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Abstract Properties of fish skin gelatin film incorporated
with palm oil at 50 and 75 % (w/w) as affected by glycerol
at 0-30 % (w/w) were investigated. Increases in water
vapour permeability and elongation at break along with
decrease in tensile strength were noticed when levels of
glycerol were increased (p < 0.05). Decrease in L*- and
a*-values with coincidental increase in b*- and AE*-values
were observed in emulsified films when amount of palm oil
incorporated increased (p < 0.05). Light transmittance of
all films increased as glycerol levels were increased
(p < 0.05). FTIR results suggested that the protein—protein
interaction in film matrix decreased when palm oil was
incorporated. Films added with palm oil had lower glass
transition and degradation temperatures than control films.
The addition of 75 % palm oil and 10 % glycerol improved
water vapour barrier property of fish skin gelatin films
without drastic alteration of mechanical properties.
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Introduction

Biopolymer films have gained interest in their use as edible
food packaging. Edible films can be defined as thin con-
tinuous layer of biopolymer materials which can be applied
as a coating on food, used as a wrap or made into pouch to
hold the food or to protect it against external factors
(Fakhouri et al. 2015; Falguera et al. 2011). Proteins from
various sources have been wused as materials for
biodegradable film because of their relative abundance and
good film-forming ability (Hamaguchi et al. 2007). Gelatin
possesses excellent film-forming property and can be used
for edible coatings and film making (Fakhouri et al. 2015;
Jongjareonrak et al. 2006). Nevertheless, gelatin films have
a poor water vapour barrier ability (Sobral et al. 2001).
Hydrophobic substances such as lipid have been incorpo-
rated to improve water barrier property of gelatin film
(Limpisophon et al. 2010). Those substances do not dis-
solve in aqueous phase, in which film-forming dispersion
or emulsion must be prepared before making the films. The
homogeneity of oil droplets and stability of emulsion in
film-forming dispersion (FFD) during film drying give rise
to a homogeneous distribution of lipid droplets in the film,
which in turn contributes to efficient control of water
vapour migration (Debeaufort et al. 2000). To disperse oil
in film-forming aqueous phase, appropriate surfactant and
homogenisation condition are required. Microfluidisation is
a potential technique to bring about fine and more uniform
oil droplets as well as more emulsion stability, compared to
typical homogenisation.

Palm oil is natural hydrophobic substance obtained from
the mesocarp of palm seed. Throughout the world, 90 % of
palm oil is used for human consumption (Edem 2002). Due
to its abundance and cheap price, palm oil could be used as
a promising hydrophobic substance to improve water
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vapour barrier property of gelatin film. Recently, the
incorporation of palm oil in combination with 30 % glyc-
erol using lecithin as surfactant in film-forming dispersion
could reduce the water vapour transfer through the film to
some degree (Tongnuanchan et al. 2015). The use of
reduced amount of hydrophilic glycerol might help lower
hydrophilicity of resulting film. However, no information
regarding the impact of glycerol in combination with palm
oil on properties of gelatin films exists. Thus, this study
aimed to investigate the influence of glycerol amounts on
mechanical, physical and thermal properties as well as
molecular interaction of fish skin gelatin films incorporated
with palm oil at different levels.

Materials and methods
Chemicals and gelatin

Glycerol and soy lecithin were purchased from Sigma-—
Aldrich (St. Louis, MO, USA). All chemicals were of
analytical grade. Tilapia skin gelatin (~ 240 bloom) was
procured from Lapi Gelatine S.p.A (Empoli, Italy). Palm
oil was obtained from OLEEN Company Limited (Bang-
kok, Thailand).

Preparation of film

Gelatin powder was mixed with distilled water and heated
at 70 °C for 30 min to obtain the protein concentration of
3.5 % (w/v). Glycerol at 0, 10, 20 and 30 % (w/w, based on
protein) was used as a plasticiser. Palm oil previously
mixed with lecithin at 50 % (w/w, based on palm oil) was
added into gelatin solution at levels of 50 and 75 % (w/w,
based on protein). The mixtures were emulsified using a
rotor—stator homogeniser (IKA Labortechnik homogeniser,
Selangor, Malaysia) at 22,000 rpm for 3 min and a
Microfluidics homogeniser (Model HC-5000, Microflu-
idiser, Newton, MA, USA) at 2,000 psi for two passes.
Film-forming dispersion (FFD) was subjected to the
removal of dissolved air by a vacuum pump (Diaphragm
vacuum pump, Wertheim Germany) for 30 min at room
temperature (28-30 °C). FFD (4 mL) was cast onto a
rimmed silicone resin plate (50 x 50 mmz) and air-blown
for 12 h at room temperature prior to further drying at
25 °C and 50 =5 % RH for 24 h in an environmental
chamber (WTB Binder, Tuttlingen, Germany). Control
films (without palm oil) were prepared from film-forming
solution in the absence and presence of glycerol (30 %).
All films were manually peeled off and subjected to
analysis.
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Analysis of films
Film thickness

The thickness of film was measured using a digital
micrometer (Mitutoyo, Model ID-C112PM, Serial No.
00320, Mitutoyo Corp., Kawasaki-shi, Japan). Five random
locations around each film of ten film samples were used
for average thickness determination.

Mechanical properties

Prior to testing, films were conditioned for 48 h at 25 °C
and 50 = 5 % RH. Tensile strength (TS) and elongation at
break (EAB) were determined as described by Iwata et al.
(2000) with a slight modification using the Universal
Testing Machine (Lloyd Instrument, Hampshire, UK). Ten
samples (2 x 5 cm?) with initial grip length of 3 cm were
used for testing. Cross-head speed was set at 30 mm/min.

Water vapour permeability (WVP)

WVP was measured using a modified ASTM method
(ASTM 1989) as described by Shiku et al. (2004). The
films were sealed on an aluminium permeation cup con-
taining dried silica gel (0 % RH) with silicone vacuum
grease and a rubber gasket to hold the films in place. The
cups were placed in a desiccator containing the distilled
water at 30 °C. The cups were weighed at 1-h intervals
over a 10-h period. WVP of the film was calculated as
follows:

WVP(gm™'s"'Pa™") = wiA~' ! (P, — Py)”"

where w is the weight gain of the cup (g); [ is the film
thickness (m); A is the exposed area of film (mz); t is the
time of gain (s); P,-P; is the vapour pressure difference
across the film (4242 Pa at 30 °C).

Colour

Film samples were subjected to colour measurement using
a CIE colorimeter (Hunter associates laboratory, Inc.,
Reston, VA, USA). Dgs (day light) and a measure cell with
opening of 30 mm was used. The colour of the films was
expressed as L*value (lightness), a*-value (red-
ness/greenness) and b*-value (yellowness/blueness). Total
colour difference (AE*) was calculated as follows (Gen-
nadios et al. 1996):

AE" = /(ALY +(Aa P+ (Ab*)?
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where ALx, Aax and Abx are the differences between the
colour parameters of the samples and those of the white
standard (L* = 93.63, a* = —0.95 and b* = 0.46).

Light transmittance and transparency value

The light transmittance of films was measured in the range
of 200-800 nm using a UV-Vis spectrophotometer (UV-
1800, Shimadzu, Kyoto, Japan) as described by Shiku et al.
(2004) The transparency value of film was calculated using
the following equation (Han and Floros 1997):

— log Too

Transparency value =
X

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

Differential scanning calorimetry

Thermal transitions of films were scanned using a differ-
ential scanning calorimeter (DSC) (Perkin Elmer, Model
DSC-7, Norwalk, CT, USA) as described by Tongnuan-
chan et al. (2015). Temperature calibration was performed
using the indium thermogram. Film samples (2-5 mg)
were accurately weighed into aluminium pans, hermeti-
cally sealed, and scanned over the temperature range of
—20 to 150 °C, with a heating rate of 5 °C/min. Liquid
nitrogen was used as cooling medium and the system was
equilibrated at —20 °C for 5 min prior to the scan. An
empty aluminium pan was used as the reference. A second
scan was also performed in the same manner, followed by
quench-cooling of the sample after completing the first
scan. Glass transition temperature (T,), melting transition
temperature (T,.) and the melting enthalpy (AH) were
determined.

Thermo-gravimetric analysis (TGA)

Films were scanned using a thermo-gravimetric analyser
(TGA7, PerkinElmer, Norwalk, CT, USA) from 25 to
800 °C at a rate of 10 °C/min (Nuthong et al. 2009).
Thermal degradation temperature (Ty) and weight loss of
film samples were determined.

Attenuated total reflectance-fourier transform infrared
(ATR-FTIR) spectroscopy

Films were scanned with a Bruker Model Equinox 55 FTIR
spectrometer (Bruker Co., Ettlingen, Germany) equipped
with a horisontal ATR Trough plate crystal cell (45° ZnSe;

80 mm long, 10 mm wide and 4 mm thick) (PIKE Tech-
nology Inc., Madison, WI, USA) at 25 °C as described by
Nuthong et al. (2009) Films were placed onto the crystal
cell and the cell were clamped into the mount of FTIR
spectrometer. The spectra in range of 650-4000 cm ™' were
determined.

Statistical analysis

Completely randomised design (CRD) was used through-
out the study. Three different lots of films were prepared
for all experiments. The determinations were performed in
triplicate. Data were subjected to analysis of variance
(ANOVA), and mean comparisons were carried out by the
Duncan’s multiple range test (Steel et al. 1980). Analysis
was performed using the SPSS package (SPSS for win-
dows, SPSS Inc., Chicago, IL, USA).

Results and discussion
Thickness

Thickness of fish skin gelatin films containing glycerol at
various levels (0-30 % w/w, based on protein) in the
presence of palm oil at levels of 50 and 75 % (w/w, based
on protein) is shown in Table 1. For the control films, that
containing 30 % glycerol had higher thickness than that
without glycerol addition (p < 0.05). Emulsified films
generally had higher film thickness than the control films,
regardless of glycerol levels (p < 0.05). The thickness of
film incorporated with 75 % palm oil was higher than that
of film containing 50 % palm oil, when the same glycerol
level was used (p < 0.05). When the same level of palm oil
was incorporated, continuous increases in film thickness
were found when glycerol levels were increased from 0 to
30 % (p < 0.05). The highest film thickness was obtained
in film containing 75 % palm oil in the presence of 20 or
30 % glycerol (p < 0.05). Addition of glycerol, which is a
small hydrophilic molecule, into the film as a plasticiser
reduced the protein—protein interaction (Gontard et al.
1993). As a result, the less compactness was found as
evidenced by the increased film thickness in the film con-
taining a larger amount of glycerol. The result was in
agreement with that reported by Limpisophon et al. (2010).
Moreover, oil droplets also lowered the interaction between
peptide chains. Oil droplets could distribute and insert
between the protein chains, thereby lowering the com-
pactness of film network (Tongnuanchan et al. 2013). Thus,
palm oil and glycerol levels directly affected free volume
of film, which in turn determined thickness of gelatin films.
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Table 1 Thickness, mechanical properties and water vapour permeability of fish skin gelatin films incorporated without and with palm oil and

glycerol at various levels

Palm oils (%) Glycerols (%) Thickness (mm) TS (MPa) EAB (%) WVP (x107"? gm™' s7' Pa™")
Without palm oil 0 0.046 + 0.002°™ 77.96 + 1.56* 7.47 £ 0.90 21.21 + 0.57°
30 0.054 + 0.004¢ 26.04 + 1.59°" 38.17 + 2.37¢ 229 + 0.69°
50 0 0.077 + 0.002 41.95 + 3.89° 2345 + 4.01' 7.96 + 0.19°
10 0.079 + 0.002°" 35.55 + 3.74° 47.46 + 5.57° 8.51 4 0.04¢
20 0.082 £ 0.002% 26.63 + 1.85° 70.20 + 6.10¢ 8.89 4+ 0.12¢
30 0.085 £ 0.003¢ 19.50 + 2.328 108.64 + 7.19° 10.56 + 0.22°
75 0 0.088 + 0.001° 35.80 + 1.38° 31.63 £ 1.63" 5.87 + 0.288
10 0.090 + 0.002° 30.77 + 1.42¢ 57.51 + 4.07° 6.65 + 0.15"
20 0.092 + 0.001* 2335 + 1.29° 80.35 & 5.55¢ 7.06 £ 0.08"
30 0.095 + 0.002° 14.12 + 2.38" 116.25 + 8.10° 7.92 +0.11°

§ Different lowercase superscripts in the same column indicate significant differences (p < 0.05)

TS tensile strength, EAB elongation at break, WVP water vapour permeability

* Mean £+ SD (n = 3)

Mechanical properties

Tensile strength (TS) and elongation at break (EAB) of
gelatin films containing glycerol (0-30 % w/w, based on
protein) and palm oil (50 and 75 % w/w, based on protein)
are shown in Table 1. For the control films (without palm
oil), the lower TS and higher EAB were found for the
control film containing 30 % glycerol (p < 0.05). At either
0 or 30 % glycerol, the emulsified films showed lower TS
and higher EAB than those without palm oil (p < 0.05). At
the same palm oil level used, the decreases in TS with
coincidental increases in EAB were observed when the
level of glycerol increased (p < 0.05). The film incorpo-
rated with 75 % palm oil showed the lower TS, but higher
EAB than those containing 50 % palm oil (p < 0.05),
regardless of glycerol levels. As a consequence, the
decrease in rigidity with concomitant increase in extensi-
bility/elasticity of film was gained. With the addition of
75 % palm oil, TS of film decreased from 35.80 to
14.12 MPa (p < 0.05) with increasing glycerol levels from
0 to 30 %. In contrast, EAB of film increased from 31.63 to
116.25 %. Limpisophon et al. (2009) reported that
increasing glycerol content enhanced the flexibility of
gelatin film from blue shark (Prionace glauca) skin.
Glycerol with small size could distribute in the aqueous
phase uniformly, in which the interaction between protein
chains could be suppressed. Palm oil particularly at higher
levels in conjunction with glycerol was able to lower the
interaction between protein chains in film matrix. This
could increase the elasticity and flexibility of films as
evidenced by the higher EAB along with lower TS. Fur-
thermore, the addition of iodine at higher concentrations
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(2-8 %) was found to decrease TS of zein film to a higher
extent (Singh et al. 2009). Therefore, the mechanical
properties of resulting films were influenced by both palm
oil and glycerol.

Water vapour permeability (WVP)

WYVP of fish skin gelatin films containing palm oil and
glycerol at various levels is shown in Table 1. Generally,
high WVP was observed in the control films (without palm
oil). The control film with 30 % glycerol showed higher
WYVP than that without glycerol (p < 0.05). For emulsified
films, WVP increased with increasing glycerol contents
(p < 0.05). The film incorporated with 75 % palm oil
showed lower WVP than those containing 50 % palm oil
(p < 0.05), regardless of glycerol levels. Addition of
hydrophobic substances such as palm oil could increase the
hydrophobicity of films, thereby reducing the water vapour
adsorption and also migration through the film. This result
was in agreement with Tongnuanchan et al. (2013) who
reported that root essential oils (ginger, turmeric and plai)
incorporated into fish skin gelatin film decreased WVP of
resulting films, especially with increasing essential oil
amount. Limpisophon et al. (2009) also reported that the
increasing stearic acid from 0 to 100 % in the film-forming
solution decreased WVP of gelatin-fatty acid emulsified
films. It was noted that the addition of palm oil into gelatin
film in combination with reduced amount of glycerol could
decrease WVP of gelatin film effectively. The incorpora-
tion of high palm oil level (75 %) with low glycerol level
(0 and 10 %) yielded the film with high water vapour
barrier property.
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Colour, light transmittance and film transparency

The colour of gelatin films containing glycerol (0-30 %) and
palm oil (50 and 75 %) is shown in Table 2. In general, the
addition of palm oil resulted in the changes in colour of
gelatin films. Film incorporated with palm oil showed lower
L*- and a*-values along with higher b* and AE*-values than
the control films (without palm oil) (p < 0.05). Those
changes were more pronounced with increasing amount of
palm oil added. In general, films added with palm oil became
more yellowish as indicated by the increased b*-value. This
result suggested that the colouring components in palm oil
most likely contributed to the colour of gelatin film (Hopkins
et al. 2015; Tongnuanchan et al. 2013). No differences in
colour between films containing different levels of glycerol
were found (p > 0.05), when the palm oil at the same level
was used. Therefore, the level of palm oil noticeably affected
the colour of gelatin film.

Light transmission at selected wavelengths from 200 to
800 nm in UV and visible ranges and transparency value of
films from fish skin gelatin containing palm oil at levels of
50 and 75 % in the presence of glycerol at various levels is
shown in Table 3. All gelatin films had excellent barrier
property against UV light at 200 and 280, especially when
palm oil was incorporated. Protein-based films had the
excellent UV light barrier capacity owing to their high
amount of aromatic amino acids that absorb UV light
parameters (Hamaguchi et al. 2007). Similar result was
found for gelatin films from skins of tilapia (Tongnuanchan
et al. 2013). All emulsified films showed the lower trans-
mission of visible light in the range of 350-800 nm, com-
pared with control film (without palm oil). The higher
barrier property toward light transmission was obtained for
films incorporated with 75 % palm oil in comparison with
the films containing 50 % palm oil, regardless of glycerol
level. This was more likely associated with the increase in

Table 2 Colour parameters of

fish skin gelatin films Palm oils (%) Glycerols (%) L* a* b* AE*
incorporated without and with Without palm oil 0 90.42 + 033 —0.96 + 0.04° 0.62 £ 0.07*  3.20 + 0.32°
palm oil and glycerol at various
levels 30 9041 + 0.22°  —0.95 + 0.04* 0.64 +0.02* 321 &+ 0.21*
50 0 88.35 £ 0.10°  —1.54 +0.02° 7.52 + 036>  8.84 + 0.29°
10 88.35 £ 022>  —1.544+0.03° 7.52+039® 883 +041°
20 88.34 £ 0.17° —1.554+0.01° 7.53+0.17° 885+ 0.15°
30 8833 4+ 025° —1.534+0.03° 7.53+037° 885 +0.19°
75 0 87.17 & 0.06°  —1.81 & 0.02° 9.68 & 0.19° 11.29 + 0.18°
10 87.16 + 0.24°  —1.81 & 0.02° 9.68 + 0.19° 11.30 + 0.21°
20 87.16 + 0.36°  —1.80 & 0.02° 9.68 & 0.13°  11.30 + 0.18°
30 87.15 + 0.24°  —1.82 4+ 0.02° 9.68 &+ 0.19° 11.30 =+ 0.20°

§ Different lowercase superscripts in the same column indicate significant differences (p < 0.05)

* Mean = SD (n = 3)

Table 3 Light transmittance and transparency value of fish skin gelatin films incorporated without and with palm oil and glycerol at various

levels

Palm oils (%) Glycerols (%)

Light transmittance (%) at different wavelength (nm)

Transparency value

200 280 350 400 500 600 700 800

Without palm oil 0 0.02 3714 7339 7774 8174 8396 8548  86.64  1.40 + 0.001*"
30 0.03 4207 8313 8514 8739 8856 8923  89.70  1.15 + 0.002¢
50 0 0.00 082 2169 3554 5368 6305 7149 7617 253 =+ 0.029°
10 0.00 1.03 2283 3675 5505 6496 7289 7628 236 =+ 0.027°
20 0.00 123 2358 3739 5558 6525 7317 7767 229 +0.017°
30 0.00 132 2592 4037 5830 6653 7492  79.13  2.08 & 0.004°
75 0 0.00 031 1608  29.65 4852 6229  68.07 7341 236+ 0.011°
10 0.00 045 1720  30.86 4951 6299 6850  73.66 226 & 0.017¢
20 0.00 078 2069 3541 5388 6442 7140 7589  2.10 4 0.014°
30 0.00 087 2109 3570 53.88 6495  71.08 7551 1.88 & 0.003"

§ Different lowercase superscripts in the same column indicate significant differences (p < 0.05)

* Mean £ SD (n = 3)
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opaqueness of films containing palm oils. Oil droplets
distributed throughout the films might hinder light trans-
mission through the films (Ma et al. 2012). It was noted
that transmission increased when glycerol content
increased. Glycerol more likely reduced the compactness
of film matrix, thereby facilitating the light transmission of
films. For transparency values, the lower transparency
value indicated that the film was more transparent. Films
added with palm oil had higher transparency value than the
control films (p < 0.05) (Table 3). This result suggested
that the incorporation of palm oil yielded less transparent
films. Oil droplets localised in the film matrix had light
scattering effect, thus lowering the transparency of gelatin
film (Tongnuanchan et al. 2012). With increasing glycerol
levels (0-30 %), transparency value decreased, indicating
increased transparency of films. Thus, levels of both palm
oil and glycerol played an essential role in colour, light
transmittance and transparency of emulsified gelatin films.

Differential scanning calorimetry (DSC)

DSC thermograms of the 1st and 2nd-heating scans of
selected emulsified film (containing 10 % glycerol incor-
porated with 75 % palm oil) and the control film (con-
taining 30 % glycerol without palm oil), showing highest
WYVP, are illustrated in Fig. la and b, respectively. From
thermogram of the 1st heating scan (from —20 to 150 °C),
the control film showed a step-like transitions, indicating
the glass transition temperature (T,), and an endothermic
melting transition (Ty,.x). The glass transition is associated
with molecular segmental motion of disordered (amor-
phous phase) structure which undergoes from a brittle
glassy solid state to a rubbery or highly viscous state,
whereas the melting transition of the protein film indicated
the temperature causing a disruption of ordered or aggre-
gated structure (Tang et al. 2009). T, of the control gelatin
film was found at temperature of 71.27 °C, which was
more likely associated with T, of plasticised gelatin-rich
phase. Gelatin-based films had various T, depending upon
gelatin sources, compositions of film and process used
(Tongnuanchan et al. 2015). T, of gelatin film decreased
from 71.27 °C (control film) to 62.76 °C, when palm oil at
the levels of 75 % was incorporated. It was suggested that
the addition of palm oil more likely impeded protein—
protein interaction in film matrix, thereby increasing the
mobility of gelatin chain. The losses of cohesive structure
integrity were found in film network when oil droplets
were present (Tongnuanchan et al. 2014). This result was
in agreement with the decreased strength and increased
EAB (Table 1.) of emulsified gelatin film.

For endothermic/melting transition, the control film
showed endothermic peak with T, of 127.85 °C. This
endothermic transition obtained after the glass transition
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was possibly associated with the helix-coil transition of
gelatin (Vanin et al. 2005) as well as the disruption of other
kinds of ordered or aggregated molecular structure. Gelatin
chains could undergo partial renaturation during film for-
mation process (Hoque et al. 2011b). However, melting/
ordered-phase transition peak disappeared when palm oil
was incorporated. It was noted that the addition of palm oil
might disrupt the protein—protein chain interaction in the
resulting film. When palm oil droplets were dispersed in
the gelatin film matrix, the weaker film structure was
developed, particularly with large amount of oil added. The
weaker film structure had lower thermal stability, which
required a lower enthalpy for destroying the inter-molec-
ular interaction. Moreover, thermograms of films incorpo-
rated with 75 % palm oil exhibited another endothermic
transition peak (Ty.x1), observed at temperature of
—0.82 °C. As expected, no endothermic transition peak at
this range of temperature was found in the control film.
This endothermic transition was most likely attributed to
the melting transition of palm oil droplets dispersed in the
film network. This result was in agreement with Tongnu-
anchan et al. (2015) who reported that fish gelatin film
incorporated with palm oil at levels of 25-100 % exhibited
endothermic peak in the range of —2.32 to 0.52 °C which
was due to the melting peak of palm oil.

From the thermograms of the 2nd-heating scan
(Fig. 1b), the endothermic peak, which was related to
gelatin-rich phase transition (T,,.x2), was not observed for
both film samples. It was suggested that gelatin was not
able to rearrange themselves into ordered structure upon
quench cooling during DSC scan. These results suggested
that gelatin molecules were completely disrupted along
with the loss of adsorbed water after the first-heating scan.
Furthermore, the endothermic melting peak was observed
for films incorporated with palm oil, but it was not found
for the control film. This endothermic transition was cor-
related with the melting transition of palm oil as previously
described. Thus, the incorporation of palm oil directly
affected the thermal behavior of gelatin film.

Thermo-gravimetric analysis (TGA)

The degradation temperatures (Ty), weight loss (Aw) and
residue of selected emulsified films (containing 10 %
glycerol and 75 % palm oil) and control film (containing
30 % glycerol without palm oil) are presented in Table 4.
The control film exhibited three stages of weight loss,
whilst the emulsified film had four stages of weight loss.
For both films, the first stage weight loss
(Aw; = 5.76-6.1 %) was observed over the temperature
(T4y) ranging from 54.50 to 56.36 °C. The weight loss at
this temperature range was more likely associated with the
loss of free and bound water absorbed in the film.
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Fig. 1 DSC thermograms of
Ist-heating scan (a) and 2nd-
heating scan (b) of the control
gelatin film and film
incorporated with 75 % palm oil
and 10 % glycerol
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Table 4 Thermal degradation temperatures (Tg,

75 % palm oil and 10 % glycerol

-10 0 10 50 60 70 8 90 100 110 120 130 140 150

Temperature (°C)

°C) and weight loss (Aw, %) of the control fish skin gelatin film and film incorporated with

Palm oils (%) Glycerols (%) Ay A, A3 Ay Residual (%)
Tai Lonset AWl Td2,onset AWZ Td3,onset AW3 Td4,0nset AW4

0 30 54.50 6.10 211.19 19.50 295.62 55.83 - - 18.57

75 10 56.36 5.76 213.70 4.11 286.80 37.35 361.84 36.98 15.80

Ay, A, A; and A, denote the first, second, third and fourth stage weight loss, respectively, of film during heating scan
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Emulsified film had lower weight loss than the control film.
This might be due to the lower amount of water in film
matrix, associated with higher hydrophobicity of film
containing palm oil (Tongnuanchan et al. 2014). The sec-
ond stage of weight loss of films appeared approximately at
the onset temperature of 211.19-213.70 °C (T4,) with Aw,
of 4.11-19.5 %. Weight loss at this stage was mostly
owing to the loss of low molecular weight protein fraction
and glycerol as well as structural bound water (Hoque et al.
2011a). It was noted that Ty, and Aw, of films incorporated
with palm oil was lower than those of control film. This
might be due to the lower proportion of glycerol in film
matrix. However, this range of temperature was higher than
the boiling point of glycerol (182 °C) (Guerrero et al.
2011). Some kinds of interaction such as hydrogen bond
were plausibly formed between protein fractions and
glycerol (Guerrero et al. 2011). For the third stage of
weight loss, Aws of 37.35-55.83 % and Tg3 of
286.80-295.62 °C were observed for both films. This stage
of weight loss was most likely associated with the degra-
dation or decomposition of larger size or highly interacted
protein fractions. In general, the T4z for films incorporated
with palm oil was lower than the control film. The results
suggested that film incorporated with palm oil showed
lower heat resistance than the control film. Incorporation of
palm oil yielded a weaker film network due to the lower
inter/intra-molecular protein interaction in film matrix.

This led to the lower heat resistance of resulting films.
Moreover, Ty3 was higher than the smoke point of palm oil
(~235 °C) (Guzman et al. 2010). The loss of volatile
compounds or low molecular weight free fatty acids in
palm oil could occur at this temperature. For the fourth
stage of weight loss, Aw, of 36.98 % with Ty, of 361.84 °C
was obtained for emulsified films, suggesting the loss of
high thermal stable components possibly gelatin molecules
closely associated with soy lecithin. However, the fourth
stage of weight loss (Aw,) was undetectable for the control
film. In general, gelatin films incorporated with palm oil
had lower residue mass from thermal degradation, com-
pared with the control film. This confirmed that films
containing palm oil had weaker interaction between protein
molecules in film network than the control film as evi-
denced by the lowered TS (Table 1). As a consequence, the
residue or char in films added with palm oil was found at a
lower extent. Thus, the incorporation of palm oil could
loosen film network, leading to higher degree of thermal
degradation.

Fourier-transform infrared (FTIR) spectroscopy

FTIR spectra of control film and the selected emulsified
film are illustrated in Fig. 2. Generally, control film and
emulsified film showed similar major peaks but the
amplitudes of peaks varied as influenced by both glycerol

Fig. 2 ATR-FTIR spectra of Emulsified film
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and palm oil incorporated. The band situated at the
wavenumber of 1035-1038 cm™' was found in both film
samples, corresponding to the OH group, mainly from
glycerol added as a plasticiser (Bergo and Sobral 2007). It
was noted that the amplitude of the OH group of control
film was higher than that found in film incorporated with
palm oil. This was because glycerol proportion in the
emulsified film was lower than that of control film. Both
films had similar spectra in the range of 1700-700 cm™ ',
covering amide-I, IT and III bands. Both films had major
bands at 1646 cm™' (amide-1, illustrating C=O stretching/
hydrogen bonding coupled with COO), 1551 cm™" (amide-
II, presenting the bending vibrations of N-H groups and
stretching vibrations of C-N groups) and 1238 cm™'
(amide-III, illustrating the vibrations in-plane of C-N and
N-H groups of bound amide or vibrations of CH, groups of
glycine) (Aewsiri et al. 2009; Muyonga et al. 2004). It was
noted that the amplitudes of amide-I, IT and III of control
film were slightly higher than film incorporated with palm
oil. This was mainly due to the dilution effect caused by
palm oil incorporated into gelatin film. Amide-I and
Amide-II bands of zein film were found at the wavenum-
bers of 1650 and 1545 cm ™', respectively. The amplitude
of amide-II band of zein film plasticized with 30 % glyc-
erol increased as the concentration of iodine added
increased from 2 to 8 % (Singh et al. 2009). Amide-A peak
of control film found at wavenumber of 3290 cm™!, which
was lower than that of emulsified film (3309 cm™'). The
amide-A band represents the NH-stretching coupled with
hydrogen bonding. Glycerol at higher proportion in the
control films might undergo interaction via hydrogen
bonding with—NH in the gelatin chains to a higher extent as
indicated by the shift to the lower wavenumbers. Emulsi-
fied film also showed the lower amplitude of amide-A
band. The result suggested that the incorporation of palm
oil into gelatin film showed the dilution effect on proteins
in the film network. Amide-B band was found at
3081-3082 cm ™' for both film samples. Amide-B band
illustrated NH-stretching vibration and asymmetric CH-
stretching vibration (Kong and Yu 2007). Additionally,
peaks at wavenumbers of 2930 and 2877 cm™' for the
control film were shifted to lower wavenumbers of 2923
and 2853 cm™' when palm oil was incorporated. The
amplitude of both peaks was much higher in films added
with palm oil, in comparison with the control film. Peaks at
wavenumbers around 2853 cm™' and 2924 cm™' repre-
sented the methylene asymmetrical and symmetrical
stretching vibration of the aliphatic C—H in CH, and CHj;
groups, respectively (Muik et al. 2007). Those vibration
stretching bands are obviously found in most lipids and
hydrophobic substances (Guillén and Cabo 2004). The
result confirmed the presence of hydrophobic substance,
palm oil, in the film. Furthermore, the peak at wavenumber

of 1743 cm™"' was observed only in films containing palm
oil. The carbonyl absorption of triglyceride ester linkage
was observed at 1746 cm ™" (Setiowaty et al. 2000). Thus,
the stretching vibration peak assignable to the C=0 group
of triglycerides was noticeable when the palm oil was
incorporated.

Conclusion

Incorporation of palm oil and glycerol affected mechanical,
physical and thermal properties of gelatin films differently,
depending upon the levels used. The lowest WVP of
gelatin film was observed when 75 % palm oil was
incorporated and glycerol was excluded. The incorporation
of palm oil directly affected colours, transparency and
thermal properties of films. Thus, the use of 75 % palm oil
and 10 % glycerol could improve water vapour barrier
properties of gelatin-based film, whereas the satisfactory
mechanical properties were still obtained.
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