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Abstract

The effects of four variable factors such as protein, sorbitol, montmorillonite (MMT) and chitosan on the properties
of multi-composite shark catfish skin gelatin films were evaluated based on Response Surface Methodology (RSM).
Incorporation of chitosan had positive effect on tensile strength, Young’s Modulus and water vapor transmission rate
(p<0.05). On the other hand, chitosan and MMT had decreased the elongation of the filims (p<0.05). The
transparency of the gelatin film was increased by the addition of gelatin and chitosan, whereas it was decreased by
the addition of MMT. From the present study, it may concluded that gelatin films with good mechanical and barrier
properties could be achieved with 4.50% gelatin, 25% sorbitol, 0.37% MMT and 3.25% chitosan. Thus, multi-
composite gelatin films with any desirable properties could be formulated based on the results of the response
surface methodology and these films shall be suitable for edible films or coatings for fish and other food products in

food processing industries.
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Introduction

Biodegradable edible films from biological materials have gained
importance in recent years to reduce the environmental impact caused
by synthetic or petroleum based materials. These biopolymer films can
be made from proteins, polysaccharides or lipids. Among them,
protein based edible films provide nutritional value and possess good
mechanical and barrier properties [1]. They also function as protective
layers of food products and enhance their shelf-life [2]. Gelatin is the
thermally denatured protein, most abundant in connective tissue of
animal origin and mainly extracted from land-based mammalian
skins. Gelatin is obtained from collagen by acidic or alkaline processes
[3]. It has been studied for its film-forming capacity and applicability
as an edible film to protect food against dehydration, light and oxygen
[4]. Due to its special characteristics such as high biocompatibility and
weak antigenicity, it has been widely used in the pharmaceutical, food,
healthcare, and cosmetic industries. However, the incidences of
diseases such as bovine spongiform encephalopathy (BSE) and foot
and mouth disease (FMD) have raised concerns about mammalian
gelatin safety [5]. As an alternative, gelatin from fish processing wastes
forms a good substitute. Fish gelatin are mainly produced from fish
processing wastes such as skins, bones, fins etc. and their extraction
procedures have been reported by several authors [6-8].

Gelatin films are generally formed using several plasticizers such as
sorbitol, glycerol, ethylene glycol, sucrose, polyethylene glycol,
glutaraldehyde, genipin, tannic acid and ferulic acid [9,10]. Sorbitol is a
relatively small molecule with a hydrophilic nature that could be easily
inserted between protein chains and establish hydrogen bonds with

amide groups and amino acid side chains of proteins [11]. Plasticizers
are known to influence the gas and water vapour permeability of films
and so they must be added in optimum concentrations to obtain films
with improved flexibility without losing the barrier properties [12].

Fish gelatin films do have some limitations such as low tensile
strength (TS) and high water solubility. In order to improve these
properties, clay nanoparticles have proven to be a promising option
[13]. The most common nanoparticles are montmorillonite K10
(MMT), hectorite, sapnotite, and laponite [14]. Among them, MMT
has got a very high elastic modulus and helps to improve the
mechanical and physical properties of the films. Chitosan is yet
another natural polymer obtained by partial deacetylation of chitin
and has been identified as a valuable additive because of its film
forming ability, antioxidant and antimicrobial properties [15]. Fish
gelatin films can thus be modified with any one or more biomolecules
to improve mechanical, physical and barrier properties due to the
presence of functional groups.

Few studies have been initiated to develop biodegradable edible
films using fish gelatin by incorporation of nanoclay particles and
other natural biopolymers like chitosan, starch and cellulose [16,17]. In
our earlier study, multi-composite gelatin films were developed with
the addition of MMT and chitosan using sorbitol as a plasticizer [18]
but the individual effect of these variable factors on the film properties
were not assessed. This study was therefore undertaken to examine the
effect of four variable factors such as gelatin, sorbitol, MMT and
chitosan on the mechanical, barrier and physical properties of the
multi-composite films formed from shark catfish gelatin using
response surface methodology (RSM).
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Materials and Methods

Raw materials

Skins of shark catfish (Pangasius fungaseous) obtained from a
private fish processing plant, M/s. Britto Seafoods Pvt. Ltd. Tuticorin,
South India were used as raw material. They were washed with potable
water, cut into small pieces using sharp knives and used for the
extraction of gelatin.

Extraction of gelatin

Gelatin was extracted as per our method reported earlier [8].
Briefly, skins were first rinsed with tapwater to remove superfluous
material and then treated twice with 0.2% NaOH at the ratio of 1:6
(w/v) for 45 min to remove the non-collageneous protein. After
thorough washing, they were then treated twice with 0.2% H2SO4 at
the ratio of 1:6 (w/v) for 45 min to increase swelling as well as to
remove the salts. They were then treated with 1% citric acid twice at
the ratio of 1:6 (w/v) for 45 min to achieve the lowest degree of
turbidity and decalcification. The final extraction was carried out with
distilled water at the ratio of 1:1 at 45°C for 24 h. The extract was then
filtered through vacuum filter and the filtrate was lyophilized using
Lyophilizer (Alpha 2, Martin Christ, Germany).

Preparation of multi-composite gelatin films

The multi-composite gelatin films were made based on the central
composite rotatable design. To prepare the films, respective
concentration of gelatin (3-5%, w/v) was dissolved in distilled water to
obtain the film forming solution (FFS). Sorbitol (20-40%, w/w),
chitosan (95% degree of deacetylation) (1-4%, w/v), and MMT K10
(0.25-0.75%, w/v) were then added at the prescribed concentrations to
the FFS. Chitosan was previously dissolved in 0.3 M acetic acid then
added to the FFS. The FFS was continuously stirred in a magnetic
stirrer for 60 min at ambient temperature (25°C) to obtain a
homogeneous suspension. The pH of the FFS was kept constant by the
addition of 1 N sodium hydroxide or 1 N hydrochloric acid. The FFS
(15 ml) was then casted in circular polypropylene plates (63 cm?) and
dried at ambient temperature (25°C) for 14-18 h. The dried circular
films were manually peeled off from the plates.

Response surface methodology

A central composite rotatable design was formulated using the
Design Expert 7.0 software. Thirty blends were designed with different
combinations of four independent variable factors such as protein
(3-5%, w/v), sorbitol (20-40%, w/v), MMT (0.25-0.75%, w/v) and
chitosan (1-4%, w/v) for the preparation of films (Table 1). Seven
dependent responses viz. tensile strength, elongation at break, Young’s
Modulus, thickness, solubility, WVTR and transparency were
evaluated using Design-Expert 7.0 (Stat-Ease, Inc. Minneapolis MN,
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4 4.50 25.0 0.38 3.25
5 4.00 30.0 0.50 2.50
6 3.50 25.0 0.63 3.25
7 4.50 35.0 0.63 1.75
8 4.50 25.0 0.38 1.75
9 3.50 25.0 0.63 1.75
10 4.00 30.0 0.25 2.50
1 4.00 40.0 0.50 2.50
12 5.00 30.0 0.50 2.50
13 3.50 35.0 0.63 1.75
14 4.00 30.0 0.50 2.50
15 3.50 35.0 0.38 3.25
16 3.50 25.0 0.38 3.25
17 4.00 20.0 0.50 2.50
18 3.50 35.0 0.38 1.75
19 3.00 30.0 0.50 2.50
20 4.50 25.0 0.63 3.25
21 4.00 30.0 0.50 2.50
22 4.00 30.0 0.75 2.50
23 3.50 35.0 0.63 3.25
24 4.00 30.0 0.50 4.00
25 4.50 35.0 0.38 1.75
26 4.00 30.0 0.50 2.50
27 4.50 35.0 0.63 3.25
28 4.00 30.0 0.50 2.50
29 4.50 35.0 0.38 3.25
30 4.50 25.0 0.63 1.75

USA).

Blends Protein (%) Plasticizer (%) MMT (%) | Chitosan (%)
1 3.50 25.0 0.38 1.75
2 4.00 30.0 0.50 1.00
3 4.00 30.0 0.50 2.50

Table 1: Quantities of protein, plasticizer, mmt and chitosan used in
the formation of multi-composite gelatin films.

Mechanical properties

Mechanical properties such as tensile strength (TS), elongation at
break (EAB) and Young’s Modulus (YM) were determined as per the
standard ASTM method [19] using a Universal Testing Machine (TA
plus Texture analyzer, Lloyd instruments, UK). The gelatin films were
cut into rectangles of size 25 x 70 mm and fixed on the grips of the
device with a gap of 30 mm. They were then pulled apart at crosshead
speed of 20 mm/s and preload of 2 N. The TS was calculated by
dividing the maximum force at break by cross sectional area of film,
and expressed in MPa. The EAB and YM were calculated based on the
maximum length extended at rupture and stiffness of the film,
expressed in % and MPa, respectively. The thickness of the films were
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measured using micro screw gauge (Labtech International, Ambala,
Haryana, India) at six random positions as described by the method of
Jeya Shakila et al. [18].

Water solubility

Water solubility of the gelatin films was determined as per the
procedure of Gémez-Estaca et al. [20]. Film portion of size 4 cm? was
initially dried at 105°C for 24 h, weighed and placed in a beaker with
15 ml distilled water, gently shaken at 22°C for 15 h and then filtered
through the Whatman filter paper No 1. The residue collected on the
filter paper was dried in a vacuum oven at 105°C for 24 h. The
solubility of the film was calculated by the following formula:

Solubility = (W0 - WE/ W0) x 100

Where, WO - Initial weight of the sample; WF - Weight of the un-
dissolved desiccated film residue

Light transmission

The light barrier properties of gelatin films were measured by
exposing the films to light absorption at wavelengths at 600 nm using a
UV/Vis Spectrophotometer (Model V-530, Jasco, Japan) according to
the method of Gomez-Guillén et al. [21]. The transparency of the films
was calculated by the equation T= Absgy/x.

Where, T -transparency of the film, Absgg - value of absorbance at
600 nm, x - the film thickness in mm.

Water vapour transmission rate (WVTR)

The WVTR of the gelatin films was measured as per the standard
ASTM (American Society for Testing and Materials) method [22] as
described by Jeya Shakila et al. [18]. The gelatin film was cut into 0.90 x
0.90 cm pieces and each piece was put onto a permeability cup. The
cup was previously filled with fused calcium chloride. The cup was
then sealed with a cover and put into a humidity chamber at 25°C and
90% RH for 24 h. The weight of the sealed cup was measured at the
beginning and at 1 h interval. The WVTR of the films was calculated
using the following equation.

WVTR= (10,000 x Q)/A g/m?/day @ 90% RH at 25°C

Where, Q = Quantity of water vapor passed through the test
material; A=Area of test material

Results and Discussion

The multi-composite fish gelatin films produced from different
blends with high concentration of chitosan and MMT were slightly
opaque, homogenous and tough to break. Mechanical, physical and
barrier properties of multi-composite gelatin films are given in Table 2.

Blends TS EAB YM Thickness Solubility Light WVTR
(MPa) (%) (MPa) (mm) (%) Transmission
1 13.82 65.5" 1392 0.0642 46.0° 0.92f 677"
2 13.52 73.6' 1322 0.0752 57.54 0.84¢ 6329
3 27.0¢ 71.9 2220 0.0722 46.10 0.49° 6469
4 33.3¢ 41.9¢ 5452 0.089f 4440 0.252 679"
5 27.0¢ 71.9 2220 0.0722 46.10 0.49° 6469
6 34.9¢ 36.9¢ 602f 0.096¢ 32.92 1.43h 707!
7 13.22 75.41 1182 0.09¢ 53.3d 0.81¢ 706'
8 16.82 67.1h 185b 0.098° 51.3¢ 0.87f 663"
9 20.5P 43.94 338¢ 0.086° 43.8° 1.059 6089
10 21.6¢ 88.7 1920 0.098¢ 45.1b 0.55¢ 6219
1 31.3° 64.0" 415d 0.093¢ 61.7¢ 1.199 6329
12 37.7h 49.5f 639f 0.0814 56.14 0.162 3422
13 15.42 53.2f 204b 0.0812 54.74 1.831 5322
14 27.0¢ 71.9 2220 0.0722 46.10 0.49° 6469
15 34.3¢ 54.5f 373¢ 0.083¢4 60.8¢ 0.49° 502¢
16 4511 37.0° 794h 0.069° 56.24 1.059 526°
17 63.7' 18.12 1684! 0.076° 58.2¢ 0.64¢ 432¢
18 35.4f 55.5 551¢ 0.084¢ 59.0° 0.282 4834
19 34.9¢ 42.84 556¢ 0.090° 57.3d 0.714 551f
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20 58.4K 49.6f 863" 0.057f 56.74 0.96f 366°
21 27.0¢ 71.9 2220 0.0722 46.10 0.49° 6469
22 36.3 29.6P 825h 0.097° 50.9¢ 1.841 554f
23 34.6° 47.52 649f 0.096° 53.2d 1.891 405¢
24 56.1K 4254 10431 0.0814 42.8° 0.47° 3392
25 20.8° 60.79 339¢ 0.086° 59.1¢ 0.84¢ 4869
26 27.09 71.9 2220 0.0722 46.1° 0.49° 6469
27 49.4i 37.5¢ 978 0.076¢ 56.0¢ 1.049 420°
28 27.0d 71.9 2220 0.0722 46.1° 0.49° 6469
29 57.4% 24.8> 1508k 0.0679 46.4° 0.362 429¢
30 19.6° 29.5P 7399 0.0824 56.24 0.352 4734
Different superscripts in the same column indicate significant differences (P<0.05).

Table 2: Mechanical, physical and barrier properties of multi-composite gelatine films according to the blends.

Mechanical properties

The ANOVA for response surface linear model on the mechanical
properties such as TS, EAB and YM of multi-composite gelatin films
are given in Table 3. The results indicated that chitosan had significant
effect (p<0.01) on TS of the films. Increase in the TS with the addition
of chitosan has been reported by Pierro et al. [23] in ovalbumin films
and in tuna skin gelatin films [20]. But, increase in protein (3-5%),
plasticizer (20-40%) and MMT (0.25-0.75%) concentrations did not
influence the TS (p>0.05). A decrease in the TS of gelatin films with
the addition of sorbitol has been observed by some workers [18,24] due
to reduced intermolecular bonds between gelatin chains [25].

On the other hand, the chitosan had influenced the TS of the films as
there were strong interactions between anionic gelatin and cationic
chitosan by electrostatic/ hydrogen bonding during film formation.

Perturbation Gelatin+ sorbitol Chitosan+ MMT

........ on

TS

p-value Prob>F EAB .. ,
TS EA | YM | Thicknes | Solubilit | Transparenc | WVT
B s y y R -
Gelatin 040 | 0.9 | 0.2 | 0.01 0.66 0.01 0.23
3 9 ™ ) -
Plasticize | 0.33 | 0.1 | 0.2 | 0.66 0.02 0.33 0.53
r 0 4 o
MMT 0.70 | 0.0 | 04 | 0.75 0.87 0.01 0.50
5 |3 Figure 1: Effect of four variables on mechanical properties of multi-
) composite gelatin films by RSM. TS-Tensile strength; EAB-
Chitosan :0.0 2.0 ?.0 0.01 0.16 0.90 0.03 Elongation at break; YM- Young’s Modulus.

Table 3: ANOVA for response surface linear model on the properties of
multi-composite gelatin films.

There are few earlier reports stating that the TS of gelatin films were
influenced by the protein and chitosan concentration [26,27]. Also,
many of the earlier reports suggested that the TS of gelatin films
increased with an increasing MMT concentration [13,18]. It was also
further evident that the incorporation of MMT within the gelatin
molecules leads to unfold the gelatin molecule by hydrogen bonding
[28]. But, our results did not show any significant effect by MMT as the
ANOVA predicted the combination effect of all the four variable
factors, which could not be assessed otherwise by simple experiments.

The ANOVA indicated that the protein and sorbitol concentrations
did not significantly affect the EAB (p>0.05) (Table 3), but
perturbation studies showed positive effect on EAB by the sorbitol
(Figure 1). An increase in EAB was observed by few workers with the
increase in the plasticizer concentration in wheat gluten films, in
brown and bigeye red snapper skin gelatin films and in chitosan films
[25,27,29]. The increase in EAB was attributed to the formation of
hydrogen bonding with gelatin chain by the sorbitol resulting in a
reduction of intermolecular interactions [11]. In multi-composite
gelatin films, however the effect of sorbitol on elongation of film was
masked due to interference of chitosan-MMT-gelatin interactions
resulting in the reduction of intermolecular spaces between gelatin
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molecules (p<0.05). A decrease in EAB by incorporation of chitosan
was reported by some workers in food grade gelatin and tuna skin
gelatin films [16,20]. In addition, the effect of MMT was also noticed in
decreasing the EAB of the films (p<0.05).

The response surface linear model ANOVA indicated that the YM
was not significantly influenced by the increase of gelatin, sorbitol and
MMT concentrations (p>0.05), but increased by chitosan
concentration (p<0.01) (Table 3). Perturbation studies, however,
showed some increase of YM by the protein and MMT concentrations
and negative effect by sorbitol (Figure 1). Our earlier study also showed
an increase in YM of the redsnapper and grouper bone gelatin films
with incorporation of chitosan and MMT [18]. The increase was
caused by the gelatin-chitosan interactions that interfere with the
gelatin network formation [30].

Physical properties

The ANOVA indicated that the protein and chitosan greatly
increased the thickness of the gelatin films (p<0.01), while sorbitol and

MMT did not exhibit any influence (Table 3) and the same was
exhibited in the perturbation chart (Figure 2). The increase in
thickness of films with the increase in protein concentration has been
reported in bigeye and brownstripe red snapper skin gelatin films due
to more protein aggregation [25,26]. Similarly, the influence of
chitosan on the thickness of tuna skin gelatin-chitosan films was
reported by Gomez-Estaca et al. [20]. The interaction of gelatin with
the high molecular chitosan could be responsible for the increased
thickness [18]. Earlier reports claimed an increase in thickness with
increasing plasticizer concentration in cuttlefish skin gelatin films and
pigskin gelatin films [31,32]. In the present study, the sorbitol effect
was insignificant due to the prominence of protein-protein and
protein-chitosan interactions. The MMT did not influence the
thickness as they tend to uncoil the triple helical chains of gelatin
molecules. Besides, sorbitol and MMT are smaller molecules than
gelatin and chitosan to greatly influence the thickness of the films.

Perturbation

Gelatin+ sorbitol

Chitosan+ MMT

DESIGN-EXPERT Plat

DESIGN-EXPERT Plot

Perturbation

Thideess

ApD

SSaWpIYL

Deviation from Reference Point

DESIGN-EXPERT Plat Perturbation DESIGN-EXPERT Plat

&qnyog
o

Deation frem Reference Paint

& Fas

B: Flasticizer 275" 3

DESIGN-EXPERT Plot
Thickness

X=C: MMT
¥=D:Chitosan

Actual Factors ia

A Gelatin = 400

B Plasticizer =300 12 |
11

10

gw

eizer 275 75 it
038

250 350

100

A: Galatin o4 i
250 350 <

Figure 2: Effect of four variables on thickness and solubility of multi-composite gelatin films by response surface methodology.

The ANOVA indicated that the water solubility of the gelatin films
was greatly increased by sorbitol (p<0.05) and the other factors did not
exhibited any influence (p>0.05) (Table 3). The collective hydrophilic
nature of gelatin and sorbitol had contributed for the increase in the
water solubility [33]. However, perturbation chart showed some effect
by chitosan in reducing the solubility (Figure 2). A decrease in the
water solubility with the addition of chitosan has been reported in
bovine-hide, and in tuna skin gelatin films, due to the cross-linking of
proteins with chitosan through electrostatic interaction [20].

Barrier properties

Transparency and WVTR are important barrier properties that
make an edible film suitable for food packaging applications. The

ANOVA indicated that the protein and chitosan exhibited lower value
of light transmission, while sorbitol did not exhibit any significant
effect (p>0.05) (Table 3). The lower degree of light transmission with
chitosan and protein indicated that these molecules improve the light
barrier properties of gelatin film.

On the other hand, the MMT increased the films transparency value
(p<0.01) as clearly seen in chart (Figure 3). The gelatin molecule tends
to unfold as they adsorb MMT at the interlayer surface and their
maximum contact with the surface lead to decreased light barrier
property of the gelatin films. Hoque et al. [31] reported that a decrease
in transparency increases the light barrier property of the gelatin films.
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Figure 3: Effect of four variables on light transmission and water vapor permeability of multi-composite gelatin films by response surface

The ANOVA indicated that the effect of chitosan was significantly
high in reducing the WVTR of the gelatin films (p<0.05) than the
other variable factors (p>0.05) (Table 3). The chart showed that all the
variable factors did have some influence on the WVTR (Figure 3), but
the effect was more pronounced with chitosan. Earlier, researchers
have observed that an increase in plasticizer concentration had
increased the WVTR in rice starch films and chitosan films [33,34]. On
contrary, Kowalczyk and Baraniak [35] found that an increase in
sorbitol concentrations did not affect the WVTR of pea protein isolate
films, in support to our findings. The effect of chitosan on WVTR has
been reported earlier in grouper and red snapper gelatin films and in
bovine-hide, tuna skin gelatin films [18,20]. The protein-chitosan
interaction decreases the free volume between the gelatin polymer
matrixes and reduces the WVTR of the films.

Conclusion

From the above results, the response surface methodology applied
to the model enabled to understand the behavior of different variable
factors on the mechanical, physical and barrier properties of the gelatin
films. Also, the effect of every individual factor was influenced by the
interaction of other variable factor in multi-composite gelatin films
properties. Predictive models indicated that gelatin films with high TS,
EAB and YM could be formulated with gelatin 4.40%, sorbitol 29.0%,
MMT 0.38% and chitosan 3.25%. This property is adequate to prepare
gelatin films with strength and flexibility. Gelatin films with low
WVTR and solubility could be made with the blend that possess
protein 3.50%, sorbitol 25.0%, MMT 0.60% and chitosan 3.25%.
Opagque gelatin films with good light barrier properties can be made
with minimum amounts of sorbitol 30.0% and MMT 0.50% and
maximum amounts of protein 5.0% and chitosan 2.50%. In conclusion,
the prepared multi-composite fish gelatin films with desirable

properties could be suitable biomaterials in biomedical and
pharmaceutical industries as alternatives to mammalian gelatin films.
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