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ABSTRACT 

Due to its chemical and mechanical properties, iota carrageenan exhibits great potential as a material for 

assembling polysaccharide-basededible film. In this research, the physical and chemical properties of commercialsemi-

refined iota-carrageenan derived from Eucheuma denticulatum were evaluated. Edible films with varying concentrations of 

semi-refined iota-carrageenan combined with glycerol as the plasticiser were prepared and characterised. Results showed 

that both the physical and chemical properties of semi-refined iota-carrageenan were in accordance with the international 

standard. Increasing the semi-refined iota-carrageenan concentration (from 1% to 2%, w/v) significantly enhanced the 

thickness and tensile strength (TS) of edible film (p < 0.05). Degressionin the percentage of elongation-at-break (EAB) and 

water vapour transmission rate (WVTR) with higher concentrations of semi-refined iota-carrageenanwasobserved; thus, 

incorporation of 2% semi-refined iota-carrageenan is recommended for producing edible film. 

 
Keywords:semi-refined iota-carrageenan, edible film, preparation, characterisation 

 

INTRODUCTION 

The utilisation of natural materials to produce 

biopolymer-based films and coatings has gained 

increasing attention, as petrochemical-based plastic 

packaging creates serious environmental problems due to 

the material’s inability to biodegrade. The rise of 

consumer concerns about the quality and shelf-life of food 

products and awareness of environmental issues has 

triggered food scientists to develop biodegradable films 

[1,2,3]. Typically, bio-based polymers or biopolymers are 

developed from renewable resources such as 

polysaccharides (e.g. starch, alginates, pectin, 

carrageenans, chitosan/chitin), proteins (e.g. casein, whey, 

collagen, gelatin, corn, soy, wheat) and lipids (e.g. fat, 

wax, oil)[3,4]. Currently, ι-carrageenan, a water-soluble 

polymer from red seaweed with a linear chain mainly 

composed of alternated α(1,3)-D-galactose-4-sulfate and 

β-(1,4)-3,6-anhydro-D-galactose-2-sulfate units, is mainly 

used as a gelling agent in food. In aqueous solutions, ι-
carrageenan molecules are known to undergo a coil to 

helix transition on cooling that leads to the formation of a 

clear and elastic gel as a consequence of right-handed 

double helix association[5]. Due to this formation, ι-
carrageenan may be of high value as a film-forming 

material. According to a previous study [6], carrageenan 

film formation includes this gelation mechanism during 

moderate drying, leading to a three-dimensional network 

formed by polysaccharide double-helices and a solid film 

after solvent evaporation. It is thus expected that ι-
carrageenan based edible films would offer interesting 

advantages such as good mechanical properties, 

stabilisation of emulsions and reduction of oxygen 

transfer[7]. 

The national production of seaweed in Indonesia 

has increased dramatically in recent decades. According to 

FAO Statistics (FishStat), cultivated carrageenophyte 

seaweed production in Indonesia approached 3.4 million 

tonnes in 2010[8]. The industrial manufacture of 

carrageenan is no longer limited to the extraction of 

refined carrageenan, but also includes semi-

refinedcarrageenan such as semi-refined iota carrageenan 

(SRiC). The SRiCproduct is considerably cheaper than 

refined carrageenan as it does not require involved steps 

such as centrifugation, filtration and alcohol precipitation 

that must be recovered[9]. Therefore, SRiC may have 

potential for replacing petroleum-based plastic films for 

food applications at a reasonable cost. However, few 

studies have explored the use of SRiC for making edible 

film. 

Numerous studies have investigated the potential 

use of ι-carrageenan as edible film material. The utilisation 

of ι-carrageenan for the preparation of edible films has 

been previously studied in association with a lipid phase in 

emulsion. Several studies have focused on the 

development of emulsified-based edible films from ι-
carrageenan and lipids for the control of mass 

transfer[6,10,11,12,13]. Another investigation focused on 

the influence of the structural composition and surface 

properties of ι-carrageenan emulsion-based edible films on 

their aroma barrier properties[12]. However, to the best of 

our knowledge, there has been no specific study on the 

effect of various concentrations of SRiC plasticised with 

glycerol on film properties.Thus, this present study deals 

with the preparation and characterisation of SRiC-based 

edible films. 

 

MATERIALS AND METHODS 

 

Characterisation of semi-refined ι-carrageenan (SRiC) 

SRiC in powder form was obtained from Galic 

Artabahari, Co. Ltd., Bekasi, Indonesia. SRiC was 

subjected to various physical (viscocity, gel strength and 

whiteness) and chemical analyses(moisture, ash, acid-

insoluble ash and sulphate content). All results are 

reported as the average of triplicate measurements (mean ± 

standard deviation). For chemical tests, results are 

expressed in percentage (% w/w) based on dry 

weight.Fourier-transform infrared spectroscopy (FTIR) 
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was performed to identify and characterise the functional 

groups of SRiC. The viscocity and gel strength 

measurements [14]were carried out with some slight 

modifications. A semi-refined ι-carrageenan solution was 

prepared by adding 0.004 g (0.2% w/v) KCl and 0.004 g 

(0.2% w/v) CaCl2, and thegel strength of the semi-refined 

ι-carrageenan was determined using a Universal Testing 

Machine (Zwick I Z0.5, United Kingdom). A cylindrical 

probe (P 0.5/R = 12.7 mm diameter) was compressed into 

the sample to a depth of 20.25 mm at a cross-head speed 

of 1 mm sec
-1

.The whiteness value of SRiC was calculated 

from the L* (lightness), a* (redness) and b* (yellowness) 

values obtained by a colourimeter (Minolta CR 400/410 

Series, Minolta Camera Co.Ltd., Osaka, Japan)[15].The 

moisture content (MC) and ash were determinedusing the 

gravimetric method[16].The acid-insoluble ash and 

sulphate content were determined according to the method 

described in Marine Colloid Monograph [17]. The FTIR 

spectra of SRiC were recorded using a Shimadzu Prestige-

21 spectrometer (Shimadzu Co.Ltd., Japan). The spectra 

were scanned at room temperature in transmission mode 

over an absorption band range of 4000 - 300 cm
-1

. IR 

absorption bands at 2960, 2920, 2845, 1640, 1370, 1250, 

930, 900, 845, 805 and 705 cm
-1

were used to obtain 

information on the structure of carrageenans [18, 19]. 

 

Preparation of semi-refined ι-carrageenan (SRiC)-

basedfilm  

Briefly,SRiC film-forming solutions were 

prepared at various concentrations (1, 1.5 and 2% w/v). 

The concentration of SRiC was selected based on our 

preliminary research (data not shown). 1 ml of glycerol 

(Brata Chemical, Surakarta, Indonesia)was added as a 

plasticising agent to SRiC solutions under magnetic 

stirring at 65
o
C. The plasticiser was incorporated into the 

film-forming solutions to achieve a moreflexible film[2]. 

Dispersions were homogenised by magnetic stirring for 5 

min at 65
o
C until a homogeneous solution was obtained. 

Afterwards, the solutions were heated to 90
o
C and 

maintained for 5 min to induce gelation[10,11,12,20]. The 

film solutionswere left for several minutes and stirred 

manually with a stainless steel spatula to remove dissolved 

air bubbles. The film-forming solutions were immediately 

poured onto a plastic casting plate (W x L x H: 15 × 23 × 

2 cm) to avoid the solution turning into a gel. Water was 

removed by drying the film-forming solutions in a drying 

oven (SANYO MOV-112, Japan) for approximately 24 h 

at 60
o
C and ambient relative humidity. After cooling to 

room temperature, each dried film was peeled off the 

casting plate and stored inside a plastic storage box 

containing silica gel (0% RH) at a temperature of 28± 

2°Cand a constant relative humidity of about 50% for 24 

hours before measurements.  

 

Characterisation of semi-refined ι-carrageenan (SRiC)-

basedfilm 

 

Film thickness 
The thickness of the films was measured using a 

0-25 mm digital micrometer (Krisbow, Indonesia) with an 

accuracy of 0.001 mm. Five different positions of the 

samples were randomly measured and the average 

thickness was then calculated. 

 

Tensile strength (TS) and elongation-at-break (EAB) 

Two mechanical properties of the films, namely 

the tensile strength (TS) and the elongation-at-break 

(EAB), were determined using a Universal Testing 

Machine (Model Zwick I Z0.5, United Kingdom) 

according to the ASTMD882-00standard method [21]. 

Film specimen strips (100 mm length x 25 mm width) 

were cut into a dumbbell shape. The initial grip distance 

was 50 mm. Tensile strength and EAB were determined 

by a tension test with a crosshead speed of 10 mm/min. 

The TS value was calculated based on the original cross-

sectional area of the test specimen using the equation TS = 

F/A, where the result of tensile strength is expressed as 

MPa, F is the force (N) at maximum load and A is the 

initial cross-sectional area (m
2
) of the film specimen. The 

EAB value was calculated by dividing the extension-at-

break of the specimen by the initial gauge length and 

multiplying by 100. Thus, the tensile strength result is 

expressed as a percentage (%). A total of three samples 

were tested for each film type, thus each film sample had 

two replicate measurements. 

 

Water vapour transmission rate 

The water vapour transmission rate (WVTR) of 

the film specimens was measured according to a modified 

ASTME96/E96M-05 method [22]. Circular cups with an 

internal diameter of 7.4 cm and depth of 2.7 cm were used. 

Films free of any defects such as pinholes, air bubbles and 

cracks were used for WVTR determination. Silica gel was 

dried in a drying oven at 105
o
C overnight before use. 

Approximately 10 g of silica gel was placed in the bottom 

of the test cups to maintain 0% RH. Circular pieces of film 

(0.00429866 m² film area) were sealed on the cups using 

sealing tape. The cups were placed in a desiccator 

maintained at 28±2 
o
C and 70% RH. The RH was 

maintained by adding a saturated solution of NaCl (Merck, 

Darmstadt, Germany) in the bottom of the desiccator. A 

hygrometer and thermometer were placed inside 

desiccator to monitor the relative humidity and 

temperature more precisely. The cups were weighed every 

1 h for 8 h (with an accuracy of 0.0001 g). The amount of 

water that permeated the films was determined by the 

weight gain of the cups. The water vapour transmission 

rate (WVTR) of films were determined from the slope of 

weight loss versus time plots. Linear regression 

coefficients (R
2
) were greater than 0.99 for all plots. A 

total of three samples were tested for each film type, thus 

each film sample had two replicate measurements.  

 

Statistical analysis 

All data were statistically evaluated by analysis 

of variance (ANOVA) using SPSS software (version 16.0 

for Windows; SPSS Inc., Chicago, USA). Duncan’s 

multiple range tests were used to compare differences 

among the mean values for the film properties. Differences 

were considered significant at p < 0.05.   
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RESULTS AND DISCUSSIONS 

 

Characterisation of semi-refined ι-carrageenan (SRiC) 

The viscosity of carrageenans depends on the 

type of carrageenan, concentration, temperature, presence 

of other solutes and molecular weight. The viscosity of 

carrageenans increases exponentially with the increase in 

their concentration, which is a typical behaviour of linear 

polymers with charge[23]. In the present study the 

viscocity of SRiC was found to be 91 cPs, which meets the 

specification set by the Food Chemicals Codex (FCC), 

Food and Agriculture Organisation (FAO) and European 

Economic Community(EEC) [24,25,26]that the viscocity 

of carrageenan must be at least 5 cPs (Table-1).  Iglaueret 

al., [27] reported that salinity can increase viscosity 

because the ι-carrageenan molecules aggregate when Ca
2+

 

cations are added. The Ca
2+

 cations shield the electrostatic 

repulsion induced by the sulfate groups between the ι-
carrageenan molecules. The gelation mechanism for ι-
carrageenan cannot proceed without cations, which is the 

main reason for the lower viscosities of deionised water-ι-
carrageenan solutions. Therefore, to enhance the viscocity 

of semi-refined iota-carrageenan, Ca
2+

 cations can be 

added.  

 

Table-1. Physical and chemical characterization of semi-refined iota carrageenan (SRiC). 
 

Characterization 

Semi-refined 

ι-
carrageenan 

FAO FCC EEC JECFA PNS 

Physical       

Viscocity (cPs) 91.00 ± 3.56 5< 5< 5< - - 

Gel strength 

(g/cm
2
) 

61.30 ± 0.01 - - - - - 

Whiteness (%) 72.79 ± 0.25 - - - - - 

Chemical       

Moisture content 

(% w/w DW) 
11.88 ± 0.12 <12 <12 <12 <12 <12 

Ash (% w/w DW) 34.10 ± 0.14 15-40 <35 15-40 15-40 15-40 

Acid-insoluble 

ash (% w/w DW) 
0.50 ± 0.05 - <1 <2 <1 <1 

Sulphate content 

(% w/w DW) 
17.24 ± 1.2 15-40 18-40 15-40 15-40 15-40 

 

FAO = Food and Agriculture Organization 

FCC = Food Chemicals Codex  

EEC = European Economic Community 

JECFA = Joint FAO/WHO Expert Committee on Food Additives 

PNS = Philippines National Standard 

Data were expressed as mean ± standard deviation (n = 3) 

DW = dry weight 

 

The gel strength is the amount of force required 

to rupture the gel [28]. The gel strength of SRiC was 

found to be 61.3 g/cm
2
. Cations (K

+
, Rb

+
, Cs

+
, NH4

+
  or 

high concentrations of Na
+
) also play a major role in the 

gelation mechanism through electrostaticinteractions 

[10].Calcium, being a divalent cation, is capable of 

forming intra-molecular bridges between the sulphate 

groups of adjacent anhydro-D-galactose and D-galactose 

residues of iota-carrageenan. Upon cooling, a quaternary 

structure forms due to intermolecular C
2+

 bridging [29].  

L* represents the degree of lightness, with 100 

indicating white and 0 indicating black. Redness is 

represented by +a*, while -a* indicates greenness. 

Yellowness is represented by +b*, while blueness is 

represented by -b* [30].In this study, L*, a* and b* values 

were used to calculate the whiteness of semi-refined iota-

carrageenan. As shown in Table 1, the whiteness value 

was 72.79%, which led to the conclusion that the semi-

refined iota-carrageenan used in our research had a 

yellowish white colour.   

According to the FCC, FAO and EEC [24,25,26], 

the maximum moisture content allowed in carrageenan is 

12%. Table 1 shows that the moisture content of the SRiC 

(11.88%) in this study fell below the upper limit (12%). 

Moreover, it was lower than the acceptable moisture 

content (<12%) set by the Joint FAO/WHO Expert 

Committee on Food Additives (JECFA) [31] and the 

Philippines National Standard (PNS) [32].A previous 

study by Diharmi et al., [33] reported that the moisture 

content of iota-carrageenan extracted from E. spinosum in 

Sumenep, Madura, Indonesia was slightly lower (11.09%) 

than that ofthe SRiC used in the current study.  

The ash content of semi-refined iota-carrageenan 

was 34.10%.This result is in line with the international 

standard of 15 to 40% set by the JECFA, FAO and EEC 

[23,24,30]. As a comparison, Diharmi et al., [33], who 

worked with refined iota-carrageenan, reported that the 

ash content of refined-iota-carrageenan was 26.32%. 

Amimi et al., [34] have stated that the mineral levels (ash 

content) in the thallus of seaweed are greatly affected by 
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seasonal variations. Different origins and refining methods 

may also affect the ash content of iota-carrageenan.   

The acid-insoluble ash (AIA) measurement 

quantifies the amount of insoluble ash in diluted 

hydrochloric acid. The presence of AIA in carrageenan 

may be due to water impurities, equipment contamination, 

chemical impurities or original minerals found in seaweed 

[35]. The AIA content of SRiC was 0.5%, which is 

slightly higher than the AIA content (0.30%) of refined 

iota-carrageenan reported by Diharmi et al., [33] 

However, this result meets the acceptable AIA content 

(1%) set by the FCC, JECFA and PNS [24,31,32]Table-1.  

Sulphate is a typical component of carrageenan and is 

related to the high salt concentration of the seaweed 

growth environment and specific aspects of ionic 

regulation [36].Sulfate groups canbe located on C-2, C-4 

and/or C-6 of D-galactose. The ι-carrageenan has an 

additional sulfate groupon C-2 of the DA residue, resulting 

in two sulfates per disaccharide unit[37].The sulfate 

content of commercial iota-carrageenan is only 28-30% 

[38].In this study, the amount of sulphate in semi-refined 

iota carrageenan was 17.24%, which is lower than the 

amount for refined iota-carrageenan [33]. This result is in 

accordance with the specification set by FCC, FAO, 

JECFA and PNS [24,25,31,32] that the sulphate content of 

carrageenan must be at least 15%, but not more than 40%.  

 

 
 

Figure-1. Infrared spectra of semi-refined iota-carrageenan. Band number (1-3) in 

FTIR spectra indicate most absorption bands in the. 

 

Infrared spectroscopy structure of ι-carrageenan 

is a rapid and a non-destructive technique widely used to 

characterise different polysaccharides [39]. In the 

structural analysis of carbohydrates, five frequency 

regions [40] can be distinguished in the normal spectra 

(4000-650 cm
-1

): (1) region of OH and CH stretching 

vibrations at 3600-2800 cm
-1

; (2) region of local symmetry 

at 1500-1200 cm
-1

; (3) region of CO stretching vibrations 

at 1200-950 cm
-1

; (4) fingerprint or anomeric region at 

950-700 cm
-1

; and (5) skeletal region below 700 cm
-1

. 

Knutsen et al., [41] reported that FTIR spectra of iota-

carrageenan show a band in the region of 1210-

1260,which corresponds to the sulfate ester. The broad 

band around 1010-1080 is attributed to glycosidic linkage. 

The broad band around 928-933.107 is assigned to 3,6-

anhydro-D-galactose. Moreover, the broad band around 

840-850 corresponds to the D-galactose-4-sulphate, and 

the broad band around 800-805.905 is assigned to 3,6-

anhydro-D-galactose-2-sulphate. 
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Table-2.Signal assigned in the FTIR spectra of commercial semi-refined iota carrageenan (SRiC). 
 

Band (cm-1) Band number Absorption Band Assignment 

1210-1260 1 1257.59 
Sulphate ester 

(O-SO
3-

 ) 

1010-1080 2 1033.85 Glycosidic linkage 

840-850 3 848.68 D-galactose-4-sulphate 

800-805.905 ND ND 
3.6-anhydro-D-

galactose-2-sulphate 
 

ND= not detected 

 

The FTIR spectra of semi-refined iota 

carrageenan in the range 4000-500 cm
-1

 are presented in 

Figure-1. The presence of sulfate esters in our sample is 

represented as the peak at 1257.59 cm
-1

, the peak at 

1033.85 cm
-1

is attributed to glycosidic bonds and the peak 

at 848.68 cm
-1 

is attributed to D-galactose-4-sulfate. It 

must be noted that the spectra of our sample did not show 

absorption bands ranging between 800 and 805.905 cm
-1

, 

which was attributed to 3,6 anhydrogalactose-2 sulphate 

(Table 2). The broad band around 800-805.905 cm
-1 

was 

identified as 3,6 anhydrogalactose-2 sulphate for iota-

carrageenan [42]. Alkali treatment process 

conditions,including the cooking temperature, cooking 

time and alkali concentration, are important parameters for 

the production of semi-refined carrageenan [14]. In 

addition, treatment with alkali promotes internal molecular 

rearrangements and modifications of the polysaccharide 

backbone [43]. Furthermore, some sulfate groups are 

removed from the molecule and the proportion of3,6-

anhydrogalactose units is increased [44]. The broad band 

ranging between 3500 and 3100 cm
-1

 was attributed to O-

H stretching vibrations formed by the hydroxyl group of 

polysaccharides and water; the broad band around 2800-

3000 cm
-1

 was attributed to C-H stretching 

vibrations[45].Based these results, our sample contained 

several bands at 3448.72 cm
-1

 and 2924.09 cm
-1

, which 

were indicated as O-H stretching and C-H stretching, 

respectively. There were unique peaks at 3400 and 2850 

cm
-1

, which were related to interaction between 

carbohydrate and lipid[46]. According to Skoog et 

al.,[47]a peak at 1427.32 cm
-1 

was assigned to the alkanes 

(C-H), a peak at 1658.78 cm
-1

was assigned to the alkenes 

(C=C), and a peak at 2152.56 cm
-1

was assigned to the 

alkynes (C≡C). The peak at 925.83 cm
-1

 corresponded to 

the anomeric region of the fingerprint (950-750 cm
-1

). 

Based on the FTIR spectra, it could be deduced that the 

semi-refined carrageenan tested in this study was mainly 

the iota-carrageenan-type products. Nevertheless, it was 

necessary to evaluate the second-derivative spectra in 

order to better characterise the phycocolloids[48]. Ordonez 

and Ruperez [48], who used FTIR-ATR spectroscopy for 

the identification alginate, agar and carrageenan, reported 

that the second-derivative spectra of red seaweed and 

commercial standards of agar, iota- and kappa- 

carrageenan presented 18 signals in the region of 1300-

650 cm
-1

, while the infrared spectra only showed 11 bands. 

Thus, one can conclude that FTIR second-derivative 

spectra may help to confirm the presence of 3,6 

anhydrogalactose-2 sulphate in our commercial SRiC 

samples.  

 

Characterisation of semi-refined ι-carrageenan (SRiC)-

basedfilm 

In the previous research stage, it was shown that 

the SRiC met the specifications set by international 

standards. Therefore, SRiC can be further used for 

assembling edible film. The semi-refined iota-carrageenan 

based films obtained were structurally homogeneous. The 

films were also flexible, but became less so when a higher 

concentration of SRiC was added. This is the main reason 

why glycerol was added as plasticiser. However, the 

incorporation of glycerol must be at an appropriate level.  

Our preliminary results showed that SRiC-based films 

containing 2% (v/v) glycerol were hard to handle as they 

were highly sticky (unpublished data). A similar situation 

was observed by Ghasemlou et al.,[2] reported that 

kefiran-plasticiser films with more than 35% glycerol 

(w/w) were flexible but sticky. Therefore,  glycerol was 

incorporated into the film-forming solution at a level of 

1% (v/v) aiming to plasticise the film, but avoid stickiness. 

Furthermore, the outer surfaces of the films were slightly 

rough, but the insides of the films were smooth after 

drying. The mechanical and barrier properties of the semi-

refined-iota carrageenan films are presented in Table-3.
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Table-3.Mechanical and barrier properties of semi-refined-iota carrageenan (SRiC) films. 
 

Semi-refined-

Iota 
carrageenan (%) 

Thickness 
(mm) 

TS (MPa) EAB (%) 
WVTR 
(g/h.m²) 

1 0.064
a
±0.001 2.180

a
±0.578 34.360

b
±7.459 20.081

b
±0.973 

1.5 0.068
b
±0.001 5.236

b
±0.836 30.261

ab
±4.314 17.130

a
±0.349 

2 0.069
c
±0.001 5.511

b
±1.714 26.024

a
±5.724 16.346

a
±0.505 

 

Values with the same superscript letters within a column are not significantly different 

(p> 0.05) 

TS: Tensile strength; EAB: Elongation-at-break; WVTR: Water vapour transmission rate 

 

Film thickness 

Control over film thickness is required for film 

uniformity, reliability of measured properties and validity 

of comparisons between thickness-dependent properties of 

different films [49].The thickness of the SRiC-based films 

varied from 0.064 to 0.069 mm. It was observed that a 

lower thickness was obtained (0.064 mm) when using a 

lower concentration of semi-refined iota-carrageenan 

(1%), whereas the film showing the greatest thickness 

(0.069 mm) was the one composed of 2% semi-refined 

iota-carrageenan. There was a significant increase in 

thickness with each increase in semi-refined iota-

carrageenan concentration (p < 0.05). These results are 

consistent with the fact that a greater carrageenan 

concentration in the film-forming solution significantly 

increases the thickness of the film [50,51]. 

 

Tensile strength (TS) 

TS indicates the maximum tensile stress that the 

film could sustain,while E is the maximum change in 

length of a test specimen before breaking [52].Table 3 

shows mean values of the tensile strength of films stored 

overnight at 28±2 °C and 50% RH. It can be seenthat an 

increase in the SRiC concentration results in an increase in 

the tensile strength, indicating that SRiC has a significant 

contribution to the increase in tensile strength. A similar 

behaviour was shown in work by Manuhara et al., [51] 

who reported that increasing the semi-refined kappa-

carrageenan concentration resulted in a higher TS insemi-

refined kappacarrageenan films. This relationship was also 

observed in starch-carrageenan films by Abdou and Sorour 

[53], who reported that tensile strength significantly 

increased with an increase in carrageenan concentration. 

This phenomenon may be due to the increased 

intermolecular and intra-molecular interactions in the film 

matrix when increasing the concentrations of semi-refined 

iota-carrageenan. Chambi and Grosso [54]reported that the 

mechanical properties of films are largely associated with 

the distribution and density of intermolecular and intra-

molecular interactions,depending on the arrangements and 

orientation of polymer chains in the network. 

Films with 1% SRiC had a significantly lower (p 

< 0.05) TS compared to films containing 1.5%or 2% 

SRiC. The SRiC-based films had tensile strengths ranging 

from 2.18 to 5.511 Mpa. These TS are lower than those of 

synthetic polymers such as LDPE (9-17 MPa), polystyrene 

(35-55 MPa), cellophane (85.8 MPa), HDPE (27.8 MPa) 

and polyester (175 MPa) [55].Previous studies of films 

made from kappa carrageenan-locust bean gum and 

kefiran reported TS values of18.19-27.57 MPa and 5.04-

16.18 MPa, respectively [2,56]. TS values of 1.28-1.7 

MPa have been reported for starch-gelatin [57]. 

In another study, semi-refined kappacarrageenan 

had a TS value of 8.36-21.14 MPa [51].  The TS values of 

the SRiC-based films in this study were lower than those 

of kappa carrageenan-locust bean gum, kefiran and semi-

refined kappa carrageenan films, but higher than those of 

starch-gelatin. This difference is presumably due to 

differences in the film-forming solutions and the film-

making procedures. 

 

Elongation-at-break (EAB) 

The EAB of the SRiC-based films seemed to 

decrease with increasing SRiC concentrations.(Table 3), 

demonstrating that the addition of more SRiC has a 

negative effect on the mechanical properties of SRiC-

based films. This indicated that 

SRiC reduced the flexibility and stretchability of 

the films, although further study is needed to understand 

the mechanism of this effect. 

As previously mentioned, TS values increased 

with increasing SRiC concentrations. Conversely, EAB 

values decreased with increasing SRiC concentrations. 

These results demonstrated that films with more SRiC 

aremore likely to be strong compared to films containing 

less SRiC.  SRiC did not contribute to increased elasticity 

of the film, and films with more SRiC were found to be 

less flexible. Similar behaviours have been reported in 

previous work [58].For example, composite protein films 

exhibited the highest EAB value when the ratio of 

zein/wheat gluten was 20/80; however, the lowest TS 

value was also observed at this ratio. 

SRiC-based films had EAB values ranging from 

26.024 to 34.360%. The EAB decreased from 34.360 to 

30.261 % when SRiC was increased from 1 to 1.5 g/100 

mL. Furthermore, the EAB remarkably decreased to 

26.024%when the concentration of SRiC was increased to 

2 g/100 mL. As shown in Table 3, when the concentration 

of SRiC was increased from 1% to 1.5% (w/v), no 

significant reduction in EAB (p > 0.05) occured. In 

contrast, increasing SRiC concentration from 1% to 2% 

markedly reduced the EAB value(p < 0.05). These results 
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demonstrated that a large change in concentration is 

needed to have a significant impact on the EAB value. 

Regarding elongation at break, it is obvious that a lower 

SRiC concentration promoted greater flexibility in films, 

whereas a higher SRiC concentration promoted a more 

rigid film. The films with 1% SRiC exhibited the highest 

EAB value (34.360%), while the films containing 2% 

SRiC exhibited the lowest EAB value (26.024%).  

Compared to synthetic polymer-based edible films (e.g. 

polystyrene), SRiC-based films had higher EAB values. 

The SRiC-based films also had a slightly higher EAB 

value than cellophane film (approximately 20%)[2]. 

However, the EAB values of SRiC-based films were 

substantially lower than those of LDPE (500%), as 

reported by Briston [59].  The results of this study indicate 

that SRiC-based film are suitable for biodegradable food 

packaging.  

Martins et al., [56] reported that films composed 

of a mixture of kappa-carrageenan and locust bean gum 

had EAB values ranging from 10.19 to 28.21% , while 

Manuhara et al., [51]reported that semi-refined kappa 

carrageenan film had EAB values ranging from 12.36 to 

23.77%. Suppakul et al., [60]observed that the EAB 

values of cassava flour films ranged from 4.13 to 

28.24%.In a study by Bourbon et al.,[52], chitosan film 

without bioactive compoundshad an EAB value of 

69.84%, while films containing 3% potato starch had an 

EAB value of 71.36% [61].The EAB values of SRiC-

based films reported in this paper were thus lower than 

those of chitosan and potato starch films [52,61], but 

higher than those of semi-refined kappa carrageenan and 

kappa carrageenan-locustbean gum and cassava flour films 

[51,56, 60].  

Plasticisers are normally added to the polymeric 

matrix to overcome film brittleness [62]. Polyol-

plasticizsrs, such as glycerol, polyethylene glycol (PEG), 

sorbitol, propylene glycol (PG) and ethylene glycol 

(EG),are commonly used to make edible films [2]. 

Lourdin et al., [63] stated that a small quantity of 

plasticiser could be easily inserted between polymer 

chains, producing a “cross-linker” effect that decreases the 

free volume and segmental mobility of the polymer, 

thereby decreasing the mechanical strength of films while 

enhancing their extensibility. In the present study, 1% 

(v/v) of glycerol was incorporated when formulating the 

SRiC-based films to achieve moreflexibility. As a 

plasticiser with a suitable size and three hydroxyl groups, 

glycerol easily enters between the film-forming polymeric 

chains and weakens the intermolecular forces between the 

polymers [64].  

As previously stated, the EAB values 

decreasedwith increasing SRiC concentrations. This 

phenomenon can be attributed to the anti-plasticisation 

effect. When anti-plasticisation occurs, it leads to an 

increase in rigidity, rather than flexibility, of the 

plasticised film [65]. It is interesting to note that the anti-

plasticisation effect seemed to be more pronounced when 

the SRiC concentration was higher.  

 

 

Water vapour transmission rate (WVTR) 
Deterioration in food quality due to 

physicochemical changes or chemical reactions is often 

caused by mass transfer between the food and its 

surrounding medium or within the food itself. Thus, it is 

necessary to control the migration of oxygen, flavours and 

water. In the context of food packaging material, the latter 

is the main concern [66].It is necessary to better 

understand the mechanism of water transfer through edible 

films and to reduce this transfer, especially for 

applicationsin heterogeneous foods with low water activity 

components and high moisture content components [10]. 

The WVTR values of the SRiC-based films at 

28±2 °C and 50% RH are presented in Table 3. Generally, 

WVTR values decreased as SRiC concentrations 

increased. The films containing 1% SRiC had significantly 

higher WVTR values (p < 0.05) compared to the films 

containing 1.5% and 2% SRiC. The films containing 1.5% 

SRiC showed higher WVTR values than films containing 

2% SRiC; however, this difference was not statistically 

significant (p > 0.05). Films with 2% SRiC exhibited the 

lowest WVTR values. Therefore, it can be concluded that 

the best water vapour barrier was obtained when the SRiC 

concentration was highest (2%). This may be attributed to 

the thickness of the SRiC-based films, meaning that the 

WVTR values were affected by the thickness of the films.  

A higher concentration of SRiC resulted in a thicker film 

and a decrease in the WVTR value. This result is in 

accordance with results reported by Bajpai et al., [64]who 

worked with sago starch film [64].They stated that this 

effect could be due to the fact that, in thicker films, the 

water vapour must travel a longer distance through the 

film to reach the other side. Additionally, due to the 

hydrophilic nature of the film material, more and more 

water molecules become attached to the polar groups 

within the film matrix as the thickness of the film 

increases. Consequently, this causes a decreases in the 

amount of water vapour that permeates the film. It is also 

important to note that, as thickness increases, the film 

provides increased resistance to mass transfer [65]. The 

pattern that WVTR values decrease as film thickness 

increases has been previously reported by Febby et al., 

[66]. They reported that a decrease in WVTR values was 

produced by increasing the film concentration, either with 

native sago starch or hydroxypropyl sago starch. They also 

concluded that the decreased WVTR values of edible films 

were caused by the increase in dissolved solids in the film-

forming solutions and the increase in polysaccharide 

concentration, which result in stronger hydrogen bonds 

and thus a more compact structure. In other words, the 

compactness of the SRiC film structure increased as the 

SRiC concentration increased, thereby inducing a decrease 

in the permeation of water vapour. In addition, as glycerol 

has a similar size as water, it can replace water in the film 

to create glycerol-polysaccharide interactions and result in 

a more compact structure [67]. Although glycerol has a 

hydrophilic component, it affects the crystallinityof the 

film. The increase in crystallinity promotes the 

permeability reduction of water [68]. Arvanitoyannis et 

al., [69] also reported that increasing the total plasticiser 
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content (water and polyols) in the polymer matrix resulted 

in a proportional increase in water. In the present study, 

the same amount of glycerol was used when formulating 

all films; therefore, the effect of glycerol concentration on 

the WVTR value of semi-refined iota-carrageenan needs 

to be confirmed by further research.   

The WVTR values of the SRiC-based films were 

in the range of 16.346- 20.081  g/h.m
2
, which are higher 

than the WVTR values of semi-refined kappa-carrageenan 

film which range from9.56 to 14.43 g/h.m
2 

[51]. A low 

value of WVTR indicates better performance properties. 

This means that water molecules, both from the 

surrounding environment and the packaged product, 

cannot easily permeate the film layer; thus, food product 

quality, such as weight, crispness, or freshness, are not 

affected [51]. Knowing this, SRiC is supported as a 

suitable polysaccharide for packaging material. The 

differences in WVTR values also depend on relative 

humidity (RH). Fabra et al., [11] reported that barrier 

efficiency decreases when the moisture content increases 

in the film. The adsorbed water induces plasticisation of 

the carrageenan network, which increases the mobility of 

the polymer strings. Therefore, the diffusivity of small 

molecules such as water strongly increases. This 

phenomenon is favoured when the relative humidity is 

increased.  

 

Appearance 

The appearance of a film is an important attribute 

that influences its marketability and suitability for various 

applications. In this study, the films had a slightly 

brownish tint when visually assessed. The colour of the 

films became more intensively brown with increasing 

SRiC concentrations, although the films seemed 

transparent when observed by the naked eye. Hence, 

further work is required to obtain a SRiC-based edible film 

that is completely transparent. Transparency is a valuable 

property in films as they are part of the packaging and can 

influence consumer choice [56].Transparent materials that 

allow product visibility are thus a requirement for 

packaging films [70, 71]. 

 

CONCLUSIONS 

This study supported the potential use of SRiC as 

a natural material for edible film. The physical and 

chemical properties of SRiC were shown to meet 

international standards. FTIR results confirmed that the 

spectra of our samples did not show absorption bands 

ranging between 800 and 805.905, which was attributed to 

3,6 anhydrogalactose-2 sulphate. The concentration of 

SRiC significantly affected the mechanicaland barrier 

properties of SRiC-based films. When the concentration of 

SRiC was increased, the thickness and tensile strength 

values substantially increased, whereas the elongation-at-

break and water vapour transmission rate values 

significantly decreased. Using 2% SRiC resulted in 

compact films with the highest thickness and tensile 

strength values, a reasonable elongation-at-break value 

and the best water vapour barrier properties. However, 

further study is needed to optimise semi-refined iota 

carrageenan-based filmsfor better appearance and 

transparency.  
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