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ABSTRACT: Consequent to the recent global interest in biodegradable packaging in food
and allied industries, this study investigated effect of blend ratio of the hybrid polysaccharide
of corn starch and red seaweed on the properties of the developed film. The properties
investigated include physical properties (thickness and water vapour permeability),
mechanical properties (tensile strength, elongation and modulus) and optical properties
while the complementary properties such as scanning electron microscope (SEM) and
Fourier transform infrared (FTIR) spectroscopy were used to analyse possible chemical
interactions within the films. Films manufactured with 100% corn starch (CS) exhibited the
lowest quality while the films developed from seaweed (SE) blend exhibited higher quality.
Based on complementary analysis result, there was an excellent blend of the filler and
the polysaccharide matrix. The overall film properties improved with the increase of the
blend ratio. The results of the Young’s modulus (YM) complemented the results obtained
for the tensile strength (TS) and the percentage elongation (E). The solubility value of the
composite films justifies them as good candidate for the food packaging applications.
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1. INTRODUCTION

Synthetic plastics are vastly utilised since the twentieth century as they can be
easily processed at low cost to obtain the desired functional properties. However,
the disposal of these materials has created negative impacts to the environment
and this has caused consumers today to become more aware of the consequences.!
They have begun to focus on sustainability and supporting the efforts of bio-
based options in industrial development. Hence, composite materials derived
from biodegradable polymers such as polysaccharides, proteins and lipids are
highly sought after by the current research community due to their distinctive
features compared with synthetic polymer materials, e.g., their nontoxicity,
biodegradability and abundant availability.

An individual polymer may show poor properties such as hydrophilicity, water
solubility or weak mechanical strength. This can be effectively overcome by
selecting an appropriate polymer to blend with in order to capitalise the maximum
possible properties in the structure.® Polymer blending is a useful technique which
utilises low cost conventional technology to modify properties when needed.
However, the aim of polymer blending is to increase the possible capacity of the
performance of the material instead of altering the properties to a drastic level.*

As an alternative choice to replace the synthetic material, starch polymer plays an
important role amongst the other biodegradable materials. It is widely utilised in
both food and non-food applications such as edible packaging, adhesive, textile
sizing and cosmetic products because it is easily obtainable, abundantly available,
cheap, biodegradable and exhibits biocompatible features.> Starch is essentially
comprised of linear amylose and branched amylopectin. The relative amount of
both of these macromolecular components in starch is dependent upon the source
of the plant. It is known that cornstarch is composed of 30% amylose and 70%
amylopectin. The starch-based polymer, also known as thermoplastic starch
(TPS), can be prepared by heating starch granules in the presence of a plasticiser,
commonly water or glycerol. Although starch-based films are transparent, odourless
and oxygen-impermeable, the fact that they are brittle and hydrophilic in nature
has restricted their use in many applications.® An effective way to overcome these
drawbacks is by mixing the films with other natural polymers that have compatible
interactions with starch.’

To fulfil the surging demand for natural and renewable materials, bio-based material
from the marine environment especially seaweed, has received plenty attention
recently. Seaweed could be a suitable candidate as a biopolymer as it is made up
of bountiful polysaccharides, providing itself a large array of functional properties
like good gelling ability, recyclability, thermal stability and effective against health
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risk.® Alginate, agar and carrageenan are the most common polysaccharides derived
from seaweed that have been utilised as film-forming materials. They have been
explored extensively in several fields related to functional food, tissue engineering,
drug delivery and textile sizing applications.”!® However, the extraction process is
not environmentally and economically friendly because it requires high amount of
chemical and energy consumption.'! Moreover, it is believed that pure seaweed also
contains other non-polysaccharide compounds that contribute to the film forming
abilities of seaweed, including proteins and lipids."> Kappaphycus alvarezii (K.
alvarezii) is a type of red seaweed which is largely cultivated for the production of
the hydrocolloid known as kappa-carrageenan (k-carrageenan).'* Previous studies
have reported the feasibility of films developed from native K. alvarezii seaweed,
with or without incorporated fillers, that have attained substantial mechanical
strength and other functional properties that are required for several industrial
applications.'*!6

There has been a great interest to focus on binary mixtures of starch and seaweed
derived polymers over the years, and significant improvement has been reported
in the mechanical strength and other properties of the starch-based films.>!”'® To
the best of the authors’ knowledge, a biopolymer composite film prepared from
starch and native seaweed has not yet been explored. This study aims to provide
knowledge on the effect of blend ratio on the properties of corn starch and red
seaweed blend film.

2. EXPERIMENTAL

2.1 Materials

Corn starch (CS) of Bintang Brand was purchased from Thye Huat Chan Sdn.
Bhd., Malaysia with moisture content of 10.11%. Red seaweed (K. alvarezii) (SE)
species was supplied by Green Leaf Synergy Sdn. Bhd., Tawau, Sabah. The dried
seaweed was washed with running water to eliminate impurities and dirt. It was
then soaked in distilled water for 3 h to be allowed to swell and soften. Later the
softened seaweed was cut and chopped into pieces with a knife and dried in oven
at 40°C for 3 days. Analytical grade glycerol (GLY) purchased from Ajax
Chemicals, Sydney, Australia Pty. Ltd. was used without further analysis as
plasticiser.

2.2 Fabrication of Starch/Seaweed Blend Films

Both solutions of 3% (wt/vol) SE and 1% (wt/vol) CS was mixed at different
ratios as shown in Table 1. Seaweed solutions were prepared by soaking the
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seaweed particles in distilled water overnight forming gelatinised seaweed.
A 30% (wt/wt) glycerol was added to the solution according to each film code. The
blending ratio of the SE/CS samples is shown in Table 1.

Table 1: Composition and coding of starch and seaweed films.

SE:CS ratio SE (% vol/vol) CS (% vol/vol) GLY (% wt/total wt)
100:0 (Blank SE) 100 0 30
90:10 90 10 30
80:20 80 20 30
70:30 70 30 30
60:40 60 40 30
50:50 50 50 30
0:100 (Blank CS) 0 100 30

The composite film was prepared by blending the mixture of CS and SE solution
at 250 rpm for 20 min to ensure homogeneous dispersion. To ensure that the film
forming solutions were completely solubilised, they were heated (below 90°C
to prevent degradation) for 30 min with continuous agitation until clearer and
diluted solutions were observed. They were later allowed to cool for 5 min and
degassed under vacuum to remove bubbles trapped in solutions. After cooling,
the film forming solutions were filtered using a 1.0 mm pore-size stainless steel
sieve to further remove insoluble particles and bubbles. Then the filtered solution
was cast on the Teflon-coated plates with dimensions 37 cm X 25.5 cm. They were
oven-dried at 40°C for 24 h. The dried films were then removed from the plates.

All of the freshly fabricated films were conditioned prior to subjecting them to
further testing for mechanical and water vapour barrier properties in accordance
with ASTM D618-61 (1993). All of the films were kept in sealed plastic bags and
then stored in desiccators containing saturated sulfuric acid solution at 55% + 2%
RH and 27°C £ 2°C for 3 days.

2.3 Characterisation of CS/SE Blend Films

2.3.1 Film thickness

The manufactured films were cut into strips with the dimensions 2 cm X 15 cm.
The film thickness was measured using a TMI Digital precision Micrometer model
49-86 with digital linear encoder measuring system and an ultra-clear, easy-to-
read digital display from TMI Trading Co. Ltd. (Shanghai, China), at five random
locations on the film and the average was reported.
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2.3.2 Tensile properties

The tensile properties, i.e., tensile strength (TS), elongation (E) and Young’s
modulus (YM) were analysed using a Miniature Tensile Tester MT1175 (Dia-
stron Instruments, United Kingdom) programmed with UvWin1000 software, in
reference to ASTM D882-02 (Standard, 2002) conditioned at 58% RH and 28°C.
Ten specimens with dimension 150 mm % 10 mm were cut with a pen knife.
The condition was set at 100 mm of initial grip separation and 50 mm min™' of
crosshead speed.

2.3.3 Water solubility

The water solubility of the films was determined by the method described
by Romero-Bastida et al., with slight modification.!” The films were cut into
dimensions of 30 mm x 30 mm, weighed before immersing in distilled water
agitated for 30 min at 200 rpm and 25°C + 2°C in an orbital shaker (Infors HT,
Switzerland). The film solution was then filtered oven dried at 40°C for 24 h to
obtain constant weight. The solubility of the blend films was calculated as the
equation below:

weight before immersion — weight after immersion
weight before immersion

Solubility (%) = X 100% (1)

2.3.4 Water vapour permeability

The water vapour permeability (WVP) of the film samples was determined
according to the techniques in ASTM E96-95 (1995) standard.?’ Five specimens
of each film formulations were cut into a size equal to the mouth diameter of the
polypropylene circular cups. The cups were filled with 20 ml of distilled water and
the specimen sheets were attached and flatly sealed on top with vacuum grease.
They were then weighed, and their initial reading was recorded before placed into
a controlled chamber conditioned at 50% + 5% RH and 25°C + 2°C. Weights
of the cups were taken every hour for a total of 6 h. The line graphs of weight
changes against time were plotted and the slopes were calculated with regressions
coefficient of > 0.99. The water vapour transmission rate (WVTR) (g m*h') and
WVP (g Pa’'s'm™) of the films were calculated as following equations below:

total weight of moisture loss ( g)

TR (gm™h')=
WV (g m "h > total time (day ) X exposed surface area (m?)

slope of the graph

2

exposed surface area (mz)
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WVP(gPa's 'm™")=(WVTR X t)/P (3)

where t is the thickness of film (m), WVTR is the water vapour transmission rate
(g m?h™), and P is the partial pressure difference of saturated water vapour across
the films (Pa).

2.3.5 FTIR Spectroscopy

The appearance and disappearance of functional groups occasioned by the possible
chemical interactions during the film formations were monitored using Fourier
transform infrared (FTIR) spectra which were recorded with infrared spectrometer
(Spectrum 8900 IR Spectrometer, Shimadzu, Japan) using Attenuated Total
Reflectance mode. Samples of dimensions 30 mm X% 30 mm were prepared.
Spectral measurements were performed in the transmittance mode. Ten scans of
each sample were obtained at the range of 4004000 cm™! wavelength.

2.3.6 SEM

The microstructural features of the surface of the films were examined using
scanning electron microscopy (SEM) with model of EVO MA10 (Carl-Zeiss
SMT, Oberkochen, Germany). Before the specimens were to be examined, they
are bonded electrically to a SEM holder with double-sided carbon adhesive tape
to minimise exposure to electron beams and avoid surface charge form on the
specimens. The specimens were then sputter coated with a thin layer of gold-
palladium by Polaron SC515 (Fiscons Instruments, United Kingdom). The images
were taken at 100X and 500X magnifications controlled at accelerating 15 kV
voltage.

2.3.7 Statistical Analysis

IBM SPSS software, Windows version 22 (IBM, New York, United States) was
used to analyse the data statistically from each test conducted in this work. The one-
way analysis of variance (ANOVA) was applied to analyse the mean differences of
all the data. Multiple comparisons of the differences in mean results of all samples
were also evaluated using the Tukey’s Test.
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3. RESULTS AND DISCUSSION

3.1 Mechanical Properties

29

The result of the mechanical properties for composite films with maize starch and
red seaweed at different blend ratio in this study was in Table 2. From the result,
the tensile properties were represented by TS, E and YM and the water properties

represented by WVP.

Table 2: Mechanical and water barrier properties of the blend films.

Sizﬁsr;ﬁo Thickness (mm) TS (MPa) E (%)
100:0(SE) 0.1310 + 0.0025° 72.86 + 1.52% 15.87 = 1.67"
90:10 0.1061 + 0.0034° 77.00 +2.10° 16.77 = 0.87%¢
80:20 0.1233 + 0.0063* 76.70 + 3.54° 17.87 = 1.31%
70:30 0.0815 +0.0011¢ 66.81 +3.73" 16.57 = 1.18%¢
60:40 0.0851 + 0.0009¢ 59.82 +3.26° 14.43 = 1.40°
50:50 0.0790 + 0.0053¢ 58.01 £2.37 19.23 +2.17°
0:100(CS) 0.0510 + 0.0014¢ 14.66 + 1.81¢ 543 +1.914
gsrﬁsrzltio YM (%) WVP (gPa'm's™)

100:0(SE) 4.63+0.59b 3.85E-10 + 0.08a

90:10 4.60 % 0.29b 3.12E-10+ 0.10b

80:20 431 +0.45b 3.63E-10 = 0.09a

70:30 4.05+0.35b 2.40E-10 + 0.03c

60:40 4.16 % 0.60b 1.67E-10 + 0.06d

50:50 3.02 +0.08b 2.32E-10+0.12¢

0:100(CS) 14.20 + 0.6% 1.00E-10 + 0.05¢

Note: a—frepresent significantly different values (p < 0.5) analysed by Tukey’s Test

Comparing the control films, CS had weaker TS (14.66 MPa) than the SE which
was 72.86 MPa. This can be due to the existence of linear sulphated polysaccharides
in SE especially the k-carrageenan which consists of alternating chains of
D-galactose-sulphate and 3,6-anhydrogalcatose, and owns only one negative
charge per unit of disaccharide. Therefore, it is inclined to form strong and rigid
gel.'82122 Tt was also observed that the TS of the composite films increased with
the seaweed/starch blend ratio from 50:50 to 90:10 (SE: CS). This also indicated
the improvement of TS of the films with the increase of SE content in the films.
This is attributable to the interactions and compatibility of the CS and SE in the
matrix. Similarly, the improvement of TS of the composite films was attributed to
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higher -OH content of SE which promoted more double helix associations of SE
to exist in the film matrix, hence this allowed more rigid network to be formed and
therefore resulted in composite films with stronger TS.*

Moreover, as both CS and SE are hydrophilic in nature, this could promote good
interactions between CS and SE resulting in good compatibility between them
in the matrix formed. This could be associated with the chain pairing reaction
between CS and SE. Similar explanation has also been previously reported.® As
the x-carrageenan, the main polysaccharide components existed in the SE species
used in this study, owns a net negative charge, this allowed it to be sensitive to the
electrostatic interactions with other polymers by pairing with the positively charged
groups, e.g., starch endogenous protein.**?¢ The observed improvement in TS of
the manufactured films was similar to a number of findings in the literature.”!>18:23

The percentage E of the composite films with the effect of blend ratio is shown
in Table 2. The elongation E of the blend ratio ranged from 5.43% to 19.23%.
Comparing the control films, pure starch film (CS) with 5.43% had weaker E than
the pure seaweed film (SE) with 15.87%. Among the films in this stage, composite
film with 50:50 (SE:CS) blend ratio exhibited the highest E, which was 19.23%.
Although the increment of SE:CS blend ratio did not show a clear pattern on the
E results, however, the addition of SE into CS showed higher E results than the
control CS film, indicating the improvement in flexibility of the films. This can be
related to the hygroscopic nature of SE which promotes plasticising effect in the
matrix.'

The behaviours of TS and E of the composite films with the blend ratio effect could
also be verified with the YM values in Table 2. YM is a parameter that defines the
tendency to deform by forces. It is known that a more flexible material has a lower
YM, indicating that the material has higher ability to be deformed with less force.?
The YM values of this stage ranged from 3.02 MPa to 14.20 MPa. Although the
effect of blend ratio has no effect on the YM results of the composite films, the
YM result of the control CS film which was 14.20 MPa was relatively higher than
the films containing SE that were within 3.02 MPa to 4.63 MPa, regardless of the
variation of blend ratio. This indicated that the incorporation of SE into CS had
improved the flexibility of the films. A similar phenomenon was also reported in
other composite systems, in which the incorporation of a seaweed-derived polymer
(e.g., carrageenan) improved the flexibility of polyvinyl alcohol-based film.”

The WVP results of the composite films with different blend ratios
(Table 2) shows that the control CS film gives the least WVP which was
1.00 x 10" g Pa! m' s! among the other films, whereas the control SE film
showed the highest WVP which was 3.86 x 107'° g Pa' m™' s™'. The trend of the
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WVP results of the composite films with the increment of SE:CS blend overall
increased with the thickness of films as the total concentration of both CS and SE
components increased due to the enrichment of free hydroxyl groups from both CS
and SE enhanced the interactions with the water molecules. Thus, this promoted
higher permeation rate of water across the film membrane.

However, regardless of the control films (CS and SE), the composite film with
60:40 blend ratio showed lowest WVP result which was 1.67 x 10* g! kPa™! s
among the other composite films in this stage. The difference in WVP results with
the effect of blend ratio could be due to the difference in interactions within the
matrix components.® When strong interactions occurred within the CS and SE
components, a compact structure of matrix was formed, and this could reduce
the free volume in matrix and also inhibited the intermolecular and hydrophilic
interaction of water occurring in the film.”

3.2 Film Solubility

The water solubility of the composite films developed from CS/SE blend ratio
were shown in Figure 1. Water solubility test is a measurement of film’s resistance
to water and it is closely related to hydrophilicity of a material.”® It is an important
parameter especially in packaging application where high water activity or
high moisture contact can occur in the film coating for food.” Insoluble film is
functional to situation whereby solubility can be controlled in order to prevent food
from moisture loss.*® Films with higher water solubility mostly have lower water
resistance. However, this feature may be a merit to situation where the material
is needed to melt upon consumption or to be used as biodegradable packaging
material.?

100.00

90.00

80.00 . I
£ 7000 53 Z
z  60.00 8
3 5000 S
= 40.00 5
230,00 2

20.00 8

10.00 2

0.00

SE3 [ 90-10 70-30 50-50 | MsI

Solubility | 87.39 | 77.45 78.10 | 73.12 | 70.66 | 13.43

Film

Figure 1: Water solubility results of the composite films with the effect of blend ratio.
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From the result, CS exhibited relatively lower water absorption value which was
13.43% than the SE film. The moisture content of the composite films generally
increased with the increment of SE:CS blend ratio up to 80:20. These results were
attributed to the polyelectrolyte nature of SE which contains hydrophilic sulphate
esters and cations that were involved in the structural changes of SE helices to coil
conformation when in excess water.>! Meanwhile, the water solubility of composite
film at 90:10 (SE:CS) blend ratio fluctuated to a lower value of 77.45%. It can
be associated with the interaction mechanism that the formation of cross-linking
between the chains of SE polysaccharides and addition of low amount of CS into
the matrix has acted as filler to further strengthening the network. This could reduce
the availability of free hydroxyl groups in composite films to have the hydrophilic
interactions in excess water.*> The solubility values of the composite films were
in the range of 70.66% to 77.45%, which were good merits for the packaging
applications. As the water solubility of the composite films exhibited higher results
than the pure starch, this indicated that they had better rate of decomposition.?

3.3  Film Opacity

Protection against the light deterioration is also an important aspect in film
packaging applications. Figure 2 presented the opacity results of the maize starch
and red seaweed films with the effect of blend ratio. The opacity results of the films
with the effect of blend ratio in this stage ranged from 14.73 to 16.00. Among the
control films, the SE film with 16.00 exhibited higher opacity result than CS with
14.73, indicating that the pure SE film was able to block more light transmitted
across the film than CS. It was noticeable in general that the opacity results
significantly increased with the increment of SE:CS blend ratio. This also can be
related to the SE component contains light-absorbing pigment namely carotenoid
which inhibited the light rays from penetrating across the film.>* The opacity
results of the films in this study are in line with study reported by Larotonda which
stated the increase of carrageenan content decreased the transparency of the starch-
carrageenan films, as the low transparency implies that it has high opacity.**

3.4  Spectra Analysis

FTIR spectroscopy was used to monitor changes of chemical groups such as
shifting of peak intensity and absorption band.* In composite films, compatibility
is assured when the presence of molecular interactions is detected in the FTIR
analysis.?’ The IR spectra of the control films and composite films are shown in
Figure 3. As shown in Figure 4, the region within the 3100 cm™ to 3500 cm™
absorption band represented the stretching vibration of the hydroxyl group.
In addition, spectral bands within 2800-3000 cm™ denoted the -CH stretching
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region in the composite film.** The region ranged between 700-1400 cm!
correspond the functional groups of carbohydrates in the polysaccharide
components which exist in the films.3? The distribution of these absorption bands
are in conformity with the results reported previously including the k -carrageenan/
locust bean gum films, 1-carrageenan/rice starch films, carrageenan/sago starch and
also the galactomannan films.3°323¢
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Figure 2: Opacity results of the composite films with the effect of blend ratio.
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Figure 3: IR spectra of the control films and the composite films varying with different
SE:CS blend ratios.
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Figure 4: Micrographs of all the films at red seaweed:maize starch blend ratio at
(a) seaweed (control), (b) 90:10, (c) 80:20, (d) 70:30, (e) 60:40, (f) 50:50 and
(g) corn starch. Observed at 500X magnification.

The characteristic bands of the starch and seaweed identified from the spectra
analysis of the control films (CS and SE film, respectively) were as shown in
Tables 3 and 4. As highlighted in Figure 3 and Table 3, the pure seaweed film
SE showed its main absorption bands at 1219 cm™, 920 cm™ and 845 cm™' that
correspond to the S=0 bond of the sulphate ester, C=0 and C-C bond vibrations
of 3,6-anhydrogalactose, and also the stretching of D-galactose-4-sulfate,
respectively.’’*® As mentioned in the literature, the difference in the content of
these sulphated polysaccharides compounds in SE component affects the properties
of seaweed in terms of gelling ability, solubility, melting temperature, setting and
texture.”** Thus, it can be deduced that varying the seaweed concentration in this
study obliquely affected the properties of the composite films, as the content of the
polysaccharide compounds that exist in seaweed component also differed.
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Table 3: Characteristic bands of the seaweed component identified through the spectral
analysis of the control SE.

SE
Wavenumber (cm™) Groups
422 and 600 Chlorophyll a, carotenoid, and phaeophytin pigments stretching
571 Phosphate groups stretching
700 N-H group bending
845 -O-S0; of D-galactose-4 sulphated
920 C-O-C vibration of 3,6- anyhydro-galactose
1038 C-0O and C-C stretching of pyranose ring
1219 S=0 bond stretching of sulphate ester groups
1366 and 1640 Carbonyl groups stretching
2920 Free methyl groups stretching
3323 Free OH, SO, and NH groups stretching vibration

Table 4: Characteristic bands of the starch component identified through the spectral
analysis of the control CS.

CS
Wavenumber (cm™) Groups
573,760, 858 and 928 Anhydroglucose ring stretching vibration
999, 1078 and 1150 C-O bond stretching
1649 Water
2933 C-H bond stretching
3283 Free, inter, or intramolecular -OH groups stretching vibration

The spectral analysis of the CS film also displayed the presence of pigments
existing in seaweed component that gives it the yellowish colour which the
wavelength ranged between 422 cm! and 600 cm™.*° This observation also verified
the obtained and discussed optical properties’ results of both stages in this study.

Other main absorption peaks of seaweed component observed at the spectral
analysis of the control seaweed film SE included the methyl group stretching at
2940 cm!, carbonyl groups stretching at wavenumbers 1366 cm'and 1640 cm™,
and glycosidic linkage which joined the galactan units of seaweed stretching at
1034 cm™. In addition, the protein components that exist in seaweed can also be
detected by the spectral analysis including the bending of N-H group located at
700 cm™!, and also 571 cm™! corresponding to the stretching of the phosphate group
in seaweed component.*! Wavenumbers at 1078 cm™, 1150 cm ™! and 1005 cm™!
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corresponded to the C=0 bond stretching; anhydroglucose ring stretching vibration
at 573 cm™, 760 cm™', 858 cm™! and 928 cm!, also at 1649 cm™! attributed to
the water molecules presented in starch; stretching of C-H bond corresponded at
2933 cm™'; and lastly a broad brand vibration at 3283 cm™! due to the stretching of
free, intermolecular, or intramolecular -OH groups in starch.*>+

As mentioned, the molecular interactions occur within the maize starch and red
seaweed in the composite films can be identified through spectral analysis by
observing the shifting of absorption peaks and decrement in the peak intensities
in respective to their characteristic groups.® It can be observed through Figure 3
that the decrement of starch’s characteristic band intensities in the composite films
at 573 cm™ and 1150 cm™! wavenumbers with the increase of SE:CS blend ratio.
At the same time, the peak intensity of the seaweed’s characteristic groups in the
composite films at 845 cm™, 922 cm™!, 1038 ecm ™! and 1219 cm™! wavenumbers
also decreased with the decrement of SE:CS blend ratio (Figure 3).

On the other hand, the shifting of the absorption bands of the characteristic
groups with the effect of blend ratio in maize starch and red seaweed films can
be observed (Figure 3) in which the -C-O bond and C-C bond of the glycosidic
linkages at 1038 cm™ (SE) shifted to 1028 cm™ (50:50) and the C-O bond
stretching at 1150 cm™ (CS) shifted to 1152 cm™ (50:50). The shifting of
CO- absorption peak in both SE and CS could relate to the interactions among
themselves. Similar observation was also shown in the k-carrageenan/locust bean
gum film.* In addition, other shifted peaks also can be observed at: 1219 cm™!
(SE) to 1236 cm™ (60:40) corresponded to the S=O bond of sulphate ester groups
and also at 2933 cm™ (CS) to 2960 cm™ (80:20) associated with the stretching
of methyl groups, could be due to the physical entanglements between the two
materials involved with hydrogen bonding.®**3? The pattern of shifting of the
absorption peaks involving both the components simultaneously showed that there
are molecular interactions happening within the two components in the composite
films with the effect of SE:CS blend ratio. This also obliquely implies that the
components are mutually compatible.’> The observations were also in conformity
with other studies including k-carrageenan/thermoplastic starch film and also
K-carrageenan/ locust bean gum film.>?

3.5 SEM

The surface morphology of the films of maize starch and red seaweed in different
blend ratio was observed by SEM analysis and the micrographs of the film surface
are displayed in Figure 4.
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It can be observed in the micrographs that there were slight difference in surface
structure between the composite films (with different SE:CS blend ratios) and the
control films (SE and CS). Regardless of the SE:CS blend ratio, the composite
films exhibited rougher and denser surface with the presences of wrinkles and
aggregates in comparison to the control films. This might be due to the embedment
of the starch particles into the seaweed matrix. Similar observation also discussed
by previous works, observed that during the nanocellulose particles agglomerated
in agar matrix when the agar concentration was high in the composition.*
However, although the composite films appeared rougher and denser, it can be
observed that these irregularities distributed uniformly throughout the surface of
the matrices, implying that there is good homogeneity in the composite films’
structure.

Overall, it also can be said that all the films formed by maize starch and red seaweed
showed uniform distributed and compact surface structure without any cracks. This
can be explained by that the components in the matrix are good adhesion and thus
led to a good homogeneity in film surface.'®* Besides that, the good homogeneity
of films’ surface could also relate to the processing of film preparation when all
the components including starch, seaweed and glycerol were subjected to even
stirring and heat before the film fabrication step, and thus a stable mixture can form
a uniform structure of film. Previous studies also showed and discussed about the
significance of continuous heat and stirring application during the film preparation
and thus affecting the homogeneity of the starch and extracted seaweed films.!*#°

Moreover, it can also be observed that there were no phase separations that can be
detected in the composite films with different blend ratios. This indicated that there
was a good compatibility between the components in the matrix of the composite
films. This observation also supported the discussion on the film properties in the
previous subsections that there were good molecular interactions between maize
starch and red seaweed in the matrix, and thus led to a good compatibility between
the components.*

4. CONCLUSION

The composite films from red seaweed and corn starch blend plasticised with
glycerol were successfully developed by simple solvent casting method. The overall
results of the evaluation on the films’ properties in this study showed blend ratio of
corn starch and red seaweed have different strength of molecular interaction within
themselves, and in turn, affecting the properties of the obtained composite films
differently. Composite films with higher seaweed content were observed to have
improved mechanical properties, water absorption, water solubility and opacity.
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Besides that, the water vapour permeability of the composite films increased
linearly with the increase in content of both starch and seaweed. In particular,
the composite film with 80:20 (red seaweed:corn starch) blend ratio exhibited
the highest tensile strength and the composite film with 60:40 (red seaweed:corn
starch) blend ratio exhibited the best water barrier and the highest thermal stability
result among the other composite films. Spectral analysis by FTIR revealed the
molecular interactions occurred within corn starch and red seaweed in the matrix
and this also proved the good miscibility of the two components in the matrix of
the composite films. Morphological analysis showed that all the films fabricated
by corn starch and red seaweed had homogeneous, compact and uniform structure,
indicating that the components in the film matrix are compatible. Based on the
results, different film composition can be tailored and optimised according to the
results obtained in order to achieve desired properties and functionality required
for certain application.
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