cloisite 20A (hydrophobic natayg at 1% (w/w), diffraction
peak (& = 3.10 °,d = 2.85 nm) shifted to lower angle valu#22.74 °,d = 3.22 nm)
and became wider. This more likely suggested thtar¢alated structure was formed
(Zheng et al., 2002). Similar result was reported for film fronovine gelatin
incorporated with MMT-nanoclay (Martucci and Rusaitk, 2010a). The results also
indicated that the protein chains effectively eederinto the silicate layers of
hydrophilic nanoclay, thereby forming intercalatedbliated gelatin/Cloisite Na
nanocomposites. This was probably due to the peesehstrong interaction between
the carbonyl groups of gelatin and the hydroxylugp® of the clay galleries via
hydrogen bonds, which contributes to a stable nagadistribution within the matrix
(Martucci and Ruseckaite, 2010a). Nanocompositéctires elucidated by WAXD
analysis could be correlated well with the improwvadchanical and water vapour
barrier properties of intercalated/exfoliated galgtloisite Nd& nanocomposite films,
compared to those intercalated nanocomposite filased on gelatin and hydrophobic
nanoclay. Therefore, the structures of gelatintbasanocomposite films were

dependent on the type of nanoclays.
6.4.6.2 Scanning electron microscopy (SEM)

SEM micrographs of the surface (A, 300x and B, %)(&nhd cryo-
fractured cross-section (C, 3000x) of the filmspared from tilapia skin gelatin
incorporated with Cloisite Naand Cloisite 20A are shown in Figure 26. All films
showed crack/void-free surface. Smooth and homagesarface was obtained for
control gelatin film (without nanoclays). Howevéne homogeneity and smoothness
of film surface decreased with the addition of bo#moclays. This might be due to
the different dispersion efficiency of nanoclays gelatin matrix. Different film
surface morphologies at higher magnification (5Q00&re observed when different
levels (1 or 2.5%, w/w) of Cloisite Nalay were incorporated. Gelatin chains more
likely underwent the formation of stronger film wetrk with a great number of

junction zones by strong interaction between thibarayl groups of gelatin and the
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Na-1%

Na-2.5%

20A-1%

Figure 26. SEM micrographs of surface (A and B) and cryatineed cross-section
(C) of films from tilapia skin gelatin incorporatedith different nanoclays.
Magnification: 300x and 5000x for surface and 30@@xcross-section. C: Control
gelatin film; Na-1%, Na-2.5% and 20A-1% represdmd gelatin films incorporated
with Cloisite Nd and Cloisite 20A at levels of 1 and 2.5% (w/w) pastively.
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hydroxyl groups of the clay galleries via hydrodends in films incorporated with
Cloisite N& (Theng, 1979). As a result, the continuous stromafrix could be
developed. The well dispersion of Cloisite'Na the matrix of gelatin as observed
from SEM images could correlate well with the cleteastic broader diffraction peak
of Cloisite Nd as found in WAXD pattern (Figure 25b), suggestirige t
intercalated/exfoliated structure of gelatin/ClEisNd nanocomposite films. This
result also correlated with the higher mechanicall aarrier properties of
gelatin/Cloisite N& nanocomposite films (Table 22). Gelatin film ingorated with
hydrophobic nanoclay (Cloisite 20A) showed largggragates or agglomerates on
surface, compared to that with the Cloisite” Macorporation. Hydrophobic nanoclay
plausibly could not interact or disperse well witpdrophilic gelatin molecules. This
was in accordance with the lower mechanical anémadpour barrier properties of
gelatin/Cloisite  20A nanocomposite films. The vaoas in microstructure of
different films were caused by the varying arrangets and interactions of gelatin

molecules with nanoclays during film formation.

For cross-section, gelatin films incorporated witloisite Nd at 1%
(w/w) level showed a more compact and smooth stractwhen compared to other
films. This compact structure of the Cloisite ‘Nacorporated gelatin films was also
responsible for the lower WVP (Table 22). This cawetpstructure of gelatin—
nanoclay composite films was mainly because of rdstuced free volume space
within the gelatin due to intermolecular attractiferces and protein chain
arrangements with the nanoclays. Films incorporatiglal Cloisite Nd at higher level
(2.5%, w/w) and those incorporated with CloisiteA20id not show smooth cross
section, but had the compactness with some undo&tiThe increase in roughness
was associated with an improved toughness. Simakarlts were reported for different
gelatin-based composite films (Hoqeeal., 2011d; Shakilat al., 2012b). Thus, the
microstructures of nanocomposite films were goveérbg the dispersion level of
nanoclays in the film network, which merely depehd® hydrophobicity of the

nanoclays.



6.4.6.3 Thermogravimetric analysis (TGA)

TGA thermograms

revealing thermal
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degradation bielav of

selected films obtained from tilapia skin gelatitarporated with Cloisite Naand
Cloisite 20A are depicted in Figure 27. Their cepending degradation temperatures
(Tg) and weight lossAw) are presented in Table 25. From TGA thermogratimes,
weight loss Aw; = 4.50-7.13%) observed for all films at onset terafures of
47.13-59.75 °C, mostly associated with the contisdoss of free moisture absorbed

in the films. The weight loss observed at a tempeeaof approximately 222.65-
243.58 °C depending on the film samples, revealeel thermal degradation

temperature of the films. This was most likely die the degradation or

decomposition of protein components and glycemolgéneral, films incorporated
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Figure 27. Thermogravimetric curves of films from tilapia skjgelatin incorporated
with different nanoclays. C: Control gelatin filnNa-1%, Na-2.5% and 20A-1%

represent the gelatin films incorporated with GteidNa” and Cloisite 20A at levels of

1 and 2.5% (w/w), respectively.



Table 25.Thermal degradation temperature (Td, °C), weighs law, %) and glass transition temperaturg, (TC) of films from tilapia

skin gelatin incorporated with different types afnoclays

A1 (Moisture loss) A, (Degradation)
Film samples Tdy, onset Aw, Tda, onset AWz Residue (%) Tg
C 48.53+2.50b 4.58+0.28a 222.65+7.45b 74.50£0.69a 20.93+0.97b 45.36+2.18c
Na'-1% 47.13+1.63b 5.46+0.49a 243.58+4.38a 72.87+0.25b 21.67+0.23ab 56.06+2.55a
Na'-2.5% 50.95+2.22b 7.13+£2.64a 242.06+7.29a 71.79+0.69b 22.59+0.18a 58.35+0.32a
20A-1% 59.75x1.42a 4.50x0.74a 235.92+7.37ab  74.81+0.81a 20.70x0.08b 50.65+2.21b

C: Control gelatin film (without nanoclays).
A; andA, denote the first and second stage weight lospeotisely of films during TGA heating scan.
Mean = SD (n=3).

Different letters in the same column indicate digant differences (P<0.05).

VLT
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with nanoclays had increased thermal stability, parad to the control film as
indicated by higher 4(P<0.05). With the increase in nanoclay level frbrto 2.5%
(w/w) for films incorporated with Cloisite Na Ty and weight loss were not
significantly different (P>0.05). This might be dte minor differences in the clay
content. Additionally, all films had slight diffemee in residual mass (representing
char content) at 600 °C in the range of 20.70-23.%8<0.05). Zhengt al. (2002)
reported that the increased thermal stability @f Mlanocomposite films was mainly
attributed to thermal resistance of MMT and theatspersion of MMT sheets in the
gelatin matrix. The thermal stabilisation of getdtiMT nanocomposites was due to
the strong interactions between the carbonyl grooipgelatin and the hydroxyl
groups of the clay galleries via hydrogen bondsr{Mzi and Ruseckaite, 2010a).
TGA study clearly showed that nanoclay incorporati@d an impact on the thermal

stability of the resulting fish gelatin-based films
6.4.6.4 Differential Scanning Calorimetry (DSC)

DSC thermograms of films from tilapia skin gelatne shown in
Figure 28. Thermograms of all film samples exhibigtep-like or glass transition at
temperature (J) ranging from 45.36 to 58.35 °C (Table 25). It wased that the film
samples had moisture content, as derived from Ti@Ahe range of 4.50-7.13%
(P>0.05). Thermogram of gelatin film incorporateitrm2.5% (w/w) Cloisite N&
showed the highestyT(58.35 °C), whereas the lowesj (85.36 °C) was found for
control film (P<0.05). § is generally correlated to the segmental motionthef
polymer molecules in the amorphous phase (SladelLanthe, 1991). The results
suggested that incorporation of nanoclay decretsednolecular mobility of gelatin
as evidenced from the increasegl @specially when Cloisite Navas incorporated at
higher level (2.5%, w/w). Nanodispersion of ClasNa within gelatin matrix might
enhance the strong interaction via hydrogen bosad,thus increasing the rigidity of
the gelatin matrix of the film (Martucott al., 2007). The DSC results were in
agreement with the results of the mechanical ptegserin which gelatin film added
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with Cloisite Nd had increased stiffness (i.e. YM value) (Table 28maller
difference in T was noticed between the control film (45.36 °CJ &émat added with
1% (w/w) Cloisite 20A (50.65 °C), as compared tat tith Cloisite N& This might
be attributable to the weaker interfacial inter@ttbetween gelatin and Cloisite 20A
(hydrophobic nanoclay) as also indicated by theelowS (Table 22). Therefore,

thermal properties of films from tilapia skin gehatvere affected by types and levels

of nanoclay to some extent.

Heat Flow (Endo Up)
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Figure 28 DSC thermograms of films from tilapia skin gelatircorporated with
different nanoclays. C: Control gelatin film; Na-1%¢a-2.5% and 20A-1% represent
the gelatin films incorporated with Cloisite Nand Cloisite 20A at levels of 1 and

2.5% (w/w), respectively.
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6.5 Conclusion

Films from tilapia skin gelatin incorporated withydrophilic or
hydrophobic nanoclays at various levels showed ehfit properties and
characteristics. Gelatin film incorporated with ttngdrophilic nanoclay (i.e. Cloisite
Na’) resulted in a stronger film network, mainly caiigy strong interaction between
gelatin and nanoclay molecules as well as betsgedsion of nanoclay in the gelatin
matrix compared to the hydrophobic nanoclays. Hpilec nanoclay particularly
Cloisite Nd, at a level of 1% (w/w) could effectively improtee water vapour

barrier and mechanical properties as well as tharihal stability of fish gelatin films.



CHAPTER 7

PROPERTIES OF BIO-NANOCOMPOSITE FILMSFROM TILAPIA
SKIN GELATIN ASAFFECTED BY DIFFERENT NANOCLAYS
AND HOMOGENISING CONDITIONS

7.1 Abstract

Fish gelatin films incorporated with hydrophilic carhydrophobic
montmorillonite (mmt) nanoclays with the aid of hogenisation using different
pressure levels (1000 to 4000 psi) and passesd2awere characterised. Young’'s
Modulus, tensile strength and elongation at brefaliimas decreased with increasing
pressure levels and number of passes. High predsomeogenisationgenerally
lowered the mechanical properties of nanocompogites. Additionally, water
vapour barrier property became poorer, when higksqure homogenisation was
implemented. Films incorporated with hydrophobiaoaay (Cloisite 20A) exhibited
the lower WVP than those with hydrophilic nanoclé@loisite N&). Colour
parametersL*, a*, b* and AE*) of nanocomposite films were affected to some
degrees by homogenisation conditions. Transparewicyfiims increased when
homogenisation pressure and number of passes $ecteAs revealed by wide angle
x-ray diffraction (WAXD) analysis, nanocomposite Infs prepared using
homogenisation had exfoliated nanostructure, whilsbse prepared without
homogenisation exhibited intercalated nanostructlileermogravimetric (TGA) and
differential scanning calorimetric (DSC) analysadicated that thermal stability of
nanocomposite films varied with homogenisation d¢oowl, being higher in these
films than in those without nanoclay. Thus, homaggon condition and relative
hydrophobicity of nanoclay directly affected theoperties of hanocomposite films

from fish skin gelatin.

7.2 Introduction

Biodegradable films from agriculture and food inly$yproducts are
known as an alternative to synthetic thermoplasbanterpart (Vartiaineret al.,
178
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2010). Most synthetic films are non-biodegradalvié may cause environmental and
ecological problems (Gomez-Guillenhal., 2009). Furthermore, biodegradable films
as eco-packaging materials have gained interestatiyo(Vartiainenet al., 2010).
Biodegradable films are generally made from rendevafiopolymers such as

proteins, lipids and polysaccharides (TharanatB@a3).

Gelatin is a water soluble protein derived fromlagén by thermal
extraction. It has been known for its film-formiabgility and applicability as an outer
covering/wrapping to food products (Hogeteal., 2011d). Nowadays, gelatin from
aguatic species is gaining the increasing atterdiosm to health issues and religious
constraints of mammalian counterpart (Karim and tB&009). Industrial use of
gelatin obtained from non-mammalian source is fioegerising significantly. Films
from fish gelatin can be used to preserve foodfstahd extend their shelf-life
(Gomez-Guilleret al., 2009).

The incorporation of active compounds such as zidkamts,
antimicrobials or other non-active additives (filecan make the gelatin film become
multi-functional and known as ‘active packaginBo(veret al., 2006;Gomez-Estaca
et al., 2010; Jongjareonradt al., 2008; Liet al., 2014; Limpisophoret al., 2010;
Rattayaet al., 2009; Tongnuanchada al., 2013; Wuet al., 2013). Nevertheless,
gelatin film has poor water vapour barrier propediye to its hydrophilic nature
(Jongjareonraket al., 2006b). To overcome this drawback, the apprégpria
modifications of films are required, particularly the incorporation of nanoclays or

nano-fillers.

Polymer nanocomposites usually have much bettgmpatnanofiller
interaction than conventional composites (Baeal., 2009a). Nanocomposite films
developed from biopolymers known as ‘bio-nanocontpes showed better
properties, compared with the polymer alone or maggale composites (Martucci and
Ruseckaite, 2010b; Sothornetal., 2009). The layered silicates, naturally occurin
smectite clays, such as hectorite and montmortéofmmt), etc have been used to
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improve the properties of films based on biopolysn@&ay and Okamoto, 2003; Rhim
et al., 2009; Sothornviet al., 2009). The presence of dispersed silicate layers
organised manner with large aspect ratios in tHgnper matrix could enhance the

water and gas barrier properties of nanocompasits {Ray and Okamoto, 2003).

The properties of different types of clays can effiheir application
when incorporated into films. Hydrophobic nanoclays hardly dispersed in the film
forming solution of hydrophilic polymer and furtheeatments such as high pressure
homogenisation and ultrasonication, etc could belemented (Alamset al., 2010;
Rhim, 2011). Gelatin film added with hydrophobimpalay, Cloisite 20A with the
aid of conventional homogenisation for nanoclaypéision, had poor mechanical
properties (Nagarajaet al., 2014a). It might be due to the poor dispersiédn o
nanoclay and lesser interaction between hydropiplatdymer and hydrophobic
nanoclay. However, the film had improved water wapoarrier property, plausibly
due to the hydrophobicity of Cloisite 20A nanocl@arahnakyet al., 2014; Rhim,
2011). High-pressure homogenisation under the g@pijate condition might be a
mean to improve the property of nanocomposite filfise method and condition
used to disperse the nanoclay in the film formimgutson could influence the
distribution and morphology of nanocomposite fiengd thus, resulting in variation in
properties. To the best of our knowledge, there masnformation regarding the
effect of different homogenisation processes oremeapour barrier and mechanical
properties of fish gelatin/mmt nanocomposite filmi$ierefore, this study aimed to
investigate the effect of different homogenisinghaitions on properties of fish

gelatin based films incorporated with different mmanoclays.
7.3 Materials and methods
7.3.1 Chemicals

Fish gelatin from tilapia skin (~240 bloom) was ¢hased from Lapi
Gelatine (Empoli, Italy). MMT-nanoclays, includit@joisite® Na" (hydrophilic mmt)
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and Cloisit& 20A (hydrophobic mmt) were purchased from South@ay products
Inc. (Gonzlaes, TX, USA). Glycerol was procured nfroMerck (Darmstadt,

Germany). All chemicals were of analytical grade.

7.3.2 Preparation of gelatin films containing nanoclays with different

homogenising conditions

Nanocomposite gelatin films were prepared as pentathod of Baet

al. (2009a) with a modification as illustrated in &g 29. Firstly, gelatin solution was
prepared by mixing the gelatin with distilled waterobtain the protein concentration
of 3% (w/v) as determined by the Kjeldhal methodO@C, 2000). Thereafter
glycerol (25% of protein, w/w) was added into thedagin solution as a plasticiser.
Nanoclays including Cloisite Neand Cloisite 20A were mixed with distilled water.
The mixtures were magnetically stirred at the speed000 rpm for 5 min (IKA
Labortechnik stirrer, Selangor, Malaysia). Nanodagpensions were then incubated
at 60 °C for 1 h in a temperature controlled wagh (W350; Memmert, Schwabach,
Germany) with occasional stirring to delaminate thaoclays. Nanoclay suspensions
were cooled down to room temperature and then hemsed for 1 min at the speed
of 5000 rpm (IKA Labortechnik homogeniser, Selangbtalaysia). Nanoclay
suspensions were gradually dropped into the getatintion to obtain the nanoclay
concentration of 1% (w/w) of protein and the miesiwere homogenised for 30 sec
at the speed of 5000 rpm. The obtained film formsaogpension (FFS) was used for
film casting. The resulting film was referred to #w film with conventional
homogenising process (CH). The mixture (gelatiutsomh-nanoclay suspension) was
subjected to high pressure homogenisation usingceoNuidics homogeniser (Model
HC-5000, Microfluidiser, Newton, MA, USA) at diffent pressure levels (1000,
2000, 3000 and 4000 psi) with 2 and 4 passes. bt&ned films were named as
films with high pressure homogenising process (HAHPS without homogenisation

was used for film preparation and the resultingéilwere referred to as film without
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[ Tilapia skin gelatin ] [ MMT Na* or MMT 20A ]
vy  +Distilled water l + Distilled water
[ Gelatin solution (3% wiv at conc. of protein) ] ‘ Nanoclay suspension }
[ Incubate at 60C for 30 min ] [ Incubate at 60C for 1 h ]
Cool v Cool
[ Glycerol (25% of protein) as a plasticiser ] Mix [ Homogenisation at 5000 rpm for 1 min]

Gelatin solution + —
Nanoclay suspensio@a% wiw at conc. of protein)

Y

\ Y

\4
Magnetic stirrer [ 5000 rpm for 30 sec ] 1000-4000 psi, 2 and 4 passes (For
(For making WH film) (For making CH film) making HPH fim)
\/
[ Film forming suspension (FFS};

A\

[ Sonicate the FFS for 30 min ]

'

[ Degas using the sonicating bath for 10 min ]

[ Degassed FFS ]

'

[ Cast (4 ml FFS) onto a rimmed silicone resin pIat(%

A\

Dry/Peel

:

Figure 29. Scheme for preparation of film forming suspensiohfish gelatin and
MMT nanoclays using different homogenisation caondi
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homogenising process (WH). Gelatin solution withoanoclay incorporation was
also used for film preparation and the resultirigndi were referred to as control (C).
All FFS samples were sonicated for intercalatiofoation of the gelatin and
nanoclay for 30 min using the sonicating bath (Eomac S 30 H, Singen, Germany).
Prior to casting, FFS samples were degassed forid@Qising the sonicating bath. FFS
(4 + 0.01 ml) were then cast onto a rimmed silicoesin plate (5x5 cf), air-blown
for 12 h at 25 °C, followed by drying in an envimental chamber (Binder GmbH,
Tuttlingen, Germany) at 25 + 0.5 °C and 50 + 5%treé humidity (RH) for 24 h.

Films obtained were manually peeled off and subpktd analyses.
7.3.3 Analyses

Prior to testing, film samples were conditionedaim environmental
chamber for 48 h at 50 + 5% relative humidity (Rad 25 + 0.5 °C. For WAXD,
TGA and DSC studies all films including WH, CH amPH films prepared by
different homogenising conditions and also the @riim (C) were conditioned in a
desiccator containing dried silica gel for 3 weeksoom temperature (28-30 °C) to
obtain the most dehydrated films.

7.3.3.1 Thickness

The thickness of ten film samples of each treatnveams measured
using a digital micrometer (Mitutoyo, Model ID-CIRRI, Serial No. 00320,
Mituyoto Corp., Kawasaki-shi, Japan). Ten randooatmns around each film sample

were used for determination of thickness
7.3.3.2 Mechanical properties

Young’'s Modulus (YM), tensile strength (TS) andrejation at break
(EAB) of ten film samples were determined as désdiby Iwataet al. (2000) using
the Universal Testing Machine (Lloyd Instrumentsnipshire, UK). The test was
performed in the controlled room at 25 °C and 5824 RH. Ten film samples (2 x 5
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cn?) with the initial grip length of 3 cm were used festing. The film samples were
clamped and deformed under tensile loading usia@@N load cell with the cross-
head speed of 30 mm/min until the samples weredmrolhe initial slope of the
stress-strain curve, maximum load and final extemsit break were used to calculate
YM, TS and EAB, respectively

7.3.3.3 Water Vapour Permeability

Water vapour permeability (WVP) was measured usingmodified
ASTM (American Society for Testing and Material®8%2) method as described by
Shiku et al. (2004). Film samples were sealed on an aluminpermeation cup
containing dried silica gel (0% RH) with siliconacuum grease and rubber gasket.
The cups were placed at 30 °C in a desiccator comdggthe distilled water, followed
by weighing every 1 h intervals for up to 8 h. Fium samples were used for WVP

testing. WVP of the film was calculated as follows:
WVP (gmni’s’Pal) = WAt (Py-Py) !

where,w is the weight gain of the cup (d)is the film thickness (m)A is the exposed
area of film (mM); t is the time of gain (s);F-P1) is the vapour pressure difference

across the film (Pa).
7.3.3.4 Colour

Colour of five film samples of each treatment wasednined using a
CIE colourimeter (Hunter associates laboratory,, IReston, VA, USA). The colour
of the film was expressed &%- (lightness/brightnessg*- (redness/greenness) and
b*- (yellowness/blueness) values. Total differencecatour AE*) was calculated

according to the following equation (Gennadgbal., 1996):

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

where, AL*, Aa* and Ab* are the differences between the correspondingucolo
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parameter of film sample and that of white standard 92.83,a*= -1.27 andb*=
0.53).

7.3.3.5 Light transmission and transpar ency

Light transmission in ultraviolet (UV) and visibtanges of five films
was measured at selected wavelengths between 20808nhnm, using a UV-Visible
spectrophotometer (model UV-1800, Shimadzu, Kyatapan) according to the
method of Jongjareonradt al. (2008). The transparency value of film samples wa
calculated by the following equation (Shiéual., 2004):

Transparency value = (-l0Go0)/x

where,Teoo Is the fractional transmittance at 600 nm arnsl the film thickness (mm).

Higher transparency values represent a lower teaesgy of the films.
7.3.4 Characterisation of selected films

Films incorporated with Cloisite Naincluding WH, CH and HPH
(1000/2, 4000/2, 1000/4 and 4000/4; the first nunmbpresents pressure level, whilst
the second one represents the number of passes fuether subjected to
characterisation, in comparison with the controh filwithout nanoclays).

7.3.4.1 Wide angle x-ray diffraction (WAXD) analysis

WAXD analysis of the film samples was conductedefiection mode
with an incident wavelengthi) at 0.154 nm of CuK radiation (Martucci and
Ruseckaite, 2010a). Measurements were performe@dfdrom 1° to 10° at a scan

rate of 1.0°/min. The layer spacing of the clay walsulated from Bragg’s law:
Nk = 2d sing

where ) is the wavelength of the radiatiod; is the c-dimension distance or the
interlayer spacing; anélis the diffraction angle (Baet al., 2009a).
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7.3.4.2 Thermo-gravimetric analysis (TGA)

Dried film samples were scanned using a thermogratric analyser
(TGA-7, Perkin Elmer, Norwalk, CT, USA) from 30 690 °C using a heating rate of
10 °C/min (Nuthongt al., 2009). Nitrogen was used as the purge gaslawaréte of

20 ml/min.
7.3.4.3 Differential scanning calorimetry (DSC)

Thermal properties of film samples were determinesing a
differential scanning calorimeter (DSC) (Perkin EhnModel DSC-7, Norwalk, CT,
USA) as per the method of Hoquet al. (2011d). Temperature calibration was
performed using the Indium thermogram. Film samgl2ss mg) were accurately
weighed into aluminium pans, hermetically sealed| scanned over the temperature
range of —30 to 150 °C with a heating rate of 1@nfi@. Dry ice was used as a
cooling medium and the system was equilibrated3t *C for 5 min prior to the

scan. The empty aluminium pan was used as a refren
7.3.5 Statistical analyses

All experiments were performed in triplicates (n=8)d a completely
randomised design (CRD) was used. Analysis of magag ANOVA) was performed
and the mean comparisons were done by Duncan’dpheutange tests (Steel and
Torrie, 1980). Data are presented as mean * stdrdfanation and the probability
value of P<0.05 was considered as significant.ishizdl analysis was performed
using the Statistical Package for Social Scien8&SS 17.0 for windows, SPSS Inc.,
Chicago, IL, USA).
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7.4 Results and discussion
7.4.1 Properties of films
7.4.1.1 Thickness

Films prepared from gelatin incorporated with hyaitic and
hydrophobic nanoclays using different homogenisiognditions had varying
thickness (P<0.05) (Table 26). The highest thickmveas found for WH film prepared
without homogenisation (P<0.05). In general, theds was slightly affected by
homogenisation conditions. Nevertheless, highetktiess was generally obtained
when HPH films were incorporated with hydrophob@naclay (Cloisite 20A) in
comparison with hydrophilic nanoclay (Cloisite W&P<0.05). Due to its hydrophilic
character, sodium montmorillonite was highly confgatand well dispersed in the
plasticised-gelatin matrix (Martucci, 2008; Martuaad Ruseckaite 2009). When the
HPH films were incorporated with nanoclays, thokey particles were more evenly
distributed between gelatin molecules with the @fichigh pressure homogenisation.
As a result, thickness of HPH films was lower thtanse of WH and CH films
P<0.05). Therefore, the thickness of gelatin files affected by types of nanoclay

and homogenising conditions.
7.4.1.2 Mechanical properties

Mechanical properties, including Young’'s Modulus M) tensile
strength (TS) and elongation at break (EAB) of §lmcorporated with hydrophilic
and hydrophobic nanoclays by different homogeresaprocesses are shown in Table
26. YM indicating stiffness of films incorporatedtiw Cloisite 20A was higher when
homogenised at a lower pressure (1000 and 2000Hbsmogenisation at this lower
pressure range might result in the increase ofrilbigion or dispersion of
hydrophobic nanoclay in the hydrophilic gelatinnfilmatrix. However, pressure
higher than 2000 psi resulted in the decrease in(PKD.05). This might be due to
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the high shear stresses developed in the microefmphthe interaction chamber via
intensive microfluidisation. This might cause thart@al degradation of gelatin,
resulting in weaker film network (Met al., 2012). For HPH films containing Cloisite
Na’', YM decreased with increasing pressure levels. él@y numbers of passes
tested did not markedly affect YM of HPH films. Wheomparing different means of
nanoclay dispersion, the use of high pressure hemsation at lower pressure level
(1000 psi) yielded the HPH films with higher YM thdid the films prepared without
homogenisation (WH) and conventional homogenisaf©oR). This was plausibly
due to the proper distribution and strong intemactiof nanoclays with gelatin
molecules without causing significant degradatidnttds lower pressure level.
However, WH and CH films showed the similar YM, aedjess of types of nanoclay.
Gelatin films showed higher YM when incorporated¢hnanydrophobic nanoclay by
high pressure homogenisation (P<0.05). Martucci Rnodeckaite (2008) stated that
the high rigidity and aspect ratio of the nanoctesywell as the presence of strong
hydrogen interactions between matrix and clay teduin the increased YM or
stiffness. Gelatin films incorporated with CloisR@A had higher YM than Cloisite
Na" (Nagarajaret al., 2014a).

TS of films prepared without homogenisation (WH)svawer than the
registered on the control film (P<0.05). This midié governed by the improper
distribution of nanoclays in gelatin film networ€H films had the higher TS when
incorporated with hydrophilic nanoclay, Cloisite Nan comparison with HPH films
(P<0.05). TS of HPH films decreased with increagingssure levels and number of
passes, regardless of types of nanoclay (P<0.0&)eker, HPH films incorporated
with Cloisite 20A at the homogenising condition1®f00 psi and 2 passes had higher
TS than the control film (P<0.05). Batal. (2009a) also reported that TS of gelatin
films decreased when the homogenisation speedasetde This might be associated
with the fact that the higher shear force generathding high pressure
homogenisation might cause partial degradatioretdton molecules, resulting in less

interaction or junction between protein moleculéglditionally, the interaction
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between nanoclays and gelatin in FFS might be olgsdrto some degree. When the
film was formed, those associated complex could anotlergo film formation
properly. Consequently, the less interaction mighmtribute to weaker matrix as
indicated by the decrease in TS and YM. Maal. (2012) reported that the high
pressure or cycles for homogenisation caused th ilo chain length of dispersed
protein molecules with subsequent formation of lgss junction zones in the film
matrix. Fuet al. (2011) found that the TS of films from starch erot improved

significantly as the homogenisation pressure aadtimber of passes increased.

The EAB of films added with both nanoclays by usididferent
dispersing methods was lower than that of contiloh {P<0.05). Elongation of
nanocomposite films was generally lower than thHatantrol film when the free
volume between polymer chains decreased due tdntteeporation of nanoclays
(Farahnakyet al., 2014). Consequently, an increase in intermo&ecalitractive forces
might decrease elasticity of films (Gomez-Estatal., 2011). EAB of gelatin/mmt
nanocomposite films varied, depending on dispersiethods and conditions used as
well as types of nanoclay added. For HPH films, EfdBded to decrease with
increasing in pressure and passes used. HPH filecmrdorated with Cloisite Na
exhibited higher EAB than did CH and WH films (P8®), respectively, for almost
all pressure levels and number of passes appladiilfhs added with Cloisite 20A,
poorer EAB was obtained with increasing pressukellend number of passes
(P<0.05). However, HPH film containing Cloisite 20%d lower EAB, compared
with WH and CH films, when 4 passes were used.ebming homogenisation
pressure could reduce the molecular weight of petywhich decreased mechanical
properties of the resulting film (Vargas al., 2011). Thus, homogenisation process
and type of nanoclay directly affected the mechaniproperties of resulting

nanocomposite films.
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Table 26. Young’s Modulus (YM), tensile strength (TS), elotiga at break (EAB),

water vapour permeability (WVP) and thickness d¢rinéi from tilapia skin gelatin

incorporated with hydrophilic and hydrophobic ndags using different

homogenisation conditions

Film Samples YM TS EAB WVP Thickness
(MPa) (MPa) (%) (X10Mgmm?s'pPa™) (mm)
C 1091.70+33.39d 38.18+0.51ab 12.08+1.16a 2.83+0.37def 0.044+0.004c
WH-Na" 1063.10+1.65de 35.66+0.77c 5.84+0.26h 2.50+0.06gh 0.053+0.004a
CH-Na" 1057.20+2.70e 37.18+0.61b  7.15+2.04efg 1.92+0.14jk 0.048+0.003b
HPH-Na'-1000/2 1073.0+9.15de 35.70+0.79c 9.59+0.96b 2.50+0.24gh 0.039+0.003efg
2000/2 957.59+2.01g 32.45+2.42de 8.64+0.87bcd 2.77+0.26efg 0.037+0.004fg
3000/2 870.08+10.52ij 31.26+0.83ef 8.58+0.10bcd 3.05+0.15cde 0.037+0.004fg
4000/2 824.56+9.01k  28.63+0.61hi 8.42+0.20bcde 3.43+0.18ab 0.038+0.003fg
1000/4 1008.90+10.71f 33.30+1.12d 8.87+0.87bc 3.08+0.23cd 0.039+0.005efg
2000/4 970.83+10.00g 31.88+0.68def 7.51+0.10defg 3.23+0.13bc 0.038+0.002fg
3000/4 847.94+32.30jk 30.44+1.16fg 7.60+1.42cdef 3.67+0.02a 0.036+0.003g
4000/4  829.28+9.95k  27.50+0.90i 7.45+0.28defg 3.60+£0.12a 0.039+0.004def
WH-20A  923.19+27.57h 28.45+0.81hi 5.40+0.03h 2.74+0.06fg 0.052+0.003a
CH-20A 953.21+28.48gh 31.34+0.89ef 6.36+0.33fgh 1.75+0.08k 0.044+0.006¢c
HPH-20A-1000/2 1271.70+28.01a 39.16+0.64a 7.39+0.37defg 3.50+0.09ab 0.042+0.005cde
2000/2 1202.20+24.21b 37.39+0.39b  6.23+0.06gh 2.78+0.22efg 0.044+0.001c
3000/2 941.01+6.50gh 30.42+2.09fg 5.73+0.04h 2.3140.05hi 0.044+0.002c
4000/2 886.16+5.02i 25.45+0.01j 5.07+0.07h 3.01+0.13cde 0.039+0.002def
1000/4 1142.40+40.26c 36.71+0.24bc  5.66+0.13h 3.2620.09bc 0.043+0.004cd
2000/4 1093.80+4.26d 35.55+0.43c 5.50+0.02h 2.63+0.01fg 0.040+0.003def
3000/4 961.841+4.01g 29.53+0.32gh  5.04+0.03h 2.11+0.72jj 0.039+0.001efg
4000/4 882.97+4.00i 25.41+0.02j 5.00+0.00h 2.20+0.01i 0.039+0.002efg

C: Control gelatin film (without nanoclay).
Mean = SD (n=3).
Different letters in the same column indicate digant differences (P<0.05).
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7.4.1.3 Water Vapour Permeability (WVP)

WVP of films incorporated with hydrophilic and hygbhobic
nanoclays using different homogenisation conditienshown in Table 26. WH and
CH films added with both nanoclays had lower WVEBnthhe control film (without
nanoclay incorporation) (P<0.05). The improved wataearrier property of
nanocomposite films might be due to the presenceddring dispersed silicate layers
with large aspect ratios in the polymer matrix.srtarces water travelling through the
film via increased tortuous path of the polymer mwasurrounding the silicate
particles, thereby increasing the effective patiylk for diffusion (Ray and Okamoto,
2003; Rhim, 2007). WH films showed higher WVP thaid films (P<0.05),
regardless of types of nanoclay. Higher water vapmeation of WH films was
plausibly due to the presence of large agglomaratitd non-uniform distribution of
nanoclays in the film matrix, as compared to the fliHs (Fuet al., 2011). Amongst
films prepared using different mixing conditionketlowest WVP was obtained for
CH films (P<0.05). In general, HPH films showedheg WVP, in comparison with
the CH counterpart when the same nanoclay was pocated (P<0.05). High
pressure homogenisation with high shear force mighitse partial degradation of
gelatin molecules, resulting in shorter gelatinichand higher amount of hydrophilic
moieties. Thus, the increased WVP was observed HBH films. For films
incorporated with Cloisite Nathe WVP increased when the homogenisation pressur
and number of passes increased. High pressure tmsagion could modify the
functional properties of proteins and caused tlggegation as well as the irreversible
disruption of the biopolymer conformation (Vargasal., 2011). Baest al. (2009a)
reported that the increases in homogenisation spaaded no changes or slightly
increased WVP of fish gelatin films. WVP of soybgamotein isolate-beeswax films
was also increased when the homogenisation pressusased (Zhang al., 2012).

In contrast, the decreased WVP was observed farsfincorporated with Cloisite
20A with increasing pressure and number of passegpt for that with 4000 psi and
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2 passes, which exhibited the increased WVP. Toease in shear force within the
range tested might enhance the dispersion abilibhydrophobic nanoclay layer in the
gelatin film matrix. This resulted in more unifordispersion and thus increased
diffusing path tortuosity. Generally, lower WVP walsserved for films incorporated
with hydrophobic nanoclay (Cloisite 20A) than hyplndic nanoclay (Cloisite N3
(P<0.05), regardless of homogenisation conditiodfie moisture repulsion
characteristics of Cloisite 20A could contributeldaver WVP. The modifier (dialkyl
ammonium) in Cloisite 20A is responsible for thevés WVP (Rhimet al., 2009).
The incorporation of Cloisite 20A nanoclay coulduee the polarity and the surface
energy of nanocomposite films, resulting in lessirbphilic surface (Rhinet al.,
2009). Thus, gelatin films had varying WVP, depegdion the relative
hydrophobicity of incorporated nanoclays as well @ispersing methods and

conditions used.
7.4.1.4 Colour

Colour of films prepared from tilapia skin gelatimcorporated with
hydrophilic and hydrophobic nanoclays using differaomogenisation conditions is
presented in Table 27. The highést value (lightness) was obtained for CH films
(P<0.05). This result was in agreement with lowa&*- value (total colour
difference) of films. HighL*- values were also found in films containing Cltes20A
with 4 passes of homogenisation. However, amond3H Hilms, there were no
differences in L*- value of films incorporated with Cloisite Nawhen the
homogenisation pressure or number of passes imtt€&s-0.05). On the other hand,
the differences iL*- value were observed for HPH films incorporatedthwCloisite
20A when the passes level increased (P<0.05). fieiffees in colour of films might be
due to the varying colours of nanoclays incorpatgtdéagarajaret al., 2014a). The
highesta*- value (greenness) was observed for the contil fwithout nanoclay)
(P<0.05). Slight or no difference af - value was noticeable between films prepared
with or without homogenisation (P>0.05). Tbe value (yellowness) of control film
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was lower than other films (P<0.05). In general,marked difference im*- value
was observed for all films incorporated with naagsl under the study conditions
(P>0.05). Thus, colour of nanocomposite gelatimgilwas not greatly affected by

homogenisation conditions.

Table 27. Colour of films from tilapia skin gelatin incorpdeal with hydrophilic and

hydrophobic nanoclays using different homogenisationditions

Film samples L* a* b* AE*
C 90.42+0.27j -1.18+0.03a 1.48+0.05c 2.64+0.10a
WH-Na" 90.84+0.15defg  -1.25+0.03abc  1.63+0.09abc 2.29+0.16def
CH-Na"  91.18+0.27ab -1.26+0.02bc 1.63+0.10bc 2.00+0.21gh
HPH-Na'-1000/2  90.61+0.20ghij -1.3040.03cde  1.53+0.10bc 2.44+0.15abcd
2000/2  90.66+0.12ghi -1.2940.01cde  1.55+0.09bc 2.40+0.14bcd
3000/2  90.68+0.12ghi -1.31+0.01cde  1.59+0.08bc 2.40+0.12bcd
4000/2  90.59+0.09hij -1.34+0.02e 1.67+0.04abc 2.52+0.09abc
1000/4  90.66+0.07ghi -1.30+0.02cde  1.71+0.02abc 2.47+0.06abcd
2000/4  90.62+0.17ghij -1.32+0.01cde  1.61+0.04bc 2.46+0.16abcd
3000/4  90.79+0.05efgh -1.3340.02de  1.65+0.04abc 2.32+0.03cdef
4000/4 90.55+0.10jj -1.2940.03cde  1.55+0.14bc 2.51+0.12abcd
WH-20A  90.83+0.08efg -1.27+0.04bcd  1.78+0.08ab 2.37+0.07bcde
CH-20A 91.29+0.08a -1.21+0.02ab 1.57+0.11bc 1.8740.13h
HPH-20A-1000/2  90.59+0.11hijj -1.27+0.05bcd 1.90+0.18a 2.59+0.27ab
2000/2  90.59+0.25hij -1.20+0.02ab  1.73+0.10abc 2.55+0.24abc
3000/2  90.66+0.13ghi -1.2540.03abc  1.74+0.16abc 2.50+0.09abcd
4000/2  90.73+0.20fghi -1.21+0.02ab 1.59+0.10bc 2.36+0.16cdef
1000/4 91.00+0.05bcde  -1.21+0.02ab 1.63%0.14bc 2.15+0.12fg
2000/4  91.05+0.07bcd -1.2540.02abc ~ 1.76+0.06ab 2.18+0.08efg
3000/4  90.94+0.13cdef -1.22+0.03ab 1.56+0.06bc 2.16+0.12efg
4000/4  91.13+0.18abc -1.22+0.05ab 1.57+0.24bc 2.01+0.19gh

C: Control gelatin film (without nanoclay).

Mean * SD (n=3). Different letters in the same owfuindicate significant differences (P<0.05).
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7.4.1.5 Light transmission and transparency

Transmission of UV and visible light at selectedvelangths in the
range of 200-800 nm of gelatin films incorporateithvinydrophilic and hydrophobic
nanoclays prepared using varying homogenisatiomitons is shown in Table 28.
Light transmission of nanocomposite films increasgdden homogenisation was
implemented. This was plausibly governed by prapstribution of nanoclays in the
original gelatin network. The excellent barrier peay to the light in UV at 200 nm
was observed for all films. Similar results werpaded for gelatin films from bigeye
snapper skin (Jongjareonrekal., 2006b) and splendid squid skin (Nagarajeinal .,
2013b; 2012b). For WH films, the lower light trantance at wavelength of 280 nm
was found in comparison with their CH counterpdriggeneral, light transmittance of
films at wavelength of 280 nm increased with insneg homogenising pressures
irrespective of types of nanoclay. Neverthelessndgmission of visible light range
(350-800 nm) of gelatin films incorporated with @ite Na was generally higher,
compared to those containing Cloisite 20A. The ificant difference in transmission
was more likely ascribed to the uniform nanodisjoersf hydrophilic nanoclay in the
hydrophilic polymer matrix (Zhengt al., 2002). Homogenisation process and
hydrophilicity of nanoclays could therefore impraotee light transmission of gelatin

films in the range of either UV or visible.

Transparency value of gelatin films decreased ashttimogenisation
pressure increased (P<0.05). Higher transparenogmmdcomposite films prepared by
using high pressure homogenisation was in agreemghtlower thickness (Table
26). However, higher transparency value was obdeimeWH films (P<0.05). When
the compatibility between polymer and nanoclay congmts is poor, the light
transmittance becomes low due to light dispersiorrefiection at the two-phase
interface (Rhimet al., 2007). Transparency of films is thus an auxjliariterion to
judge the compatibility of the components (Liu afithng, 2006). From the results,
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Table 28. Light transmittance and transparency values of filfrom tilapia skin

gelatin incorporated with hydrophilic and hydroploimanoclays using different

homogenisation conditions

Film samples Transmittance (%) Transparency
200 280 350 400 500 600 700 800 values
C 001 3464 74 7793 81.77 8389 8533 86.39 1.49+0.00i
WH-Na" 0.02 32.19 65.48 69.67 7440 77.36 79.60 81.37 2.57+0.139de
CH-Na" 0.03 41.64 77.74 80.88 83.77 85.28 86.37 87.17 1.37+0.095i
HPH-Na'-1000/2 0.01 45.77 71.09 7458 78.74 81.33 83.18 8457 2.80+0.262c
2000/2 0.02 41.13 7142 75.60 80.31 83.05 84.88 86.19 2.51+0.00def
3000/2 0.01 42.06 74.95 78.56 82.35 84.52 8597 87.03 2.31+0.00fg
4000/2 0.00 53.35 77.13 80.12 83.45 85.37 86.68 87.62 2.07+0.008h
1000/4 0.00 34.81 68.76 73.03 77.89 80.82 82.83 84.31 2.34+0.00fg
2000/4 0.01 41.73 71.86 74.72 7873 81.17 8292 84.25 2.19+0.00gh
3000/4 0.01 42.04 71.14 75.68 80.04 82.64 8450 8576 2.16+0.00gh
4000/4 0.02 4731 7434 77.71 8151 8382 8536 86.54 1.99+0.002h
WH-20A 0.01 40.76 66.08 68.83 71.59 73.24 7454 7559  3.47+0.00a
CH-20A 0.02 42.79 70.48 73.05 75.36 76.54 77.37 78.01 2.59+0.00cde
HPH-20A-1000/2 0.01 39.43 65.83 68.04 70.13 71.29 7212 72.88 3.63+0.358a
2000/2 0.02 40.19 68.04 70.83 73.64 7525 76.42 77.35 3.14+0.064b
3000/2 0.01 43.19 7193 74.64 77.24 78.69 79.72 8052 2.60+0.138cde
4000/2 0.02 4751 76.14 78.11 79.85 80.78 81.51 82.15 2.48+0.168ef
1000/4 0.02 36.62 63.41 6597 6861 70.12 71.36 72.42  3.12+0.00b
2000/4 0.01 3851 67.87 7122 7491 77.17 78.88 80.20 2.72+0.005cd
3000/4 0.02 4550 74,55 77.34 79.92 81.26 8220 82.90 2.15+0.048gh
4000/4 0.02 4254 75.69 78.39 80.70 81.85 82.68 83.32 2.01+0.00h

C: Control gelatin film (without nanoclay).

Mean = SD (n=3). Different letters in the same cwfuindicate significant differences (P<0.05).
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nanocomposite films incorporated with hydrophil@noclay were more transparent
than those incorporated with hydrophobic nanoclaggardless of homogenisation
conditions (P<0.05). Compatibility between polymand nanoclay, processing
conditions, additives, and thickness are generallgy the vital role in the
transparency of protein based films (Hoaaieal., 2011d; Martucci and Ruseckaite,
2010a; Nagarajad al., 2012b; Rhim, 2007; Tongnuanchearal., 2013; 2012). Films
incorporated with Cloisite 20A were opaque in appree and agglomerated clay
particles were obviously observed in films. Filrartsparency is one of the important
criterions in packaging industries. Films incorgedh with Cloisite 20A were
therefore not selected for further characterisatidmerefore, homogenisation
conditions and types of nanoclay had the impacmpearance and light transmission
of gelatin films.

7.4.2 Characteristics of selected nanocomposite films

WH, CH and HPH (1000/2, 4000/2, 1000/4 and 4000i#ns
incorporated with Cloisite Nawvere characterised, in comparison with the coriiiral
(without nanoclays and homogenisation).

7.4.2.1 WAXD analysis

WAXD analysis was used to determine the dispersiotihe nanoclay
in the gelatin—-nanocomposite films from tilapiarskWAXD patterns of nanoclay,
Cloisite Nd, and films incorporated with Cloisite Nay different homogenisation
processes are illustrated in Figure 30. Intercdlate exfoliated structures of
nanocomposites were typically revealed bydkspacing due to the interlayer spacing
of the nanoclay gallery in polymer matrix (Martucgti al., 2007). Cloisite Na
exhibited the sharp peak at &f 7.04° @-spacing = 1.25 nm, based on Bragg’'s
equation; i = 2d sind). Similar results were previously reported forgomal Cloisite
Na" and also close to the claimed value of manufac(@aeet al., 2009a; Kolet al.,
2010; Martucci and Ruseckaite, 2010a; Pradhah, 2012). WAXD pattern of the
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Figure 30. WAXD patternsof nanoclay (a) and films from tilapia skin gelaiimcorporated with
Cloisite N& using different homogenisation conditions (da: Cloisite N& C: Control gelatin film;
WH: film without homogenisation, CH: film with coewmtional homogenisation and HPH: film
prepared with high pressure homogenisation. 1008020/2, 1000/4 and 4000/4: The first number

represents pressure level, whilst the second nurepeesents the number of passes.
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control gelatin film exhibited a broad and low imsgy peak in the 2range of 6.2 to
9.5°, which is the characteristic of amorphous girnst (Grevellecet al., 2001;
Martucci and Ruseckaite, 2010b). Gelatin-nanocompodms had significantly
different WAXD patterns, compared to nanoclay, €itei Nd. In the present study,
gelatin films incorporated with Cloisite Naby homogenisation process (CH and
HPH) had no characteristic diffraction peak of ndag; this typically revealed the
exfoliation or delaminated structure (Martucci dRdseckaite, 2010a; Zhergy al.,
2002). For WH film (without homogenisation), diféteon peak (2 = 2.42°,d = 3.64
nm) was shifted to lower angle valueg(2 2.14°,d = 4.12 nm) and became sharp,
indicating that intercalated structure was formEdis was plausibly due to improper
distribution of inorganic nanoclay throughout polme matrix and thus the sufficient
homogeneity together with nano-sized fine structtoald not be achieved without
sufficient homogenisation. Therefore, the intermalaor exfoliated structures of

obtained nanocomposite films were dependent ohdhggenisation conditions.
7.4.2.2 TGA analysis

Thermal degradation behaviors of selected gelaltinsfincorporated
with hydrophilic and hydrophobic nanoclays underffedent homogenisation
conditions were revealed with the aid of TGA analysnd their thermograms are
depicted in Figure 31. Their corresponding degiadaemperatures (Td) and weight
loss Aw) are presented in Table 29. For all films, thistfstage of weight los&y; =
5.56-7.56%) observed approximately at onset teryreia (Td) of 42.08-53.47 °C
was mostly associated with the continuous losged fvater absorbed in the films.
The second stage of weight logsam = 71.39-73.66%) occurred approximately at
onset temperatures (d)dof 236.27-255.77 °C, due to the degradation otemn
matrix as well as glycerol compounds in the filmoignuanchamt al., 2012). WH
films incorporated with Cloisite Nehad lower thermal degradation temperature)XTd

than did the control film. This might be associatath large aggregation with non-
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Figure 31. Thermogravimetric curves of films from tilapiaisigelatin incorporated

with Cloisite Nd using different homogenisation conditions.

uniform distribution of nanoclays in protein matrand less interaction between
protein and nanoclay molecules (Maal., 2012). This result was in agreement with
lower TS of WH films (Table 26). In contrast, nanogosite film prepared using
conventional homogenisation (CH) had higher therstalbility (T¢ = 255.77 °C) in
comparison with the other films (T& 236.27-246.25 °C) as indicated by highes. Td
When high pressure homogenisation (HPH) was usguejoare gelatin/Cloisite Na
nanocomposite films, the Fdof HPH films seemed to decrease with increasing
applied pressure and number of passes. The refutged that HPH nanocomposite
films prepared using high pressure of 4000 psilated the lowest thermal stability
as suggested by the lowest,Taf 236.27 °C in comparison with other films. The
lowest thermal stability was in agreement with tbeest mechanical performance
observed in these HPH films (Table 26). Partiakbgihded or shorter protein chains
generated by high pressure homogenisation moréy likederwent less interaction,
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resulting in weaker and more heat susceptible m&twbfilm. Therefore, TGA study
clearly showed that incorporation of nanoclay ammbgenisation methods and
conditions determined the thermal stability of f#sg gelatin/Cloisite N&

nanocomposite films.

Table 29. Thermal degradation temperature (Td, °C), weighs Iaw, %), and glass
transition temperature {I°C) of films from tilapia skin gelatin incorpoeat with
hydrophilic and hydrophobic nanoclays using différeomogenisation conditions

A1 Az

Film samples Td; Awq Tdo AW, Tyg
C 46.21 6.41 24151 73.11 47.50
WH-Na" 48.65  5.56 238.80 73.66 54.05
CH-Na" 53.47  5.87 255.77 73.61 52.01
HPH-Na"-1000/2 4523  6.96 246.25 7224 50.62
4000/2 47.86  7.56 24250 7161 50.33
1000/4 4510 7.29 237.48 71.39 49.61
4000/4 42.08 7.20 236.27 7155 48.01

C: Control gelatin film (without nanoclay)\; and A, denote the first and second stage weight loss,

respectively, of films during TGA heating scan.
7.4.2.3 DSC analysis

DSC thermograms of the first (a) and second heataan (b) of the
selected gelatin films are depicted in Figure 3&s6 transition temperature gfTof
films is presented in Table 29. Thermograms ofilatl samples exhibited step-like or
glass transition at temperatureg(Tanging from 47.50 to 54.05 °C4 15 generally
correlated to the segmental motion of polymer madks in the amorphous phase
(Slade and Levine, 1991). The glass transition tatpre () is an important
parameter that determines both the mechanical amabproperties of polymers and
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tilapia skin gelatin incorporated with Cloisite Nasing different homogenisation

conditions.
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controls the crystallisation kinetics of polymenmagaterials (Oxfordet al., 1989).
Gelatin/Cloisite Na nanocomposite films had higheg Than did the control gelatin
film (without nanoclay incorporation), especiallyh@an dispersion with lower shear
force was performed. This suggested that addingsi@oNa nanoclay could
decrease gelatin chain mobility, thus increasingirchigidity, most likely due to the
strong interaction between gelatin and Cloisité Ma hydrogen bonds (Martucet
al., 2007). For HPH nanocomposite filmsy 0f films seemed to decrease as the
homogenisation pressure and number of passes secte&elatin with short chains
formed during high pressure homogenisation mightatign and build up the strong
film network (Figure 33). This could also determitie WVP and transparency of
resulting films (Figure 33). The DSC results weengrally in agreement with the
mechanical properties of films (Table 26).

Highest chain length

/) Intercalated structure
Collagen Lower WVP
\LHeating Lower transparency
/—\_/—\/\
N — > Higher chain length
\/\/\,_:M Exfoliated structure
Gelatin Lowest WVP

Higher transparency

Lower chainlength
Exfoliated structure

[ ] / /]\o
* L oioi X nghestWVP
Water  Plasticiser Nanoclays L Highest transparency

WH: Without Homogenisation; CH: Conventional Homogation; HPH: High Pressure Homogenisation

Figure 33. Proposed scheme of nanoclay incorporated geliétinnfiatrix as affected

by different homogenisation conditions.

For the second heating scan, no transition wasrgiynebserved for
both the control film and films incorporated wittarmoclays (Figure 32b). The

absorbed water, acting as plasticiser, might beowesh during the first heating scan.
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As a consequence, the interaction between gelailagules could be enhanced along
with the formation of more rigid film network. As eonsequence, the transition
temperature of film became too high and could motdetected in the temperature
range tested. Therefore, thermal properties ofsfilram skin gelatin were affected by

nanoclay incorporation and the homogenisation E®t@ some extent.
7.5 Conclusion

Gelatin films from tilapia skin incorporated with NT-nanoclays
under different homogenisation conditions showdteint properties. Exfoliated or
delaminated structure of nanocomposite films wainobd by homogenisation via
both conventional (CH) and high pressure homogaoisa(HPH) processes. In
general, homogenisation under appropriate sheare foespecially the CH could
improve the mechanical resistance, water vapoutidbgoroperty, transparency and
thermal stability of nanocomposite gelatin film$ieTdecrease in overall properties of
the nanocomposite gelatin films was obtained whemdygenisation under higher
pressures and more than 2 passes was implemenésibty caused by partial

degradation of gelatin molecules.



CHAPTER 8

EFFECTS OF pHs ON PROPERTIES OF BIO-NANOCOMPOSITE
BASED ON TILAPIA SKIN GELATIN AND CLOISITE Na*

8.1 Abstract

Effects of various pHs (4-8) of film forming susgens (FFS) on the
properties of nanocomposite film based on tilapkén sgelatin and hydrophilic
nanoclay (Cloisite N3 were investigated. Intercalated/exfoliated stiet of
nanocomposite films was revealed by WAXD analy¥isung’s Modulus (YM) and
tensile strength (TS) of nanocomposite films insesh up to pH 6 (P<0.05).
Nevertheless, the further increases in pH leveslted in the decreases in both YM
and TS (P<0.05). The highest water vapour barmepgrty of the film was observed
when the pH of FFS was 6 (P<0.05). Lightneg%) (and yellowness bf) of
nanocomposite films generally increased with insireg pH levels. Transparency of
nanocomposite films was affected to some extentpbis. Homogeneity and
smoothness of film surface were obtained for namgpmsite films with pH 6 as
confirmed by SEM micrographs. Thermogravimetric A)@&nd differential scanning
calorimetric (DSC) analyses indicated that therstability of nanocomposite films
varied with different pH levels. In general, mecicah and water vapour barrier
properties of nanocomposite films were improved nvR€&S having pH 6 was used.
Thus, the pH of FFS directly affected the propsrtté nanocomposite gelatin films

incorporated with hydrophilic nanoclay.
8.2 Introduction

Natural biopolymers have the several advantageecesly for being
biodegradable, renewable, and edible (Chinablagt., 2007, Tharanathan, 2003).
Films are thin layers, which can be used to profecd stuffs by covering or
wrapping the food surface (Shila al., 2003). Apart from wrapping, films can be
used for making the bag or pouch via sealing (KiacB002). However, biopolymer
films exhibited relatively poor mechanical and watapour barrier properties when

compared to traditional synthetic polymeric filntiserefore limiting their commercial

204
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use (Gomez-Guilleret al., 2009). Due to their inherent hydrophilic propestie
biopolymer films absorb large quantities of wateelkevated relative humidity (RH)
conditions. This results ithe plasticised film matrices that have weakeneddyaand

mechanical properties (Martucci and Ruseckaite 9208everal technologies have

been implemented for improvement of film proper{@e®mez-Guilleret al., 2009).

Gelatin is a biopolymer derived from collagen \harmal denaturation
or partial hydrolysis (Benjakuét al., 2012). It is universally known for its film
forming ability and applicability for food packaginGomez-Guillenet al., 2009).
Gelatin is normally obtained from bovine hides, &rand pig skins. Gelatins from
non-mammalian source, especially those from figitgssing byproducts, are gaining
the increasing attention as packaging or coatintenads, due to health issues and
religious constraints of mammalian counterpart {ikaand Baht, 2009). Recently,
nanotechnology has been introduced for packagingmaks as a potential means to
bring about the desirable properties (Baal., 2009a). Nanocomposite films/coatings
developed from biopolymers known as ‘bio-nanocontpes show the better
properties, compared with polymer alone or micralscomposites (Martucci and
Ruseckaite, 2010a; Sothornwt al., 2009). Polymer nanocomposites usually have
much better polymer/nanofiller interaction than wemtional composites (Baat al.,
2009a; Farahnakst al., 2014).

Nanoclays were incorporated with gelatin films toprove their
mechanical and water vapour barrier properties elt ag thermal properties (Bae
al., 2009a; Farahnakst al., 2014; Martucci and Ruseckaite, 2010b; Nagarejab.,
2014a). To enhance the nanoclay dispersion in padymatrix and improve the
properties of nanocomposite films, different pr@teg conditions such as shear rate
and pH level have been optimised (Beteal., 2009a; Nagarajamt al., 2014b).
Basically, protein has the positive charge whenptHas lower than the pl and has the
negative charge when the pH is higher than theSpik{ et al., 2003). Electrostatic
repulsion between protein molecules occurs at pldegaoutside of the isoelectric
point (pl), and the pH alteration can be also us®dn alternative method to improve

the functional properties such as fim-forming, iggl] emulsifying, and foaming
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properties of gelatin (Wihodo and Moraru, 2013)eTghysical properties of protein
based films were highly influenced by the pH ofrfiforming solution (Avena-
Bustillos and Krochta, 1993). The proteins withrgjeal residues more likely undergo
interaction with hydrophilic nanoclay at differetégrees. Cloisite Naa hydrophilic
nanoclay which is frequently used in bio-based nanposites, is the cationic clay
mineral with the negative charge on their outencttire (Martucci and Ruseckaite,
2010a). Thus, pH of film forming suspension dirgcéiffects the interaction and
distribution of nanoclay in gelatin matrix. Nevegtbss, the information concerning
the effect of pH on the properties of film incorpted with nanoclays is scarce. The
present study was therefore undertaken to deterthimesffects of the pH of film
forming suspensions on water vapour permeability mechanical properties, as well
as thermal stability of films from tilapia skin géih incorporated with Cloisite Na

8.3 Materialsand methods

8.3.1 Chemicals

Fish gelatin from tilapia skin (~240 bloom) was ahed from Lapi
Gelatine (Empoli, Italy). Montmorillonite (MMT) namlay, Cloisit® Na'
(hydrophilic in nature), was purchased from Southgay products Inc. (Gonzlaes,
TX, USA). Glycerol was procured from Merck (DarnditaGermany). All chemicals

were of analytical grade.
8.3.2 Study on {-potential of gelatin solution as affected by pHs

Gelatin from tilapia skin was dissolved in distillevater to obtain a
concentration of 0.5 mg/ml. The mixture was stirsgdroom temperature for 6 h.
Solutions were adjusted to different pHs (2 to &h 1.0 M nitric acid or 1.0 M
KOH using an autotitrator (BI-ZTU, Brookhaven Instrents Co., Holtsville, New
York, USA). The(-potential of gelatin solution (20 ml) was measuusihg a zeta
potential analyser (ZetaPALS, Brookhaven Instrumeéurp., Holtsville, NY, USA).
The pl of gelatin sample was estimated from pH eeing)-potential of zero.
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8.3.3 Characteristics of gelatin films containing nanoclay as influenced by

pHs
8.3.3.1 Preparation of nanocomposite films

Gelatin nanocomposite films were prepared as mentéthod of Baet

al. (2009a) with slight modifications. Firstly, getasolution was prepared by mixing
the gelatin powder with distilled water to obtdme tprotein concentration of 3% (w/v)
as determined by the Kjeldhal method (AOAC, 2000)ereafter glycerol (25% of
protein, w/w) was added into the gelatin solutienaaplasticiser. Nanoclay, Cloisite
Na' (1% of protein, w/w) was mixed with distilled watd@he mixture was stirred at a
speed of 1000 rpm (IKA Labortechnik stirrer, Selandvalaysia) for 5 min at room
temperature. Nanoclay suspension was then inculzatéd °C for 1 h to delaminate
the nanoclay in a temperature controlled water AIB50; Memmert, Schwabach,
Germany) with an occasional stirring. Nanoclay snspon was cooled down to room
temperature (27-30 °C) and then homogenised fomlama speed of 5000 rpm (IKA
Labortechnik homogeniser, Selangor, Malaysia). Ga#dg, nanoclay suspension was
dropped into the gelatin solution and the mixtuswomogenised for 30 sec at the
speed of 5000 rpm. The mixtures were degassed @sidgsiccator equipped with
JEIO Model VE-11 electric aspirator (JEIO TECH, &ledorea). Then, the pH of
mixtures was adjusted to 4, 5, 6, 7 and 8 with H®1 or 1 M NaOH solution. The
final volume was made up to 100 ml using distieater. The obtained film-forming
suspensions (FFS) were further sonicated for iatation/exfoliation of the gelatin
and nanoclay for 30 min using the sonicating bd&hmésonic S 30 H, Singen,
Germany). FFS were then gently stirred for 24 hoam temperature to obtain a
homogenous suspension. Prior to casting, FFS wegasded for 10 min using the
sonicating bath. FFS (4 £ 0.01 ml) were then cast @ rimmed silicone resin plate
(5x5 cnf), air-blown for 12 h at 25 °C, followed by dryirig an environmental
chamber (Binder GmbH, Tuttlingen, Germany) at 26.5 °C and 50 + 5% relative
humidity (RH) for 24 h. Nanocomposite films preghfeom FFS with pHs of 4, 5, 6,
7 and 8 were manually peeled off and referred tbllgé, NF5, NF6, NF7 and NF8,

respectively. Nanocomposite films were further satgd to analyses.
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8.3.3.2 Analyses

Prior to testing, samples were conditioned in arvirenmental
chamber for 48 h at 50 + 5% relative humidity (Rad 25 + 0.5 °C. For WAXD,
SEM, TGA and DSC studies, nanocomposite films wenaditioned in a desiccator
containing dried silica gel for 3 weeks at room penature (28-30 °C) to obtain the

most dehydrated films.
8.3.3.2.1 Wide angle x-ray diffraction (WAXD) pattern

WAXD analysis of the film samples was conductedeihection mode,
with an incident wavelengthl) at 0.154 nm of CuK radiation (Martucci and
Ruseckaite, 2010a). Measurements were performe@dfdrom 1° to 10° at a scan

rate of 1.0°/min. The layer spacing of the clay walsulated from Bragg’s law:
n = 2d sird

where 1 is the wavelength of the radiatiod; is the c-dimension distance or the

interlayer spacing; andlis the diffraction angle (Baat al., 2009a).
8.3.3.2.2 Thickness

The thickness of ten film samples of each treatnvem$ measured
using a digital micrometer (Mitutoyo, Model ID-CIR®I, Serial No. 00320,
Mituyoto Corp., Kawasaki-shi, Japan). Ten randonatmns around each film sample

were used for determination of thickness
8.3.3.2.3 Mechanical properties

Young's Modulus (YM), tensile strength (TS) andrejation at break
(EAB) of ten film samples for each pH were deterxiras described by Iwaghal.
(2000) using the Universal Testing Machine (Lloysstruments, Hampshire, UK).
The test was performed in the controlled room af@%nd 50 = 5% RH. Ten film
samples (2 x 5 cfip with the initial grip length of 3 cm were used festing. Film

samples were clamped and deformed under tensiténigaising a 100 N load cell
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with the cross head speed of 30 mm/min until thepdas were broken. The initial
slope of the stress-strain curve, the maximum kadi final extension at break, were

used to calculate YM, TS and EAB, respectively
8.3.3.2.4 Water vapour per meability

Water vapour permeability (WVP) was measured usingodified
ASTM (American Society for Testing and Material982) method as described by
Shiku et al. (2004). Film samples were sealed on an aluminpermeation cup
containing dried silica gel (0% RH) with siliconacuum grease and rubber gasket.
The cups were placed at 30 °C in a desiccator comggathe distilled water, followed
by weighing at every 1 h intervals for up to 8 hieHilm samples were used for WVP

testing. WVP of nanocomposite films was calculasdollows:
WVP (gmm’s'Pal) =wiA™ t* (P,-Py)*

where,w 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):R-P.) is the vapour pressure difference

across the film (Pa).
8.3.3.2.5 Colour

Colour of five film samples was determined usinGl& colourimeter
(Hunter associates laboratory, Inc., Reston, VAAU% olour of the nanocomposite
films was expressed ds- (lightness or brightnessg*- (redness or greenness) and
b*- (yellowness or blueness) values. Total differemceolour AE*) was calculated
according to the following equation (Gennadsbal., 1996).

AE* = \/(AL")? + (Aa*)? + (Ab*)?

where, AL*, Aa* and Ab* are the differences between the correspondingucolo
parameter of film sample and that of white standard 95.91,a*= -0.85 andb*=
0.50).
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8.3.3.2.6 Light transmission and transparency

Light transmission of five film samples in ultraled (UV) and visible
range were measured at selected wavelengths be®@®eand 800 nm using a UV-
Visible spectrophotometer (model UV-1800, Shimadgyoto, Japan) according to
the method of Jongjareonrak al. (2008). The transparency value of film samples

were calculated by following the equation (Shéual., 2004).
Transparency value = (-l0G00)/X

where,Teoo IS the fractional transmittance at 600 nm arngl the film thickness (mm).

The higher transparency value represents the loaesparency of films.
8.3.3.2.7 Scanning electron microscopic (SEM) image

Microstructure of the upper surface and cryo-freeducross-section of
the gelatin nanocomposite films was visualised gisirscanning electron microscope
(SEM) (Quanta 400; FEI, Praha, Czech Republichacelerating voltage of 15 kV,
as described by Hoquet al. (2011c). The film samples were cryo-fractured by
immersion in liquid nitrogen. Prior to visualisatiadhe film samples were mounted on
a brass stub and sputtered with gold in order t&enthe sample conductive, and
photographs were taken at 8000x magnification farfage analysis. For cross-
sectional analysis, cryo-fractured nanocompositasfiwere mounted around stubs
perpendicularly using double sided adhesive tapated with gold and observed at
the 3000x magnification.

8.3.3.2.8 Thermo-gravimetric curve

Dried film samples were scanned using a thermogretvic analyser
(TGA-7, Perkin Elmer, Norwalk, CT, USA) from 30 690 °C using a heating rate of
10 °C/min (Nuthongt al., 2009). Nitrogen was used as the purge gaslawaréte of

20 ml/min.



211

8.3.3.2.9 Differential scanning calorimetric (DSC) ther mograms

Thermal properties of film samples were determinesing a
differential scanning calorimeter (DSC) (Perkin ElmModel DSC-7, Norwalk, CT,
USA) as per the method of Hoquet al. (2011c). Temperature calibration was
performed using the Indium thermogram. Film samgl2ss mg) were accurately
weighed into aluminium pans, hermetically sealed| scanned over the temperature
range of —30 to 150 °C with a heating rate of 10n%@. Dry ice was used as the
cooling medium and the system was equilibrated3@t>€ for 5 min prior to the scan.

The empty aluminium pan was used as a reference.
8.3.4 Statistical analyses

Experiments were performed in triplicates (n=3) amdcompletely
randomised design (CRD) was used. Analysis of magag ANOVA) was performed
and the mean comparisons were done by Duncan’dpheutange tests (Steel and
Torrie, 1980). Data are presented as mean * stardfariation and the probability
value of P<0.05 was considered as significant.ishizdl analysis was performed
using the Statistical Package for Social Scien8&SS 17.0 for windows, SPSS Inc.,
Chicago, IL, USA).

8.4 Results and discussion
8.4.1 Effect of pHson {-potential of gelatin solution

(-potential values of tilapia skin gelatin solutioas a function of pH
are illustrated in Figure 34. The solution was fesly charged at acidic pH ranges
and became negatively charged under alkaline dondit Net charge of zero was
obtained at pH 8.38. This pH was most likely theopbelatin. Protein molecules in
an aqueous system have zero net charge at thelecsac point (pl), in which the
positive charges are balanced out by the negatiaeges (Bonner, 2007). Gelatins
from megrim, tilapia and cod were reported to hdéve pl of 9.5, 9.1 and 8.9,
respectively (Gudmundsson, 2002). However, gel&tom splendid squid skin
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showed pl at 5.94 (Nagarajahal., 2012a). Thus, gelatin possessed varying charge,
depending on pH.
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Figure 34. {-potential value of tilapia skin gelatin.
8.4.2 Characteristics of gelatin nanocomposite films asinfluenced by pH
8.4.2.1 Wide angle x-ray diffraction patterns

WAXD patterns of nanocomposite films prepared fréthS with
different pH levels are illustrated in Figure 35AWD analysis was used to determine
the dispersion of the nanoclay in the nanocompdites prepared from tilapia skin
gelatin. Thed-spacing due to the interlayer spacing of the nayoghllery indicated
whether the nanoclay was intercalated or exfoliaegelatin matrix (Martuccet al.,
2007). Cloisite N4 exhibited the sharp peak af 2f 7.04 ° @-spacing = 1.25 nm,
based on Bragg's equatiori B 2d sind) (Figure 35 a). This result was in agreement
with the earlier reports of original Cloisite Nand the value provided by the
manufacturer (Gutierrezt al., 2012; Koh et al., 2010; Pradharet al., 2012).

Differences in WAXD patterns of nanocomposite filmsre observed compared with
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Figure 35. WAXD patternsof Cloisite N& (a) and nanocomposite films from tilapia
skin gelatin incorporated with Cloisite Narepared from FFS at different pH levels
(b). MMT Na: Cloisite N&; NF4, NF5, NF6, NF7 and NF8 represent gelatin
nanocomposite films incorporated with Cloisite’ldeepared from FFS at pHs 4, 5, 6,

7 and 8, respectively.
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that of Cloisite nanoclay (Figure 35b). In genethk characteristic broad peak of
amorphous proteins was obtained in tAeg@hge of 6.2 to 9.5 ° for all nanocomposite
films (Grevellec et al., 2001; Martucci and Ruseckaite, 2010a). Gelatin
nanocomposite films showed the differences in WAXBtterns. This suggested
varying intercalation or exfoliation of nanoclaysgdelatin matrix as affected by pHs
(Bae et al.,, 2009a). In general, the WAXD patterns of all namoposite films
exhibited the halo diffraction peak aff I the range of 6-9 ° as well as no sharp
characteristic diffraction peak of nanoclay was ewbed. This suggested the
intercalated/exfoliated structure of nanocomposigse et al., 2009a; Martucci and
Ruseckaite, 2010b). Positively charged proteinrchaiore likely interacted well with
the negatively charged hydrophilic nanoclay, thgrelyming intercalated/exfoliated
gelatin/Cloisite N& nanocomposites to a high extent (B#al., 2009a). Moreover,
the exchange between the cationic sNgroups on the amino acid side chains of the
gelatin and the Naion occupying exchange sites of the montmorillesitirface was
reported (Ensminger and Gieseking, 1941). Neverfiselit was noticed that the halo
diffraction peak of NF7 and NF8 films became evemadder. This suggested the lost
of regularity or homogeneity of the film structur@essibly due to non-homogeneous
aggregation of gelatin chains at those particuthtgvels which were neutral or close
to the pl. Therefore, the intercalated or exfoblatgructures of obtained gelatin
nanocomposite films were dependent on the pH levels

8.4.2.2 Thickness

Thickness of nanocomposite films prepared from FéeBitaining
tilapia skin gelatin and Cloisite Nat different pHs is shown in Table 30. Differences
in thickness were observed between nanocomposits forepared from FFS with
various pHs (P<0.05). Generally, thickness waseiaeed as the pH of FFS increased
(P<0.05). Highest thickness was observed for NFZO@5). Gelatin might be
coagulated rather than dispersed at this pH lameeH was close to the isoelectric
point of gelatin (8.38) (Gennadi@s al., 1993). Protruded film matrix built up from

coagulated proteins was more likely thicker thatheoed film. The lowest thickness
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was obtained for NF4 (P<0.05). At acidic pH, mos$tgelatin molecules were
plausibly unfolded. These unfolded chains could engd interaction with fewer
grooves. As a result, the thinner films could beaoted. Due to the small level,
nanoclays were distributed throughout the film matnd played a negligible role in
thickness of resulting films. Therefore, the thieka of tilapia skin gelatin

nanocomposite films was mainly affected by the pIHES.
8.4.2.3 Mechanical properties

Mechanical properties, including YM, TS and EABnanocomposite
films from tilapia skin gelatin and Cloisite Nas influenced by pH of FFS are shown
in Table 30. Differences in mechanical propertiesevobserved for nanocomposite
films prepared from FFS having different pHs (P€).0Generally, YM of the
nanocomposite films increased as pH of FFS inctkasp to 6 (P<0.05).
Nevertheless, further increase in pH of FFS (pt&d 8) decreased YM of resulting
films (P<0.05). At pH 6, the stronger interactiogteen positively charged gelatin
molecules and negatively charged nanoclay mighe péice. However, when the pH
was too far away from the pl, the protein was mpositively charged. As a
consequence, the repulsion became dominant, théeleying the chain interaction.
Amongst all sample, NF4 had the lowest YM (P<0.0%).pH close to pl (8.38),
strong electrostatic interaction between of ioniggups occurred, leading to
coagulation/aggregation of proteins (Baal., 2009a; Gennadiogt al., 1993). As a
result, charged domains were less available fodibg with nanoclays. Thus,
strengthening effect caused by nanoclays was lesendicated by the lower YM of
films prepared from FFS at pH 7 and 8. DecreaséMnat alkaline pH level, which
can be ascribed to electrostatic repulsion betwleemprotein anion and the negatively

charged montmorillonite surface (Mclaretral., 1958).

TS, indicating the maximum stress that the film e@thstand while
being stretched or pulled before failing or bregkimcreased with increasing pH
levels of FFS up to 6 and further increase in ptele decreased the TS (P<0.05).
Amongst all films, that prepared from FFS at the @H6 showed the highest TS
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(P<0.05). This result suggested that the mecharménfilm formation could be
different when film-forming suspensions with varsopHs were used. The main
associative forces between positively charged igelatolecules and negatively
charged Cloisite Nacould be a major factor determining TS of filmsheT
intercalation or exfoliation of gelatin in Na-hormaic smectites was maximised at a
particular pH, which promoted the protonation ofi@angroups of the gelatin. The
positively charged gelatin was able to replace gshdium ions which are mainly
located on the interlayer space of the smectitiedlyoor partially (Ruiz-Hitzkyet al.,
2005). The stronger interaction between gelatin amohtmorillonite primarily
involved an exchange between the cationic () lgroups on the amino acid side
chains of the gelatin and the Nian occupying exchange sites at the montmorilenit
surface (Theng, 1979). Moreover, their high abiltty establish protein-protein
interactions via hydrogen bonds, hydrophobic anucionteractions at pH 6 also
contributed to the stronger network (Ketial., 2013; Shikuet al., 2004). The lowest
TS was observed for films prepared from FFS withdhidic pH level (NF4). Similar
result was reported earlier for films obtained fralapia scale gelatin (Weng al.,
2014). Repulsion force between positively chargelhtgn molecules at very acidic
pH could impede the interaction between chaingethelowering the strength of film

network.

EAB of nanocomposite films decreased with increg$avels of pH up
to 6 (P<0.05) and further increase in pH levelseased the EAB (P<0.05). The
highest EAB was observed for NF4 (P<0.05), whicls warrelated well with the
lowest TS of NF4. EAB is determined at the poinevehthe film breaks under tensile
testing and is expressed as the percentage of ehainthe original length of the
specimen between the grips of the testing mactBmiston, 1988). The ability of a
film to stretch/extend is indicated by EAB. On thteer hand, the lowest EAB of NF6
was in accordance with the highest YM and TS. Tésult suggested that the
strengthening effect mediated by pH of nanocompo$ims could reduce the
extensibility of resulting films. Thus, the pH ldseof FFS directly affected the

mechanical properties of resulting nanocompodesfi



Table 30. Young’s Modulus (YM), tensile strength (TS), elotiga at break (EAB), water vapour permeability (W\&nd thickness of
nanocomposite films from tilapia skin gelatin ingorated with Cloisite Ngprepared from FFS at different pH levels

Film YM TS EAB WVP Thickness
samples (MPa) (MPa) (%) (X 10 gmm2s'Pal) (mm)

NF4 482.51+14.38¢ 19.94+0.53d 15.50+3.61a 2.37+0.17a 04320.002d

NF5 689.75+23.70b 25.88+0.58b 10.91+2.64b 2.07+0.21b 05@:0.005¢

NF6 888.90+3.09a 30.59+0.14a 6.46+0.16¢C 1.27+0.10C 530904ab

NF7 674.26+12.52b 23.92+0.47¢C 8.85+0.38b 1.9420.21b 58¥0.002a

NF8 668.97+8.94b 24.56+0.92bc 10.65+2.45b 2.06+0.22b 05%0.003bc

Mean = SD (n=3).

Different letters in the same column indicate digant differences (P<0.05).

LTC



218

8.4.2.4 Water vapour permeability (WVP)

WVP of nanocomposite films from FFS containinggitaskin gelatin
and Cloisite Naat different pH levels is shown in Table 30. WViMhanocomposite
films decreased with increasing pHs of FFS up {®€0.05). The increase in WVP
was found in films prepared from FFS with pHs 7 &n(@P<0.05). The lowest WVP
of film prepared from FFS having pH of 6 was codseital with the highest TS or
YM of film. It could be suggested that the propeteraction between gelatin and
Cloisite Nd could provide the strong network, which could linthe migration of
water vapour through the films. The distribution r@noclays throughout the film
might also serve as hinder for water vapour migratHigh compactness of film can
prevent the permeation of water vapour (Heh@l., 2003). It was noted that NF4
film showed the highest WVP, compared with othbndi prepared from FFS having
higher pH (P<0.05). NF4 film probably had less cawctpess with low ordered
network. Wengget al. (2014) reported that the WVP of scale gelatimgilprepared at
mild acidic condition were higher than those ol prepared from gelatin extracted
at neutral or alkaline conditions. Less intermolacyrotein crosslinking occurred
under acidic pH conditions and was caused by thelseve forces developed amongst
positively charged gelatins. As a result, the assion of gelatin chains became
lower, leading to the decreased strength and lessedstructure (Gontaret al.,
1993). Therefore, gelatin nanocomposite films hadymg WVP, depending on the

pH of FFS used for film formation.
8.4.2.5 Colour

Colour of nanocomposite films prepared from FFStammg tilapia
skin gelatin and Cloisite Naat different pH levels is shown in Table 31. Thghlest
L*- value (lightness) was obtained for NF8 film (F3&). However, there was no
significant difference inL*- value between other nanocomposite films (P>0.05).
Similar a*- value was observed for nanocomposite films pregbannder acidic
condition (P>0.05). Films prepared at the pHs @nd 8 showed similaa*- value
(P>0.05) and showed highler- value than other films (P<0.05). Th& value was



Table 31. Colour of nanocomposite films from tilapia skin @@ incorporated with Cloisite Ngrepared from FFS at different pH

levels

Film samples L* a* b* AE*
NF4 93.48+0.06b -0.96+0.01a 0.84+0.01c 2.46+0.06a
NF5 93.52+0.05b -0.95+0.02a 0.87+0.04bc 2.42+0.05ab
NF6 93.60+0.26ab -0.97+0.02a 0.95+0.04b 2.36+0.26ab
NF7 93.56+0.07b -1.07+0.02b 1.14+0.07a 2.44+0.07ab
NF8 93.83+0.07a -1.07+0.02b 1.15+0.04a 2.1940.06b

Mean + SD (n=3).
Different letters in the same column indicate digant differences (P<0.05).

6T¢C
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increased as the pH level of FFS increased (P<0T08% was plausibly due to the
formation of yellowish pigment, especially via Maid reaction. The reductone
formation over furfural production from the amadgmoducts could induced at
alkaline pH level, leading to colour developmenhanocomposite films (Batesal.,
1998). The loweshE*- value (total colour difference) of NF8 film was iagreement
with the highest.*- value (P<0.05). Thus, colour of nanocompositatjelflms was

affected by different pH levels of FFS.
8.4.2.6 Light transmission and transparency

Transmission of UV and visible light at selectedvelangths in the
range of 200-800 nm of films made from FFS contaniilapia skin gelatin and
Cloisite Nd at different pH levels is shown in Table 32. Lighansmission of
nanocomposite films at all wavelengths decreaseshvitie pH level of FFS increased
(P<0.05). Nevertheless, slight increase in transioms was found in NF8 films.
Gelatin nanocomposite films had the excellent baproperty against the light in UV
at 200 nm. Gelatin films are commonly known to hake excellent UV barrier
property due to the presence of high content omata amino acids, which can
absorb UV light (Jongjareonradt al., 2008; Wenget al., 2014). Higher UV light
barrier ability was reported for gelatin films (Amitoyannis, 2002; Gomez-Guilleh
al., 2009; Hoqueet al., 2011c; Jongjareonradt al., 2006b). Light transmittance of
nanocomposite films at wavelength of 280 nm dee@asarkedly with increasing pH
levels of FFS. Light transmission in visible rar(@®0-800 nm) of all nanocomposite
films was in the range of 75.77-87.93%. Amongstfiaths, NF7 had the highest
barrier property in the visible range (P<0.05).

Transparency value of nanocomposite films decreadwsh the pH of
FFS increased up to 6 (P<0.05). However, the higlesmsparency value was
obtained for NF7 (P<0.05). Higher transparency &ahdicated that the films had
lower transparency. NF8 had the lowest transpareatye (P<0.05), indicating the
highest transparency. Transparency of protein b&sed is generally affected by

additives, processing conditions, thickness as a®ltompatibility between polymer



Table 32. Light transmittance (%) and transparency valuesasfocomposite films from tilapia skin gelatin ingorated with Cloisite

Na’ prepared from FFS at different pH levels

Film Wavelength (nm) Transparency
samples 200 280 350 400 500 600 700 800 values
NF4 0.02 48.20 80.70 83.08 85.26 86.46 87.29 87.93 +0.0001b
NF5 0.03 42.45 78.97 81.65 84.03 85.36 86.27 86.96 +0.8802c
NF6 0.03 40.00 76.60 79.58 82.45 84.05 85.21 86.12 +0.8005d
NF7 0.02 35.65 75.77 79.05 81.99 83.55 84.70 85.59 +0.4P10a
NF8 0.03 36.82 76.73 80.11 83.36 85.00 86.12 86.97 +0.8005e

Mean + SD (n=3).
Different letters in the same column indicate sigant differences (P<0.05).

Tee
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and nanoclay (Farahnaley al., 2014; Hoqueet al., 2011c; Martucci and Ruseckaite,
2010b; Nagarajaet al., 2014a,b; Rhim, 2007). The lowest transparency 6 Was
in agreement with the highest thickness (P<0.0B¢ fesults indicated that the pH of
FFS had an impact on the appearance and light ebapioperty of gelatin

nanocomposite films.
8.4.2.7 Microstructure

SEM micrographs of the surface (8000x) and cryctineed cross-
section (3000x) of nanocomposite films from tilagikn gelatin incorporated with
Cloisite Nd as affected by pHs of FFS are shown in FigureNBtocomposite films
prepared from FFS with different pH levels had nack on the surface. It was noted
that, homogeneity and smoothness of film surfaceegdaupon the pH levels of FFS.
This might be due to different interaction betweanoclay and gelatin in film matrix.
NF6 had the smooth surface in comparison with agleéatin nanocomposite films. At
pH 6, the continuous and ordered matrix might beelbged (Theng, 1979), due to
the positively charged gelatin molecules interactesll with negatively charged
nanoclay particles. SEM images correlated well vhign WAXD pattern of NF6 film
as demonstrated in Figure 35b, suggesting the celtged/exfoliated structure.
Gelatin film incorporated with nanoclay at pH 4 @&Fshowed rougher surface,
compared to other nanocomposite films. Nanoclaygbdy could not interact or
disperse well within NF4 film, in which the elecstatic repulsive force at this acidic
pH was dominant. This was in accordance with theeki mechanical and water

vapour barrier properties of NF4 films.

For cross-section, gelatin films incorporated witloisite N& prepared
from FFS with pH 6 showed a more compact structtwejpared to other films. The
compact structure of NF6 film was also responsiblethe lowest WVP and the
highest YM and TS (Table 30). The compactness latigenanoclay composite films
was mainly because of the reduced free volume spaiten the gelatin matrix,
probably owing to intermolecular attractive forcasd protein chains arrangement

with nanoclays. For NF7 and NF8 films, their crgsstional images showed rougher
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Figure 36. SEM micrographs of surface (A) and cryo-fracturedss-section (B) of
nanocomposite films from tilapia skin gelatin ingorated with Cloisite Naprepared
from FFS at different pH levels. Magnification: &0for surface and 3000x for
cross-section. NF4, NF5, NF6, NF7 and NF8 repregefdtin nanocomposite films
incorporated with Cloisite Ngrepared from FFS at pHs 4, 5, 6, 7 and 8, resfdygti
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microstructure as compared to others. This mightdbe to the coagulation or
aggregation of gelatin chains at pH 7-8. The micuz$ure results were in agreement
with the WAXD results as well as the mechanical dadrier properties. Thus, the

microstructures of nanocomposite films were goveimgthe pH levels of FFS.
8.4.2.8 Thermogravimetric curves

Thermal degradation behaviours of nanocompositasfifrom tilapia
skin gelatin incorporated with Cloisite Nas influenced by pH levels of FFS were
determined by TGA analysis and their thermogranesdapicted in Figure 37. Their
corresponding degradation temperatures (Td) andhvéoss Aw) are presented in
Table 33. Nanocomposite films showed the first estafyweight loss Aw; = 4.82—
6.30%) approximately at onset temperatures)(Tof 57.14-69.05 °C, mostly
associated with the continuous loss of free maésalosorbed in the films. The second
stage of weight lossA(v, = 71.26—-72.24%) was observed at the degradation
temperatures (Tl of 188.91-207.43 °C, depending on the nanocortgdéns. This
transition might be due to the degradation of proteatrix as well as plasticiser,
glycerol, in the nanocomposite films. ;Jdeemed to increase with increasing pH
levels up to pH 6. This was plausibly due to theifely charged gelatin molecules
interacted well with negatively charged nanoclaytiples, resulting in thermal
resistance of the films. Nevertheless, films predaat pH 6, 7 and 8 showed similar
Td, (206.38-207.43 °C). NF6 film showed the highernh& degradation temperature
(Tdz) The strong interaction between gelatin molecaled nanoclay mostly yielded
the stronger film network with ordered structudesding to higher heat resistance of

the resulting film.

Additionally, nanocomposite films showed slight fdiences in
residual mass (representing char content) at 600 fie range of 21.77-23.81%. This
suggested the varying matrix, strengthened by napdo different extents. It was
also suggested that the interaction of gelatin aadoclays could be varied as
determined by pH of FFS. Thus, TGA study confirntieat pH levels of FFS had the

direct impact on thermal stability of resulting maomposite films.
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Figure 37. Thermogravimetric curves of nanocomposite filmenir tilapia skin
gelatin incorporated with Cloisite N@repared from FFS at different pH levels. NF4,
NF5, NF6, NF7 and NF8 represent gelatin nanocongdsms incorporated with
Cloisite Nd prepared from FFS at pHs 4, 5, 6, 7 and 8, resmgti

8.4.2.9 Differential scanning calorimetric thermograms

DSC thermograms of the first and second heatingsso& films from
tilapia skin gelatin incorporated with Cloisite Nasing FFS at different pH levels are
depicted in Figure 38(a) and 38(b), respectivellass transition temperature g Tof
films during the first and second heating scanresgnted in Table 33. For the first
heating scan, all nanocomposite films exhibitegglaansition at the temperature of
48.77-54.71 °C, depending on film samples. i$ an important parameter for
determining the stability of edible biodegradablelymers (Ghanbarzadeh and
Oromiehi, 2009). The Tg of gelatin nanocompositagi prepared from FFS at pH 4
(NF4) was 48.77 °C, and increased with increasiidgvels of FFS up to pH 6. NF6
film had the highest J(54.71 °C) when compared to other films. The resudgested



Table 33. Thermal degradation temperaturg,(TC), weight lossAw, %) and glass transition temperaturg, (IC) of nanocomposite

films from tilapia skin gelatin incorporated witHdaisite N& prepared from FFS at different pH levels

A1 Ao Ty
Film samples Tdj, onset Awq Td,, onset AW, Residue (%) 1% scan 2" scan
NF4 61.91 4.82 188.91 71.37 23.81 48.77 104.49
NF5 57.14 6.30 200.82 71.26 22.44 51.22 119.28
NF6 64.29 6.12 207.43 72.11 21.77 54.71 121.42
NF7 69.05 5.44 206.38 72.24 22.32 50.06 108.07
NF8 65.48 6.10 207.07 71.49 22.44 51.35 109.46

A; andA, denote the first and second stage weight losseotisply of nanofilm during TGA heating scan.

9t
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that higher amount of bonding between negative gdthrnanoclay and positive
charged gelatin molecules yielded stronger filmvoek at pH 6 (Figure 39), leading
to increased molecular rigidity of gelatin and headistance of the resulting film.
However, T of nanocomposite films decreased when pH 7 ande8B wsed to
prepare the films. This might be due to the poteraction between gelatin molecules
and nanoclays. The charged domains were less bhlaalflar nanoclays binding as a
consequence of the strong electrostatic interatteween ionised groups at pH close
to pl (Figure 39). Twas found to have a positive relationship with' Y and TS of
protein films (Pommett al., 2005). Similar trend was observed in this study fo
nanocomposite films prepared from FFS at diffepgthievels (Table 30). Weng al.
(2014) reported similar results for tilapia scaédagin films. Thefirst heating scan of
all films also revealed the endothermic peak ttarsiaround the temperature of
134.17-149.09 °C. This transition was most likedgaciated with the evaporation of
bound water. Langmaieat al. (2008) also reported the similar endothermic peak
which was occurred due to the evaporation of alesbrinoisture in collagen
hydrolysate films. The absorbed water played anomamt role in the plasticising

effect of gelatin films.

In the thermograms of the second heating scans dtassition was
observed for all nanocomposite films in the tempeemrange of 104.49-121.42 °C
(Figure 38b). It was noticed that the endotherngealptransition disappeared in the
second heating scan. This was plausibly becaudbeofibsorbed water, acting as
plasticiser, was removed during the first heatingns(Hoqueet al., 2011c). As a
consequence, the interactions between gelatin €haimd also between gelatin
molecules and nanoclays could be enhanced, in whmte rigid film network was
formed. Therefore, the glass transition of all 8lnobviously shifted to higher
temperature, as compared to that observed in tisé lieating scan. The result
suggested that thermal properties of nanocompdisits from tilapia skin gelatin
were affected by the pH levels of FFS.
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Figure 38. DSC thermograms of nanocomposite films from taapkin gelatin
incorporated with Cloisite Ngprepared from FFS at different ph levels. NF4, NF5,
NF6, NF7 and NF8 represent gelatin nanocomposites fincorporated with Cloisite
Na' prepared from FFS at pHs 4, 5, 6, 7 and 8, respgti
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Repulsion between gelatins and Proper interaction of gelatin-gelatin and Electrostatic interaction between gelatins
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Figure 39. Proposed scheme of nanoclay incorporation withtigethains at different
pH levels of FFS.

8.5 Conclusion

Gelatin nanocomposite films from tilapia skin pregghfrom FFS with
different pH levels showed different properties aclthracteristics. The highest
mechanical, water vapour barrier as well as thempnaperties were obtained when
FES with pH of 6 was used. Nanocomposite films are@ at pH 6 had the stronger
film network, possibly due to the stronger intel@ctbetween positively charged
gelatin molecules and negatively charged nanocl#y&XD patterns revealed the
intercalated/exfoliated structure of nanocomposites. Poorer properties of gelatin
nanocomposite films were observed at inappropr@te of FFS, mainly due to
excessive electrostatic repulsive forces and theimteraction between nanoclay and

gelatin molecules.



CHAPTER 9

PROPERTIES AND CHARACTERISTICS OF NANOCOMPOSITE
FILMSFROM TILAPIA SKIN GELATIN INCORPORATED
WITH ETHANOLIC EXTRACT FROM COCONUT HUSK

9.1 Abstract

Impacts of ethanolic extract from coconut husk (EEGt 0-0.4%
(w/w, on protein basis) on properties of films frotilapia skin gelatin and
gelatin/Cloisite Nananocomposite films were investigated. Young’s Mad, tensile
strength and elongation at break of both films dased with addition of EECH
(P<0.05). The lowest water vapour permeability (WMRs obtained for gelatin film
containing 0.05% EECH (w/w) (P<0.05). Nevertheleds®e nanocomposite film
showed the lowest WVP when incorporated with 0.4%CH (w/w) (P<0.05).
Generally,L*- value (lightness) decreased atd value (redness) of films increased
(P<0.05) with increasing levels of EECH, regardledsnanoclay incorporation.
Transparency of both films generally decreasedhasl|¢ével of EECH increased
(P<0.05). Intercalated or exfoliated structure ahocomposite films was revealed by
wide angle X-ray diffraction (WAXD) analysis. Basedn scanning electron
microscopic (SEM) analysis, the rougher surface fwasd when EECH was added.
EECH had varying impact on thermal stability of nfd as revealed by
thermogravimetric (TGA) and differential scanninglarimetric (DSC) analyses.
Thus, the incorporation of EECH determined the proes of both gelatin film and
nanocomposite film in which the improved water vapbarrier property could be

obtained.
9.2 Introduction

Packaging from biopolymers known as ‘bio- or ecaekaging’ can be
used to replace foods’ plastic packaging materialsteby lowering waste disposal

(Tharanathan, 2003). Biodegradable packaging isreusally gaining the great
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interest for the protection and shelf-life extensiof foods (Baoet al., 2009). In
recent years, there has been growing public conabout sustainability practices,
green chemistry and inherent safe design. Consdguan urgent need is emerging
for the efficient use of natural resources (Gomeieén et al., 2009). Biodegradable
films are normally made from renewable biopolymersch as proteins, lipids,
polysaccharides (Tharanathan, 2003). Proteins kheembplastic heteropolymers
containing both polar and non-polar amino acidsictvlare able to form numerous
intermolecular linkages (Chinabhask al., 2007). However, resistance of protein
films to water vapor transmission is limited dueth® inherent hydrophilicity of
proteins (Gennadioat al., 1993). Amongst all proteins, gelatin has bed¢raeted the
attention for the development of edible films doeits abundance, biodegradability
and its broad range of functional properties angliegtions (Karim and Bhat, 2009).
Gelatin films have poor water vapour barrier proygdnowever, they have been found
to be very effective UV light and oxygen barrier&efnadioset al., 1993;
Jongjareonralet al., 2008). The hydrophilic nature of proteins indaigeteraction
with water, causing swelling and apparent thickredgsration (Avena-Bustillos and
Krochta, 1993).

Nowadays, one of the most effective alternativeasnelioration of the
barrier and mechanical properties of packaging nadse either synthetic or natural,
is the formation of nanocomposites (Beteal., 2009a; Farahnakhgt al., 2014).
Montmorillonite nanoclays, such as sodium bentondae hydrophilic aluminum
phyllosilicate with high water sorption and swejjicapacity can be homogeneously
dispersed in a polymeric matrix to form the newow@mposite (Ray and Okamoto,
2003). Its crystal lattice consists of 1 nm thipdes formed by an octahedral alumina
sheet sandwiched between two tetrahedral silicetshé# has a high surface area
(aspect ratio of about 100), and is negatively ghdr(Ray and Okamoto, 2003). The
stacking of these layers leads to a Van der Waatsay gallery, in which alkaline
cations, such as NaLi® or Ca", can neutralise the charge. The major problem in
preparing these composites is to separate thealipitagglomerated clay layers.

Therefore, a necessary step, in which the clayrsagiee well dispersed in the polymer
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matrix, is implemented (Nagarajaeh al., 2014a). The improved barrier properties
could be obtained from well and organised dispersb nanoclays in the gelatin
matrix (Martucci and Ruseckaite, 2010a). In genethke ‘tortuous path’ in
nanocomposite films has been reported (Rhim, 20G&latin bio-nanocomposite
films have been prepared (Bekal., 2009a; Farahnakhst al., 2014; Martucci and
Ruseckaite, 2010a; Nagarajtral., 2014b).

Coconut husk, the fibrous external portion of theitfof coconut
palms, is a by-product of the copra extraction psscand is generally considered as a
waste (Vazquez-Torrest al., 1992). Vazquez-Torrest al. (1992) reported that
polymer/antioxidant such as lignin can be succdlgséxtracted from coconut husk.
The use of coconut husk extract containing phermmpounds in gelatin films or
nanocomposite films might induce the formation aimplex matrix, thereby
improving water barrier property. Phenolic compainiiom plant origin were
reported to improve mechanical property of gelaised films (Bitencourét al.,
2014; Hoqueet al., 2011c; Kavoosiet al., 2013). The present study aimed to
investigate the effect of ethanolic extract fromcaaut husk on the barrier and
mechanical properties as well as thermal stabdityilapia skin gelatin films and

nanocomposite films.
9.3 Materialsand methods
9.3.1 Chemicals

Fish skin gelatin from tilapia (~240 bloom) was abed from Lapi
Gelatine (Empoli, Italy). MMT-nanoclay, CloisftéNa" was purchased from Southern
clay products Inc. (Gonzlaes, TX, USA). Glycerol swarocured from Merck
(Darmstadt, Germany). Ethanol was purchased from BRfbscan (Pathumwan,

Thailand). All chemicals were of analytical grade.
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9.3.2 Extraction of ethanolic extract from coconut husk
9.3.2.1 Collection and preparation of coconut husk

Coconut husk was obtained from a local market ih Y4, Songkhla,
Thailand and transported to the Department of Fbechnology, Prince of Songkla
University, Hat Yai, Thailand. Husk sample was meg as per the method of
Vazquez-Torre®t al. (1992) with slight modifications. Husk sample whgd at 60
°C in the cabinet rotary dryer for 16 h and thefibdged. Husk sample was then
subjected to grinding using a mill (IKA Laborteckncolloid mill, Selangor,
Malaysia). The prepared sample was then sieved tivthaid of sieve shaker (Model
EVJ1, Endecotts Ltd., London, UK) with a sieve side6 mm (Woven wire sieves,
Endecotts Ltd., London, UK). This coarse form wagHher blended using a blender
(Panasonic, Model MX-898N, Berkshire, UK) and flgasieved using a stainless
steel sieve of 80 mesh. The coconut husk powderirdad was further dried in a hot
air oven (Memmert, Schwabach, Germany) at 105 “@roght. The obtained powder
was placed in a polyethylene bag, sealed and kepbm temperature until use.

9.3.2.2 Preparation of the ethanolic extract

Coconut husk powder was subjected to extractiorordony to the
method of Santoset al. (2004) with a slight modification. Ten grams aoisk powder
were mixed with 250 ml of 80% ethanol (w/v). Thextare was stirred at room
temperature (28-30 °C) using a magnetic stirreA{lerke, Staufen, Germany) for
3 h. The mixture was then centrifuged at 5000gBfbmin at room temperature using
a RC-5B plus centrifuge (Beckman, JE-AVANTI, Fulter, CA, USA). The
supernatant was filtered using a Whatman No. érfilaper (Whatman International,
Ltd., Maidstone, England). The filtrate was themagwated at 40 °C using an Eyela
rotary evaporator (Tokyo Rikakikai, Co. Ltd., Tokytapan). To remove the residual
ethanol, the extract was purged with nitrogen gae. extract was then dried using a
Scanvac Model Coolsafe 55 freeze dryer (Coolsayage, Denmark) to obtain the
dry extract. Dried extract was powdered using atan@nd pestle and was kept in an

amber bottle and stored in a desiccator until Tike.obtained powder was referred to
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as ‘ethanolic extract from coconut husk, EECH’. EEGad phenolic content of
436.82 mg tannic acid equivalent/g as determined Fojin—Ciocalteu reagent
(Slinkard and Singleton, 1977).

9.3.3 Preparation of gelatin films and nanocomposite films

Gelatin films and nanocomposite films were prepaesd per the
methods of Baet al. (2009a) and Hoquet al. (2011c) as illustrated in Figure 40.
Firstly, gelatin solution was prepared by mixing thelatin powder with distilled
water to obtain protein concentration of 3% (w/g) determined by the Kjeldhal
method (AOAC, 2000). Thereaftaglycerol (25% of protein, w/w) was added into the
gelatin solution as a plasticiser. The final volumas made up to 100 ml using the

distilled water and referred to as ‘film-forminglston’.

To prepare nanocomposite film, nanoclay, Cloisié& Was mixed with
distilled water to obtain a final concentration B¥% (w/w, on protein basis). The
mixture was stirred at 1000 rpm (IKA Labortechnikrer, Selangor, Malaysia) for 5
min at room temperature. Nanoclay suspension wasiticubated at 60 °C for 1 h to
delaminate the nanoclay in a temperature controltlater bath (W350; Memmert,
Schwabach, Germany) with occasional stirring. Némosuspension was cooled
down to room temperature and homogenised for 1 @atin5000 rpm (IKA
Labortechnik homogeniser, Selangor, Malaysia). Gadg, nhanoclay suspension was
dropped into the gelatin solution, prepared as ioeatl earlier and the mixture was
homogenised for 30 sec at 5000 rpm. The mixture deggssed using a desiccator
equipped with JEIO Model VE-11 electric aspiratdElO TECH, Seoul, Korea). The
final volume was made up to 100 ml using the destiwater and referred to as ‘film-

forming suspension’.

Both film-forming solution and suspension were sated for 30 min
using the sonicating bath (Elmasonic S 30 H, Sing&rmany), followed by gentle
stirring for 24 h at room temperature to obtairoanbgenous solution and suspension.
Prior to casting, EECH was added to both film-farghsolution and suspension at the
levels of 0, 0.025, 0.05, 0.1, 0.2 and 0.4% (w/wpootein basis) and the mixtures
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Figure 40. Scheme for preparation of gelatin film-forming watns and

nanocomposite film-forming suspensions incorporatgd EECH.




236

were gently stirred for 1 h at room temperaturee Thixtures were degassed for 10
min using the sonicating bath and then cast (4% él) onto a rimmed silicone resin
plate (5x5 crf), air-blown for 12 h at 25 °C, followed by dryifig an environmental
chamber (Binder GmbH, Tuttlingen, Germany) at 26.% °C and 50 £ 5% relative
humidity (RH) for 24 h. Films obtained were manyaleeled off. Gelatin films (GF)
and nanocomposite films (NF) containing differemtdls of EECH were subjected to
analyses.

9.3.4 Analyses

Prior to testing, samples were conditioned in arvirenmental
chamber for 48 h at 50 + 5% relative humidity (Rad 25 + 0.5 °C. For WAXD,
SEM, TGA and DSC studies, films were conditioned idesiccator containing dried
silica gel for 3 weeks at room temperature (28-@) tb obtain the most dehydrated

films.
9.3.4.1 Thickness

The thickness of ten film samples of each conditeels measured
using a digital micrometer (Mitutoyo, Model ID-CIR®I, Serial No. 00320,
Mituyoto Corp., Kawasaki-shi, Japan). Ten randonatmns around each film sample

were used for determination of thickness
9.3.4.2 Mechanical properties

Young’'s Modulus (YM), tensile strength (TS) andrejation at break
(EAB) of film samples were determined as describgdwataet al. (2000) using the
Universal Testing Machine (Lloyd Instruments, Hahips UK). The test was
performed in the controlled room at 25 °C and 584 RH. Ten film samples (2 x 5
cn?) with the initial grip length of 3 cm were used festing. The film samples were
clamped and deformed under tensile loading usid@@N load cell with the cross

head speed of 30 mm/min until the samples weredmolKhe initial slope of the
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stress-strain curve, the maximum load and fina¢msibn at break of the film samples

were used to calculate YM, TS and EAB, respectively
9.3.4.3 Water vapour permeability

Water vapour permeability (WVP) was measured usingodified
ASTM (American Society for Testing and Material®8%2) method as described by
Shiku et al. (2004). Film samples were sealed on an aluminpermeation cup
containing dried silica gel (0% RH) with siliconacuum grease and rubber gasket.
The cups were placed at 30 °C in a desiccator romgadistilled water, followed by
weighing at every 1 h intervals for up to 8 h. Fiilmm samples were used for WVP

testing. WVP of the film was calculated as follows:
WVP (gmni’s’Pal) = wiA™ t* (P,-Py)™

where,w 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):R-P.) is the vapour pressure difference

across the film (Pa).
9.3.4.4 Color

Colour of five film samples was determined usinGl& colourimeter
(Hunter associates laboratory, Inc., Reston, VA AUSColour of the film was
expressed as*- (lightness or brightnessh*- (redness or greenness) abt-
(yellowness or blueness) values. Total differemtecolour AE*) was calculated
according to Gennadias al. (1996).

AE* = \[(AL*)? + (Aa*)? + (Ab*)?

where AL*, Aa* and Ab* are the difference between the colour parameter of
corresponding film samples and that of white stashda* = 92.81,a* = -1.24 and
b*= 0.49).
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9.3.4.5 Light transmission and transparency

Light transmission of the films in ultraviolet (U\gnd visible range
were measured at selected wavelengths betweenn20808 nm, using a UV-Visible
spectrophotometer (model UV-1800, Shimadzu, Kyatapan) according to the
method of Jongjareonradt al. (2008). The transparency value of five film saaspl
was calculated by following the equation of Shekal. (2004).

Transparency value = (-l0G00)/X

whereTggo is the fractional transmittance at 600 nm ansl the film thickness (mm).

The higher transparency value represents the loaesparency of films.
9.3.5 Characterisation of selected films

Gelatin films and nanocomposite films incorporatéth EECH at the
selected levels (GF-0.05% and NF-0.4%) were furtiheracterised, in comparison

with the corresponding films.
9.3.5.1 Wide angle x-ray diffraction (WAXD) analysis

WAXD analysis of the film samples was conductedefiection mode
with an incident wavelengthi) at 0.154 nm of CuK radiation (Martucci and
Ruseckaite, 2010b). Measurements were performe@d4drom 5° to 10° at a scan

rate of 1.0°/min. The layer spacing of the clay walsulated from Bragg’s law:
N =2dsind

where 1 is the wavelength of the radiatiod; is the c-dimension distance or the
interlayer spacing; andlis the diffraction angle (Baat al., 2009a).

9.3.5.2 Scanning electron microscopic (SEM) analysis

Microstructure of the upper surface and cryo-freediucross-section of
the film samples was visualised using a scanniegtedn microscope (Quanta 400;
FEI, Praha, Czech Republic) at an acceleratingageltof 15 kV, as described by
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Farahnakyet al. (2014). The gelatin film samples were cryo-fraetlby immersion

in liquid nitrogen. Prior to visualisation, therfilsamples were mounted on a brass
stub and sputtered with gold in order to make #me conductive, and photographs
were taken at 5000x magnification for surface asialyFor cross-sectional analysis,
cryo-fractured films were mounted around stubs @edpcularly using double sided

adhesive tape, coated with gold and observed &G8@x magnification.
9.3.5.3 Thermo-gravimetric analysis (TGA)

Dried film samples were scanned using a thermogretvic analyser
(TGA-7, Perkin Elmer, Norwalk, CT, USA) from 30 690 °C using a heating rate of
10 °C/min (Nuthongt al., 2009). Nitrogen was used as the purge gaslawaréte of

20 ml/min.
9.3.5.4 Differential scanning calorimetry (DSC)

Thermal properties of film samples were determinesing a
differential scanning calorimeter (DSC-7, PerkimEl, Norwalk, CT, USA) as per
the method of Hoquet al. (2011c). Temperature calibration was performedguthe
Indium thermogram. Film samples (2-5 mg) were aely weighed into aluminium
pans, hermetically sealed, and scanned over thpetature range of —30 to 150 °C
with a heating rate of 10 °C/min. Dry ice was usadthe cooling medium and the
system was equilibrated at —30 °C for 5 min prmstanning. The empty aluminium

pan was used as a reference.
9.3.6 Statistical analyses

All experiments were performed in triplicates (n=8)d a completely
randomised design (CRD) was used. Analysis of magg ANOVA) was performed
and the mean comparisons were done by Duncan’'dpheutange tests (Steel and
Torrie, 1980). Data are presented as mean * stardfariation and the probability

value of P<0.05 was considered as significant.isSiedl analysis was performed
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using the Statistical Package for Social ScienS8&SS 17.0 for windows, SPSS Inc.,
Chicago, IL, USA).

9.4 Results and discussion

9.4.1 Properties of gelatin films and nanocomposite films as affected by
EECH addition

9.4.1.1 Thickness

Thickness of gelatin films and nanocomposite filmsorporated with
EECH at different levels is shown in Table 34.gbmneral, thickness of the films was
not significantly affected by the incorporation BECH at all levels used (P>0.05).
Nanocomposite films generally showed similar thess to gelatin films (P>0.05),
regardless of EECH incorporation. Generally, filmckness is influenced by the solid
content of the film forming solution (Han and Kroe@h1999). The results suggested
that the thickness of gelatin films and nanoconmteddims was not markedly affected

by the incorporation of nanoclay and EECH.
9.4.1.2 Mechanical properties

Mechanical properties, including YM, TS and EAB g#latin films
and nanocomposite films incorporated with EECH iffeent levels are shown in
Table 34. Mechanical properties of films variedhntite levels of EECH incorporated
(P<0.05). YM of gelatin films increased when EECHadevel of 0.05% (w/w, on
protein basis) was added (P<0.05). Further inangalgivels of EECH decreased the
YM of resulting gelatin films. Nevertheless, protgirecipitation obviously occurred
in gelatin film-forming solutions and nanocompoditm-forming suspensions when
the incorporation level of EECH was higher thand@®(w/w). Hydroxyl group of
phenolic compounds in EECH possibly acted as hygirapnor and hydrogen bonds
could be formed between phenolic functional groaps gelatin molecules at an
appropriate level of EECH. The decrease in YM dage film incorporated with
EECH at high amount was probably caused by aggoegat phenolics and gelatin
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molecules. This resulted in the lessened integntfilm structure (Jongjareonradt

al., 2008). Haslam (1998) stated that polyphenol®hhe ability to form complexes

with proteins. Kavooset al. (2013) reported that addition of carvacrol resiilin the

lowered interaction between gelatin monomers, aightrhinder polymer chain-to-

chain interactions. As a consequence, the decieasechanical property could be

obtained. The formation of complexes between payplts and proteins to a high

extent led to coagulation of proteins, in which trdered network of film was not
formed. This resulted in the lower YM of resultifighs (P<0.05). When considering

Table 34. Young’s Modulus (YM), tensile strength (TS), elotiga at break (EAB),

water vapour permeability (WVP) and thickness datye films and nanocomposite

films incorporated with EECH at different levels

Film YM TS EAB WVP Thickness
Samples (MPa) (MPa) (%) (X10%gmm2s*Pa’) (mm)

GF-0% 1048.03+31.40bB  41.93+0.49bB  7.90:+0.03bA 2.76+005a  0.048+0.0053bA
GF-0.025%  1046.27+5.80bB  40.00:0.66cC  7.24#0.13cdC  2.09+0007g  0.049+0.0004abA
GF-0.05%  1129.63:2558aA  43.65:0.68aA  7.63+0.01bcB 1.794@02  0.050+0.0009abA
GF-01%  1030.87+34.09bB  39.33+0.80cC  7.08+0.11dCD  2.104§(D5  0.049+0.0003abA
GF-02%  977.69+15.81cC  35.61+1.14ghD  6.94+0.30dD 217+®@Of  0.050+0.0001abA
GF-04%  923.98+19.96dD  34.97+050hD  6.16+0.01eE 2.25+0.01eB  0.049+0.0002abA
NF-0% 1144.85+1.75aA  43.99+0.48aA  9.20+0.12aA 2.19+0D2ef  0.049+0.0023abC
NF-0.025%  989.67+6.19cC  36.06+0.02fghD 7.57+0.43bcBC  2.503CdB 0.052+0.0019aA
NF-005%  972.16+2.64cC  36.45:0.38fgD 7.61#0.30bcBC  2.5640@  0.051+0.0010aABC
NF-01%  1037.73+12.73bB 37.9040.99deBC  7.95:0.19bB 25@MO  0.050+0.0013abBC
NF-020  981.10+17.68cC  37.18+0.82¢fCD  7.89+0.07bB 2444005  0.051+0.0014aABC
NF-04%  1044.60+15.70bB 38.82+0.61cdB  7.19+0.50cdC 1.0MED  0.052+0.0001aAB

Mean + SD (n=3).
Different lowercase letters in the same columndat significant differences between the different
groups (P<0.05).
Different uppercase letters in the same columncatdi significant differences in the same group
(P<0.05).
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YM between the control gelatin film and nanocompesiiim (without EECH
addition), latter showed the higher YM than thexfer (P<0.05). The increase in YM,
representing increased stiffness, of gelatin/nampasite film might be owing to the
uniform dispersion of MMT nanoclay in gelatin matrand a strong interaction
between carbonyl group of gelatin and hydroxyl graaf MMT (Martucci and
Ruseckaite, 2010a). The enhancement of YM of nanposite film was directly
attributed to the reinforcement provided by thehhagpect ratio and the high surface
area of silicate layers, to the good dispersiorclal layers in the gelatin matrix
(Gutierrez et al., 2012). It was noted that YM of gelatin nanocosif® films
decreased with the addition of EECH. Thus, EECHaitely lowered the stiffness

of gelatin film containing nanoclay.

TS is an important mechanical property that exg®the maximum
stress developed in a film during tensile testiBgston, 1988). TS of gelatin films
increased when EECH at 0.05% (w/w, based on proteas incorporated. The
decreases in TS were observed when EECH at leviel8.160.4% (w/w) was
incorporated (P<0.05). The results indicated timaappropriate level of EECH could
strengthen the film matrix by enhancing the intdcecbetween protein chains and
phenolics in the extract. Film formation generailiges place by the development of a
three dimensional network of protein moleculesdia, hydrophobic, hydrogen and
covalent (non-disulfide) bonds (Hogeeal., 2011c). Hoquest al. (2011c) reported
that integrity and chain length of gelatin molesuldirectly contributed to the
formation of film network. The decrease in TS wasgreement with the decrease in
YM, when higher EECH levels were used. For gelatanocomposite films, the
similar result was observed. At high concentratdnEECH, the aggregation of
phenolic compounds in EECH might be enhanced. Ineg#, the reduction in
mechanical properties occurred when the higherdeskephenolic compounds were
used (Gomez-Esta@hal., 2014). The development of a heterogeneous ateigtith
the presence of discontinuous areas could lower (OIS et al., 2014). The
incorporation of foreign components at an excesaimeunt is more likely associated

with the development of heterogeneous film strue{ttfoqueet al., 2011c).
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EAB, the strain on a film sample when it breakscrdased with
increasing levels of EECH (P<0.05). Control filmGH-0% and NF-0%) showed
higher EAB (P<0.05) than those added with EECHgémeral, higher EAB was
obtained for nanocomposite films (P<0.05) than tgelélms. Similar result was
observed by Let al. (2014), who reported that the control gelatimfthad the higher
EAB than the films incorporated with natural antaants. Gelatin—phenolics,
gelatin—clay or gelatin-phenolics—clay interacti@issarious degrees more likely led
to the formation of different polymer matrices. $hecomplex systems with reduced
molecular mobility might have lower elasticity aglicated by the decreased EAB.
Nunez-Floreset al. (2012) also reported that the number and sizethef
lignosulphonate domains led to the greater steindrance in gelatin film matrix,
which considerably restricted the biopolymer molacmotion. Lignosulphonate was
shown to form supra-molecular complexes by interd &tra-molecular hydrogen
bonding of its polar groups. Moreover, the tripkdikh content in films might be
decreased due to the strong interaction betweenotbse and gelatin (Baet al.,
2009). Polyphenolic compounds could form hydroged eovalent (non-disulphide)
bonds with amino and hydroxyl groups of polypeptide gelatin, which would
weaken the protein-protein interactions in proteétwork (Liet al., 2014). Thus, the
incorporation of EECH and nanoclay directly affectte mechanical properties of

gelatin films.
9.4.1.3 Water vapour permeability (WVP)

WVP of gelatin films and nanocomposite films incorqed with
EECH at different levels is shown in Table 34. CGohgelatin film (GF-0%) showed
the highest WVP, compared with others (P<0.05).atelis hydrophilic in nature,
due to its polar amino acids and large number afrdwyl groups (-OH). As a
consequence, gelatin film has the lower moistureidraproperty. Gelatin film
incorporated with EECH at the level of 0.05% (wh@d the lowest WVP (P<0.05).
The interaction between gelatin and phenolic comgeun EECH could lower the
available or free charged or polar residues oftgedaand this might result in the

decreased water adsorptivity and thus decreasengViP of films (Bitencourtt al.,
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2014). Additionally, incorporation of EECH moredily increased the compactness of
films, thereby lowering the adsorptivity as welldiusivity of water vapour through
the film as indicated by lower WVP. Interactionspaflymers also reduced the free
volume in the film matrix, limiting the diffusionfosmall molecules through the
polymer film. The phenolic compounds were able darf hydrogen and covalent
bonds (non-disulphide) with reactive groups of pelgtide in gelatin (Let al., 2014).
These bonds limited the availability of hydrogeups to bind with water, thereby
decreasing the affinity of gelatin films with watéVu et al. (2013) reported that
polyphenolic compounds could fit into the gelatiratnx and establish crosslinks
through hydrogen bonds or through hydrophobic atdgons with the reactive groups
of the gelatin. Consequently, the network structfrélms became denser and less
permeable (Jongjareonrak al., 2008). The degree of crosslinking also affebts t
barrier characteristics of gelatin films (Hoget al., 2011c). However, WVP of
gelatin films seemed to increase when EECH wasrporated at the levels higher
than 0.05% (w/w). The highest WVP was observed wherhighest level of EECH
(0.4%, w/w) was incorporated into the gelatin filmBhe excessive interaction
between phenolic compounds and gelatins could balmgut the coagulation. As a
result, non-uniform film matrix was developed. Thgght be associated with the
increasing number of micro-pores or voids in filmtworks. Thus, water migration

through the films was increased.

For gelatin nanocomposite films, those without amidh EECH
addition exhibited lower WVP than did the contrelain film (without nanoclay and
EECH addition) (P<0.05). The lowest WVP was obsgémwben EECH at 0.4% (w/w)
was incorporated in the gelatin nanocomposite {i#n0.05). The improved barrier
properties of the gelatin/nanocomposite films (Nk)}Ocould be attributed to the
hindrance caused by nanoclay (Ray and Okamoto,;ZR0iBn and Ng, 2007). The
formation of network induced by the hydrogen bohdeveen the gelatin chains and
phenolics and the exfoliation/intercalation of gelamolecules into the silicate
galleries of nanoclays might lead to the improveater vapour barrier property

(Abdollahi et al., 2012). OH groups may form hydrogen linkages ketwphenolic
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compounds and gelatin chains or Cloisite” N@utierrezet al., 2012). Furthermore,
the incorporation of Cloisite Nao the gelatin matrix provides a ‘tortuous pathivay
for water vapour molecules to pass through (Maitand Ruseckaite, 2010a). When
EECH was added into nanocomposite films, higher W43 found in comparison
with gelatin films. Phenolic compounds might enkeatice formation of coagulated
gelatins in the matrix or interfere with the intetian between gelatin and nanoclays.
This resulted in the discontinuous network with th@orer water vapour barrier
property. Thus, gelatin flms had varying WVP, degi@g on the concentration of

phenolic compounds as well as the incorporatiomapioclay.
9.4.1.4 Colour

Colour of gelatin flms and nanocomposite films arorated with
EECH at different levels is shown in Table 35. Tdwour of the packaging is an
important factor in terms of general appearancecamgumer acceptance (Rawdkuen
et al., 2012). Lightnes$L*- value) of both films generally decreased withr@asing
levels of EECH (P<0.05). However, redness (value) and yellownes$%- value) of
films increased (P<0.05). This was in accordandh thie increases ihE* value. The
lowestL* and the highest* andb*- values were obtained for both films incorporated
with the highest level (0.4%, w/w) of EECH (P<0.08enerally AE* was higher in
nanocomposite films than gelatin films, especialy high level of EECH. The
phenolic compounds in EECH might interact with nxabr nanoclays, in the ways
which vyielded the higher redness or yellowness.il&mmesults were observed for
gelatin films incorporated with natural spices (Hedet al., 2011c) and ethanolic
extract of curcuma (Bitencouet al., 2014). Films from cuttlefishSgpia pharaonis)
skin gelatin incorporated with cinnamon, clove atdr anise extracts and gelatin-
based films added with curcuma ethanol extract sldolewerL* and higherb*
values than the control gelatin film (without addeerbal/curcuma extracts). Thus,

colour of films was affected by the incorporatidrie®CH as well as nanoclay.
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Table 35. Colour of gelatin flms and nanocomposite filmsarmorated with EECH

at different levels

Film samples L* a* b* AE*

GF-0% 90.11+0.01eB  -1.25+0.02ghD 1.92+0.01eB 3.05+0.069C
GF-0.025% 90.14+0.01dA  -1.24+0.01fgD 1.94+0.02eB  3.04+0.01DhC
GF-0.05% 90.05+0.01gC  -1.22+0.0l1lefgD 1.75+0.01fC ~ 3.03+0.0BhD
GF-0.1% 90.03+0.01hD -1.11+0.01cB 1.93+0.02eB 3.14+0.02dB
GF-0.2% 90.15+0.01cA -1.19+0.02dC 1.92+0.02eB 3.02+0.01hiE
GF-0.4% 89.92+0.01jE -1.02+0.02bA 2.23+0.01bA 3.38+0.01bA
NF-0% 90.15+0.01cC  -1.25+0.06ghDE ~ 2.04+0.02cC 3.08+0.01fD
NF-0.025% 90.18+0.01bB -1.27+0.01hE 1.93+0.03eE 3.00+0.01iE
NF-0.05% 90.09+0.00fD -1.21+0.01defCD  1.99+0.03dD 3.11+0@1e
NF-0.1% 90.25+0.01aA  -1.20+0.02deC 1.76+0.02fF 2.86+0.01jF
NF-0.2% 89.97+0.01iE -1.12+0.01cB 2.22+0.01bB 3.33+0.01cB
NF-0.4% 89.25+0.01kF -0.66+0.02aA 3.08+0.01aA 4.44+0.01aA

Mean + SD (n=3).
Different lowercase letters in the same columndat# significant differences between the different

groups (P<0.05).

Different uppercase letters in the same columncatdi significant differences in the same group

(P<0.05).

9.4.1.5 Light transmission and transparency

Transmission of UV and visible light at selectedvelangths in the

range of 200-800 nm of gelatin films and nanoconteddms incorporated with

EECH at various levels is presented in Table 3&r&ases in light transmission of

both films at all wavelengths were observed as lthwels of EECH increased.

However, the degree of decrease varied with theldesf EECH for nanocomposite
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films. The transmission of UV light was low at 286d 280 nm for both gelatin film
and nanocomposite film and NF-0.4% had the lowastsmission. It was found that
film added with 0.4% EECH (w/w) also showed the éstvtransmission in visible
range. This might be due to the light scatterinfigatfof gelatin-phenolic complexes
(Papadopoulou and Frazier, 2004). The result stoegethat film effectively
prevented the UV light. High UV light barrier alyliwas reported for gelatin films
(Gomez-Guillenet al., 2009; Hoqueet al., 2011c; Jongjareonrakt al., 2008).
Hamaguchiet al. (2007) reported that protein-based films exhibitee good UV
barrier properties, owing to their high contenacdmatic amino acids that absorb UV
light. In general, light transmission in visiblenge (350-800 nm) for all films was in
the range of 73.12-89.78%. In visible range, gelétm incorporated with EECH
showed higher light transmission, as compared wi&hocomposite film containing
EECH. The result suggested that phenolic compoundEECH might form the
complex with gelatin or nanoclays in the film netwioAs a result, light could not
pass through the film with ease. Furthermore, nlayscmight result in the light
reflection of films, leading to the lower transmdss

Transparency value of both gelatin films and nangoosite films
increased as the level of EECH increased (P<OBXih films added with EECH at a
level of 0.4% (w/w) showed the highest transparevalye (P<0.05), regardless of
nanoclay incorporation. Higher transparency vahdicated that the films had lower
transparency. Transparency of protein-based fisngenerally affected by additives,
processing conditions, thickness as well as coritigti between polymer and
nanoclay (Farahnakegt al., 2014; Hoqueet al., 2011c; Martucci and Ruseckaite,
2010b; Nagarajast al., 2014a,b; Rhim, 2007). The aggregation of gelatoiecules
due to the incorporation of EECH, especially athkiglevel might result in large
agglomeration (Papadopoulou and Frazier, 2004ns€gquently, the films possessed
more internal light scattering property and becdorbid (Martucci and Ruseckaite,
2008). In general, gelatin films containing EECHrevanmore transparent (lower
transparency value) than those incorporated with B€CH and nanoclay (P<0.05).

Additionally, phenolic compounds themselves alsotgbuted to the opaqueness of
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films. Therefore, the incorporation of EECH and oelay had an impact on the

appearance and light barrier properties of gefdtirs.

Table 36. Light transmittance and transparency values of tigeldélms and

nanocomposite films incorporated with EECH at défe levels

Film Transmittance (%) Transparency
samples 200 280 350 400 500 600 700 800 values
GF-0% 0.02 41.10 83.27 86.57 88.13 88.79 89.27 89.78 +D.0OPO5SkF

GF-0.025% 0.02 4164 81.18 84.79 86.74 87.61 88.29 88.95 D.DBH34E
GF-0.05% 0.02 4391 8184 8515 86.98 87.88 88.58 89.25 +D.PD16ID

GF-0.1% 0.03 43.15 80.56 84.21 86.15 87.06 87.73 88.39 0.BD12hC
GF-0.2% 0.02 40.16 79.36 83.00 85.14 86.26 87.09 87.84 0.2815gB
GF-0.4% 0.01 3291 77.13 8147 83.89 8513 86.11 86.98 +D.4P05eA
NF-0% 0.02 3752 7753 8178 84.68 86.31 87.47 88.44 D.DB26gF
NF-0.025% 0.02 3445 76.64 80.86 83.84 8548 86.72 87.76 +D.BD24fE
NF-0.05% 0.02 35,99 7365 77.99 8115 83.02 84.43 85.65 0.8817dD
NF-0.1% 0.01 3491 7393 7859 8195 8388 8535 86.55 0.9610cC
NF-0.2% 0.01 37.61 7557 79.61 8246 84.12 8536 86.43 D.BO16bB
NF-0.4% 0.01 2496 73.12 7844 8198 8399 8545 86.61 +0D.BD06aA

Mean = SD (n=3).

Different lowercase letters in the same columndat# significant differences between the different
groups (P<0.05).

Different uppercase letters in the same columncatdi significant differences in the same group
(P<0.05).

9.4.2 Characteristics of selected gelatin film and nanocomposite film added
with EECH

Gelatin film and nanocomposite film incorporatedhwEECH (GF-
0.05% and NF-0.4%) were further subjected to chareation, in comparison with
the control gelatin film (GF-0%) and nanocomposite (NF-0%) (without EECH

incorporation).
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9.4.2.1 Wide angle x-ray diffraction (WAXD) analysis

WAXD analysis was performed in order to determime dispersion of
Cloisite Nd in the films from tilapia skin gelatin incorpordtavith and without
EECH. WAXD patterns of Cloisite Naand the selected films are illustrated in Figure
41a and 41b, respectively. Intercalated or exfedlatstructures of different
nanocomposite films were normally revealed by dhspacing due to the interlayer
spacing of the nanoclay gallery in gelatin matridattucci et al., 2007).
Characteristic diffraction peak of Cloisite NéFigure 41a) was found at »f 7.04°
(d-spacing = 1.25 nm, based on Bragg’'s equatidns=r2d sind). This result was
consistent with previous report and was also aaiitelar to the suggested value given
by manufacturer (Gutierreet al., 2012; Kohet al., 2010; Pradhart al., 2012).
WAXD patterns of films were different (Figure 41bdpompared to hydrophilic
nanoclay, Cloisite Na The characteristic halo peak of amorphous prsteims
obtained for control gelatin film (GF-0%) in the 2ange of 6.2 to 9.5°. Similar
WAXD pattern of gelatin-based film was observeddg&ilecet al., 2001; Martucci
and Ruseckaite, 2010a). For nanocomposite film®rparated with or without
EECH, the absence of characteristic diffractionkp& = 7.04°) of Cloisite N&a
nanoclay was noticed in their WAXD patterns. Thisuggested the
intercalated/exfoliated structure of obtained namagosite films (Abdollahiet al.,
2012; Gutierrezet al., 2012). However, WAXD pattern of NF-0.4% was erént
from that of NF-0% (without EECH addition). Thisggested the varying degrees of
intercalation or exfoliation of nanoclays in getatnatrix, as influenced by EECH
addition (Gutierrezet al., 2012). In particular, the WAXD pattern of NF-@4
exhibited broader halo peak of amorphous gelathis Thight be due to the non-
homogeneous aggregation of gelatin molecules dteligincorporation level (0.4%,
w/w) of EECH. WAXD analysis is a classical methaut fietermining the gallery
height @-spacing distance) in clay particles. During in&ation or exfoliaton, the
insertion of polymer into the organoclay galleriesces the platelets apart and
increases thd-spacing, resulting in a shift of the diffractioegk to lower angles or
even disappeared (Abdollalet al., 2012; Xuet al., 2006). Therefore, phenolic
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Figure 41. WAXD patternsof Cloisite Nd (a) and gelatin film and nanocomposite
films incorporated with or without EECH (bMMT Na: Cloisite Nd; GF-0% and
NF-0%: Control gelatin film and nanocomposite filmgspectively; NF-0.4%:

nanocomposite film incorporated with 0.4% EECH (yv/w
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compounds in EECH more likely affected intercalabeaxfoliated structure as well
as the organisation of amorphous gelatin in then finatrix. In general, the
intercalated or exfoliated structures of gelatina@mposite films were dependent on

the addition of nanoclay and EECH.
9.4.2.2 Microstructure

SEM micrographs of the surface (5000x) and cryotinaed cross-
section (3000x) of selected gelatin films and nanggosite films incorporated with
or without EECH are shown in Figure 42. All filmkasved the smooth surface and
free of crack or void. Homogeneity and smoothndgg8m surface were varied upon
the inclusion of EECH and nanoclays. The contrédtie film (GF-0%) and Cloisite
Na" (NF-0%) incorporated film had no differences innfilsurface morphology.
Smooth, homogenous and compact film surface of fibtts indicated an ordered
film matrix. The continuous and strong film netwavkh a great number of junction
zones was developed and the thorough dispersidrydrophilic nanoclay into the
hydrophilic polymer was obtained (Ba al., 2009; Theng, 1979). However, the
incorporation of EECH resulted in slightly coarseri-homogenous film surface.
Gelatin film incorporated with both EECH and namgcshowed larger aggregates or
agglomerates on surface (NF-0.4% films). The higlkdsCH level (0.4%, w/w on
protein basis) plausibly induced the formation ofgulation, as evidenced by the

increased rougher surface.

For cross-section, gelatin film incorporated witB@H at 0.05% (w/w,
on protein basis) level showed a more compact ammbther structure, compared to
the control gelatin film (without EECH and nanogla8imilar result was reported for
pig skin gelatin films incorporated with curcumdaatol extract (Bitencourt al.,
2014). The compact structure regulated by intevactietween phenolic compounds
of EECH and gelatin was also responsible for thprawed mechanical and water
vapour barrier properties (Table 34). NF-0% filnowed some roughness in the film
network. This was plausibly due to the presenc€lofsite N& in the film matrix.
Films incorporated with EECH at the level of 0.48#w, on protein basis) along with
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Figure 42. SEM micrographs of surface (A) and cryo-fractui@dss-section (B) of
gelatin films and nanocomposite films incorporatwdh EECH at different levels.
Magnification: 5000x for surface and 3000x for @ection. GF-0% and NF-0%:
Control gelatin film and nanocomposite film, resppedy; GF-0.05% and NF-0.4%:
gelatin film and nanocomposite film incorporatedhMEECH at the levels of 0.05 and

0.4% (w/w), respectively.
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the nanoclay had the compactness with some protrsisiThis result was concomitant
with lower mechanical but improved water vapourriearproperties (Table 34).

Phenolic compounds in EECH more likely interactathwrotein chains and caused
protein aggregation. Therefore, the microstructuwfegelatin films were governed by

the incorporation of EECH and nanoclay.
9.4.2.3 TGA thermograms

TGA curves of selected gelatin films and nanocontpodiims
incorporated with or without EECH are illustrated Figure 43. Degradation
temperatures (Td) and weight loasu) of corresponding films are presented in Table
37. In general, two stages of weight loss were wfesefor all films, irrespective of
nanoclay or EECH incorporation. First stage of weigss Aw; = 5.64 - 6.98%) was
observed for all films approximately at onset terapres (Te) of 52.38 - 71.43 °C,
mostly associated with the continuous loss of fremsture absorbed in the films. At
the first stage of weight loss, GF-0.05% films skdwhigher weight loss than NF-
0.4% films at the same onset temperatures. Enhamtechction between gelatin
chains and Cloisite Nasheets plausibly consumed some hydrophilic groupd a
depressed the water uptake through capillary acttaihe interface (Lét al., 2003).
Td; of GF-0.05% was higher than that of GF-0%. Forfiatis, the second stage of
weight loss Aw, = 71.49 - 72.70%) was observed approximately &tnaperature
(Tdy) of 258.33 - 267.86 °C. Here, Fiitferred to as thermal degradation temperature
of the films. This change was most likely due te tlegradation or decomposition of
protein components and the plasticiser, glycerdl:035% had the higher Tdhan
GF-0%. GF-0% also had higher weight loss (72.70%) the lower Td (258.33 °C).
This result revealed that control gelatin film skaiwvhigher heat susceptibility than
that added with EECH. In general, increasing théaegradation temperatures ¢Jd
was related with decreasing weight logsv§). Nanocomposite films added with
EECH showed the slightly higher Fthan the control nanocomposite film (NF-0%).
NF-0% also showed higher Taénd Td than GF-0%. This was possibly due to the
decrease in free volume of polymer matrix by stesrigteraction between the gelatin

molecules and nanoclay (Bat al., 2009a). Effective crosslinking of gelatin by
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phenolics in EECH could lead to the enhancemetitermal stability of films. Higher
amount of bondings between phenolic compounds adtig molecules yielded
stronger film network. As a result, films becam#fest and more compact, thereby
improving thermal stability (Hoquet al., 2011c; Wuet al., 2014). The increased
thermal stability of nanocomposite films might beedto the thermal resistance of
Cloisite Nd and the nano-dispersion of montmorillonite shaethe polymer matrix
(Zhenget al., 2002). Martucci and Ruseckaite (2010a) repaottiedncreased thermal
stabilisation of gelatin nanocomposite films. Adualially, all films had slight
difference in residual mass (representing charesahtit 600 °C in the range of 21.08-
21.78%. The results suggested that the incorparaticnanoclay and EECH into the

films based on tilapia skin gelatin contributediifierences in thermal stability.

110
100 4.
X ﬂ“"‘**-s-.-:;.*_ .
o L e N
: R
80 \,\ — . — GF-0%
70 - "'\'x& ceenenees GF-0.05%
4] i \
3\. L s 0%
<60 \ NF-0
b 2 \\ — . NF-0.4%
; e \
40 - '
: LN
30 T
- e e
20 I
10 -
0 S TR . . Ly | . |
0 100 200 300 400 500 600

Temperature °C)

Figure 43. Thermogravimetric curves of gelatin films and nestoposite films incorporated with
EECH at different levels. GF-0% and NF-0%: Contgelatin film and nanocomposite film,
respectively; GF-0.05% and NF-0.4%: gelatin filndaranocomposite film incorporated with EECH at
the levels of 0.05 and 0.4% (w/w), respectively.



Table 37. Thermal degradation temperature (Td, °C), weighs law, %), residue (%) and glass transition tempergflge°C)

of gelatin films and nanocomposite films incorpecatvith EECH at different levels

Ay Az
Film samples Td, Aw, Td, AW, Residue Tg
GF-0% 52.38 5.64 258.33 72.70 21.66 47.14
GF-0.05% 69.05 6.98 264.29 71.94 21.08 53.57
NF-0% 71.43 6.76 266.66 71.49 21.75 54.99
NF-0.4% 69.05 6.60 267.86 71.62 21.78 58.57

A; andA, denote the first and second stage weight lospeontisely, of films during TGA heating scan.

T4
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9.4.2.4 DSC ther mograms

DSC thermograms of gelatin films and nanocompodiiens
incorporated with or without EECH are depicted igufe 44. Glass transition
temperatures (Tg) of films are presented in TalBleTBiermograms of the first heating
scan of all film samples exhibited step-like orsglaransition at temperaturesgT
ranging from 47.14 to 58.57 °C (Figure 44y.i3 normally correlated to the segmental
motion of polymer molecules in the amorphous pi{&ade and Levine, 1991). The
control gelatin film (GF-0%) had the lowesty T47.14 °C). In contrast, the
incorporation of Cloisite Na(NF-0%) or EECH (GF-0.05%) into the control gelati
film showed higher J (54.99 and 53.57 °C, respectively). However, gelftm
incorporated with both nanoclay and EECH showed highest | (58.57 °C).
Incorporation of EECH along with the nanoclay desexl the molecular mobility of
gelatin. For nanocomposite films, nano-dispersidn hgdrophilic nanoclay in

hydrophilic gelatin matrix might enhance the strengteraction via hydrogen bonds,
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Figure 44. DSC thermograms of gelatin films and nanocompdiites incorporated with EECH at
different levels. GF-0% and NF-0%: Control geldfilm and nanocomposite film, respectively; GF-
0.05% and NF-0.4%: gelatin film and nanocomposite incorporated with EECH at the levels of 0.05

and 0.4% (w/w), respectively.
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thus increasing the rigidity of gelatin moleculaghe matrix of film (Martuccet al.,
2007). Liet al. (2003) reported that Cloisite Naerves as physical crosslinking sites,
which could enhance the stability of film networdoreover, hydrogen bond or
hydroxyl group interaction between the gelatin moles and phenolic compounds in
EECH was also responsible for increasingoT NF-0.4% films. Oxforcet al. (1989)
stated that J is one of the important parameters which determibeth the
mechanical and barrier properties of correspondiipms and controls the
crystallisation kinetics of the gelatins. In gengtiae DSC results were correlated well
with the mechanical and water vapour barrier priogerof films (Table 34). EECH
incorporation at higher level might induce croseiing of gelatin matrix. This

resulted in the stronger and more heat stableigéibh network/matrix.

For the second heating scan, no clear transitiageaerally observed
for both gelatin films and nanocomposite films irpmrated with or without EECH
(data not shown). Absorbed water, acting as plasticmight be removed during the
first heating scan. As a consequence, the interactibetween gelatin chains and also
between gelatin molecules and nanoclays along thiéh phenolic compounds of
EECH could be enhanced by the formation of morel figm network. Therefore, the
solid-state molecular transition was limited anduldonot be noticed during the

second heating scan in the transition temperaturger tested.

Gelatin-phenolics-nanoclay interaction occurreddifyerent possible
interactions such as hydrogen, hydrophobic, iomd @ovalent (non-disulphide)
interactions as illustrated in Figure 45. PolypHen@ompounds contain many
hydrophobic groups, which can form hydrophobic natéon with hydrophobic
region of gelatin molecule and hydroxyl groups alyphenolic compounds and
nanoclay were able to interact via hydrogen bom#e €t al., 2009a; Hoquet al.,
2011c; Martucci and Ruseckaite, 2010a; Ratthydh., 2009). As a result, the compact
and stronger network with the improved water vapbarrier property could be
achieved.
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9.5 Conclusion

Properties of gelatin films and nanocomposite filimesn tilapia skin
gelatin were governed by EECH. Gelatin film and a@mposite film incorporated
with EECH at the levels of 0.05 and 0.4% (w/w, aotpin basis), respectively
showed the improved water vapour barrier propgrbgsibly due to the augmented
interactions between functional group of gelatird @henolics as well as gelatin,
phenolics and nanoclay. Thus, the appropriate |l@feEECH could effectively

improve the film properties, particularly in congiion with nanoclay incorporation.



CHAPTER 10

EFFECTS OF BIO-NANOCOMPOSITE FILMS FROM TILAPIA AND
SQUID SKIN GELATINS INCORPORATED WITH ETHANOLIC
EXTRACT FROM COCONUT HUSK ON STORAGE
STABILITY OF MACKEREL MEAT POWDER

10.1 Abstract

Chemical, physical and sensory changes of mackeest powder
covered with tilapia and squid skin gelatin filmsida nanocomposite films
incorporated without and with ethanolic extractnirccoconut husk (EECH) in
comparison with that covered with polyethylene (RE) and the control (without
covering) during storage of 30 days at 28-30 °Cewwvestigated. The powder
covered with nanocomposite film incorporated with(H at 0.4% (w/w) (SGF-Na-
EECH) generally had the lower moisture content tivase covered with other gelatin
films throughout the storage (P<0.05). Nevertheldss lowest moisture content was
found in the sample covered with the PE film (P$).0he lower PV, TBARS, TVB
and pH were observed for SGF-Na-EECH sample tharsdMple and the control
(P<0.05). Based on SPME-GC-MS analysis, SGF-Na-EE@mple contained the
lower volatile lipid oxidation products than thentiml and that covered with PE film.
The lower increases i@, b* andAE*- values were also obtained for SGF-Na-EECH
sample during the storage. Higher overall likeressre was observed for SGF-Na-
EECH sample on day 30 of storage. Thus, gelatm iiilcorporated with both EECH
and nanoclay could be an alternative to synthetimmercial film to maintain the

guality and extend the shelf-life of mackerel maawder.
10.2 Introduction

Food packaging has been used to facilitate maxkedimd to protect

food products from harmful environmental factors fopviding a barrier to mass
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transfer and mechanical protection (Abret al., 2011). Several food items
susceptible to lipid oxidation could be stored &orextended time by the appropriate
packaging (Artharnet al., 2009). The use of proper packaging technology to
minimise quality losses and assure the safety @dgdhas gained increasing attention
(Jongjareonralet al., 2008). However, packaging materials currently ufdfood
packaging are mostly derived from petroleum by-potsl, contributing significantly

to environmental and ecological problems (GomezZi&ugt al., 2009). Moreover,
there is an increasing concern about the potemiathat plasticiser such as phthalate
used in plastics can leach out into foodstuffs. dwercome these problems,
biodegradable, non-toxic, natural and renewablercesu have been searched to

replace the synthetic plastic packaging (Tharamatb@03; Weng and Wu, 2014).

Gelatin, the partially hydrolysed form of collages,mainly extracted
from bovine bones, hides and porcine skin generatethyproducts during animal
slaughtering and processing (Karim and Bhat, 206%5h gelatin has been paid
increasing attention as the alternative of landmahi gelatin due to religious
constraints of mammalian counterpart (Benjalal al., 2012). Amongst all
biopolymers, gelatin is considered as promisingpbigmers under the light of its
film-forming ability and applicability (Gomez-Guéh et al., 2009). Due to their
inherent hydrophilic properties, gelatin films alisowater at elevated relative
humidity (RH) conditions. This results the plasticised film matrices, but weakens
barrier and mechanical properties (Martucci and eRkaite, 2009). Several
technologies have been implemented for improveneérfilm properties (Gomez-
Guillenet al., 2009; Hoqueet al., 2011c; Nunez-Florest al., 2013b).

Nanoclays, both hydrophilic and hydrophobic wereonporated with
gelatin films to improve their mechanical and watapour barrier properties as well
as thermal stability (Farahnalgt al., 2014; Nagarajaret al., 2014a).Due to the
enhanced polymer-filler interfacial interaction, noaomposite films showed
improved mechanical and barrier properties andnthérstability (Martucci and
Ruseckaite, 2010a)Montmorillonite nanoclays, such as Cloisite “Nawith

hydrophilic in nature, could be homogeneously disgé in a hydrophilic polymer
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matrix to form the new nanocomposite (Baeal., 2009a; Nagarajast al., 2014b).
This forces water and gas travelling through theogamposite film via an increased
‘tortuous path’ of the film matrix surrounding tmanoclay, thereby increasing the
effective path length for diffusion (Ray and Okamd003; Rhim, 2007).

Coconut husk is the byproduct, which is either ldrrior energy
production or simply disposed (Vazquez-Toretsal., 1992). The preparation of
ethanolic extract containing phenolic compounddamcrease the value of the husk.
Plant phenolics have been used to improve the gdlyproperties of gelatin films
(Gomez-Estacat al., 2014; Hoqueet al., 2011c; Rattayat al., 2009) and to increase
bioactivity of resulting films (Nunez-Flores al., 2013b). Recently, ethanolic extract
from coconut husk has been shown to form suitable®oomposites with gelatin and
nanoclay, yielding the films with improved watemrtier property (Nagarajagt al.,
2014c). The obtained nanocomposites with ethanadiconut husk extract could
therefore serve as the active packaging for sifelektension of fishery products rich

in polyunsaturated fatty acids.

To the best of our knowledge, there is no infororaton the uses of
nanocomposite films from fish or squid gelatin @ning natural extract in fishery
products. Thus, the objective of this investigataas to study the quality changes of
mackerel meat powder covered with nanocompositesfirom tilapia and squid skin
gelatins incorporated with ethanolic extract frooc@nut husk during the storage time
of 30 days at 28-30 °C.

10.3 Materials and methods
10.3.1 Chemicals

Fish skin gelatin from tilapia (~240 bloom) was ghased from Lapi
Gelatine (Empoli, Italy). MMT-nanoclay, CloisfteNa" was obtained from Southern
clay products Inc. (Gonzlaes, TX, USA). Sodium loydde, hydrogen peroxide
(H20,) (30.96% w/v) and glycerol were procured from Me(Darmstadt, Germany).
Ethanol was purchased from RCI Labscan (Bangkokjldind). All chemicals were

of analytical grade.
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10.3.2 Preparation of squid skin and extraction ofelatin

The skin of fresh splendid squildqgligo formosana) was obtained from
Sea Wealth Frozen Food Co., Ltd., Songkhla, Thdiland stored in ice using a
skin/ice ratio of 1:2 (w/w). The sample was tramsgwd to the Department of Food
Technology, Prince of Songkla University, Hat Yaiailand within 2 h. Upon
arrival, the skin was cleaned and washed with te@dwater (0-2 °C). The skin was
then cut into small pieces (0.5x0.53nplaced in polyethylene bags and stored at -20
°C until use. The skin was stored for not more tBamonths. Prepared skin was
subjected to gelatin extraction following the methof Nagarajanet al. (2013a).
Freeze-dried gelatin contained 97.58% protein Yggight basis) as determined by the
Kjeldhal method (AOAC, 2000).

10.3.3 Extraction of ethanolic extract from coconutusk
10.3.3.1 Collection and preparation of coconut husk

Coconut husk was obtained from a local market ih Y4, Songkhla,
Thailand. Husk sample was prepared as per the mhetho/azquez-Torrest al.
(1992) with slight modifications. Husk sample waed at 60 °C in the cabinet rotary
dryer for 16 h and then defibered. Husk sample thhas subjected to grinding using
a mill (IKA Labortechnik colloid mill, Selangor, Maysia). The prepared sample was
then sieved with the aid of sieve shaker (Model EMBndecotts Ltd., London, UK)
using a sieve size of 6 mm (Woven wire sieves, Eotte Ltd., London, UK). This
coarse form was further blended using a blendeng8anic, Model MX-898N,
Berkshire, UK) and finally sieved using a stainledsel sieve of 80 mesh. The
coconut husk powder obtained was further dried imoa air oven (Memmert,
Schwabach, Germany) at 105 °C overnight. The obthimowder was placed in a

polyethylene bag, sealed and kept at room temperatuil use.
10.3.3.2 Preparation of the ethanolic extract

Coconut husk powder was subjected to extractiorordongy to the
method of Santoset al. (2004) with a slight modification. Ten grams oisk powder
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were mixed with 250 ml of 80% ethanol (w/v). Thexinre was stirred at room
temperature (28-30 °C) using a magnetic stirreA{lerke, Staufen, Germany) for
3 h. The mixture was then centrifuged at 5000gBfdbmin at room temperature using
a RC-5B plus centrifuge (Beckman, JE-AVANTI, Fulter, CA, USA). The
supernatant was filtered using a Whatman No. érfiiaper (Whatman International,
Ltd., Maidstone, England). The filtrate was themamgwated at 40 °C using an Eyela
rotary evaporator (Tokyo Rikakikai, Co. Ltd., Tokytapan). To remove the residual
ethanol, the extract was purged with nitrogen gae. extract was then dried using a
Scanvac Model Coolsafe 55 freeze dryer (Coolsajage, Denmark) to obtain the
dry extract. Dried extract was powdered using atanand pestle, transferred to an
amber bottle and stored in a desiccator until Tike.obtained powder was referred to
as ‘ethanolic extract from coconut husk, EECH'. EEGad phenolic content of
436.82 mg tannic acid equivalent/g as determined Fojin—Ciocalteu reagent
(Slinkard and Singleton, 1977).

10.3.4 Preparation of gelatin films and nanocompos films

Tilapia and squid skin gelatin films and nanoconmgo$ims were
prepared as per the method of Nagarajaa. (2014c). Prior to casting, EECH was
added to both film forming solutions and film fomgi suspensions at the levels of
0.05 and 0.4% (w/w, on protein basis), respectivEhe mixtures were gently stirred
for 1 h at room temperature. The mixtures were slegr for 10 min using the
sonicating bath and then cast (4 = 0.01 ml) ontorened silicone resin plate (5x%5
cn?), air-blown for 12 h at 25 °C, followed by dryirig an environmental chamber
(Binder GmbH, Tuttlingen, Germany) at 25 + 0.5 9@l&0 + 5% relative humidity
(RH) for 24 h. Films obtained were manually peel&d

10.3.5 Study on shelf-life extension of mackerel ratpowder using gelatin

films and nanocomposite films
10.3.5.1 Preparation of mackerel meat powder

Fresh mackerel were purchased from a dock, Songkhialand and

kept in ice using a fish/ice ratio of 1:2 (w/w) atiten transported to the laboratory
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within 1 h. Fish were washed, deskinned, deguttetiféieted. Fillets were chopped
manually and subjected to drying in a rotary dnyéh the air velocity of 1.5 m/s at
60 °C for 8 h. The dried sample was blended with d@d of blender (Panasonic,
Model MX-898N, Berkshire, UK) until the uniformityas obtained and referred to as

‘mackerel meat powder’.
10.3.5.2 Storage of mackerel meat powder coveredttvifilms

Mackerel meat powder (20 g) was transferred to dlndrical
aluminium cups with a diameter of 30 mm. The aluomm cups were covered with
tilapia and squid skin gelatin films or nanocomp®dilms incorporated with or
without EECH as illustrated in Figure 46. Cups weealed with the aid of silicone
vacuum grease and rubber gasket. The samples toeeel it room temperature (28-
30 °C). For the control, samples were placed imatium cups without covering.
Samples covered with polyethylene (PE) film (Thieks = 0.049 £ 0.001 mm and
WVP = 0.04 + 0.01 x 1® gmm?s’Pa') were also prepared. During storage, the
samples were taken for analyses every 5 days \8® tdays. For determination of
volatile compounds, the samples stored for 0 ande38 were used.

10.3.5.3 Analyses
10.3.5.3.1 Moisture content

The moisture content of samples was determined rdicgp to the
method of AOAC (2000).

10.3.5.3.2 pH measurement

pH measurement was performed by the method dedchipd opez-
Caballeroet al. (2007) with a slight modification. Sample (2 gasvhomogenised
with 10 volumes of deionised water for 1 min usamylKA homogeniser at a speed of
5000 rpm. The homogenate was kept at room temperédu 5 min. The pH was

determined using a pH-meter (Sartorious North Aogeredgewood, NY, USA).
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10.3.5.3.3 Determination of peroxide value (PV)

PV was determined as per the method of RichardsHariih (2002)
with a slight modification. Samples (1 g) were nuxewith 11 ml of
chloroform/methanol (2:1, v/v). The mixtures wertogenised at a speed of 13,500
rpm for 2 min. Homogenates were then filtered usingghatman No. 1 filter paper.
Two millilitres of 0.5% NaCl were then added to T of the filtrate. The mixtures
were vortexed at a moderate speed for 30 s usirytax-Genie2 mixer 4 (Bohemia,
NY, USA) and then centrifuged at 3000g for 3 minsaparate the sample into two
phases. Two millilitres of cold chloroform/methari@ll, v/v) were added to 3 ml of
the lower phase. Twenty-five microlitres of 30% aomum thiocyanate and 28 of
20 mM iron (ll) chloride were added to the mixty®hantha and Decker, 1994).
Reaction mixtures were allowed to stand for 20 @irroom temperature and the
absorbance was read at 500 nm using a UV-1800 repbctometer (Shimadzu,
Kyoto, Japan). A standard curve was prepared usingene hydroperoxide with the
concentration range of 0.5-2 ppm. PV was calculatedl expressed as mg cumene
hydroperoxide/kg sample.

10.3.5.3.4 Determination of thiobarbituric acid reative substances
(TBARS)

TBARS was determined as described by (Buege antl A@%8). The
sample (0.5 g) was homogenised with 2.5 ml of swhutcontaining 0.375%
thiobarbituric acid (w/v), 15% trichloroacetic ac{@v/v) and 0.25 M HCI. The
mixture was heated in a boiling water bath (95-10pfor 10 min to develop a pink
colour, cooled with running water and centrifuge®@00xg at 25 °C for 20 min. The
absorbance of the supernatant was measured at m32Anstandard curve was
prepared using 1,1,3,3-tetramethoxypropane atdaheemtrations ranging from 0 to 6

ppm. TBARS was calculated and expressed as mg dialdehyde/kg sample.
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10.3.5.3.5 Determination of total volatile base (TB) content

TVB content was determined following the method(Gbnway and
Byrne, 1936). Sample (5 g) was homogenised withaf%ichloroacetic acid at a
ratio of 1: 2 (w/v). The homogenate was filteredotigh Whatman No. 1 paper
(Whatman International, Ltd., Maidstone, Englani)e filtrate (1 ml) was placed in
the outer ring. The inner ring solution (1% boricida containing the Conway
indicator) was pipetted into the inner ring. Tdtimte the reaction, ¥CO; (1 ml) was
mixed with the filtrate. The Conway unit was clogeghtly with the aid of silicone
vacuum grease and incubated at 37 °C for 60 mie. ifiher ring solution was then
titrated with 0.02 N HCI until the green colour ried to pink. TVB content was

calculated and expressed as mg-N/100 g sample.
10.3.5.3.6 Determination of colour

Colour of samples was measured by using a CIE dobteter (Hunter
associates laboratory, Inc., Reston, VA, USA), a*, b* andAE* indicate lightness
or brightness, redness or greenness, yellownesblumness and total colour
difference, respectively. The colourimeter washralied with a white standard*=
92.83,a*=-1.27 and*= 0.52).

10.3.5.3.7 Sensory evaluation

Sensory evaluation of the samples was performe®®ywntrained
panelists with the ages of 22—32, who were famiidh mackerel consumption. The
assessment was conducted for colour, odour analbVigeness (OAL) of samples
using a 9-point hedonic scale: 1- dislike extremBlyneither like nor dislike; 9- like
extremely (Meilgaardet al., 2007). The test was conducted on day 0, 15, andf 30

storage.
10.3.5.3.8 Measurement of volatile compounds

The volatile compounds in mackerel meat powderast @ and the

selected samples stored for 30 days were determisedy a solid-phase micro
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extraction gas chromatography mass spectrometrfESBCMS), following the
method of Iglesias and Medina (2008) with a sligiedification.

10.3.5.3.8.1 Extraction of volatile compounds by 3FE fibre

To extract volatiie compounds, 1 g of selected dampwere
homogenised with 4 ml of deionised water. Homogenatere then centrifuged at
5000g for 10 min. The supernatants were heated &C6in 20 ml headspace vial
(Agilent Technologies, Palo Alto, CA, USA) with aljorium time of 60 min. The
SPME fiber (50/30 um DVB/Carboxen™/PDMS Stableflex8Bupelco, Bellefonte,
PA, USA) was conditioned at 270 °C for 15 min befase and then was exposed to
the headspace. The vials containing the samplaastand the volatile compounds
were allowed to absorb into the SPME fiber at 60 fo€ 60 min. The volatile
compounds were then desorbed in the GC injectdrfpof5 min at 270 °C.

10.3.5.3.8.2 GC-MS analysis

GC-MS analysis was performed in a Gas Chromatogkéads
Spectrometer (Trace GC Ultra/ISQ MS, Thermo Sdientnc., USA). Compounds
were separated on a Stabilwax capillary column t@gkeSorporation, Bellefonte, PA)
(30 m x 0.25 mm ID, with film thickness of 0.25 unihe GC oven temperature
program was: 35 °C for 3 min, followed by an in@eaf 3 °C/min to 70 °C, an
increase of 10 °C/min to 200 °C, and finally anr@ase of 15 °C/min to a final
temperature of 250 °C and holding for 10 min. Haliwas employed as a carrier gas
with a constant flow of 1 ml/min. The injector wagerated in the splitless mode and
its temperature was set at 270 °C. Transfer lingpggature was maintained at 265
°C. The quadrupole mass spectrometer was openatéteielectron ionisation (El)
mode and source temperature was set at 250 °@llinitfull-scan-mode data was
acquired to determine appropriate masses for tee d&quisition in scan mode under
the following conditions: mass range: 35-500 amili sgan rate: 0.220 s/scan. All the
analyses were performed with ionisation energy®eY, filament emission current
at 150 pA, and the electron multiplier voltage @0 % .
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10.3.5.3.8.3 Analyses of volatile compounds

Identification of the volatile compounds in the sde@s was done by
consulting ChemStation Library Search (Wiley 275.Identification of compounds
was performed, based on the retention time and m@&stra in comparison with
those of standards from ChemStation Library Sefvehey 275.L). Quantification
limits were calculated to a signal-to-noise (S/M}ia of 10. Repeatability was
evaluated by analysing 3 replicates of each saniple.identified volatile compounds
related with lipid oxidation, including aldehydealcohols and acids, etc. were

presented in the term of abundance.
10.3.6 Statistical analyses

All experiments were performed in triplicates (n=8)d a completely
randomised design (CRD) was used. Analysis of magg ANOVA) was performed
and the mean comparisons were done by Duncan’spheutange tests (Steel and
Torrie, 1980). Data are presented as mean * sthrdfanation and the probability
value of P<0.05 was considered as significant.is3izdl analysis was performed
using the Statistical Package for Social Scien8€S6 17.0 for windows, SPSS Inc.,
Chicago, IL, USA).

10.4 Results and discussion
10.4.1 Chemical changes of mackerel meat powder dag storage
10.4.1.1 Moisture content

Moisture content of mackerel meat powder covereth Wwiapia and
squid skin gelatin films and nanocomposite filmgorporated without and with
EECH during storage of 30 days at 28-30 °C in campa with those of samples
covered with PE and the control (without coverilépicted in Figure 47a. Moisture
content of the powder covered with all films inged up to 20 days of storage
(P<0.05). The adsorption of water vapour by driedvger is generally mediated by
binding of water molecules to specific hydrophiites, such as carboxylic, amino
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and hydroxyl residues of proteins, even at lowtinadahumidity (D’Arcy and Watt,
1981). It was noted that the lowest moisture cantexs found in the samples covered
with PE throughout the storage (P<0.05). This mightlue to the much higher water
vapour barrier property of PE, compared to gelfltins. Cerveraet al. (2004) stated
that water vapour strongly interacts with the hydhi6c polymer film matrix. As a
consequence, the permeation of water vapour thrdiigh matrix increases. The
higher moisture diffusion from the environment thgh the packaging material
increases the moisture content of packed sampleé€et al., 2004). In general, the
decreases in moisture content of all samples wiserged after 20 days of storage
(P<0.05). The result suggested that some watdreirsémple might be evaporated to
the head space of container. This led to the lcameount of water retained in the
samples. Generally, samples covered with fish elzsed films incorporated with
either EECH or nanoclay exhibited the lower moistaontent than those covered
with gelatin films from both tilapia and squid skifhe powder covered with
nanocomposite film from squid skin gelatin incomgued with 0.4% EECH (SGF-Na-
EECH) showed the lowest moisture content (P<0.06)nd storage time, except 25
days of storage. Nevertheless, moisture contentsiithshigher than that found in
sample covered with PE (P<0.05). This was plaudilly to the combined effect of
EECH and nanoclay in formation of more compact filetwork. The ordered film
matrix developed by the strong interaction betw@&&hgroup of EECH or nanoclay
with gelatin chains via hydrogen bonds and thetutmus pathway’ created by the
nanoclay were responsible for prevention of wasgrour migration as indicated by
the lowered moisture content of samples (Baal., 2009a; Hoquest al., 2011c;
Martucci and Ruseckaite, 2010a; Ray and Okamot03R0Abdollahiet al. (2012)
confirmed the formation of hydrogen bonds througburter Transform infrared
studies (FT-IR) in chitosan/montmorillonite/rosesnassential oil. Reinforcement of
thermoplastic starch/montmorillonite composites vedso reported (Huangt al.
2004). The increases in moisture content were r@gorted earlier by Artharet al.
(2009) for fish meat powder covered with differéyges of films. It has been known
that gelatin based films have excellent barrierpprty to oxygen, but poor water

vapour barrier property (Gomez-Guillenal., 2009; Hoquet al., 2011c; Jongjareon-
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-rak et al., 2008; Nunez-Floregt al., 2013b). The result therefore suggested that the
incorporation of EECH along with the nanoclay coudprove moisture barrier
property of gelatin film to some extent, in whichgnation of water vapour to the

powder was lowered.
10.4.1.2 pH

pH of mackerel meat powder covered with gelatirmdil and
nanocomposite films incorporated without and witaCH in comparison with those
of sample covered with PE and the control durirggdtorage is shown in Figure 47b.
In general, pH of all samples slightly increasedemwtthe storage time increased
(P<0.05). Generally, the control and PE samplesveldhigher pH value than other
samples, particularly after 10 days of storage. ifloeease in pH might be related
with the increased formation of decomposition pidu especially volatile base
compounds (Lopez-Caballee al., 2007). The increase in pH was in accordance
with increasing moisture content (Figure 47a). Tregeased moisture content might
favour the microbial growth, more likely relatedtlwiincreased decomposition of
nitrogenous compounds caused by spoilage bacWith.the extended storage time,
especially after 20 days of storage, those voktiteght be lost, leading to the

decrease in pH.
10.4.1.3 PV

PV of mackerel meat powder covered with differening in
comparison with that of control sample is showrFigure 48a. Generally, PV of all
samples increased continuously during the storige, tindicating the formation of
primary products of lipid oxidation in all sampl@&nishlieva and Marinova, 2001).
During the storage, a significant increase in P\$ whserved in the control sample as
compared to other samples (P<0.05). The increadeVirwas lowered in samples
covered with gelatin films in comparison with tlwditsamples covered with PE at day
30 of storage (P<0.05). This result confirmed tivatgen barrier properties of gelatin
film might be superior to PE film during the extewdstorage (Jongjareonrakal.,

2008). Gelatin films had the impressive gas sucbxggen and carbon dioxide barrier
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properties, compared to synthetic films (Gomez-éssthal., 2014; Jongjareonradt

al., 2008). Gelatin films could retard the lipid oximet of food products more
effectively than PE films during storage time (Aathet al., 2009; Jongjareonradt

al., 2008). Abreuet al. (2011) reported that blue shark samples coverid or
without natural extract added films had the lowsf than the control. Gelatin film
might function as a barrier to oxygen permeabditygl only a small amount of oxygen
could therefore permeate across the films. As alttethe lower lipid oxidation was
obtained. Lower PV was observed for samples covevitd gelatin films when
EECH or nanoclay was incorporated. This was playsibe to the strong interaction
between phenolic compounds of EECH and nanoclaly getatin molecules in film
matrix. Silicate layers of nanoclay have good learto gases such as oxygen and
nitrogen (Liuet al., 2003). The improved barrier properties of fiimsrevelue to
functional property of filler (Baet al., 2009a). Mackerel powder covered with squid
skin gelatin films incorporated with both EECH amahoclay (SGF-EECH-Na) had
the lowest PV during storage time, except at dané 15 of storage. Thus, gelatin
films could be used as the packaging material éwgant rancidity of foods, especially
when incorporated with EECH and nanoclay. They ¢@drve as an alternative for

synthetic polymeric films.
10.4.1.4 TBARS value

TBARS values of mackerel meat powder covered wathous films in
comparison with the control are depicted in Fig8e. In general, TBARS values of
all samples increased continuously during storage {P<0.05). The TBARS value
has been widely used to determine the secondary dixdation in meat and meat
products (Nunez-Florest al., 2013b), in which malondialdehyde (MDA) content was
measured (Benjakut al., 2005). Lipid oxidation could be initiated and decated
by different mechanisms including the productionsfglet oxygen, enzymatic and
non-enzymatic generation of free radicals and actixygen (Kubow, 1992). It was
found that mackerel meat powder had TBARS valu#0o63 mg MDA/kg sample at
day O, suggesting that lipid oxidation took plaagimg drying and preparation of
powder. The highest TBARS values were obtainetiéncontrol samples (P<0.05). In
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Figure 48. PV (a) and TBARS values (b) of mackerel meat powatwrered with
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addition, the higher TBARS value was observed ferdamples than those covered
with gelatin based films, regardless of incorpamatf EECH or nanoclay. This might
be due to the superior oxygen barrier propertiegeddtin films (Jongjareonradt al.,
2008). In contrast, hydrophobic polymer films sashPE are relatively poor barrier
to oxygen but have the excellent barrier propestyater vapour (Gomez-Guillest
al., 2009; Jongjareonrakt al., 2008). Gas barrier property of gelatin films had a
crucial role in extending the shelf-life of prodsi¢Arvanitoyannis, 2002). Amongst
gelatin films, those incorporated with EECH or nelag or both EECH and nanoclay
showed generally lower TBARS value than the geld&tm (without EECH and
nanoclay). Gelatin—phenolics, gelatin—clay or gelphenolics—clay interactions
more likely led to the formation of matrices witbngpact structure, which reduced
the permeability of gas. The result suggested lipat oxidation in mackerel meat
powder could be retarded when EECH or nanoclay wemdied into gelatin films,
plausibly caused by the improved oxygen barrierattaristics. Generally, the lowest
TBARS values were obtained for SGF-EECH-Na sampfes$o 25 days of storage
(P<0.05). However, the lowest TBARS value was foumdsample covered with
tilapia gelatin film incorporated with EECH (TGF-EH) at day 30 of storage
(P<0.05). Thus, the different film formulations h#ge varying impact on TBARS

value of fish meat powder during storage at roompeerature.
10.4.1.5 TVB content

TVB content of mackerel meat powder covered witfiedént films
during storage at 28-30 °C in comparison with tbetiol is illustrated in Figure 49.
Total volatile bases are related with the growthmaéroorganisms and the formation
of basic compounds from their metabolism (Lopezdllabo et al., 2007). TVB
content has been used as the quality index of warsgafoods (Abreet al., 2011).
TVB represents the sum of ammonia, dimethylaminglAD trimethylamine (TMA)
and other basic volatile nitrogenous compounds. Dahd TMA are the degradation
products of trimethylamine oxide (TMAO), a typicadmpound, which has a vital
role in osmoregulation of marine fish. DMA is gealgr produced by endogenous
enzymes and TMA is generated by bacterial enzyrdess€l et al., 1985). TVB
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content of all samples at day 0 was 91.23 mg-N{g.8&mple. A continuous increase
in TVB content was observed in all samples (P<Ot@&)ughout the storage but the
increasing rate varied upon the films used to cdkersamples. However, a rapid
increase in TVB content was noticed in the confWlOC samples) during storage
time. Generally, the lower TVB content was observegamples covered with tilapia
skin gelatin based films in comparison with thoseered with the corresponding
squid skin gelatin based films, especially durimgp tfirst 15 days of storage.
Nevertheless, those covered with tilapia skin gelélm containing both nanoclay
and EECH had the lower TVB content than othersndu0-30 days of storage
(P<0.05). In general, the powder covered with nangaosite films from tilapia and
squid skin gelatin incorporated with EECH at theeleof 0.4% (w/w) (TGF-Na-
EECH and SGF-Na-EECH) showed the lower TVB contkah those covered with
gelatin based films. Moisture content of mackerelaimpowder might be associated

with TVB formation in samples. Moisture contentsaimples plausibly promoted the
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Figure 49. TVB content of mackerel meat powder covered withame films and
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growth of microorganisms which were responsible ttoe production of TVB-N
compounds. The increase in TVB content was in @arare with the increases in pH
of fish powder during the extended storage (Figlirb). This phenomenon was in
agreement with the higher TVB and moisture contehtthe control (WOC)
throughout the storage (P<0.05). Thus, TVB contér#gamples was governed by the

types of packaging materials.
10.4.2 Changes in colour of mackerel meat powder dag storage

Colour of mackerel meat powder covered with varidiss in
comparison with the control (without covering) dgistorage at 28-30 °C is shown
in Figure 50. In general, the increaseainb* andAE*- values were observed for the
control sample up to 25 days (P<0.05). At day 8@, decreases ia* and AE*-
values were noticeable (P<0.05). The control sasnpbeibited the differences in
colour parameters in comparison with those of cedewith different gelatin based
films and PE films. Moreover, the lower- values were also found with the control
compared with others (P<0.05). The increakedvalue indicated the formation of
yellowish pigment, probably via the Maillard reactj which might be associated
with the increasing moisture content in dried fisbat powder (Artharet al., 2009).
The increase i*- value of mackerel meat powder was more likelpted with the
increased lipid oxidation, particularly for the ¢t samples. Generally,*- value of
PE sample was lower than that covered with fislatgelfilms. However, higheb*-
value was observed for PE sample after 20 daysoohge. Carbonyl group such as
aldehydes from lipid oxidation might undergo theogition with amino group of
protein and contribute to the non-enzymatic brognmaction (Solomost al., 1995).
Water activity influences rate and extent of nomyematic browning reaction and
lipid oxidation of food products, and the reactimereased with increasing water
activity (Fontana, 2000). Moreover, the browning swhkely related with the
increased lipid oxidation as indicated by the iaseein PV and TBARS values of the
control samples (Figure 48a and 48b). This phenomevas correlated well with the

highera*, b* andAE*- values of the control samples. The highest rateapease in
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a* andb*- values was found in the uncovered sample (Artlehad., 2009). Nunez-
Floreset al. (2013b) reported that gelatin-lignosulphonatemgilcould not maintain
the colour of sardine meat during storage. Salmeatrncovered with gelatin-lignin
film showed highelL*, b* and lowera* values than control sample (Ojaghal.,

2011). Thus, the colour of samples was affectefllimg and was more likely related

with the lipid oxidation taken place in the sample.
10.4.3 Changes in sensory property of mackerel mepbwder during storage

Likeness score of mackerel meat powder covered ahftarent films
in comparison with the control during storage at3R8°C at day 0, 15 and 30 is
presented in Table 38. The score for colour, ogma overall likeness was slightly
decreased during the storage time (P<0.05). Theesob colour likeness of the
control sample decreased at day 30 of storage QBxOHowever, no significant
differences were observed in colour of samplesdbaered with either PE or gelatin
films throughout the storage (P>0.05). Odour lilkssnscore of samples covered with
EECH or nanoclay or both EECH and nanoclay incataat gelatin films remained
unchanged, except for SGF-Na sample. Neverthefgssder covered with TGF,
SGF, PE films and the control had the decreasedoumlikeness score at day 30
(P<0.05). In general, overall likeness score okalhples gradually decreased during
the storage time and the rate of decrease varied tipe types of films. Amongst
gelatin based films, the highest score of ovenéitriess was found for SGF-Na-
EECH sample and the lowest score was observedéocantrol samples at day 30
(P<0.05). The result confirmed that the gelatim§ladded with both EECH and
nanoclay could maintain the sensory attributesighf meat powder to some extent.
This was plausibly due to the barrier property itrh fagainst oxygen and water
vapour. As a result, the deterioration of mackenelat powder could be retarded.
Incorporation of EECH and nanoclay to squid skitatye films therefore provided

the beneficial effect on overall likeness of thenp&e during storage.



Table 38.Likeness score of mackerel meat powder covered gdtatin films and nanocomposite films incorporatgthout and with EECH in

comparison with that covered PE film and the cdrduring storage at 28-30 °C

Sensory Storage Film samples
attributes  time
(days) Control PE TGF TGF-EECH TGF-Na TGF-Na-EECH SGF SGFEECH SGF-Na SGF-Na-EECH
Colour
0 8.33+0.58aA 8.33+0.58aA 8.33+0.58aA 8.33+0.58aA 381B58aA 8.33+0.58aA 8.33+0.58aA 8.33+0.58aA 8.3388A 8.33+0.58aA
15 7.70+£0.67aA 8.00+£0.00aA 7.90+£0.32aA 7.90+0.32aA 0F¥(®32aA 8.00+0.00aA 7.90+£0.32aA 8.00+0.47aA 7.9828A 8.00+£0.00aA
30 6.33+0.58aB 7.00£1.00aA 7.00£1.00aA 7.33x1.15aA 3¥0358aA 7.67+0.58aA 7.33x1.15aA 7.33+0.58aA 7.3388A 7.67+0.58aA
Odour
0 7.83+0.29aA 7.83+0.29aA 7.83+£0.29aA 7.83+0.29aA 3¥®B29aA 7.83+0.29aA 7.83+£0.29aA 7.83+0.29aA 7.83%8A 7.83+£0.29aA
15 7.00£1.00aAB 7.00£1.00aAB 7.00+£1.00aAB 7.33£1.15aA  7.33x1.15aA 7.67+0.58aA 7.00+£0.00aAB 7.33+1.53aA 6720.58aA 7.67+0.58aA
30 6.00+£1.00aB 6.00+1.00aB 6.00+£1.00aB 6.67+1.15aA 761615aA 7.00£1.00aA 6.00+1.00aB 6.67x1.15aA 6.6788B 7.33+0.58aA
OAL
0 8.08+0.25aA 8.08+0.25aA 8.08+0.25aA 8.08+0.25aA 88025aA 8.08+0.25aA 8.08+0.25aA 8.08+0.25aA 8.08%8A 8.08+0.25aA
15 7.35+0.35aB 7.50+£0.50aA 7.45+0.45aA 7.62+0.28aA 2¥0628aA 7.83+0.17aAB 7.45+0.45aAB 7.67+0.33aA 0 82aA 7.83+0.17aAB
30 6.17+£0.17dC 6.50+0.50cdB 6.50+£0.50cdB 7.00£0.33abcB 7.00+0.33abcB 7.33+£0.33abB 6.67+0.67bcdB 7.004b3B 7.00£0.33abcB 7.50+0.17aB

Mean = SD (n=30).

Different lower case letters in the same row ingticgnificant differences (P<0.05).

Different uppercase letters in the same column utidesame quality attribute indicate significaiftedences (P<0.05).

18¢
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10.4.4 Changes in volatile compounds of mackerel e powder during

storage

Selected volatile compounds of mackerel meat powtiday O and the
powder covered with nanocomposite film from squithgelatin incorporated with
0.4% EECH (w/w) in comparison with PE sample areldbntrol after storage for 30
days are presented in Table 39. Fish meat powdetaioed volatile compounds
including aldehyde (Hexanal, Nonanal, Octanal, Béehyde), alcohol (1-Heptanol,
1-Octanol, 1-Octene-3-ol, 1-Pentanol, 1-Penten;3dPenten-1-ol), etc. Aldehydes
have been used as the indicators of lipid oxidabecause they possess low threshold
values and are the major contributors to the deweémnt of off-flavour and off-odour
(Ross and Smith, 2006). Amongst aldehydes, hexalnigh are known to be the most
predominant volatiles produced during lipid oxidati Hexanal has been recognised
as a reliable indicator of rancidity in meats (Yaakdee et al., 2012). Fu, Xu, and
Wang (2009) reported that nonanal was responsibieokidised oil odour as
catalysed by hemoglobin. Octanal, the carbonyl aaumd was responsible for fishy
odour (Varlet et al., 2006). Hexanal was the mapmlatile compound in the control
and PE samples after 30 days of storage, wheréaSNa-EECH sample contained
hexanal at a lower level. After 30 days of storage,nonanal and octanal were
detected. This was more likely due to the los$ho$é volatiles after storage. Hexanal
and nonanal were reported as the secondary oxmdgiroducts of linoleic acid
(Grosch, 1987). For benzaldehyde, the highest amoedwas found in the control.
After 30 days of storage, the highest abundanck©ttene-3-ol, 1-Penten-3-ol and
2-Penten-1-ol were found in the control and thedstabundance was noticeable in
the sample covered with SGF-Na-EECH film. After &8ys, 1-Heptanol, 1-Octanol
and 1-Pentanol disappeared in all samples. This mae likely owing to their
volatilisation during the storage. Aliphatic alcéleontributed to off-flavour produced
by oxidative deterioration of lipid, such as 1-owe3-ol and 1-pentene-3-ol which
were described as musty flavour and oxidised, @y (Badings, 1970). Alcohols
are the secondary products produced by the decatimposf hydroperoxide (Girand

and Durance, 2000). 8-Carbon alcohols are knowretpresent in all species of fish
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(Josephson et al., 1984). Additionally, 1-alkanatsl 1-alkanals (such as pentanol

and hexanal) can occur by the decomposition ofptireary hydroperoxides of fatty

acids (Kellarcet al., 1985).

Table 39.Volatile compounds of mackerel meat powder at dapd powder covered

with nanocomposite film from squid skin gelatin angorated with 0.4% EECH

(w/w) in comparison with PE film and the controleaf30 days of storage at 28-30 °C

Volatile compounds Day O Day 30

(abundance x fp Control PE SGF-Na-EECH
Hexanal NA 349 310 29
Nonanal 177 NA NA NA
Octanal 118 NA NA NA
Benzaldehyde 446 4090 2605 1702
1-Heptanol 163 NA NA NA
1-Octanol 78 NA NA NA
1-Octene-3-ol NA 326 294 40
1-Pentanol 103 NA NA NA
1-Penten-3-ol 191 814 681 618
2-Penten-1-ol 89 236 222 163
2,3-Dimethyl-5-ethyl pyrazine NA 627 541 238
2,3,5-Trimethyl pyrazine NA 1774 1628 970
2,3,5,6-Tetramethyl pyrazine NA 5585 5522 2485
Butanoic acid NA 5886 2237 1199
3-Methyl-butanoic acid NA 6580 2752 559
Propanoic acid NA 664 217 226

Alkyl pyrazine (2,3-Dimethyl-5-ethyl pyrazine, 253Trimethyl

pyrazine, 2,3,5,6-Tetramethyl pyrazine) as wellaagls (Butanoic acid, Propanoic

acid, 3-Methyl-butanoic acid) were also found ie samples. The abundance varied

with films used for covering. Alkyl pyrazines arehemnical compounds based

on pyrazine with different substitution pattern@nt® alkyl pyrazines are naturally
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occurring highly aromatic substances which oftenvehaa very low odor
threshold (Mihara and Masuda, 1988). Alkyl pyraziree also formed during the
cooking of some foods via Maillard reactions (Farsl Olofsson, 1985). Generally,
those pyrazine compounds found at higher levethéncontrol and PE samples than
SGF-Na-EECH sample after 30 days of storage. Alsawere lowest in abundance
when SGF-Na-EECH film was used to cover the saniplgeneral, the formation of
volatile compounds was in agreement with TBARS eabfi corresponding samples
(Figure 48b). The result reconfirmed that nanocositpdilms from squid skin gelatin
incorporated with EECH at 0.4% (w/w) could retarsidative deterioration and
prevent the formation of offensive odorous compauimdmackerel meat powder by

preventing the gas and light as well as water vapogration.
10.5 Conclusion

Mackerel meat powder was susceptible to moistusorgition and
lipid oxidation throughout the storage time. Thesu®f nanocomposite films from
squid skin gelatin incorporated with EECH at 0.48%8w) could retard the moisture
permeation across the film as well as lipid oxiolatmore effectively than other films.
Thus, SGF-Na-EECH film can be an alternative tatsstic films in maintaining the
guality and extend the shelf-life of mackerel maawder.



CHAPTER 11
SUMMARY AND FUTURE WORKS

11.1 Summary

1. Splendid squid skin gelatin extracted at 60 &0 Buperior gelling
and film-forming abilities. Higher extraction tempé&ure yielded the gelatin with
darker colour and lower functional properties. @plaxtracted at higher temperature
had weaker film network, associated with lower naecbal and water barrier

properties.

2. Gelatin from squid skin bleached with®3 at a concentration of 2%
had the improved colour.J8, at higher concentration resulted in the increagialyl,
however negatively affected gelling property antbaoof gelatin. Gelatin from squid
skin bleached with pD, at higher concentrations yielded the films with &wVVP
but higher extensibility.

3. Tilapia skin gelatin film incorporated with hygbhilic nanoclay had
a stronger film network than hydrophobic nanocl@joisite Nd at a level of 1%
(w/w) could effectively improve the water vapourtier and mechanical properties

as well as the thermal stability of films.

4. Homogenisation under appropriate shear forc@eatslly the
conventional homogenisation (CH) could improve thechanical resistance, water
vapour barrier property, transparency and therneilgy of nanocomposite fish
gelatin films. The decrease in overall propertiésthee nanocomposite films was
obtained when high pressure homogenisation (HPHlewumigher pressures with

more than 2 passes was implemented.

5. Highest mechanical, water vapour barrier progeras well as the
thermal stability were obtained when FFS with pH6olvas used for preparation of

nanocomposite films.
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6. Fish gelatin film and nanocomposite film incarged with EECH at
0.05% and 0.4% (w/w, on protein basis), respectigtiowed the improved water

vapour barrier property.

7. Nanocomposite films from squid skin gelatin irporated with
EECH at 0.4% (w/w) could retard lipid oxidation raceffectively than other films.
Thus, SGF-Na-EECH film can be an alternative tatsstic films in maintaining the
guality and extend the shelf-life of mackerel maawder.

11.2 Futureworks

1. Shelf-life and storage stability of bio-nanocasipe gelatin films

should be examined.

2. Migration of nanoclays from bio-nanocompositdage films to

food must be investigated.

3. Biodegradability of bio-nanocomposite gelatitm8 should be
studied.
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