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Abstract 
This study reports the modification of kappa-carrageenan in the solid state using gamma radiation (in the dose 

range of 1-25kGy) in the presence of unsaturated alkyne gas. The results showed maximum production of 

hydrogel at 5kGy with nearly 80% of starting material being converted to hydrogel form in the absence of a 

gellin agent. Higher irradiation doses at 25kGy resulted in reducing the hydrogel proportion to ~40% due to 

degradation. The molecular weight and distribution was determined by GPC-MALLS and the results showed a 

decrease in the mass recovery and molecular weight of the soluble fraction at 60C. The molecular weight results 

were in agreement with hydrogel data determined from the filtration method. There was an optimum increase in 

the viscosity, elasticity and mechanical strength at 5kGy which was followed by a decrease in the gel strength at 

higher doses (25kGy).  Our study demonstrates the potential production of novel hydrogel based carrageenan 

obtained by irradiation in the absence of metal ions with possible new applications. A mechanism for the 

radiation induced cross-linking to produce superhelical aggregates in the absence of a gelling agent is proposed.  

 

1. INTRODUCTION  

 

Carrageenan is a generic name for a family of polysaccharides, obtained by extraction from certain 

species of red seaweeds (Rhodophyta). The word carrageenan is derived from the colloquial Irish 

name for this seaweed, carrageen, which means ‘little rock’. The aqueous extraction of red seaweeds 

to obtain these hydrophilic colloids is known in Ireland since 1810. All seaweeds that produce 

carrageenan as their main cell-wall material belong to Rhodophyta [1].  

Carrageenans are widely utilized in the food industry due to their excellent physical functional 

properties, such as thickening, gelling and stabilizing abilities, and have been used to improve the 

texture of cottage cheese, to control the viscosity and texture of puddings and dairy desserts, and as 

binders and stabilizers in the meat-processing industry for the manufacture of patties, sausages and 

low-fat hamburgers. Carrageenans are also used in various non-food products, such as pharmaceutical, 

cosmetics, printing and textile formulations [2]. Carrageenans stabilize toothpaste preparations, absorb 
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body fluids when formulated in wound dressings and interact with human carotene to give soft skin 

and silky hair in hand lotions and shampoos, respectively. They have proved to be useful as tableting 

excipients due to the good compatibility, high robustness and persistent viscoelasticity of the tablet 

during compression.  

 

1.1 Chemical structure 

Carrageenans are obtained from different species of Rhodophyta: Gigartina, Chondrus crispus, 

Eucheuma and Hypnea. These polysaccharides are traditionally split into six basic forms: Iota (ι)-, 

Kappa (κ)-, Lambda (λ)-, Mu (μ)-, Nu (ν)- and Theta (θ)- carrageenan [1]. Carrageenans belong to the 

family of hydrophilic linear sulphated galactans. They mainly consist of alternating 3-linked β-D-

galactopyranose (G-units) and 4-linked α-D-galactopyranose (D-units) or 4-linked 3,6-anhydro-α-D-

galactopyranose (DA-units), forming the disaccharide repeating unit of carrageenans (FIG. 1).  

 

 
 
FIG. 1. Schematic representation of the different structures of the repeating dimeric units of commercial carrageenans and 
related structures. 

 

Three commercial most important carrageenans are Iota (ι-), Kappa (κ-) and Lambda (λ)-carrageenan. 

The κ-, ι- and λ-carrageenan dimers have one, two and three sulphate ester groups, respectively, 

resulting in correspondent calculated sulphate contents of 20%, 33% and 41% (w/w). The official 

method for determining the sulphate content of carrageenans is based on the selective hydrolysis of the 

sulphate ester by acid and subsequent selective precipitation of the sulphate ions as barium sulphate, 

which is then measured by weighing or by turbidimetry as described by the FAO/WHO Joint Expert 

Committee on Food Additives (JECFA) (Food and Agricultural Organization, 1992). 
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1.2. Functionalities 

All carrageenan fractions are water soluble, being insoluble in organic solvents, oil or fats. However, 

their water solubility depends essentially on the levels of sulphate groups (very hydrophilic) and on 

their associated cations. The main ionisable cations found in carrageenans are sodium, potassium, 

calcium and magnesium, but other ions can also occur at lower frequency. Consequently, the 

proportion of sulphate fractions and the equilibrium of cations in the water solution determine the 

viscosity of solutions or strength of gels formed by carrageenans, representing the major 

characteristics explored by the food and pharmaceutical industries in the use of carrageenans as 

thickening, gelling, and stabilizing agents [1].  

 

1.3. Viscosity and gelling mechanism  

The viscosity of carrageenans depends on concentration, temperature, the presence of other solutes, 

the type of carrageenan and its molecular weight, and increases exponentially with the increase in their 

concentration, being a typical behaviour of linear polymers with charge, or polyelectrolytes. However, 

the increase of viscosity can occur by two different mechanisms: (i) interaction between the linear 

chains, with a decrease of the free space or increase of the excluded volume; (ii) formation of a 

physical gel caused by ‘cross-linking’ between chains. In the first case, the increase of the 

macromolecule concentration allows a major interaction between the chains and the presence of salts 

can decrease the viscosity by reducing the electrostatic repulsion among the sulphate groups. For 

instance, this is what occurs for lambda fraction. The second mechanism of viscosity increase is 

particular from kappa, iota and hybrid kappa- 2 fractions. For these carrageenans, in small 

concentrations of salt and low temperature, the carrageenan solutions can gel, with increase of the 

apparent viscosity. The viscosity of the carrageenan solution decreases reversibly with the increase of 

temperature [1]. Among commercial carrageenans, κ- and ι- are gel-forming carrageenans, whereas λ-

carrageenan is characterized only as a thickener agent. The difference in rheological behaviour results 

from the fact that the anhydrogalactose units (DA) of the gelling ones (kappa and iota) have 1C4 

conformation (FIG. 2) and the D-galactopyranosil units (D) in k-carrageenan do not. The 1C4 

conformation of the 3,6- anhydro-D-galactopyranosil units in κ- and ι-carrageenan allows a helicoidal 

secondary structure, which is essential for the gel-forming properties. 

Gelation of carrageenans, especially kappa, involves two separate and successive steps; coil-to-helix 

transition upon cooling and subsequent cation-dependent aggregation between helices. The presence 

of suitable cation, typically potassium or calcium, is an absolute requirement for gelation to proceed. 

For both ι- and κ-carrageenans, the alkali metal ions (Li+, Na+, K+, Rb+, Cs+) are all capable of 

inducing gelation, but K+ and Rb+ are considerably more effective than other ions in inducing gelation 

at much lower concentrations of both the cation and the carrageenan [3].  
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FIG. 2. Representation of 1C4 and 4C1 conformations for β-D-galactopyranose; in structure 1, C-1 is above the plane and C-4 

is below, and thus, the symbol is 1C4. Likewise, structure 2 is 4C1 [1]. 

 

Kappa- and iota-carrageenans form a network of three-dimensional double helices (FIG. 3), resulting 

from the ‘cross-linking’ of the adjacent spiral chains that contain sulphate groups oriented towards 

their external part. In λ-carrageenan, the 2-sulphate group is oriented towards the internal part, thus 

avoiding this ‘cross-linking’ [1]. 

 

 
FIG. 3. Double helix model of ι-carrageenan; structure downloaded from Protein Data Bank (PDB code 1CAR) 

(www.rcsb.org/pdb). 

 

1.4. Modification of Carrageenan 

Several chemical modifications have been proposed to modulate physicochemical properties of 

carrageenans. Aqueous κ-carrageenan gels can display an undesirable large extent of syneresis (the 

extraction of a liquid from a gel) when subjected to mechanical deformation or aging, a natural 

process that affects the mechanical, magnetic and rheological properties of the gels. Gels prepared 

from hydroxyalkyl κ-carrageenan derivatives demonstrated decreased syneresis and could contribute 

to a wider industrial use of these polysaccharides [1]. Recently, Tari and Pekcan [4] demonstrated that 

the association of κ-carrageenan with CaCl2 can change the swelling properties of carrageenan gels, 

emphasizing the commercial relevance of carrageenans chemical modifications. 

Bardajee, Pourjavadi et al. [5] prepared a κ-carrageenan hydrogel with a very high absorptivity in 

saline through polyacrylamide cross-linking followed by alkaline hydrolysis. The hydrogel displayed 

water absorbance properties similar to those of κ-carrageenan copolymerized with acrylic acid. By 
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using γ-irradiation as an initiator and cross-linking agent at the same time, the swelling behaviour of 

these synthesized hydrogels could also be improved [1]. 

The copolymerization of κ-carrageenan with acrylic acid and 2-acrylamido-2-methylpropanesulfonic 

acid led to the development of biodegradable hydrogels with potential use for novel drug delivery 

systems [6]. These carrageenan hydrogels are very promising for industrial immobilization of enzymes 

since the immobilization procedures result in increases of the storage and thermal stability of the 

enzymes necessary for use in continuous systems [1]. 

Porous nanocomposites were prepared by coprecipitation of calcium phosphates into a κ-carrageenan 

matrix, whose resulting porosity and morphology were suitable for application in bone tissue 

engineering. The association between carrageenan, nanohydroxyapatite and collagen resulted in an 

injectable bone substitute biomaterial, suitable for bone reconstruction surgery [7]. 

Yuan et al. [8] synthesized oversulphated, acetylated and phosphorylated derivatives of κ-carrageenan. 

Sulphation was carried out using chlorosulphonic acid (HClSO3) in N,N-dimethylformamide (DMF), 

acetylation employed acetic anhydride (Ac2O) and pyridine (Py) in DMF, and phosphorus oxychloride 

(POCl3)/Py in formamide (FA) followed by hydrolysis were applied for phosphorylation. All 

derivatives exhibited an antioxidant activity higher than that of κ-carrageenan, suggesting that 

chemical modification can enhance antioxidant activity of carrageenans [1]. 

Low molecular weight carrageenans and their sulphated derivatives were prepared by 

depolymerization in the presence of ferrous ions or ferrous ions plus ascorbic acid by [9]. All 

compounds demonstrated anti-HIV activities and sulphation of κ-carrageenan also increased the 

biological effects. In a later study these depolymerized carrageenans were acylated by carboxylic acid 

anhydrides using DMF as solvent and 4-dimethylaminopyridine (DMAP)/tributylamine (TBA) as 

catalysts [10]. The acylation of low molecular weight carrageenans resulted in potentiation of anti-

HIV activity although the anticoagulant activity of the compounds decreased [1].  

Jiang and Guo [11] achieved the synthesis of an O-maleoyl derivative of κ-carrageenan by reaction of 

tetrabutylammonium salt of the anionic polysaccharide fragments with maleic anhydride, 4-

dimethylaminopyridine and tributylamine under homogeneous conditions in N,N-dimethylformamide. 

The design of the O-maleoyl derivative increased the density of the negative charge and rigidity of the 

carrageenan molecule, two attributes that enhances the anti-HIV activity [1]. 

 

Zhai, Zhang et al. [12] prepared a series of blended hydrogels composed of poly-N-

isopropylacrylamide (polyNIPAAm) and Kappa carrageenan by γ-irradiation. In this work, κ-

carrageenan has been incorporated into polyNIPAAm hydrogels under the action of radiation. It was 

expected that the incorporation of κ-carrageenan would overcome the low mechanical properties of 

poly-NIPAAm hydrogels on one hand, and also extend the biomedical applications of polyNIPAAm 

hydrogels on the other hand. κ-carrageenan solutions were prepared by dissolving Kappa carrageenan 

in distilled water at 80oC for 2 h. The hot κ-carrageenan solution was mixed with NIPAAm, Bis 

solution (bis-acrylamide), and then poured into a glass tube of diameter 15 mm. The final 
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concentrations in the mixture of κ-carrageenan, NIPAAm and Bis were 5, 5 and 0.1%, respectively. 

The samples were cooled and then irradiated at room temperature by a 60Co-γ source. The hydrogels 

obtained by this method were transparent and elastic and the gel strength was improved greatly. 

Measurements showed that the polyNIPAAm/ κ-carrageenan blends were hydrogels, which not only 

had pH and temperature sensitivities, but also exhibited a chloride ion-induced phase transition. 

 

Abad, Relleve et al. [13] have reported the synthesis of hydrogel from varying concentrations of 

polyvinyl pyrolidone (PVP) and kappa carrageenan (KC) using gamma radiation. PVP-KC hydrogels 

were prepared by mixing predetermined amounts (3%, 6%, 9%, and 15%) of KC and dissolved PVP in 

distilled water (3%, 5%, and 7%). The pasty polymer blends were packed in polyethylene films. 

Samples were then gamma irradiated at a dose rate of 5.71 kGy/h. Physical properties such as gel 

fraction and swelling behaviour was determined. Data revealed the presence of a network structure 

whereby KC is physically entangled into the cross-linked PVP. TGA, X-RF and FT–IR analyses of the 

gel fractions also indicated grafting and cross-linking of the PVP. The degree of grafting and cross-

linking depended on the concentrations of KC and PVP. Maximum grafting was obtained at higher KC 

concentration and lower PVP. Gamma irradiation of PVP-KC blends would result in the simultaneous 

cross-linking of PVP, degradation of KC, and grafting of KC to PVP. A combination of these 

processes may form a PVP-KC hydrogel with a network structure of (a) a semi-interpenetrating 

polymer network (SIPN) whereby KC is physically entangled within the cross-linked PVP and (b) a 

grafted network whereby KC is grafted into the PVP backbone. Results showed that KC acts as a 

cross-linking inhibitor thereby decreasing the gel fraction of the hydrogels with increasing KC 

concentrations, but on the other hand grafting increases with increasing KC concentration. 

 

Relleve, Nagasawa et al. [14] reported the irradiation of κ-, ι- and λ-Carrageenans in the solid state, gel 

state or solution with various doses in air at ambient temperature. The molecular weights obtained 

were in the range of 10.5 x 104 to 0.8 x 104 Da of narrow molecular weight distribution. The chemical 

structural changes of carrageenans were accompanied by appearance of UV absorbance peak at 260 

nm and a characteristic FT-IR band at 1728 cm-1. The structural changes corresponding to UV peak at 

260 nm could be due to the formation of carbonyl group or double bond in the pyranose ring. Due to 

radiation-induced desulfation, carrageenan oligomer has lower sulfate content. From comparison of 

radiation degradation yield (Gd), susceptibility to degradation of the three types of carrageenans in 

aqueous form follows the order of λ > ι > κ which could have been influenced by their conformational 

state. The oligomer obtained from k-carrageenan with molecular weight of 1.0 x 104 showed a strong 

growth promotion effect on potato in tissue culture.  

Similar study has been reported by Abad, Kudo et al. [13] whereby they found that radiation-induced 

desulfation increased the acidity of carrageenans. The yields of radiolytically formed reducing groups, 

i.e. carbonyl groups, increased with increasing doses for all types of solid carrageenan. The increase in 

reducing end groups was almost the same for κ-, ι-, and λ-carrageenan. Free carbonyl groups in 

178 

Working Material

Working Document



carrageenan macromolecule are formed in two ways; First, by radiolytically induced cleavage of 

glycosidic bonds, and second, as the result of oxidation of carbohydrate radicals generated inside the 

carrageenan residue. The aqueous carrageenans yielded more reducing end groups as more 

radiolytically formed reducing groups are expected from the indirect effect of OH radicals. Oligomers 

prepared from radiation degradation have found concrete application in the acceleration of wound 

healing process, reduction of cholesterol level in blood, some anti-cancer and tumor activity and also 

in agriculture, as plant growth promoter [13]. 

 

The objective of this paper is to subject carrageenan (kappa form in particular; results on other form 

are not shown here) to our novel radiation modification technique in the solid state in the presence of 

unsaturated alkyne gas. The objectives were to demonstrate the applicability of our method to produce 

novel material compared to those prepared using a gelling agent and to elucidate the possible cross-

linking mechanism. 

 

2. EXPERIMENTAL  

 

2.1. Materials 

The carrageenan sample used in this study was kappa-type and was supplied by FMC biopolymer, 

USA. 

 

2.2. Irradiation 

The method of irradiation and preparation of samples has been already reported [15].  

 

2.3 Hydrogel estimation 

For carrageenan control samples, the solutions were prepared by dissolving nearly 0.5-1.0 g of sample 

in 20 ml of water and heated at 80oC for 30 minutes while continuous stirring to ensure the solubility 

(as recommended by the supplier). The solutions were cooled and filtered at room temp. The same 

method was applied on irradiated carrageenan solutions and hydrogel was estimated as % insoluble, 

according to the following method: 

A 70 mm glass fibre paper (Fisher, MF 200, pore size 1.2 micron,) was allowed to dry in an oven at 

105oC for 1hour. The filter paper was transferred to a desiccator containing silica gel and left to cool. 

Weight of the paper was taken (W1). About 0.5 g to 2 g of the sample (S) was taken and was dissolved 

in 30-100 ml of distilled water. The solution was hydrated overnight and centrifuged for 2-5 minutes 

at 2500 rpm prior to filtration (For sago starch sample, it was heated at 85oC for 20 minutes and hot 

solution was filtered). The filter paper was then dried at 105oC for 1 hour and transferred to a 

desiccator containing silica gel and left to cool. Weight of the paper (W2) was taken. % Insoluble 

(termed as hydrogel in the whole thesis) was then calculated as follows:  

 

179 

Working Material

Working Document



100*lub% 12 ⎟
⎠
⎞

⎜
⎝
⎛ −

=
S

WWleInso
 

 

 

2.4. GPC-MALLS 

In order to determine the molecular weight and molecular weight distribution of carrageenan, the 

samples were prepared at a concentration of 2mg/ml in eluent (0.1M NaNO3 containing 0.005% 

NaN3). The solutions were heated at 60oC for 20 minutes in a teflon head-sealed vial and hot solution 

was injected while maintaining the temperature of system at 60oC. Since carrageenan is gelling 

polysaccharide, to avoid clustering of polymer chains and hence any blockade in the column and light 

scattering cells, the temperature of GPC-MALLS system was maintained at 60oC. The rest of the 

method was same as described previously [15].  

 

2.5. Rheology 

Carrageenan samples were prepared at 1% concentration in water and were hydrated overnight on 

roller mixer followed by heating at 80oC for 30 minutes. The solutions were left overnight for cooling 

and it became a gel. Since the gel-like solutions were not giving LVER (linear response of G’ and G” 

on any oscillation frequency) at 500μm, gap was increased to 2000μm (required gap by British 

pharmacopeia for gel rheology measurement as prescribed) [16] . Only 25kGy, being a thin solution 

was measured at 500μm.  

 

2.6. Mechanical Test 

Cylindrical moulds (l=1cm, d=2cm) of carrageenan control and irradiated samples were prepared 10% 

aqueous concentration.  The slurry was heated at 80oC for 1h. Upon cooling, nice gels with excellent 

strength and dimensional stability were obtained. The measurements were performed using  was 

Texture analyser (LFRA, Stevens, UK). The maximum load capacity of system is limited to 10N, 

using a cylindrical probe made up of Teflon. The probe was set to move at a cross head speed of 0.5 

mm/sec. The sample cross section at fracture, assuming cylindrical shape was used to determine the 

strength of gel. The mould was placed under a cylindrical probe; an increasing load was applied to 

compress the sample. Load per unit surface area gives the measure of stress while compression gives 

the measure of strain%. 

 

3. RESULTS AND DISCUSSION 

 

Previous studies on the irradiation of carrageenan in solid state, gel state and in dilute solution, 

resulted in degradation [13, 14]. The mechanism of degradation has been proposed by Abad, 

Nasimova et al. [13] as shown in following FIG. 4. Upon irradiation, carrageenan degrades due 

glycoside bond cleavage of molecular chains, and it result into low molecular weight material. Further 
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irradiation causes the ring opening and formation of reducing end groups, i.e. carbonyl groups which 

increase with increasing the radiation doses for all types of carrageenan. 

 

 
FIG. 4. Effect of radiation on structure of κ-carrageenan; initially causing degradation by glycosidic bond cleavage followed 

by ring opening and formation of carbonyl groups [13]. 

 

The gel fraction data obtained after irradiating κ-carrageenan sample in a dose range of 1 to 25 kGy, is 

listed in TABLE 1 which demonstrates that irradiation in acetylene results in the modification of base 

material. Result shows that there is an increase in gel fraction with increased radiation dose up to 

5kGy. The maximum amount of hydrogel obtained at this dose is ~78%. However, irradiation at 

higher dose resulted in degradation as previously shown in case of other polymers such as CMC. 

 

TABLE 1. % INSOLUBLE (HYDROGEL) DATA FOR Κ-CARARGEENAN IRRADIATED IN 

SOLID STATE IN THE PRESENCE OF ACETYLENE TO VARIOUS DOSES. 

  
Radiation dose Control 1kGy 5kGy 25kGy 
% Hydrogel  7 12 78.2 37.2 

 

 

Furthermore, the effect of radiation on molecular weight of κ-carrageenan was also investigated. The 

various control and irradiated solutions of κ-carrageenan samples were injected at 60oC as per the 

method described above. Carrageenan on heating undergoes helix-coil conformational transition and 

in heated state it acquires the conformation of random coil. The conformational transition temperature 

of  κ-carrageenan is nearly 70oC, and radiation has an effect of reducing it to 55oC at doses above 

50kGy [13].  Injecting the control and irradiated samples of κ-carrageenan showed a shift towards low 

molecular weight end as an effect of radiation (Figure 5). The molecular weight obtained for control 

samples of κ-carrageenan is 8.4 x 105, which is nearly half to that of reported by Abad, Nasimova et al. 

[13], i.e. 1.1 x 106 for κ-carrageenan. This could be due to the fact that they used the system 

temperature of 25oC, where carrageenan in essentially in double helix conformation, while at 

temperature used in this study (60oC), the dissociation of double helix to single strand random coil 

would be taking place. The continuous fall in molecular weight is due to the fact that cross-linked 
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hydrogel portion is retained on the filter and only the soluble fraction is determined while injecting the 

solution, thus causing a shift of molecular weight towards a lower end. 

 

 

 
FIG. 5. Molecular weight distribution of control and irradiated κ-carrageenan.  

 

 

TABLE 2. GPC-MALLS DATA FOR CONTROL AND IRRADIATED Κ-CARRAGEENAN.  
Radiation dose Parameters Control 1kGy 2kGy 5kGy 25kGy 

Mw x 10-5 8.46 6.78 5.05 3.32 2.32 
Mw /Mn 1.30 1.46 1.54 2.17 2.15 
Rg (nm) 77.9 71.9 59.4 55.8 40.1 

 

Additionally, the change in the viscoelastic behaviour of carrageenan due to irradiation was also 

studied. The solution of various control and irradiated κ-carrageenan samples were prepared at 

concentration of 2.5% aqueous concentration according to method described above. The viscosity data 

at oscillation frequency ω=1 rad/s, for these samples are shown in FIG. 6. . The result showed a nearly 

four times increase in dynamic viscosity at 5kGy due to formation of cross-linked swollen hydrogels. 

However, at higher doses, there is a sharp fall in viscosity which could be attributed to degradation. 

Despite degradation, there is very significant amount of hydrogel present at high doses (25kGy), but 

still the solution viscosity falls down sharply at such doses. This could be due to formation of hydrogel 

at high doses with high cross-link density. As a result they can not absorb and swell into solvent and 

thus do not contribute to the solution viscosity. Similarly, the elastic modulus (G’) was found to be 

increasing initially with increased radiation dose and reduces further at higher doses (Figure 7).  The 

initial increase is due to formation of elastic hydrogel network which can swell and contribute to 

elastic modulus of system. However at high dose, G’ decreases due to degradation. It can also be 

noticed that for irradiated carrageenan samples (up to 5kGy) G’ is almost independent of frequency 

which is the characteristic of a gel behaviour. 
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Also, it is interesting to observe that the gel formation and increase in viscoelasticity upon irradiation 

of κ-carrageenan is achieved in this study without using a gelling agent. 
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FIG. 6. Effect of radiation dose on dynamic viscosity of κ-carrageenan hydrogel. 
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FIG. 7. Effect of radiation dose on elastic modulus (G’) of κ-carrageenan gel. 

 

In order to study the effect of radiation dose on the mechanical properties of carrageenan hydrogel, the 

moulds were prepared as per method described above and subjected to measurement. The results 

obtained are shown in Figure 8. The data shows that the strength of κ-carrageenan gels increased with 

increased radiation dose and reaches to maximum at 5kGy. At this dose the hydrogel % also reached 

to maximum (TABLE 1). However at higher doses (25 kGy), the gel strength starts to decrease. This 

could be due to presence of degraded material in these moulds of high dose samples, as demonstrated 

in GPC-MALLS result (see Table 2). It is also in agreement with the rheological measurement of 

irradiated carrageenan samples where G’ was found to be decreasing at higher doses due to 
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degradation (as shown earlier in Figures 6 and 7). The production of smaller fragments due to 

degradation of carrageenan on its irradiation has also been shown by dynamic light scattering study, 

where intensity correlation function (ICF) shifted to a region of smaller relaxation times with 

increasing radiation dose [13].  

These gels measured here are the ones that are prepared without adding any gelling agent such as 

potassium. The comparison of gel strength of these gels with those obtained by adding gelling agent 

would be the future scope of this study. 
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FIG. 8. Load bearing capacity of κ-carrageenan control and irradiated samples.   

 

 

4. CONCLUSION 

This study on carrageenan modification in the solid state demonstrated that a hydrogel form can be 

produced in the absence of a gelling agent. The optimum dose range to achieve modification is ~5kGy 

since at high dose degradation results in reduction of hydrogel %. Irradiation of carrageenan led to 

production of nearly 78% hydrogel with an improvement in viscosity nearly four-fold to that of 

control material. In this study also, the hydrogel formation and the increase in viscoelasticity upon 

irradiation of κ-carrageenan is achieved without using a gelling agent. The texture analyser 

measurements showed that radiation modified κ-carrageenan hydrogels are stronger than control 

sample. We propose that the cross-linking mechanism achieved using radiation modification in the 

solid results in a three dimensional hydrogel to produce superhelical rods which are responsible for the 

increasing the viscosity, elasticity and mechanical properties as illustrated in Figure 9 below. 
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   FIG. 9. Proposed cross-linking mechanism of k-carrageenan.  
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