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Abstract Edible films were prepared from the gelatin of

farmed giant catfish skin (GC) (Pangasianodon gigas),

bovine bone gelatin (BB) and their combination. The

physical, mechanical, thermal and chemical properties of

the resulting films were characterized and compared. The

molecular weight distributions of the giant catfish skin

gelatin-containing samples had high quantities of a-chains,

b-components and high molecular weight cross-links. The

bovine bone gelatin-containing samples showed low con-

tents of major bands with high degradation band compo-

nents. The GC films had higher water activity (0.45) and

mechanical properties [tensile strength: TS 41 MPa and

elongation at break: EAB 34 (%)] but lower thickness

(38 lm) and water vapor permeability than those of BB

films. The lowest light transmission (200–800 nm) and film

transparency (3.34) were found in the GC films. However,

the color attribute (L, a and b) of BB films was closer to the

low-density polyethylene commercial film (DE 1.2). The

highest value of film and protein solubility (100%) was

found in BB film, while the lowest value (41–56%) was

found in GC film. The GC films showed the most compact,

smooth and continuous surface without porous structures,

which corresponds to the greater properties of films.

Keywords Gelatin film � Giant catfish � Fish skin gelatin �
Bovine bone gelatin � Edible film

Introduction

The deterioration of food during storage and transportation

could be retarded or prolonged using better packaging. In

general, packaging is needed for the protection of food

from the outside environmental air and/or from post-con-

tamination by microorganisms. Traditional non-biode-

gradable plastic films are extensively used for all industries

over the world. The destruction of these plastics by burning

is considered to be one of the contributors to global

warming. To reduce the problem, edible or biodegradable

films/materials are being applied in various kinds of

packaging and are partly substituting for plastic containers

[1]. In addition, edible or biodegradable films could make

mass transfer barriers for moisture, oxygen, carbon diox-

ide, lipids, flavors and aromas between food products and

the atmosphere [2, 3]. Edible films prepared from different

types or sources of biomaterials such as proteins, poly-

saccharide, lipids or their blends exhibit different film

properties. Among all materials, proteins are considered to

provide desirable mechanical, gas barrier and transparency

properties, as well as high nutritional value [4]. In recent

years, various kinds of protein have gained the interested

researchers to develop edible films. Gelatin is an important

protein widely used for producing edible films/packaging.

This is due to the uniqueness of gelatin among various

hydrocolloids to form thermo-reversible properties with a

melting point close to human body temperature. This

is particularly significant in edible and pharmaceutical

applications [5].

Gelatins are usually obtained by partial degradation or

denaturation of collagen from bones and hides of bovine or

porcine. However, gelatin from alternative sources has

received more attention due to the outbreak of bovine

spongiform encephalopathy (BSE) and the foot-and-mouth
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disease crisis [6]. Additionally, gelatin from bovine and

porcine sources cannot be used for some foods due to

esthetic and religious objections [7]. Gelatins from alter-

native sources have been produced from various fish by-

products such as skin, bones, fins and scales [8]. Recently,

gelatin from the skin of farmed giant catfish, which is one

of the commercially important fresh water fish species, was

successfully extracted and characterized [8]. One of

the possible applications of giant catfish skin gelatin is the

production of edible films. Therefore, in this work, the

giant catfish skin gelatin was used to form edible film, and

the properties of the film were also characterized and

compared with the films from bovine bone gelatin (one of

the most used gelatins) and their gelatin blends.

Materials and methods

Chemicals

Trichloroacetic acid, Folin-Ciocalteu’s phenol reagent,

glycerol and other analytical grade reagents were obtained

from Merck (Darmstadt, Germany). Beta-mercaptoethanol

(bME), L-tyrosine, bovine serum albumin (BSA) and pro-

tein markers were purchased from Sigma Chemical Co.

(St. Louis, MO, USA.). Electrophoresis reagents were

obtained from Bio-Rad Laboratories (Hercules, CA, USA).

Food grade bovine bone gelatin (bloom strength *245)

was obtained from Halagel (Thailand) Co., Ltd. (Bangkok,

Thailand).

Fish skin preparation

Farmed giant catfish (Pangasianodon gigas) with a range

of total length of 75–80 cm were obtained from a farm in

Chiang Rai and transported to the School of Agro-Industry,

Mae Fah Luang University, Chiang Rai. The fish was

washed with tap water. The skin was then removed and

scraped to remove fat and foreign matter, and it was then

cut into small pieces (0.5 9 0.5 cm). The prepared skin

was kept on ice prior to the gelatin extraction.

Extraction of fish skin gelatin

Gelatin was extracted from the washed giant catfish skin by

the method described in Jongjareonrak et al. [9]. To

remove non-collagenous proteins and pigments, the

washed skin was soaked in 0.2 M NaOH with a skin to

solution ratio of 1:10 (w/v) at 4 ± 1 �C with continuous

gentle stirring. The solution was changed 3 times every

30 min. The alkaline-treated skin was then washed with tap

water until it was neutral or faintly basic (pH \ 7.5). To

swell the collagenous material in the fish skin matrix, the

alkaline-treated skin was soaked in 0.05 mol/L acetic acid

with a skin to solution ratio of 1:10 (w/v) for 3 h at room

temperature (25 ± 1 �C) with continuous gentle stirring.

Acid-treated skin was washed as previously described. The

swollen fish skin was soaked in distilled water with a skin/

water ratio of 1:10 (w/v) at 45 ± 1 �C for 12 h with con-

tinuous stirring to extract the gelatin. The mixture was then

filtered using two layers of cheesecloth. The resultant fil-

trate was freeze-dried. The dry matter from freeze-dried

process was ground and then referred to as ‘‘gelatin

powder’’.

Preparation of gelatin films

Gelatin powder was mixed with distilled water to obtain

the film-forming solution (FFS) with a protein concentra-

tion of 4% (w/v). Glycerol was used as a plasticizer at a

concentration of 25/100 g protein. The solution was incu-

bated at 60 �C for 30 min in a water bath occasionally

stirred. De-aerated film-forming solution (4 ± 0.01 g) was

cast onto a rimmed silicone resin plate (50 9 50 mm) and

dried with a ventilated oven environmental chamber

(model H110 K-30DM; Seiwa Riko Co., Tokyo, Japan) at

25 ± 0.5 �C and 50 ± 5% relative humidity (RH) for

24 h. The dried films obtained were manually peeled.

Analyses of gelatin film properties

Film thickness

The film thickness was measured using a micrometer

(Gotech, Model GT-313-A, Gotech Testing Machines Inc,

Taiwan). Nine random locations around each of the ten

film samples were used for thickness determination.

Water activity

The water activity (Aw) of the gelatin film samples was

determined with a Novasina (Novasina AG, Pfäffikon,

Switzerland) at a constant temperature of 25 ± 1 �C. Three

samples in each treatment were used for testing.

Mechanical properties

Prior to testing the mechanical properties, the films were

conditioned for 48 h at 50 ± 5% RH at 25 �C. The tensile

strength (TS) and elongation at break (EAB) were deter-

mined with the modification of ASTM method D882–97

(ASTM., 1998) [10] using a Universal Testing Machine

(Lloyd Instrument, Hampshire, UK). Five samples

(2 9 5 cm) with an initial grip length of 3 cm were used

for testing. The cross-head speed was set at 30 mm/min.
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Water vapor permeability

Water vapor permeability (WVP) of the film was measured

using the ASTM E96-95 standard method (ASTM., 1999),

a modified ASTM method [11]. The films were sealed onto

a permeation cup containing silica gel (0% RH) with sili-

cone vacuum grease and an O-ring to hold the film in place.

The cups were then placed in a desiccator saturated with

water vapor at 30 �C. The cups were weighed at 1-h

interval over an 8-h period, and the WVP of films was

calculated as follows:

WVP ¼ wxA�1t�1ðP2 � P1Þ�1

where w is the weight gain of the cup (g), x is the film

thickness (m), A is the area of exposed film (m2), t is the

time of gain (s), and (P22P1)21 is the vapor pressure

differential across the film (Pa). The WVP was expressed

as g m-1 s-1 Pa-1. A total of five samples were determined

for each film.

Color, light transmission and film transparency

The color of the film was determined using a CIE color-

imeter (Hunter associates laboratory, Inc., VA, USA) and

expressed as L, a and b. From the Hunter color values, total

color difference (DE) was calculated as:

DE ¼ L� L0ð Þ2þ a� a0ð Þ2þ b� b0ð Þ2
n o1=2

where L0, a0 and b0 are values of standard low-density

polyethylene (LDPE) film (L0 = 90.492, a0 = -1.014 and

b0 = 0.642).

The ultraviolet (UV) and visible light barrier properties

of the films were measured at selected wavelengths

between 200 and 800 nm, using UV-16001 spectropho-

tometer (Shimadzu, Kyoto, Japan). The film transparency

was calculated by the following equation [12]:

transparency ¼ � log T600=x

where T600 is the fractional transmittance at 600 nm and

x is the film thickness (mm).

Fourier transform infrared (FTIR) spectra analysis

Prior to analysis, films were conditioned in a desiccator

containing silica gel for 7 days at room temperature to

obtain the most dehydrated films possible. The FTIR

spectra of the films were recorded using a horizontal ATR

Trough plate crystal cell (451ZnSe; 80 mm long, 10 mm

wide and 4 mm thick) (PIKE Technology Inc., Madison,

WI) equipped with a Bruker Model Equinox 55 FTIR

spectrometer (Bruker Co., Ettlingen, Germany) at room

temperature. For the spectra analysis, the film sample was

placed onto the crystal cell and it was clamped into the

mount of the FTIR spectrometer. A spectrum in the range

of 400–4,000 cm-1 with automatic signal gain was col-

lected over 16 scans at a resolution of 4 cm-1. They were

rationed against a background spectrum recorded from the

clean empty cell at 25 �C. The spectra obtained were used

to determine possible interactions of functional groups

between gelatin molecules.

Differential scanning calorimetry

Prior to analysis, the films were conditioned in a desiccator

containing silica gel for 1 week at room temperature to

obtain the most dehydrated films possible. The films’

thermal properties were determined using Perkin Elmer

Differential Scanning Calorimetry (DSC) (Model DSC-7,

Norwalk, CT, USA). Temperature calibration was per-

formed using the Indium thermogram. The film samples

(5–10 mg) were accurately weighed into aluminum pans,

sealed and scanned over a range of 20–150 �C with a

heating rate of 5 �C/min. Ice water was used as a cooling

medium, and the system was equilibrated at 20 �C for

5 min prior to the scan. The empty aluminum pan was used

as a reference. The transition temperature and the transition

enthalpy were estimated from the maximum of endother-

mic peak and the area under the DSC thermogram.

Film solubility and protein solubility

The film solubility was determined according to the

method of Gennadios et al. [13]. The conditioned film

samples were weighed and placed in a 50-mL centrifuge

tube containing 10 mL of distilled water. The mixture was

shaken at a speed of 250 rpm using a shaker (Heidolth

Inkubator 10,000, Schwabach, Germany) for 24 h. The

undissolved debris was then removed by centrifugation at

3,000 g for 20 min. The pellet was dried at 105 �C for 24 h

and weighed. The weight of the solubilized dry matter was

calculated by subtracting it from the initial weight of the

dry matter. It was then expressed as a percentage of the

total weight.

To determine the protein solubility, the protein con-

centration in the supernatant was determined using the

Lowry method [14]. Protein solubility was expressed as the

percentage of the total protein in the film, which was

solubilized with 0.5 M NaOH for 24 h.

Electrophoretic analysis

The protein patterns of gelatin, film-forming solution and

the gelatin films were analyzed by SDS–PAGE according

to the method of Laemmli [15]. To solubilize the films, the

samples were mixed with a solubilizing solution (1% SDS).
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The mixtures were heated at 85 �C for 1 h in a water bath

to dissolve the proteins. The solubilized samples were then

mixed with a sample buffer (0.5 M Tris–HCl, pH 6.8

containing 4% (w/v) SDS, and 20% (v/v) glycerol) and

10% (v/v) bME at a ratio of 1:1 (v/v). The samples (16 lg

protein) were loaded into the polyacrylamide gel made of

7.5% running gel and of 4% stacking gel and subjected to

electrophoresis at a constant current of 15 mA per gel

using a Mini Protean II unit (Bio-Rad Laboratories, Inc.,

Richmond, CA, USA). After electrophoresis, the gel was

stained with 0.05% (w/v) Coomassie blue R-250 in 15% (v/

v) methanol and 5% (v/v) acetic acid and then destained

with 30% (v/v) methanol and 10% (v/v) acetic acid.

Surface morphology and gelatin film microstructure

The surface morphology of the gelatin films was examined

using a Canon Powershot A95 digital camera (Canon

Marketing (Thailand) Co., Ltd., Bangkok, Thailand). The

gelatin films’ microstructure was observed using a scan-

ning electron microscope (SEM) (JEOL JSM-5800 LV,

Tokyo, Japan) at an acceleration voltage of 10 kV and

magnification at 10,0009.

Statistical analysis

The data were subjected to analysis of variance (ANOVA).

A comparison of means was carried out by Duncan’s

multiple range test. The analysis was performed using a

SPSS package (SPSS 10.0 for window, SPSS Inc, Chicago,

IL).

Results and discussion

Thickness of gelatin film

The thickness of gelatin-based films from giant catfish skin

(GC), bovine bone (BB) and their combination (CG) is

shown in Table 1. The average thickness of all the films

was in a range of 38-40 lm, and the highest film thickness

was observed in the CG film. The thickness of all the films

was similar to those values of bigeye snapper (35.32 lm)

and brown stripe red snapper (37.18 lm) skin gelatin films

(3% protein) as found in Jongjareonrak et al. [9]. Thickness

generally affects film properties such as mechanical prop-

erties, water vapor permeability, light transmission and

film transparency.

Mechanical properties of gelatin film

The mechanical properties of gelatin-based film were

expressed in terms of tensile strength (TS) and elongation

at break (EAB) (Table 1). The TS of gelatin films varied

with sources of gelatin (GC, BB and CG). Among all

gelatin, the GC skin gelatin rendered the film with the

highest TS (40.74 MPa) and EAB (34.14%) (p \ 0.05).

The films from BB and CG showed no differences in TS

(p [ 0.05). The result suggested the difference in film-

forming characteristics of gelatin between two sources.

Different protein constituents, as well as other components,

in different gelatin sources, might govern the film forma-

tion. Film formation generally takes place by the devel-

opment of a three-dimensional network of protein

molecules by ionic, hydrophobic and hydrogen bonds [16].

From the results, EAB of GC film was greater than BB film

(24.63%). When BB was combined with GC in a ratio of

50:50, the EAB was improved (p \ 0.05). The increasing

TS and EAB of film is attributed to the occurrence of

advanced cross-linking molecules within film structures or

by the formation of high molecular weight biopolymers.

Water activity and water vapor permeability of gelatin

film (Aw, WVP)

Film cast from GC, BB and CG had water activity in the

range of 0.42–0.45 (p [ 0.05) (Table 1). Water activity

affects the growth and multiplication of microorganisms.

When there is Aw \ 0.9, growth of most bacteria is

inhibited. Microorganisms cease growth at Aw \ 0.6. The

interactions between water and food components mutually

change the properties of food products, especially their

stability, texture, taste, and lead to spoilage [17].

Table 1 Physical and mechanical properties of gelatin film

Sample Thickness* (lm) Tensile strength (MPa) Elongation (%) Water activity (Aw) WVP (910-10 gm-1 s-1 Pa-1)

BB 38.71 ± 1.99ab 32.56 ± 6.72a 24.63 ± 10.96a 0.419 ± 0.003a 0.81 ± 0.04a

GC 38.06 ± 2.09a 40.74 ± 5.18b 34.14 ± 6.07b 0.448 ± 0.037a 0.91 ± 0.06b

CG 39.97 ± 0.76b 34.91 ± 3.74a 31.33 ± 5.41ab 0.423 ± 0.005a 1.14 ± 0.09c

Different superscripts in the same column indicate significant differences (p \ 0.05)

BB bovine bone gelatin film, GC giant catfish skin gelatin film, CG: combination of bovine bone: giant catfish gelatin film (50:50)

* Values are given as mean ± SD from 10 determinations
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The WVP of film from GC, BB and CG was shown in

Table 1. The differences in WVP were observed among

films prepared from different sources of gelatins

(p \ 0.05). The CG film showed the highest WVP, while

the lowest one was observed in the BB film. Fish gelatins

are known to contain lower proline and hydroxyproline;

thus, their hydrophobicity increases when compared with

gelatin from mammal sources [18]. Constituents with lower

polarity could absorb less water from the surrounding

atmosphere. Water vapor permeation through a hydrophilic

film depends on both diffusivity and solubility of moisture

in the film matrix [19]. Additionally, more pronounced

protein cross-linking of the film along with more rigid and

denser structures might retard water diffusion through the

films. The CG film’s water vapor transmissibility rates

were higher than GC and BB films, suggesting a decreased

value of the film as a barrier to moisture. Film with higher

thickness (CG) could adsorb more water from the envi-

ronment. Water vapor permeability is dependent on the

relative polarity of the polymers used. If the films are

cationic and strongly hydrophilic, water interacts with the

polymer matrix and the water vapor permeability increases.

Light transmission and transparency of gelatin film

Light transmission in UV (200–280 nm) and visible ranges

(350–800 nm), as well as the transparency of all films, is

shown in Table 2. Generally, all films exhibited lower light

transmission in the UV range than in the visible range. The

light transmission in the UV range was from 0 to 52.37%,

while the transmission in the visible range was from 70 to

90%. The highest transmission in all the selected wave-

lengths was found in the BB film, while the lowest was

found in the GC film. This result suggested that gelatin-

based films could prevent UV transmission and therefore

retard lipid oxidation induced by UV light in a food sys-

tem. The result was consistent with Jongjareonrak et al. [9]

who observed low transmissions of light in the UV range of

fish gelatin-based films. Aromatic amino acids (tyrosine

and phenylalanine) are well known to be sensitive chro-

mophores in absorbing light at a wavelength below 300 nm

[20]. The increase in light transmission at selected wave-

lengths of films was in the order of GC, CG and BB. Light

transmission values of GC, BB and CG were in a similar

range as bigeye snapper and brownstripe red snapper skin

gelatin [9].

The highest transparency was obtained in BB film, but

no significant difference was observed in CG and GC

(p [ 0.05) (Table 2). The higher transparency value indi-

cated that the film was less transparent. From the result, it

was suggested that GC and CG films were more transparent

than BB films. This indicated that the transparency prop-

erties of BB films could be improved by combining them

with GC. Giant catfish skin gelatin film was transparent and

clear enough for use as seen by the packaging.

Color of gelatin film

The Hunter L (Lightness), a (redness/greenness) and

b (yellowness/blueness) color values of gelatin-based films

are presented in Table 3. The GC films showed signifi-

cantly lower values of L and a but highest in b value

compared to the others (p \ 0.05). When compared to the

low-density polyethylene film, GC and BB films showed

the highest and the lowest of total color differences,

respectively. The total color difference (DE) value of BB

films (1.20) was lower than CG (1.42) and GC (1.56) films,

respectively. This indicated that the BB film had color

properties closer to the low-density polyethylene film.

Among all films, BB film had a lighter color and more

yellowness than other films where the highest redness was

observed in GC films.

Protein pattern of gelatin film

Protein patterns of gelatin, film-forming solution and gel-

atin-based film from GC, BB and CG are shown in Fig. 1.

The electrophoretic analysis of gelatin in all film-forming

solutions showed similar molecular weight distribution to

the GC. The predominant bands including a-1, a-2 chains

and their dimers (b-components) were observed. Marked

differences in protein patterns were observed between BB

Table 2 Light transmission and transparency of gelatin film

Sample Wavelength (nm) Transparency*

200 280 350 400 500 600 700 800

BB 0.13 52.37 81.03 86.73 89.33 90.07 90.50 90.70 3.39 ± 0.029b

GC 0.13 34.10 70.90 74.73 78.00 79.30 80.13 80.73 3.34 ± 0.006a

CG 0.00 39.50 74.20 79.40 82.90 84.23 85.03 85.60 3.34 ± 0.020a

Different superscripts in the same column indicate significant differences (p \ 0.05)

BB bovine bone gelatin film, GC giant catfish skin gelatin film, CG combination of bovine bone: giant catfish gelatin film (50:50)

* Values are given as mean ± SD from triplicate determinations
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and GC. The major components of gelatin (a-1, a-2 and b)

were clearly observed in giant catfish skin gelatin, while

these components were not found in BB. In addition, a high

intensity of high molecular weight (HMW) bands (b- and

c-components) was observed in all GC-containing samples,

especially in film-forming solutions and films. From the

results, no b- and c-component and slight a1- and a2-chains

band intensity was observed in BB, BB film-forming

solutions and BB films. The concomitant degradation

bands (MW \ 100 kDa) were also found in all BB-con-

taining samples. The lower content of high MW cross-links

and a-chains might result in the lowered mechanical

properties of the BB films, unlike the GC and CG films that

have higher mechanical properties.

Thermal properties

The transition temperature (Tt) and transition enthalpy of

GC, BB and CG films are shown in Fig. 2. Generally, the

transition temperature and transition enthalpy of gelatin

films from all samples showed no significant differences, as

observed from the maximum of the endothermic transition

temperature. Figure 2 presents a typical curve for gelatin

showing a glass transition (first small peak: Tg), melting

(big endothermic peak: Tm) and deterioration peaks. The

glass transition, melting and deterioration peaks of the

films prepared from GC, BB and CG were around

55–60 �C, 83–89 �C and 134–140 �C, respectively.

In addition, there is a relatively small endothermic peak

(between Tm and deterioration peaks) in GC film, while it

is not found in the others. In gelatin, the Tg reported has

been explained by the block copolymer model for amino

acid content of gelatin. Tg of gelatin occurs at *60 �C and

is associated with the glass transition of an amino acid

blocks in the peptide chain. Native fish gelatin film had Tm

of 76.5 �C, which is higher than those films made from

bovine skin gelatin that had the Tm of 65.06 �C as found

by de Carvalho & Grosso [21]. On the other hand, the dry

film made from pigskin gelatin had Tm of 91 �C [22]. This

difference of the thermal property is reasonable due to the

different specification of gelatin source used. However,

Bigi et al. [23] reported that the first transition is more

likely related to the volatilization of absorbed water in the

gelatin sample, while the higher temperature transition is

related to the relative amount of triple helix in gelatin.

The transition temperature indicated the precise tem-

perature that caused a disruption of the protein interaction

formed during film preparation. Tt from GC (89.50 �C) was

higher than that of BB (88.42 �C) and CG (83.36 �C). The

Table 3 The Hunter color value (L, a and b) and total color difference (DE) of gelatin film

Sample L* a b DE

BB 90.45 ± 0.08b -1.23 ± 0.07ab 1.81 ± 0.09a 1.195 ± 0.082a

GC 90.18 ± 0.08a -1.32 ± 0.12a 2.14 ± 0.04b 1.563 ± 0.044c

CG 90.41 ± 0.13b -1.15 ± 0.07b 2.05 ± 0.10b 1.419 ± 0.105b

Different superscripts in the same column indicate significant differences (p \ 0.05)

BB bovine bone gelatin film, GC giant catfish skin gelatin film, CG combination of bovine bone: giant catfish gelatin film (50:50)

* Values are given as mean ± SD from triplicate determinations
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higher Tt might be due to the greater imino acid amount

(proline and hydroxyproline) of GC (211 residues/1,000

residues) [8]. The amount of imino acids showed the direct

positive correlation with the thermal stability of protein via

a hydrogen bond [24]. In addition, the integrity and

molecular weight of protein chains might contribute to the

network structure of the films obtained [25]. The film from

BB comprised of proteins with lower molecular weight and

greater content of degradation peptides, compared with

those of GC (Fig. 1). This might be associated with the

weaker network interaction of BB films. As a consequence,

melting at lower temperature was found as indicated by the

lower Tt in the films from BB (88.42 �C) and CG

(83.36 �C). However, CG films had the lowest Tt value

(83.36 �C). According to Jongjareonrak et al. [9], the

transition peak observed in the DSC curves of gelatin films

indicated the presence of the triple-helical structure. Thus,

thermal properties of gelatin films were affected by the

gelatin source.

The typical DSC thermograms of the gelatin film are

shown in Fig. 2. During the heating scan, two endothermic

peaks were observed. First, a step change in heat flow was

assigned to a glass-to-rubber transition relating to the

amorphous regions of a biopolymer. They were in a glassy

state at the water contents of interest at room temperature

[26, 27]. The glass transition was followed by an endotherm

associated with the melting and dissociation of the ordered

regions. The resulting thermograms indicated that before the

heating scan was taken, gelatin films from BB, GC and their

combination (CG) had a partial crystalline structure. These

results are also consistent with previous reports [28, 29].

FTIR spectroscopy

FTIR spectra of GC, BB and CG films are depicted in Fig. 3.

The spectrum of all gelatin films showed a similar pattern,

which indicates that there were no major changes in the

functional groups of the gelatin samples used. Gelatin films

(GC and CG) revealed absorption band at 3,273 cm-1,

(NH-stretching), while BB film showed the major absorp-

tion band at 3,293 cm-1. An increased absorption at*3,293

of BB film compared with others was probably due to the

stretching bands of OH-absorbed water molecules. In addi-

tion, the exact shape of the difference bands may be influ-

enced by changes in the amide A band of the protein, whose

maximum was found at 3,340 cm-1. Absorption bands in

the spectra of all films were situated in the amide band

region. The amide I and amide II bands of all films were

observed at 1,630 and 1,536 cm-1, respectively. These

were similar to the amide I (1,630 cm-1) and amide II

(1,545 cm-1) of the gelatin films from both bigeye snapper

and brownstripe red snapper skin gelatin [9]. Muyonga et al.

[30] also reported the amide I and amide II to be at

1,700–1,600 and 1,560–1,500 cm-1, respectively. The

amide I vibration mode is primarily a C = O stretching

vibration coupled with contributions from the CN stretch,

CCN deformation and in-plane NH bending modes. The

amide II vibration mode is attributed to an out-of-phase

combination of CN stretch and in-plane NH deformation

modes of the peptide group [31]. The amide II peak is

considered to be much more sensitive to hydration than to

secondary structure change [32]. In this study, FTIR spectra

analysis was determined in a dry state, and the changes in the

amide II band might be related to possible alterations in

protein secondary structure. The infrared spectroscopic

analysis technique is generally used to determine the sec-

ondary structure of protein via the absorption in the amide I

and amide II region. From the result, the peaks at amide I and

amide II were more intense when GC and BB were com-

bined (CG films). The change in amide I and amide II band

intensity for the CG film compared with the GC film sug-

gested that the combination of BB and GC might affect the

helix structure and/or alteration in the protein secondary

structure of their resulting film (CG). From the result, the

change in the films’ FTIR spectra when BB was combined

with GC revealed that there might be some interaction

between both gelatins. These interactions and/or structural

alterations might be associated with the mechanical prop-

erties of the resulting films.

Film solubility and protein solubility

The film solubility and protein solubility of GC, BB and

CG films are shown in Table 4. From the results, 100%

film solubility and protein solubility were observed in the

BB films, where only 41.40% film solubility and 56.20%

protein solubility were observed in GC. However, when

BB was combined with GC, the resulting films (CG) had an

intermediate solubility. The lower film and protein solu-

bility observed in the film from GC suggested that the

polypeptides in GC underwent more aggregation, leading

to more cross-linking and higher molecular weights

resulting in lower solubility. The combination of BB and

GC might inhibit some inter-chain interactions between

GC protein molecules and therefore increase the film and

protein solubility of CG film.

The SDS–PAGE results of insoluble and soluble frac-

tions of all films are depicted in Fig. 4. The protein patterns

of the insoluble fractions of both GC and CG films were

similar to their gelatin patterns. For soluble fractions, all

films contained only low molecular weight peptides. These

results suggested that high molecular weight peptides

including a1-, a2-, ß- and c-components were the major

compositions involved in the formation of film network

structures, which underwent cross-linking during film for-

mation, so the films became less soluble.
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Surface morphology and gelatin film microstructure

The surface morphology of gelatin film from bovine bone,

giant catfish skin and their combination was similar to

each other with uniform transparency (Fig. 5). When the

film sheet covered the black background, the color of the

background remained clearly observable. However, there

was more turbidity of the gelatin film present in the dark

Fig. 3 FTIR spectra of gelatin

films. BB bovine bone gelatin

film, GC giant catfish skin

gelatin film, CG combination of

bovine bone: giant catfish skin

gelatin (50:50) film
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background compared to the green one, especially for the

film containing giant catfish skin gelatins (data not

shown). These results were similar to the light transmis-

sion and transparency of the gelatin film as mentioned

above. Based on the film surface morphology property,

applications of edible gelatin film were interesting, espe-

cially in food products. When the customers see the

product packed inside the package, it is easy decide to

buy that product.

SEM micrographs of gelatin films from GC, BB and

CG are also observed (data not shown). The GC film had

a smooth and continuous surface without grainy and

porous structures. This indicated that a film with ordered

matrix was formed. For BB films, porous surface with

cracks was observed throughout the film surface. How-

ever, when GC was combined, the surface of the film

became smoother with less cracks and pores. These

results suggested that the molecular weight or chain

length of polypeptide in gelatin samples might be

responsible for the surface structure and properties,

especially in the WVP of the resulting films.

Conclusion

The results demonstrated significant differences in both

physical and chemical properties between GC and BB

films. GC films had lower light transmission and film

transparency, but they were higher in WVP and mechanical

properties compared to BB film. The combination of BB

and GC could improve the properties of BB film. Specific

characteristic of GC-based films can benefit some food

packaging applications.
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